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Abst r act

W conducted a field study to neasure the protection provided by the
Racal Airstream AHS and 3M W316 powered air-purifying respirators
(PAPRs) against airborne lead dust and mist. Both PAPRs were equi pped
with helmets utilizing MSHA/NIOSH approved dust and nmist filters.

Per f ormance was assessed by neasuring the workplace protection factors
provi ded by the PAPRs during work tasks associated with battery plate
pasting. The protocol used for collecting the field sanples provided for
proper fit, use, wear, and naintenance of the respirators and extensive
wor ker observation. The georetric mean |ead concentrati on neasured
inside the facepiece of the Racal AH5 was 2.0 yg Pb/m3 and for the 3M
W316 it was 1.8 ug Pb/ m3. These nmean concentrati ons were not
significantly different fromone another but both were significantly |ess
than the OSHA Lead Standard PEL of 50 yg Pb/ m3. The wor kpl ace
protection factors measured on the Racal AH5 ranged from 23 to 1063 with
a geonetric mean of 120. The workpl ace protection factors neasured on
the 3M W316 ranged from 31 to 392 with a geonetric mean of 135. The
mean wor kpl ace protection factors measured on the two brands of PAPRs
were not significantly different. Qur results indicate that the Racal
AH5 and 3M W316 PAPRs, when properly used, naintained and
conscientiously worn were able to provi de good protection agai nst
airborne lead dust and lead m st under the work conditions experienced

during this study.
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Introduction

Powered air purifying respirators (PAPRS) equipped with dust and m st
filters have been given an assigned protection factor of 100 in the 1980
Arerican National Standards Institute (ANSI Z88.2-1980) respirator
standard. This assigned protection factor was based primarily upon the
assunption that PAPRs are positive-pressure respirators and efficiency of
the air purifying elenent. This assigned protection factor has never
been verified by NIOSH field testing. The purpose of this study was to
measure the workpl ace protection factors provided by two MSHA/NIOSH
certified PAPRs in selected work activities in a battery plate pasting

operation.

The PAPRs chosen for study were the Racal Airstream AH6 and the 3M
W-316. Each was equi pped with helmet, visor enclosure, and dust and m st
filters. Both units are MSHA/ NI G8H approved. The performance of the
PAPRs in this workplace setting was eval uated when the devices were worn
on workers performng their normal work activities and when nounted on

stationary manikins.

The specific operation selected for study was the lead acid plate
production lines of a specific battery manufacturer. This sel ection was
based upon revi ew of retrospective data on personal exposures to |ead.
The manufacturing process for this nanufacturer involves production of
bot h positive (+) and negative (-) lead acid plates. Double-plate

castings, produced in the casting departnent, are delivered to positive
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and negative lead acid plate production lines in the pasting department.
The castings are renoved fromthe pallets and stacked on an automatic
grid feeder by a pasting machine operator. Fromthere they are fed
through the pasting nmachine where either positive or negative paste,

depending on the production line, is forced into the castings.

The positive and negative paste fornulations are first prepared by a
worker and then mechanically mxed in separate nuller (S npson) type
mxers. This process is done on a nezzanine floor located directly above
the pasting machines. After mxing is conpleted the lead acid paste is
directly fed by gravity into hoppers which supply paste to the pasting
machine. After pasting, the castings are conveyed through a drying oven
to renmove sufficient noisture to prevent them from sticking together.
After passing through the drying oven, the castings are renmoved from the
end of the conveyor belt by slitter operators, who then separate the
plates in the casting with vertical band saws. The single |ead-acid
plates fromeach line are then stacked by the slitter operators onto
separate pallets. The pallets are transported to a hol di ng/storage area
until natural curing of the paste is conpleted. Each production line

enpl oys a pasting operator and two slitter operators.

Test Qoup and Data Coll ection

The positive and negative pasting operators and their correspondi ng
slitter operators on both the 7 a.m. and the 3 p.m. shifts were sel ected

to participate in the study. No attenpt was nmade to control the facial
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size indices of the workers because this is not a significant factor
affecting protection for loose-fitting facepi ece designs. A total of

twel ve workers on two production lines were used in the study. Each
worker was randomy assigned to wear both nodels of PAPR tw ce, however,
for the second wearing, he was not given the same specific 3M or Racal
PAPR that he wore the first tine. The inside and outside facepiece
airborne |ead sanples were collected over the full shift. Time weighted
average (TWH) concentrations of lead dust were calculated fromthe
results of air sanple analysis. Workplace protection factors (WPF), were
then determned fromthe TWA concentration estimates and were used as a

measure of respirator perfornmance.

