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Preventing Inhalation of
Airborne Hazards

" The human body has marvelous defense
mechanisms against air pollutants which
ensure effeciive functioning of the lungs.
However, when exposed to specific hazards
in the workplace, including certain chemical
vapors, gases, biological agents, mineral
dusts or agricultural products, we require
additional protection 1o prevent the develop-
ment of disease. Some of these occupational
lung diseases include asbestosis, lung can-
cer, beryllium disease, silicosis, asthma and
tuberculosis. Inhaled agents do not always
target the lungs, but the respitatory tract may
be the organ of uptake. Therefore, prevent-
ing inhalation of noxious materials may pre-
vent other forms of disease as well as respi-
ratory disease.

Photes by Barry Silverstein

When in Rome...

The concept of personal respiratory pro-
tection is not new; as early as the first cen-
tury A.D., Roman mine workers wore masks
made from dried animal bladders to shield
their lungs from. toxic vermilion. Today, tech-
nological advances continue to create thou-

sands of new chemicals, some of which may

be new occupational hazards. Fortunately,
progress has also heralded the development
of more sophisticated methods for protecting
workers. While the challenges may be new,
the principles remain the same.

Principles of Respiratory
Protection

In general, a respirator is any device
designed to protect the wearer from inhaling
hazardous air. More specifically, a respirator is
a face piece, hood or helmet thar is equipped
with a filter or connected to a breathable air
source. (A surgical mask, designed to protect
a sterile environment from the wearer, is not
a respirator.) It is important to emphasize that
engineering and administrative strategies
(e.g., well-designed exhaust ventilation or the
use of less hazardous materials) shouid be the
major centrol measures to prevent worker
exposure, When these measures are not ade-
quate, not feasible or not yet implemented, a
respirator may be required to protect the
employee and mitigate the hazard.

In the United States, the National Institute
of Occupational Health and Safety (NIOSH)
tests and certifies respirators, The
Occupational Safety and Health
Administration (QSHA), a division of the US.
Department of Labor, sets standards and
enforces regulations regarding the use of res-
pirators.
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Under current OSHA standards, the employer is
responsible for implementing a personal respiratory
protection program and assuring that regulatory
requirements are met. A complete program, detailed
in written guidelines, is necessary to instruct worl-
ers on the fit, care, use and limitations of NIOSH-
certified respirators so that protection is optimized.
Respirators may not be used in the workplace with-
out such a program.

An initial medical evaluation is required to deter-
mine whether or not a worker is able to use a respl-
rator. A high-risk worker with cardiac disease, for
instance, would not be able to support a heavier
respirator like a self-contained breathing apparatus,
which could weigh as much as 40 pounds. The
medical screening may involve a specially designed
questionnaire, or, if necessary, & more thorough
physical exam conducted by a physician. Finally,
the program administrator, who is trained in respira-
tory protection, considers the type of exposure, the
demands of the job and the physical characteristics
of the worker to select which type of respirator is
most appropriate.

A successful respiratory protection. program
encompasses three basic principles: obtaining infor-
mation about the hazard; following an employer's
written program; and, using a respirator properly.
This last concept sounds simple, but respirator pro-
tection can be rendered ineffective when not given
the careful attention it requires. Worker education
and compliance are ¢ritical in determining the ulti-
mate degree of respiratory protection achieved.

Types of Respirators

There are two major categories of respirators: air-
supplied respirators and air-purifying respirators.
With air-supplied respirators, air travels to the mask
or suit through a hose from an independent source
outside the environment or from 2 compressed -air
cylinder worn on the back. Air-supplied set-ups
offer the greatest amount of protection but can be
heavy, cumbersome and expensive.

Air-purifying respirators remove hazardous -
agents from the air that are present in the work
environment. This is accomplished through filtra-
tion, adsorption or chemical reaction. Within this
category are negative-pressure respirators, which
work when the user inhales air that passes through
a filter. A second type, powered air-purifying respi-
rators (PAPRs), uses 2 fan unit to blow air through a
filter to a mask, helmet or hood. The moterized air
pump, battery and filter usually are worn on a waist

belt. PAPRs offer minimal breathing resistance
gince the blower supplies the filtered air to the
breathing zone of the wearer.

