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| NTRODUCTI ON

W have |earned how well respirators performin the
laboratory, but do we know how well they really protect the
wearer from |long exposures during routine shift work or from
short exposures during maintenance or intermttent jobs?
During the past 20 years, many investigators in severa
countries have reported results of |aboratory quantitative fit
tests and performance procedures for all types of respirators
i ncluding air-purifying respirators, supplied-air respirators,
and sel f-contained breathing apparatus (scBa). Mre than 50
years ago, Bloonfield and Greenbergl investigated the
efficiency of continuous flow supplied-air helnets during
| aboratory sandbl asting in a chanmber using quantitative
measurenents of the silica dust |eakage into the wearer's
br eat hi ng zone.

Advances in respirator technology have provided new
| aboratory data indicating that it is possible and feasible to
provide very high levels of respiratory protection with
positive pressure atnosphere-supplying respirators if they are
used and mai nt ai ned properly. Pressure-demand SCBA and
supplied-air respriators provide the highest overall protection
levels with fit factors of 10,000 and higher. These |evels
have been verified and docunented by investigators in the |ast
20 years with |aboratory tests.

Investigators generally agree that any respiratory
protective device operated with a negative pressure in the
facepi ece during inhalation provides a |low |evel of protection
when conpared to positive pressure devices. Although severa
| aboratory quantitative fit test studies with negative pressure
respirators have reported noderately high protection factors,
these are, in fact, laboratory fit factors. These results may
be the basis for the OSHA proposed rule making published in
February, 1983, when they asked for comments on the use of
respirators and engineering controls for air contaminants. The
notice stated that osHa's policy (requiring feasible
engi neering controls) has been criticized as being too
i nflexible, not cost-effective, and often unnecessary for
health protection. This pronpted ny choice of the title of
this paper. Sone illustrations and exanples wi |l help answer
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the question "How well do respirators really protect the wearer
at work?" | believe that, except in non-routine or energency
situations, respirators sinply cannot protect workers as well
as properly designed and operated engi neering controls.

BACKGROUND

Al t hough respiratory protective devices are probably the
ol dest method of controlling occupational diseases, health and
safety professionals, including Industrial Hygienists are
sonetines less inforned about their applications and
limtations than about any other particular field in health and
safety.

In 1947 Brandt2 made an inportant point. He stated that
"Respiratory protective devices have a distinct place in the
field of industrial health engineering. That they are a |ast
line of defense can hardly be denied. Nevertheless, where they
shoul d be used, how they should be selected, and how they
shoul d be used and maintained is understood adequately by only
a small nunber of industrial hygiene engineers. Owning to a
relatively low cost as conmpared to nost other control methods,
and the fact that they can be enployed on shorter notice than
nost other control neasures, they are very nuch m sused." |
believe this problem still exists in the 198¢'s: Respiratory
protective devices in industry are often inproperly selected,
used, and mai nt ai ned.

The many new and unusual occupational diseases resulting
from industrial processes in the atom c and space ages have
created a demand for respirators with a high degree of
protection against specific contaminants. However, the state
of devel opment of these devices exceeds the state of their
sel ection and use by health and safety professionals and by
wearers of the devices. In fact, our know edge of their
performance under known exposure situations is better than the
use we nake of them.

| believe the guidance in the Respiratory Protective
Devi ces Manual3, published in 1963 by AIHA and ACGIH, relating
to the control of airborne contaminants is one that still
applies today. The manual states that "in the control of those
occupati onal diseases caused by breathing air contam nanted
wi th harnful dusts, fumes, m sts, gases, or vapors, the primary
obj ective should be to prevent the air from becom ng
contam nated. This is accomplished, as far as possible, by
accepted engi neering control neasures; However, although one
may Wi sh to be idealistic in applying these procedures, there

wi |l always be circunstances in which, for one reason or
another, the procedures will be uneconomical, inapplicable,
i mpractical, or ineffective. Protective respirators will be

needed for these situations, either as a prinmary means or as an
adj unct or supplenent to other primary control nmneasures."”
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SUPPLIED-AIR RESPI RATORS

The very high level of protection provided by continuous
supplied-air hel mets during sandbl asting was reported by
Bloomfield and Greenberg in 1933 During actual sandbl asting
in a | aboratory chamber, they collected silica dust sanples
from the breathing zone of the blasters inside the hood and
from the chall enge concentration of silica dust outside the
hood at air flow rates to the hood ranging fromO to 6 cfm At
an air flow of 6 cfm during sandblasting at three |evels of
dustiness, they reported |eakages into the helnmet ranging from
0.03 to ¢9.08%, a protection factor range from 1,250 to 2,000
(See Table 1). This test was adopted and used by the Bureau of
M nes in Schedule 194 for the approval of Type CE abrasive
bl asting hel nets.