Statistical Analysis

These data were analyzed using the t-test, analysis of variance (ANO/A
and correlation analysis. These statistical tests all require that the
data bei ng anal yzed nust be nornally distributed. However, it is
general ly believed that environnental occupational exposure data
approxinately follows a lognormal distribution. Testing of the data
collected in this study showed it to be lognormally distributed as
expected. A Kolmogorov-Smirnov test was run on randomy selected cells
of the ANOVA to check the assunption of nornmality (Neter et al. 1982).
Those results indicated that the log transformed data was far superior to
the untransformed data in neeting this assunption. In addition to the
Kol mogorov-Smrnov test for the analysis of variance, skewness and

kurtosis of each variable distribution was cal cul ated. The skewness is a
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description of the asymmetry of a distribution while kurtosis is a
nmeasure of the degree of peakedness of a distribution. In all cases,
except as noted, the log-transformed data best approxi mates the nornal
distribution. Accordingly, the raw concentration data were | og
transforned and all statistical anal yses were perforned on the
transfornmed data unless indicated othermise. In addition to geonetric
nmean, geonetric standard deviation and confidence intervals, certain
performance aspects of each PAPR are al so characterized by tol erance
limts. The statistical tolerance limts furnish linits above or bel ow
that in which it can be confidently expected to find a prescribed

percentage of individual itens of the popul ation.

Met hods and Material s

Six 3M Mbdel W-316 and six Racal Mbodel AH5 PAPRs were used in this
research study. The Racal AH5 PAPR consists of a helnet, a face shield
assenbly, a dust and mst filter and a fan assenbly which is located in
the helnmet and a belt worn battery pack. Two flexible face seals are
attached to the shield assenbly to provide a seal between the wearer's
face and the shield when it is down. The air provided to the face area
is vented through an opening in the faceshield at the chin as previously
described by Myers, et al. (1984a). The 3MW316 PAPR consists of an
inner and outer hel net shell, a dust and mist filter assenbly, a fan
assenbly located in the helnet, and a belt worn battery pack. A soft,
flexible face seal is attached to the faceshield to provide a

loose-fitting seal between the wearer's face and the faceshield when it
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is down. The air provided to the face area is vented through openings in

the face seal at the tenples (Mers, et al. 1984a).

The Racal AH5 PAPR and filters were purchased froma commercial source.
The 3M W-316 PAPR and filters were purchased from the manufacturer since
they had only recently been MSHA/NIOSH certified and were not
commercially available fromsuppliers at the start of the study. Wthin
the context of this report facepiece refers to that part of the hel met
encl osure that covers the face, often times called the visor, shield or

face shield.

I. Laboratory Eval uation

Prior to the collection of any research data, these PAPRs were all
visually examned in the laboratory for structural defects. Random
selection of filters was obtained fromthose purchased for field

testing. These randomy selected filters were tested for penetration
efficiency with silica dust. The silica dust test was done in a chanber
according to NIOSH certification test procedures contained in the NIOSH
certification standard (Bureau of M nes, 1972). These exaninations and
tests are of the type routinely required for PAPRs equi pped with dust and

mst filters.
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Il. Field Evaluation

A PAPR Per f or rance on Vrkers

Respiratory protection afforded by the 3M W-316 and Racal AHS5 PAPR's WaS
determ ned by sinultaneously collecting airborne |ead sanpl es inside and
outside the facepi ece of these units during the course of a conpl ete work
shift. Analytical results were used to cal cul ate tine-wei ghted average

(TWY) concentrations of lead inside and outside the respirator fromwhich
wor ker exposure and wor kpl ace protection factors of the respirator coul d

be estimated.