Negative-pressure respirators zre the most
frequently used because of their versatility,
light weight and low cost. Disposable particu-
late respirators look similar to surgical masks
and are often used in healthcare environments.
Elastomeric respirators, available in half-face or
full-face designs, function like disposable par-
ticulate respirators but are reusable and made
from flexible materials that create a more effec-
tive face-mask seal.

A wellfitting face piece is essential for pro-
tection. The face-mask seal is the “weak link”
in personal respiratory protection. Fit testing is
intended to provide each individual with a res-
pirator that has a minimum amount of leakage
through the face-mask seal. Quantitative fit
testing can provide a “fit factor”, which is the
ratio of particles outside the respirator to those
inside the face piece.

Assigned protection factors (APF) estimate
the protection expected for a particular type of
respirator when it is womn by workers who
have been fitted and trained in its use. The
protection factor is the ratio of the contaminant
corcentration outside the respirator to the con-
taminant concentration inside the face piece.
For example, a protection factor of 10 means
that the concentration of a contaminant inside
the mask is one-tenth of that outside.

To summarize, the major factor that limits
effectiveness of most respirators is the leakage
between the face and the mask. Workers who
do not strictly adhere to respirator-use guide-
lines also contribute to ineffective protection. A
conflict of comfort versus efficiency arises
when more cumbersome or complicated respi-
rators that may provide greater protection are
rejected for respirators that are easy and con-
venient to use. Even these, however, must be
used propetly. There are some data suggesting
that traditional fit testing of respirators does
not adequately predict the degree of protection
in actual use, and more research is underway.

The Personal Respiratory Protection
Program (PRPP) at National Jewish provides
training, fit testing and medical clearance for
the use of respirators. The following three -
examples illustrate how an individual’s unique
circumstances are evalvated to determine the
most appropriate respiratory protection:
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*COMPARISON OF TYPES OF RESPIRATORS

Characteristic N95 Elastomeric 1/2Face PAPR-hood
Assigned protection factor N/A 10 - 25
Approximare cost <$1 $20-$25 $300-2600
Comfort good fair fair-good

Ease of use good fair fair-poor
Impairment of speech mild severe moderate

Fit test required yes yes no

Face shield protection no no yes

PAPR = powered air-purifying respirator; N/A = not available

Chart reprinted with permission. Kevin P. Fennelly, MD, MPH, Personal Respiratory Protection Against
Myrcobacterium Tuberculosis, Clinics In Chest Medicine, Volnme 18, Number 1, March 1997, p. 13.

CASE STUDY #1
Occupation: ~ Farmer
Problems: 1. He performs multiple

duties around the farm. His
exposures include dust, hog-
confinement houses, pesticides
and diesel fumes.
2. He is unable to wear a neg-
ative-pressure respirator due
to the following:

2} he has a beard

b) he has discomfort during

hot weather
c) he has claustrephobia
d) some of his work requires

Powered air-purifying respirator (PAPR) helmet.
This device provides a higher level of protection

a hard hat and eye
protection
e) he has mild asthma
) he wears glasses

SOLUTION: His allergist referred him to our PRPP,
Our respirator fit technician determined that the
locse-fitting PAPR Helmet would accommodate his
beard and glasses, while delivering a constant flow
of cool air for comfort during a long summer work
day. He received literature on the product as well
as information on where to purchase the respirator
set-up. He was advised to follow-up with the PRPP
regarding any problems.

than disposable particulate and half-face negative
pressure respirators, and it is the oniy type of res-
. pirator which is effective for. men with beards. The
" constant flow of air keeps the respirator cooler

and mare comfortable than non-powered air puri-
fying respirators.



CASE STUDY #2

Occupation: ~ Welder

Problems: 1. He needed a half-face nega-
tive-pressure respirator that
would fit under a welding mask
and not restrict his movement.
2. He forwarded his Material

Safety Data Sheets containing
information on the treated metals
he works with.

SOLUTION: The PRPP conducted 2 qualitative fit
test for a latex-free NOS5 respirator for the therapist
to wear in TB isolation rooms. In addition, she
received training on a powered air-purifying respi-
rator (PAPR) with a hood to provide a higher level
of protection during bronchoscopies.