Forty-five years after the first study, Douglas® at Los
Al anps neasured the efficiency of approved abrasive blasting
hel mets using a pop chall enge atnosphere. Dougl as reported
PF's of 10,000 when at least 6 cfmof air was supplied to the
hel met. Hoods 2A and 3 indicated PF's bel ow 10,000 when
operated at the recomended m nimum air pressure approved that
produced air flows of 119 and 91 1pm \Wen Dougl as obtai ned
m nimum air flows below 170 1pm and PF's bel ow 10,000, he
adjusted the air flow upward toward the required m ni mum 170
1pm and repeated the test. For hood 2A the adjusted air flow
of 166 1pm gave average PF's from 500 to 4, 000. The adj usted
air flow of 161 1pm for Hood B gave protection factors on three
subjects of 10,000 (See Table 11).

Such high levels of protection verified and reported in
the open literature should have assured us that sandbl asters
woul d not develop silicosis during the period since the Bureau
of M nes approved the first abrasive blasting helnmet in 1938,
assumng the helnmets were used in the approved manner
gnfortunately, this is not the situation. There are hundreds
of silicosis cases anpbng sandblasters in the United States
today. In 1978, for exanple, Weill® et al at Tulane University
Medi cal School reported nore than 130 cases of silicosis in
Loui siana. They found that with an average exposure to free
silica of ten years, sandblasters devel oped silicosis and
suffered a nortality rate of approximately 25% The British
data’ of 1936 indicated that sandblasters had an average
enpl oynment duration of 10.3 years before death from silicosis.

NIOSH has sponsored studies to determ ne the |evel of
respiratory protection provided during abrasive blasting in
vari ous operations at many U S. | ocations. In 1974 Blair8
reported the results of his representative study of the
abrasive blasting industry in the United States from 1971
through 1973 (See Table 111). Blair reported protection
factors ranging from 10 to 3,750 when Bureau of M nes approved
abrasive blasting hoods or helmets were used. The nean PF's
obtained with the six approved hoods tested ranged from 49 to
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980. Hoods 2B and 4 used full facepieces under hoods or

hel mets which were firmy attached to the facepiece. Blair
noted the maxi mum PF of 3,750 was obtained when the air flow to
the hood was 18 cfm (500 lpm). The maximum PF's do not always
occur at 18 cfm in hoods. Blair concluded that the remarkable
range is due to the condition or m suse of equipnment rather
than to any particular brand superiority.

Studies of the efficiency of abrasive blasting hoods made
in two New Ol eans fabrication yards by Tul ane University
investigators? indicated a |low |level of protection. They
reported that well-maintained and properly worn approved
abrasive blasting hoods 1A and 3 offered tair protection during
bl asting. The sandblasters, they found, were exposed to an
average level of silica dust several tinmes greater than the
perm ssible level of the threshold |imt value (TLV).
Protection levels were generally low and dust |evels were high
because the sandblasters were wearing worn out and defective
hoods, operations were faulty or careless, and silica dust was
being transm stted from adjacent blasting sites during
nonbl asting periods when the sandbl asters were unhooded.

In the third NIOSH-sponsored study, an A.p. Littlel®
report published in 1974 indicated that state-of-the-art
protective equi pnent generally does not provide the degree of
protection required for conplete security of the worker during
sandblasting. The A D Little investigators found that in nost
cases the respiratozy Protective equi pnment, as available, is
badly mai ntai ned an requently abused by the operator himself.