The workpl ace protection factor has been defined by Mers et al (1983b)
as the TWA estimate of the contam nant concentration which the user woul d
inhale if he were not wearing the respirator (CU) di vided by the TWA
estimate of contamnant concentration inside the respirator facepi ece
(CI)- Sanpl es were collected only while the respirator was properly

worn and used during nornmal work activities. Sanples for estimating both

CU and C; were taken simultaneously.
1. Sanpl i ng Techni que
For in-facepiece sampling, a nodified Luer adapter sanpling probe was

attached to the face shield with rubber washers and nut to achi eve an

air tight seal (Liu, et al. 1984). The sanpling probe attachnment was
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on the mdline of the face shield of the PAPR approxi mately 3/4 inch
above the lip of the lower face shield frame assenbly (Figures 1 and
2). The probe nouth was approximately 1 to 2 inches fromthe nouth
in the horizontal plane. This probe location is sonewhat arbitrary;
however, it is felt to be a reasonable position fromwhich to
estimate the concentration of material a wearer is breathing when the
PAPR is worn. The sanpling filter cassette was attached directly to
the Luer adapter. Some of the potential sources of error for
col l ecting inside facepi ece sanpl es on PAPRs have been di scussed by
M/ers and Peach (1983a). The outside facepiece front sanples, which
constitutes Cb in the workplace protection factor cal cul ation, were
taken on the front, lower, right hand side of the face shield
assenbly. Located in this position the sanples would estimate the

| ead exposure the worker would experience if he were not wearing the
respirator. This position did not interfere with the use of the PAPR
and it was anay fromthe clean air wash venting fromthe PAPR
(Figures 1 and 2). A second outside facepiece sanple identified as
out side facepiece-rear was taken near the PAPR filter assenblies.
This sanple was col |l ected because of concern raised by others in our
earlier work that estinates of anbient aerosol concentration
chal l enging the respirator should be taken near the PAPR filters,
thus, providing a nore accurate reflection of the aerosol

concentration challenging the filter conponent of the PAPR
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Lead exposure sanpling requires a total dust sample, therefore, all
sanples were collected as total dust sanples. It should be noted

that respirable dust sanples may give different results.

Al three lead sanples were taken with identical sanpling trains.

Each sanpling train consisted of a two-piece closed-face filter
cassette with a 37 nm 0.45 microneter pore size cellul ose ester
Millipore filter and back up pad connected to a personal air sanpling
punp by 1/4-inch TygonRtubi ng. The sanpling flow rate was
approximately 2 L/mn for all outside and inside facepiece

concentrati on sanpl es. I ndi vi dual sanple punp flowates were
calibrated by bubblemeter in the laboratory with the conpl ete
sanpling train in place. At the study site, the flowate calibration
of each sanpling punp with sanpling train was confirmed or

. R
re--established using a bubblenmeter and a Kurz flow meter.

The front and rear outside facepi ece sanples collected during the
study were analyzed for lead by atom c absorption spectroscopy
according to NIOSH Method No. S-341 with the nodification that in the
wet ashing step two milliliters of concentrated perchloric acid were
used with 4 milliliters of concentrated nitric acid to insure

conpl ete oxidation of the organic filter matri x (N C8H Manual of

Anal ytical Methods, 1977 revised 3/25/81). Final dilution volume was
25 mlliliters and absorbances were recorded at 283.3 nm at a scale

expansion of 1.000. The Iimt of detection was 3 micrograms
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lead/filter. The total coefficient of variation ((,\/1_) for the

conbi ned sanpling and anal yti cal nethods based on NIOSH met hod S-3Al
for lead in the concentration range of .15 - 1.67 rTg/n% is 0.068.
Based on retrospective airborne |ead concentration data for the
battery plate production area it was anticipated that nost sanple

concentrations would be in this range.

The sanpl es collected inside the facepi ece were anal yzed for |ead by
a graphite furnace technique sinmlar to that enployed in N OCsH Mt hod
No. P & CAM 214 with the previously noted nodification to nethod
S-341 of using concentrated perchloric acid in the wet ashing step of
the analysis (N CBH Manual of Analytical Methods, 1981). Final
sanple dilutions were 25 milliliters and absorbances were recorded at
283.3 nm. The limt of detection was 0.3 micrograms |ead/filter.

The anal ytical coefficient of variation CVA for nethod 214 is
0.057. Assuning a punp sanpling coefficient of variation CVP to be
0.05 then the total coefficient of variation Q/T for the net hod

woul d be .076 as cal cul ated according to Leidel and Busch (1973).
The |ead analysis was conducted by Wah Biol ogi cal Testing

Laboratories utilizing their normal in-house analytical quality

control procedures.