" Half-face negative pressure respirator with backpack harness. This

! allows the wearer to fit a welding shield over the respirator.

NG5 dis

osable particulate
respirator. These are now
commonly used in healthcare
 settings for protection against
tuberculosis bacause of
.acceptable appearance, low
cost, and practicality.

SOLUTION: The PRPP was consulted regarding the
proper filters to wear on his standard mask. We rec-
ommended a backpack set-up with a harness sys-
tem to keep away the filters from the expaosure,
This arrangement allows a welding shield to be
placed over the mask, keeping the filters tight to
the body and away from the immediate exposure
area. The PRPP provided quantitative fit testing and
recommended follow-up as needed.

CASE STUDY #3

Respiratory Therapist

1. She has a latex allergy.

2. She works on a medical/surgi-

8 cal floor, occasicnally caring for

| patients with TB, including multi-

drug resistant TB.

BY 3. She needs personal respiratory

| protection against TB because

| she assists with bronchoscopies

8l and intubations, and she per-
forms sputum inductions.

Occupation:
Problems:

£

Healthcare Workers and the
Prevention of Tuberculosis

Healthcare workers are in a unique position;
they work closely with tuberculosis patients, and
they need adequate protection against infectious
acrosols, yet they do not want to discourage or
frighten a patient by using a respirator that hinders
communication or looks intimidating. There must
be a balance between this need for protection and
the need for comfort, communication, practicality
and efficient patfent care.

Since the resurgence of tuberculosis in the late
1980's, there has been increased interest in the pre-
vention. of occupational tuberculosis (i.e., transmis-
sion of tuberculosis from patients to healthcare
workers). Qutbreaks of multi-drug resistant TB were
assoclated with significant mortality and morbidity
among healthcare workers. In 1990, the Centers for
Disease Control first recommended the use of dis-
posable particulate respirators for the prevention of
occupationdl TB, since surgical masks did not pro-
vide adequate protection. In 1993, this recommen-
dation was changed to the use of disposable respi-
rators with high efficiency particulate (HEPA) air fil-
ters, which generated considerable controversy. In
1995, NIOSH revised the process for certifying par-
ticulate respirators. OSHA now mandates the use of
the N95 class (N=not resistant to oil; 95=95% effi-
cient) of respirators, at minimum, for protecting
against tuberculosis. (Ed. note: OSHA is in the
process of proposing its standard for protection
against TB as this article goes to press. )

The disposable N95 particulate respirators com-
monly used in healthcare settings have advantages
of acceptable appearance, low cost, and practical-
ity. A disadvantage of this type of respirator is the
difficulty in assuring a reliable face-mask seal with

gach use.

An important cautionary note: Respirators with
an exhalation or exhaust valve should never be
provided to patients with infectious TB, exhaust
valves allow droplets and particles exhaled or
coughed by the patient to escape, thereby releasing

continued on page 5
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continued from page 4

potentially infectious aerosol,

The importance of using a respirator properly is
paramount. Understanding how to fit, care for and
use a respirator is the only means to ensure protec-
tion. Just as medication is ineffective when not taken
properly, respiratory protection, when not given the
careful attention it requires, is ineffective.

Quantitative it testing procedure

The National Jewish Personal
Respiratory Protection Program

The National Jewish Personal Respiratory
Protection Program (PRPP)} benefits both employers
and employees by helping to protect workers
exposed to potentially harmful air contaminants on
the job. The program is designed to help safeguard
workers’ health and to enable both companies and
workers to comply with government standards,

Serving both industries and individuals, the
National Jewish PRPP provides comprehensive train-
ing in the use, care and limitations of specific masks,
including “hands on” instruction, fit testing and take-
home pamphlets of information. For larger groups,
the PRPP is able to perform on-site quantitative fit
testing using the TSI Portacount®, a portable state-ei-
the-art instrument that meets all regulatory require-
ments for respiratory protection. The program pro-
vides a choice of 12 different brands of negative
pressure respirators in multiple sizes. Many of these
brands are available in both full-face and half-face
models. Several positive pressure respirators also are
available for demonstration and training.