Unfortunately, the three N OSH sponsored studies verified
the use of worn out and defective hoods, the faulty or careless
use of approved abrasive blasting helnmets, and in many cases
an inproper selection of respirators such as the use of
hal f-mask dust respirators with or w thout unapproved,
non-air-fed richochet hoods, which results in overexposure of
the user. It is worth noting that Blair concluded in his study
that the average sandbl aster depends on the local protective
equi pnent sal espersons for advice on selection, fit, use,
mai nt enance, and all aspects of respiratory protection. In
ot her words, the sales person is the consultant. | will
further address this point |ater.

SELF- CONTAI NED BREATHI NG APPARATUS

Several investigatorsll-14 have nmeasured the |evel of
protection provided by both pressure-demand and demand SCBA in
the |aboratory. The results show the demand negative pressure
SCBA generally provides less protection than that provided by
positive pressure type. |In several reported cases, firenmen
have been overexposed while wearing demand SCBA during
industrial and residential fires; These overexposures have
resulted in hospitalization and sone fatalities. ne studyl5
publ i shed in 1969 determ ned the |evel of protection provided
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by demand SCBA and carbon monoxide gas masks used during
exposures from staged fires in a Quonset Hut. The

I nternational Association of Fire Fighters sponsored a oroject
conducted with volunteers from the Denver Fire Departnent to
determ ne the effectiveness of the demand SCBA and CO gas masks
used then during fire fighting. The level of protection

provi ded by these devices during use was estinmated by nmeasuring
the bl ood | evels of carboxy hemogl obin (CGOB) at various
intervals after exposure to the fires. During the six stated
fires, 72 firenmen were exposed; of these 24 wore demand SCBA,
24 wore gas masks, and 24 wore no masks; Exposure time for
those wearing no nmasks was 5 to 8 mnutes; for those wearing
SCBA and gas masks it was 20 to 25 m nutes (See Table 1Vv).

Normal COHB levels are frequently less than 4% A |evel
of 10% or higher is taken to be evidence of carbon nonoxi de
i ntoxication in cases involving industrial workers. A heavy
cigarette snoker who inhales will often exhibit a COHB | evel of
6 to 80 The authors of this study remorted maxi mum COHB
|l evels in ranges fromO to 4%, 5to 9%, 10 to 14%, and up to
40% in increnents of 5% O the 24 firenen wearing the demand
SCBA, 2 had COHB levels from10 to 14% 5 had levels from5 to
9% while 17 had levels fromO to 4% O the 24 wearing gas
masks, 4 had COHB levels greater than 10% O the 24 wearing
no masks, 21 had COHB |l evels greater than 10% The authors
concluded that the abnormal COHB | evel s devel oped by those
wearing masks is best explained by the use of faulty equi pnent.
| believe the main fault was probably | eakage around the ful
f acepi ece.

In the United States, nost fire departnments now use
pressure-demand SCBA or other devices that maintain a positive
pressure in the facepiece at all times. Thus any overexposures
Wi th pressure-demand SCBA were probably from poor maintenance,
lack of training or inproper use by the wearer, poor quality
control, or poor design by the manufacturer of the SCBA.  Some
fatal exposures reported in this country were probably caused
by one of these problenms. NIOSH has required manufacturers to
correct deficiencies. However, in sone fire departnments and in
i ndustry, inproper use and poor nmintenance continue to affect
the level of protection provided by pressure-demand SCBA).

Al R- PURI FYI NG RESPI RATORS
PERFORMANCE EVALUATI ON BY BI O- ASSAY

In a few opreations with contaminants, the perfornmance of
respirators during actual use can be determ ned by bio-assay,
and the unintentional exposures may be estimated, but only
after the exposure has been received. Reliable bio-assay

nmet hods exi st for |ead, carbon nmonoxi de, and radi oactive

mat eri al s such as plutonium, uranium and tritium Bio-assay
procedures can include analysis of blood, urine, feces, and
breath. | believe the follow ng exanpl es show how wel
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respirators protect against these contaminants.