2. Filter Handling

The filter cassettes to be taken to the field were prepared in the

N C8H Morgantown technical support |aboratory using standard
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techniques. The cassettes were kept plugged at all tines except when
bei ng used. During each shift, two filter cassettes were sel ected as
filter blanks. These cassettes were handl ed identically as the test
cassettes except that no air was drawn through them The bl ank
cassettes were given to the analytical laboratory as blind sanples to
be anal yzed by graphite furnace technique. Al blank filters had
reported | ead concentrations less than the graphite furnace limt of

detection of 0.3 ug per filter.

3. Donning, Doffing and M ntenance of the PAPRs

During the field survey the PAPRs were put on and taken off each
worker participant by the investigators whenever it was necessary
(e.g., start or end of shift, lunch break or personal need). Donning
and doffing of the PAPR was al ways done in a conpany designated cl ean
area except for those occurrences involved with personal need breaks
which were done in the general area of the work site. Wrkers were
instructed to adjust the head harness of their PAPR to provide a
snug, confortable fit. On the Racal PAPR which could be used with
large or snmall faceseals, each worker's PAPR was equi pped with the
faceseal that appeared to be the best fitting and nmost confortable

for him

After the PAPR was donned and adjusted for confort, it was turned on

first and then the sanpling punps were turned on and adjusted. Wen
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doffing the PAPR the sanpling punps were turned off before the PAPR
was turned off. Sanpling punps were always started and stopped

simultaneously.

The PAPR hel net and visor assenbly was cleaned in a detergent
solution and rinsed twice with clean water between each use. The
units were allowed to air dry after which the face shields and face
sealing surfaces were disinfected. Al other manufacturer's

mai nt enance instructions were foll owed.

The volunetric air output of each PAPR was checked several tines
daily. Wsually checks were nade at the begi nning and end of the work
shift and at the lunch break. The air flow indicators used were
those provided with the PAPR by the manufacturers. Batteries were
repl aced at each manufacturer's suggested interval unless a |ow
volunetric air output was found. In which case the battery was

repl aced immediately. Visual inspection of the filters for punctures
and tears could not be done easily; therefore, the used filters were

repl aced after each shift wth new filters.

A VWrker Instructions and Monitoring

Prior to participating in the study each worker partici pant was
instructed in the proper use of the PAPR by nmenbers of the field
study team who had received training on the use, adjustment and

mai nt enance of the PAPRs from each respective manufacturer. Wrkers
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selected for inclusion in the study did not have beards. They were
instructed not to remove the PAPR helnet, to lift the face shield, or
to handle the air sanpling units in any way without first notifying
the NIOSH investigators on observation duty. To ensure that these
requirenents were followed N CBH investigators observed and assi sted
wor kers during periods when the PAPRs were donned or doffed. In
addition, workers were nonitored at their individual work stations at
all times during each workshift each day of the study. Monitoring
was done with 2 to 4 NCBH investigators. This extensive nonitoring
also allowed very frequent, routine checks to be nade on the sanpling

trains.

B. PAPR Perf ormance on Forned Heads

The PAPRs used by the workers were also tested in a stationary node
on manikins. This testing was done to provide infornation on how
well the filtration systens of the PAPRs woul d work under the

condi tions experienced at the plate pasting operation. Stationary
PAPRs were |ocated approxinmately A feet from the operations where
they were eval uated on worker participants. The height of the tripod
was adjusted such that the level of the forned head was approximately
that of an adult. Nothing was known to be in the atnosphere that
woul d cause an unusual degradation of the PAPR filters such as oil

mst, acid m st, etc.
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Testing with the nanikins was handl ed identically in all respects to
the testing conducted on workers except that no simul ated worker
breathing pattern was used and the units were not extensively

monitored.

C Aerosol Characterization

The particle size distribution of suspended |ead dust and m st
generated fromthe grid pasting operations was neasured wth a Marple
Cascade Inpactor. It was operated at a flowrate of 3 L/mn. which
gave inpactor stage 50%effective cut-off diameters of 17, 11, 6.1,
3.0, 1.3 and 0.68 microneter respectively. dass coverslides used on
each inpactor stage were coated with a thin filmof APH ZON H grease

diluted approxinmately 7 to 1 with benzene.

