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During the 1960's and 1970's | was fortunate to be at the Harvard School of
Public Health in a setting where | could pursue applied research activities in
industrial hygiene. One of ny interests was respirators. Joining with a
number of persons with specific research interests we published results of
work in design approaches, inpact of respirators on workers, and the |evel of
protection afforded by these devices. In considering the subject of this
conference | asked nyself the question, "what would | do if | were again in
that setting?' The answer was not unexpected--a Simlar w de range of
cooperative studies. The topics would include anthropometric adequacy,

physi ol ogi ¢ inpact of respirators on the wearer, the perfornance of critical
respirator elenents such as filter media, adsorbents, valves and seal s,
procedures for evaluating fit, and, of course, innovative respirator design.
The inportance of cooperative studies is highlighted by this list and reflects
ny feeling that the ideal respirator research group would include a general
practitioner of industrial hygiene working with physiologists, human factors
speci alists, aerosol physicists, chemsts, and design engineers. | amsure
that all of these research areas will be endorsed by the participants at the
meeting.

If I were forced to choose one research area and were asked to chanpion it at
this gathering | would choose the study of the actual protection afforded by
respirators in the workplace. This is obviously the bottomline in any
respirator program |If one reviews the linited nunber of in-plant studies
conpl eted over past decades one becones concerned about the total inpact of
respirator prograns on worker exposure. M first interest in this topic was
generated at the 1968 Anmerican Industrial Hygi ene Conference when Cal dwell and
Schnelll di splayed dismal protection factors in the application of half nmask
air-purifying respirators for protection against urani umdioxide. The authors
concluded "Air-purifying half-face respirators are supposed to provide better
than a factor of 10 protection. The conputed average for the data shown is
2.1." These data were based on biological nonitoring and therefore effective
protection factors and not conventional protection factors were calculated in
this study.*

A field study by Revoir to evaluate single use respirators agai nst cotton dust
reveal ed nore inpressive protection factors ranging from8 to 84.2

In a NIOSH sponsored study of respirator use in abrasive blasting3, Blair
has shown the large variability in protection encountered in the use of air
supplied respirators. These devices are nornally considered to provide
excellent protection with a protection factor of 2,000.

"Wiere air supplied hel mets were used, protection factors from 19 to
3750 were noted. The renmarkabl e range of these later figures is
attributable to the condition of the individual equipnent rather than
to any particular brand superiority."”

* Protection factor is defined as the ratio of the contam nant concentration
outside the respirator divided by the concentration of the contani nant
inside the respirator. The inside concentration is determned by air
sanpling only when the respirator is in place on the face. The effective
protection factor is evaluated by continuous air sanpling inside the
respirator both when the mask is on the face and when it is periodically
renoved fromthe face.
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Additional evidence of the linmted effectiveness of air supplied hoods used in
sandbl asting has been provided by Samini et al.4

In a study of dust respirator performance in coal mnes conducted by Eastern
Associ ated Goal Conpany in cooperation with the Harvard School of Public

Heal th under a NIOSH contract the sane pattern was reveal ed with |ower
protection obtained than predicted by application guidelines®. However,
this study evaluated effective protection factors and introduces the issue of
effective choice of use tine by the wearer.

A study of the paint spray industry® revealed that conventional

air-purifying paint spray respirators provi ded an average protection factor of
3 for vapors and not the 10 one might anticipate fromthe protection factor
tables. In the case of air supplied hal f masks, the observed protection
factors ranged from3 to 30, and not the 1000 one woul d expect from the
guidelines.

In a study of in-plant respirator protection factors for protection agai nst
sul fur dioxide in copper smelters’ More showed that the protection afforded
by three different half nmask respirators was quite variable with nean
protection factors of 22, 18, and 13. A though the nean val ues exceeded the
guideline protection factor of 10, the best respirator had 30.4% of its tests
with factors less than 10, and the worst had 56%wi th factors less than 10.

Smth has evaluated the effective protection factors (BPF) provided by
intermttent use of a conbination acid gas and netal fune respirator and a
filter respirator for protection against cadmum Aw de variability on
protection was denonstrated with a geonetric nean EPF of 5.6. (he worker in
this popul ati on was atypical of the group. He was fastidious in the use of
his respirator and obtai ned consistently high protection factors. |If his data
are not included the geonetric mean BEPF becones 3.9 and approaches the 3.2
noted by Harris.

The reasons for the low PF's and EPF's and the high variability in these
studies are numerous and are known to all of those attending this meeting. It
is inportant that we recognize that they do exist and that in-plant testing is
the only techni que available to evaluate the actual protection afforded by the
respirator. (bviously there are difficulties in conducting such studies.
Caught up in the excitement of this topic and hoping to share experiences wth
you on this matter | invoked ny credentials as a gadgeteer to present sone
approaches to the field sanpling problens which m ght nmake the technique nore
acceptable. This is obviously a research job--to explore the possible
approaches and denonstrate that they may be used in industry to carry out the
m ssion of the standard, nanely "the enpl oyer nust denonstrate the protection
provided by respirators as worn in the plant."
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I will discuss workplace nonitoring techniques to eval uate the perfornance of
respirators used for protection against gases and vapors. The conventiona
systemis the use of two punps as shown in (A). The first alternative is to
package a doubl e acting punp (B). A mniature punp can be placed inside the
respirator and controlled remotely as shown in (C). The use of passive
sanplers as shown in (D nay be an effective systemw th mninuminterference
with the respirator. This approach would not require penetration of the
facepiece. A nore conplicated approach is shown in (B which does not involve
facepi ece penetration. In this systemthe air fromthe exhalation valve is
dunped to a 200 M bellows elenent attached to the valve and a sanple is taken
fromthat reservoir to the sanpler. An alternate nethod is stowi ng an aliquot
of this exhaled air in a bag clipped to the belt or attached to a jacket. The
final scheme shown in (F is left to your imagination and someone's contract
money. It involves the design of chenical or electrochemical sensors that
provi de direct read-out of concentration inside the facepiece

In ny opinion respirator research nust be continued on techniques for
evaluating the ultimate performance of the device in the workplace. A though
| have permtted nyself the luxury of brainstormng the in-mask sanpling
possibilities, one can use nore conventional techniques at the present tinme to
evaluate the total effectiveness of an in-plant program
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