Lead Exposures

Wor kmen using flanme cutting torches on | ead-painted steel
during the denolition of the Boston elevated train structure
were provided with negative pressure air-purifying respirators
approved by the Bureau of Mnes for protection against |ead
fumes. Tabershawl® et al reported in 1943 that many of the nen
exposed to lead fumes during torch cutting had absorbed
excessive anounts of lead as evidenced by analysis of lead in
urine sanples. They concluded that the approved |ead fune
respirator did not provide adequate protection and suggested
that air-line respirators be used. |In the absence of other
i nformation such as particle size and concentration of the |ead
fume, the nost |ogical explanation for the lack of protection,
is that the negative pressure air-purifying respirators weren't
able to provide a good facefit or that they weren't properly
donned.

An inquiry into how hal f-mask particulate respirators fit
faces was reported by Thompsonl’ et al during exposure to |ead
dust and funmes in an Australian snelter in 1961. Three nonths
after the new and nodern plant began production, it becane
evident to the medical officer that better respiratory
protection was necessary. In the fourth nonth approximately 24
of the men directly concerned with |lead production had reached
a level of |ead absorption approaching the maxi mum accepted
| evel . Either these nen were not wearing the respirators, or
the respirators were not fitted adequately. Hughesl8 of the
Di vi si on of QOccupational Health helped the safety officers to
conduct fitting tests on the respirators being used and on
several other types. This fitting study revealed that a large
percentage of the nen were not obtaining a satisfactory fit as
determned with the isoanyl acetate fitting test. According to
foll owup bio-assay samples, the properly fitted respirators
provi ded good protections.

Radioactive EXposures

One of the first instances when workers wearing
respirators were overexposed to radioactive contam nants
followed the NRX reactor accident at the Chalk River Atomc
Installation in Canada in 1952. COverexposures were estimted
by bio-assay. The investigation reported by White and Taitl9
i ndicated the main reason the masks did not provide adequate
protection during use was that the wearers had not worn their
masks properly. The solution was to appoint a full-tinme
respirator officer who periodically checked every enployee who
al ways kept his respirator near his work station to determ ne
if he know how to wear the nmask properly and how to obtain a
satisfactory fit.

Atom ¢ Energy establishments where sone workers may be
11
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exposed to plutonium during mai ntenance or transfer operations
provi de workers with high-efficiency full-facepiece filter
respirators for protection. During regular work the workers
are protected by extensive engineering controls, primarily

gl ove boxes used for all plutoniumwork. During the period
that workers use respirators, air sanples are collected. The
| evel of protection is indicated by bio-assay of urine sanples
collected after the operation is conpleted. Bio-assay results
of Los Al anbs workers using high-efficiency full-facepiece
filter respirators, since individual fitting was started in
1956, indicate that the workers have been well protected. The
Los Al anpbs respirator program incorporated both drills and
training in proper use as well as proper fitting with an
appropriate respirator.

PERFORMANCE EVALUATI ON DURI NG ACTUAL USE

Several nethods of measuring respirator efficiency in
actual working conditions have been reported. All of these
field methods involve measuring both the anbi ent contam nant
concentration challenging the workers and the contam nant
concentrations in the breathing zone inside the facepiece,
hood, or helmet. In 1968 Los Al anos and New Mexico Health
Department Investigators2% reported the efficiency of dust
respirators worn by trained uraniumm ners, who were observed
to ensure proper donning technique. The respirator wearer was
equi pped with two personal sanplers nounted on his belt; one
| eading to the | abel sanpler used to neasure the anbient radon
daughter concentration and the other to the probe on the
facepi ece, which neasures the concentration in the user's
breathing zone. By equipping the half-mask or quarter-mask
respirator with wool or fume filters, we obtained average
respirator efficiencies ranging from88 to 98 during a 5-mnute
to 1-hour sanpling period against exposures to selected high
radon daughters concentrations (See Table v).

There were 26 man tests nmade with English wool batt filter
medi a nounted in holders on 2 brands of U S A half-nmask
facepieces. The respirator efficiency ranged from 93 to 99%
equi valent to a PF range of 15 to 100. A quarter-nask
facepi ece equipped with the same English Wol batt filter
medi um showed approximately the sane results. W had found
during filter efficiency measurements, with four brands of
English wool batt nedia from England and Australia, that al
were approximately 99% + efficient against radon daughters.

The U S fune filter nmedia was equally good and did not degrade
or lose efficiency in the high humdity in the urani umm nes,
general ly over 90% rel ative hum dity.