Results of inpactor sanpling indicated that the nass nedi an
aerodynam c dianeter of the airborne |lead aerosol was |arger than 17
um. This suggests that the |ead aerosol is conprised predom nantly
of large particles or agglomerations. This observation is consistent
with the processes in the plate production nmost likely to be the

generating source of the airborne | ead.

Results and D scussi on

The laboratory inspection of the Racal AH5 and 3M W-316 PAPRs conduct ed

before field testing reveal ed no visual defects in the units and that all
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maj or conponent parts of the units were as approved by MSHA/NIOSH.
Results of perfornmance testing in the silica dust chanber confirned that
the PAPRs and filter assenblies were able to meet the nmaxi mum penetration

and minimumairflow requirements specified in 30 CFR 11.

The perfornmance data collected on the Racal AH5 and the 3M W-316 PAPRs
fromworker participants is presented in Tables 1 and 2. The TWA
concentrations nmeasured inside the facepi ece of the Racal AH5 ranged from
0.3 to 12.4 ngb/m3V\jth a geonetric nean of 2.0 ngb/n? and a

geonetric standard deviation of 2.51. The |ower and upper 95% confi dent
interval on the mean estimate were respectively 1.3 and 2.9 ygPb/ m3.
Based on the t-test the nean was found to be significantly (P < .0l)
lower than the OBHA Lead Standard PEL of 50 ygPb/ m3. TWA sanpl es
collected at the front of the PAPR were used as the estimate of airborne
| ead exposure that would have occurred if the respirator was not used.
The airborne concentrations sanpled ranged from 125 ygPb/ m3 to 387

ygPb/ m3 wi'th a geonetric nean of 237 ngb/rr:;’ and a geonetric

standard deviation of 1.42. Measurenents of the workpl ace protection
factors provided by the Racal AH5 were nmade frompaired concentration
sanpl es obtai ned inside and outside the facepiece of the PAPR The

wor kpl ace protection factors ranged from23 to 1063. The distribution of
wor kpl ace protection factors had a geonetric mean of 120 with a geometric

standard deviation of 2.64. The upper and |ower 95% confidence intervals

on the estimate of the mean workpl ace protection factor were respectively
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78 and 181. Based on the t-test it was concluded that the mean workpl ace
protection factor provided by the Racal AH5 was not significantly

different (P < .05 fromthe ANSI recommended val ue of 100.

The TWA concentrations neasured frominside of the facepi ece of the 3M
W316 PAPR ranged from 0.5 ygPb/ m3 to 5.4 ygPb/ m3 with a

geonetric nean of 1.8 ygPb/ m3 and a geonetric standard devi ati on of

1.80. Analysis of these data had indicated that the concentration
nmeasur enent of 38.2 ygPb/ m3 was an outlier therefore it was not used

in the data anal ysis. The upper and | ower 95% confidence intervals on
the nmean estinmate were respectively 1.4 and 2.3 ygPb/ m3. Anal ysi s by
t-test indicated that the nean was significantly (P < .0l) less than the
OSHA Lead Standard PEL of 50 ygPb/ m3. Concentrati on neasurenents of
airborne lead made in front of the 3MW316 facepi ece ranged from 112
ygPb/ m3 to 534 ygPb/ m3. The distribution had a geonetric nmean of

236 with a geonetric standard deviation of 1.45. The distribution of
wor kpl ace protection factors neasured with the 3M W316 PAPR ranged from
31 to 392 having a geonetric mean of 135 and a geonetric standard
deviation of 1.89. The upper and |ower 95% confidence intervals on the
mean wor kpl ace protection factor estinate were respectively 102 and 179.
The nean workpl ace protection factor estimate of 135 was not found to be
significantly different (P < .05 fromthe ANSI reconmended protection

factor of 100.
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The nean estimates of airborne |ead concentration neasured at the front
of the Racal and 3M PAPR facepi eces were respectively 237 and 236
ung/mS. These estinmates were not significantly different fromwhich
It is concluded that the PAPRs were used in simlar concentrations of

airborne 1lead.