Worksite evaluation, a vital component of any
effective respiratory protection program, is available
from National Jewish to assure continued compli-
ance with OSHA requirements, A certified industrial
hygienist provides on-site consultation with person-
alized services that include air sampling, exposure
analysis, hazard communication, toxicology zssess-
ment and ventilation evaluations.

National Jewish also has an active research
program that continues to investigate the effi-
cacy, use and limitations of respirators.

In summary, the National Jewish PRPP
offers comprehensive services designed to
meet all OSHA requirements:

sselection of a respirator on the basis of
the hazards to which the worker will be
exposed |

sexamination by our
Environmental znd Occupational
Health physicians to determine
whether the worker is able to
wear a respirator

etraining of the worker in
the proper use, cleaning, storage
and lirnitations of respirators

e quantitative and qualitative : S
respirator fit testing Lo

= provision of written standard  Qualitative fit testing
operating procedures governing  procedure
respirator use, selection, cleaning
and storage

Additional Information

Questions about respiratory protection can
be addressed to local OSHA or NIOSH offices.
Individuals, industries or physicians with

patients in need of respiratory protection
services should refer to a qualified respirator
fit program in their state. They may also con-
tact the PRPP at the National Jewish Medical
and Research Center, Division of
Environmental and Occupational Health
Sciences, (303) 398-1539.
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Referrals for Personal Respiratory Protection;
{800) NJC-9555

Kevin Fennelly, M.D., M.P.H.

Division of Eavironmental &

Occupational Health Sciences

Mational Jewish Medical and Research Center

Upcoming CME Programs

20th Anniversary Update on Allergy and
Clinical Immunology

Keystone Resort, Keystone, CO

February 4 - 8, 1998

For Resort Reservations: (800) 258-0437

For Conference Information:

(303) 398-1000

(303) 270-2226 Fax

There will be skiing, a gala, family activities
and more! Join us!ff
http://www.nationaljewish.org/cme/kev98.htm
For further information on CME programs

at National Jewish, call 303-398-1000

Medical Advisory Board:

Mark Boguniewicz, M.D., Willi Bom, Ph.D.,
Larry Borish, M.D., Barry Make, M.D).,

and Uwe Staerz, M.D., Ph.D.

Important Phone Numbers:

Patient referrals/appointments

(303} 398-1355 or (800) 222-5864 X 1355
(303) 398-1183 Pax

Home Page on 'World Wide Web:
hittp://wrww.national jewish.org
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Weekly Education Listings
Unless otherwise noted, all sessions are held in
Heitler Hall. For more information, call Sandi
Rettberg at (303) 398-1714 or e-mail rettbergs@njc.org
Monday:  Asthma Forum
Tuesday: Pediatric Pulmonary Conference
Research in Progress
Sleep Disorders Conference
Wednesday: Denver Allergy Rounds
Research in Progress
Thursday: Pediatric Grand Rounds
Research in Progress
Friday: Pulmonary Research in Progress
Topics in Pulmonary Lecture Series

Second Opinion Conference

Medical Scientific Update, a pubiication of the continuing
medical education office at National Jewish, provides information to physi-
clans about cur clinical and research programs in allergic, respiratory and
immune system disorders.

Piease send any comments or requests for fopics to the Dffice of
Professional Education, National Jewish Medical and Research Cener,
1500 Jackson Sireet, Room K734, Denver, GO 80206. We'd like io hear
from yon.

Moving? Please forward change of address form to us to maintain your free
subscription to Medical Scientific Update.

Copyright ©1997, National Jewish Medical and Research Center

LUNG LINE® 800-222-LUNG (5864)
355-LUNG (Denver only)

This free information service, staffed by highly qualified regis-
tered nurses, answers patients’ questions about respiratory,
allergic and immunoclogic diseases. Callets are encouraged to
discuss information received with their physicians.

The Physician Line at 1-800-NJC-9555, exclusively for physi-
cian use Is a toll free service that connects you with 2 highly
experienced representative who can provide information on
National Jewish programs, laboratory tests and referrals.
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