In the early 197¢'s NIOSH sponsored two studies to neasure
respirator efficiency under actual working conditions in coa
m nes and during paint spray operations. The study of dust
respirator efficiency in coal mines was reported by Harris2l in
1974. The Harris nmethod used to neasure efficiency consisted

12
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of collecting respirable dust sanples from the facepi ece and
chal | enge concentration sanples from the miner's l|lapel. The
respirabl e dust sanple was collected continuously both while
the respirator was worn and when it was renoved for short
periods of time (See Table vi). Using this method, Harris
reported that the mean average effective protection factor
obtained for six types of approved dust respirators worn for
the entire shift was 4.0 and ranged from 3.8 to 4.6. Harris
also collected some 10-minute sanples when the respirator was
worn continuously and reported his nean average true protection
factor was 9.3 and ranged from 9.0 to 11.4 on five types of
dust respirators comonly used in the coal mnes.

The NIOSH study on the efficiency of respirators worn
during paint spray operations consisted of collecting
si mul taneous sanples to neasure two concentrations, solvent
vapor and particulate, in both the facepiece and the chall enge
concentration. Toneyé2 reported that, in general, the only
time he measured protection factors greater than 14, was when
approved hal f-mask spray paint respirators in good condition
were used and when the painter had been properly trained and
fitted before painting. For example, the average protection
factor under these conditions was 6.4 for solvents and 24 for
aerosols. However, for all air purifying respirators (approved
and unapproved) the average protection factor was 4.8 for
solvents and 8.3 for aerosols. He accredited nost of the |ow
protection factors he measured to inproper enployee training,
I ncorrect use of equi pnent, and poor naintenance.

In 1973 Revoir23 neasured the efficiency of three types of
di sposabl e, val vel ess dust respirators for protection against
cotton dust. He reported protection factors ranging fromb5 to
20 on these respirators and clained good correlation with his
| aboratory coal dust quantitative fit tests. Approved
singl e-use dust respirator B shows 5 persons of 5 tested
obtaining a PF of 20 (See Table vir).

CONCLUSI ONS AND RECOMMENDATI ONS

Sone respirators do not protect workers well because of
| nproper selection, incorrect use, and poor maintenance. |
believe nost respirators used in small plants are selected by
purchasi ng agents or operators after consultation with |ocal
respirator suppliers or, sonetinmes, wth the manufacturer.
This nmethod of selection increases the responsibility of
suppliers, salespersons, and plant enployees and suggests the
need for inproved training. | know of one nmajor manufacturer
who has periodically trained all its field sal espersons for
over 25 years and al so conducted periodic regional respirator
training courses for users before NIOSH and AIHA initiated
their formal training courses for users a few years ago. Thus,
the small plant still depends on suopliers for advice on
selection and use of respirators. Several US manufacturers
sell their respirators through safety equiprment supplies. Sone
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of them belong to the Safety Equi pnment Distributors
Association, which put on 3-day training courses for

sal espersons at several |ocations from 1979 to 1981. Besides
the obvi ous concern about the variable quality of advice from
sellers, we should be concerned about enployers who may not be
living up to their responsibilities of inplementing a quality
respiratory protection program

We al so need nore professional or technical industrial
hygi ene gui dance at plant sites. Federal and State health and
safety agencies provide some consultation service, but nore is
needed, especially on the selection, use, and maintenance of
respirators. Manufacturers, for exanple, should provide nore
adequate information on use and limtations to acconpany the
respirators they sell.

Practicing industrial hygienist should observe severa
precautions to obtain better respirator protection. For
exanmpl e, respirator fit factors determned in the | aboratory
are not equivalent to the level of protection afforded in the
wor kpl ace, even when a good respirator program (per ANSI
788.2-198¢) is in use. Human factors affect the |evel of
protection. | reconmend that we apply a m ni num safety factor
of 10 to protection factors neasured in the |aboratory. For
exanple, if the |aboratory prtection factor acheived by a
wor ker during a quantitative fit test is 1000 for a
full-facepiece respirator, we should allow the worker to wear
it for protection up to only 100 times TLv. This is generally
consistent with our experience at Los Al anps, and the
Protection Factor Guidance which | reconmended for ful
facepiece masks in 1971.