Since statistical analysis indicated that the mean estinates of

I n-facepi ece lead concentration and workpl ace protection factor obtained
with the two brands of PAPRs were not significantly different these data
were pooled for further analysis. Based on the 47 pool ed observations
the geonetric nean of the in-facepi ece exposures was 1.9 ygPb/ m3 with

a geonetric standard deviation of 214, king the pool ed data a
probability estinmate was nade of the percentage of workers having
exposures below a certain level. Such an estimate is prudent fromthe
standpoi nt of worker health because it estinates the potential exposure
|l evel of a specified proportion of the population rather than the average
exposure level of the entire population. If a 0.95 probability [evel
(ZP = 1.96) is selected it would be concluded that workers in this

popul ati on or other popul ations studied under simlar conditions, i.e.
236 ygPb/ m3 anbi ent concentration, woul d have |ead exposures of |ess
than 8.4 ug/ms. By applying tolerance limts to these sane data it

is possible to estimate the proportion (p) of |lead exposures falling

bel ow a certain level at a specified | evel of confidence (Y). If P and
Y are both set at 0.95 then it can be said with 95% confidence that 95%
of the workers in this population or other popul ations studied under

3
simlar conditions, i.e., 236 ygPb/m anbient concentration, wWould
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experience |ead exposures while wearing these PAPRs of less than 9.3

ug/mg.

The wor kpl ace protection factor distribution obtained fromthe the pool ed
PAPR data is presented in Figure 3. This distribution had a georetric
mean of 127 and a geonetric standard deviation of 2.28. Based on these
data and a 0.95 probability level the assigned protection factor (APF),
as defined by Mers et al. (1983b), for this class of PAPRs woul d be 25.
This finding is simlar to that reported for MSHA/NIOSH certified PAPRs
equi pped with hel nets and high-efficiency particulate filters (Myers, et

al . 1984b).

(nhe objective of stationary testing of the PAPRS was to determne if the
filter performance of the devices would be simlar to that found fromthe
silica dust certification tests specified in 30 CFR 11. The silica dust
certification test requires a filter efficiency of 9%or better
(equivalent to a PF of 100 or better) against a pol ydi spersed silica dust
aerosol having a mean geonetric size of 0.4 to 0.6 um (AWD of
approxinmately 2.0 - 2.2 yn) and a geonetric standard deviation of
approximately 2.0. The average filter efficiency found on 22 stationary
tests in this workplace was 99.2%ranging from98.0%to 99.9%. Wile
these results are simlar to laboratory test results, one woul d expect
with the much larger particle size in the workplace that the filter

efficiency neasurenents nade these woul d be higher than |aboratory
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results. (e possible explanation of why this was not seen is wnd

I nduced | eakage through the loose-fitting faceseal of these PAPRs.
Cecala et al. (1981) have denonstrated the sensitivity of the
loose-fitting, helmeted, PAPR to |eakage caused by small air velocities

directed at the facepi ece periphery.
Conclusions:

Based on the results of this study it is concluded that the MSHA/NIOSH
certified Racal AH5 and 3M W-316 PAPRs equi pped with helmet, face shield
and MSHA/ M CBH approved dust and mst filter were able to reduce worker
| ead exposures to levels that were significantly |ess than the C8HA Lead
Standard PEL of 50 ung/ma. It nust be enphasized however that these
PAPRs were properly fitted, conscientiously worn and used and naintai ned
according to manufacturer's instructions and the contam nant

concentration was only 4.7 tines the PEL.

The nean wor kpl ace protection factors determned on both the 3M and Racal
PAPRs were not significantly different fromthe ANSI assigned protection
factor classification of 100 for this type of respirator. Wile the nean
determnations of workplace protection factor do not contradict the ANS
recommended protection factor of 100, a nore prudent estinate of

wor kpl ace protection woul d be nade using the assigned protection factor
met hod defined by Mers, et al. (1983b). Based on the data presented in
this study and a 0.95 probability level the assigned protection factor

for these PAPRs woul d be calculated to be 25.
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The results of this study coupled with the results of Cecala, et al.

(1981), Myers and Peach (1983a), Myers, et al.