| ndustrial Hygienists also should recognize that the
followng factors are inportant and necessary:

0 Proper Respirator Selection
o Inproved training for users and supervisors
0 I ncreased surveillance or audit of respirator use
0 Proper mai ntenance and storage of respirators
0 | ncreased management support
SUMVARY

When a ptessutre-demant SCah s ptopetly used and
mai nt ai ned by well-trained wearers, it provides a very high
| evel of protection for energency and other use. This also
applies to pressure-demand supplied-air respirators. However,
if future field tests indicate poor maintenance and i nproper
use, as the three N10SH studies in the early 197¢'s found
common for continuous flow supplied-air abrasive blasting
hoods, we nust recognize that the |level of protection will be
much | ower than predicted.

The very limted field tests of air-purifying respirator
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performance in the workplace show that respirators may perform
far less well under actual use conditions than is indicated by
| aboratory fit factors. W are not yet able to predict the

|l evel of protection accurately, it wll vary from person to
person, and it may also vary from one use to the next for the
sanme i ndi vi dual . In contrast, we can predict the effectiveness

of engineering controls, and we can nonitor their performance
wth commercially available state-of-the-art devices.

REFERENCES

1. Bl oonfield, J.J., and Greenberg, Leonard: Sand and
Metal lic Abrasive Blasting as an Industrial Health Hazard.
Jour. 1Ind. Hyg., Vol. 15, No. 4, July 1933.

2. Brandt, Allen D: Industrial Health Engineering, John
Wley & Sons, Inc., New York, 1947, Chapter 11, P. 57,

3. ATHA-ACGIH Joi nt Respirator Conm Respirator Protective
Devi ces Manual, 1963.

4, Schedul e 19 and Anmendnents, Supplied-air Respirators, Code
of Fed. Regs., Part 14, Subchapt. B, Chapt. 1 of Title 30.

5. Douglas, DD, et al, Supplied-air Hood Report:
LA-NUREG-6612-MS, 1976.

6. Wweill, Hans, et al: The Relationship of Silica Dust to
Accelerated Silicosis. Ecotoxicology and Environnental
Safety, 1, 429-436 (1978).

7. Mer ewet her, E.R.A. (1936) "Tubercle," 17, p. 385.

8. Blair, Austin: Abrasive Blasting Respiratory Protective
Practices, April 1974, N10SH Report 74-104.

9. Samm, B., Neilson, A., Will, H., and Ziskind, M
(1975). The Efficiency of Protective Hoods Used by
Sandbl asters to Reduce Silica Dust Exposure. Amer. Ind.
Hyg. Ass. J. 36, 140-148.

10. a.p. Little, Inc.: I ndustrial Health and Safety Criteria
for Abrasive Blast Cl eaning Operations, Sept. 1974, N OSH
Report 75-122.

11. Hyatt, E.c., Richards, c.p.: A Study of Facepi ece Leakage
of Self-Contained Breathing Apparatus by DOP Man Tests,

LA-4927-PR (April 1972).

12. Hack, a., et al: Respirator Studies for the NRC, Cct. 1,
1977 thru sept. 30, 1978, Eval uation and Perfornmance of
Qpen Circuit Breathing Apparatus NUREG/CR-1235,
LA-8188-PR, Jan. 1980.

15



13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

Jour nal of the ISRP

Pereson, G: Testing the Seating Tightness of Respirators
on the Face of the User, Staub-Reinhalt. rLuft, Vol. 31,
No. 9, Sept. 1971.

Griffin, QG and Longson, DJ.: The Hazard Due to Inward
Leakage of Gas Into a Full Facepiece Ann. Ccc. Hyg. Vol.
14, April 1970, P. 147

Gordon, GS and Rogers, R.L.: "Project Monoxide - A

Medi cal Study of an Occupational Hazard of Fire Fighters,"
Report of Findings, 32 pp, Published by International
Assoc. of Fire Fighters, Washington, DC (1969).

Tabershaw, I1.R., et al: Plumbism Resulting from
Oxyacetylene Cutting of Painted Structural steel, J. Ind.
Hyg. and Toxicol. 25, 189 (1943).

Thonson, J.W and Crawford, D: The Inportance of Correct
Fit in the Effective Ue of Respirators, Safety News
(Australia), Jan.-Feb. 1965.

Hughes, Jack: Personal Comrunication (1971).

White, J.M, Health Physics Problens Follow ng a Reactor
Acci dent, Am. Ind. Hyg. Ass. J. 20 (1959) 478-81.

Kauf man, E.L., Bevis, p.A. and Hyatt, EC,: "Evaluation
of Dust Respirator Filter Efficiency and Respirator
Performance Agai nst Radon Daughters in Five New Mexico
Urani umMines™, Am. Ind. Hyg. Conf. (1968).

Harris, HE , DeSieghardt, WC, Burgess, w.A. and Reist,
p.C.: Respirator Usage and Effectiveness in Bitum nous
Coal M ning Operations, ArHA Jl1 Vol. 35 N 3 March 1974, P
159.

Toney, CR and Barnhart, w.rL.: Perfornmance Eval uation of
Respirators Used in Spray Painting Operations, NIOSH
Report 76-177 (1976) .

Revoir, WH: "Respirators for Protection Against Cotton
Dust," Am Ind. Hyg. Assoc. J. 35, 503-509 (1974) .

16



Jour nal of t hel SRP

Table I. Evaluation of sand-blasting helmet at 6 cfm under
normal working conditions (Bloomfield and Greenberg, 1933).

concentral ion

IN_room aird Tnside helmet® % Leakage PF
4, 000 3.1 0.08 1250
3,000 1.0 0.03 3333
1, 000 0.5 0.05 2000

“T™illions OF particles per cublic Toot.

Table Il. Los Alamos abrasive blasting hood tests.
B of M Approved =~ Test Flow Rate® (LT/Min) PF Range
Type CE Hood Min. Adjust”  Max. Thousands___
18 118 350 10 +
2A 119 0.3 - 4
116 0.5 - 4
234 8 - 10
3 91 1 -10
161 10 +
225 10 +
5 192 10 +
316 10 +
6 167 350 10 +
dMin recommended = 170 LPM (6 cfm).
Max recommended = 354 LPM

brf mn, below 170 LPM and PF<¢ 10,000, airflow adjusted upward
toward 170 LPM and hood was retested.
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Table I11. Results of NIOSH-sponsored studies of respiratory
protection used during abrasive blasting (1974 report by Blair).
B of M Aﬁ)_Froved Protection Factors Tn Freld
Type_CE Hood F_Tests Range VEan
1A 2 1o-94 0o
1B 8 10- 3750 980
2A 5 12- 275 104
iz 7 10- 1096 264
3 2 13-85 49
48 2 16- 360 188

“Hood over full facepiece type.

Table IV. Results of 6 staged fires with Denver fire department
volunteers.

COHB Demand CO Gas No

M ax.% SCBA M ask M ask

0to 4 1/ 12 0

5t 9 5 8 3

10 to 14 2 3 7

15 to 19 0 1 8

20 to 39 0 0 6

No. Exposures 24 24 24
Exposure

Time, Min. 20 to 25 20 to 25 5 to 8
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Table V. Results? of field man tests® in five NN M uranium
m nes with dust respirators.

Fa%ggece FWPSr Tygf S ReSRgln(rJgt — Ck\?g?gge(%)
1/ 2 E Wool 18 93-99 98
1/ 2 E Wool 8 94-99 96
1/ 4 E Wool 16 95-99 9%
1/ 4 E Wol 20 92-98 96
1/2 Fume 6 93-98 96
1/ 4 Dust 3 80- 92 88

g1967 Joint study by LASL and N. M health department.
Time tested ranged from 5 to 50 m nutes.

Table VI. NIOSH field study of dust respirators performnce
used in coal mnes.

Mean Averag%e of Mean Avera?e
6 Respirators Al'l Respirators
Ef fective PF 3.8to0 4.6 4.0
True PF 9.0to 11.4 93
Table VII. Performance of three single-use dust respirators,

each worn in cotton textile plant by five workers (1973 study
by Revoir).

Respirat or Number Obtaining PF of
20 0

A 0/5 4/ 5

5/'5 5/'5

C 3/5 5/'5
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