(1984) strongly suggest that the respirator user

(1984b), and Dixon, et al.

community not view

current generation powered air-purifying respirators equi pped wth

hel mets as positive pressure respiratory devices.
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TABLE 1

Lead Concentration and Wrkpl ace Protection Factor Data
ot ai ned Wth The Racal Mddel AHS PAPR

Concentration pg/m3 Vr kpl ace t
Vor k I nsi de Qut si de Facepi ece Prot ection
Day/ Shift Activity*  Facepi ece Fr ont Rear Fact or
A 1.4 281 176 200
1- am B 4.7 374 140 80
B 1.6 308 127 81
A 3.0 208 128 69
1-p.m B 2.0 174 171 89
B 15 222 194 146
A 15 150 103 99
2 - am B 0.3 319 9% 912
B 10 138 106 144
A 1.3 134 105 100
2 - p.m B 1.2 341 199 291
B 2.2 344 265 158
A 12. 4 280 9% 23
3 - am B 4.9 264 167 54
B 4.7 125 193 27
A 1.1 165 118 150
3-pm B 2.1 180 173 88
B 0.9 265 127 300
A 3.1 217 136 71
4 - am B 1.8 387 427 214
B 0.3 309 310 1063
A 3.1 194 99 63
4 - p.m B 2.5 355 314 144
B 12.0 291 320 24
CGeonetric Mean 2.0 237 162 120
Geonetric Std. Dev. 2.51 1.42 1.54 2.66

* A - Positive and Negative Pasting (perator;
B - Positive and Negative Sitter (perators

t CGlculated before inside facepi ece concentration val ues were
rounded to the nearest tenth and the outside facepiece concentration
rounded to the nearest whol e nunber.




Volume 4, Issue | Journal of the ISRP January—March 1986

TABLE 2

Lead Concentrations and Wrkpl ace Protection Factor Data.
Cbt ai ned Wth The 3M Model wW-316 PAPK

- o Concentration pg/m° ) o Vor kpl ace 1
VWr k Tnside Outside Facepiece Protection

Day/ Shi ft Activity* Facepiece _Front Rear __Factor_

A 2.8 338 135 120
l1-a.m. B 2.8 150 231 54

B 1.5 218 142 143

A 3.2 168 171 53
1-p.m B 1.6 193 130 121

B 1.8 342 134 194

A 0,5 170 101 320
2 - a.m B 1.1 112 112 100

B 0.9 164 91 184

A 1.9 534 99 282
2 - p.m B 0.7 275 192 392

B 1.3 340 - 255

A 2.1 275 9% 131
3-am B 3.1 279 197 91

B 2.7 335 321 126

A 1.4 169 150 118
3 - p.m. B 2.2 - 354 -

B 1.8 342 401 186

A 38.2%% 154 -
4 - am B 5.4 170 157 31

B 4.6 295 489 64

A 2.5 312 114 124
4 - p.m. B 1.6 237 209 146

B 0.8 226 222 300
Geonetric Mean 1.8 236 171 135
CGeonetric Std. Dev. 1.80 1.45 1.62 1. 89

* A - Positive and Negative Pasting Operator;
B - Positive and Negative Slitter Qperator

** Qutlier value not used in data analysis
t Cal cul ated before inside facepiece concentration val ues were

rounded to the nearest tenth and the outside facepiece concentration
rounded to the nearest whol e number.
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Figure 1.

Phot ograph 1 Phot ograph 2

I n-facepi ece and outside facepi ece sanpling locations used with the
Racal AH5 powered air-purifying respirator. Photograph 1. A -

i n-facepi ece sanpling probe |ocation; B - outside facepiece
sanpling location. Photograph 2. Aand B filter cassette
attachnent and sanpling lines.
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aps s T

Phot ograph 1 Phot ograph 2

In-facepiece and outside facepiece sanpling l|ocations used with the
3M W-316 powered air-purifying respirator. Photograph 1: A -
in-facepiece sanpling probe location; B - outside facepiece
sanpling location. Photograph 2: A and B filter cassette

attachment and sanpling lines.

Fi gure 2.
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FIGURE 3. LOG PROBABILITY PLOT OF THE POOLED WORKPLACE PROTECTION FACTOR DATA FOR THE
RACAL AH5 AND 3M W-316 PAPRS.

Figure 3. Log probability plot of the pooled workplace protection factor data
for the Racal AHb and 3M W316 PAPRs.



