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A commentary on the US Department of Labor's
Occupational Safety and Health Administration
Proposal published, October 4, 1977, to adopt
regulations concerning, "Identification, Class-
fication and Regulation of Toxic Substances
Pgsing a Potential QOccupational Carcinogenic
Risk.

by

Darrel D. Douglas
Los Alamos, New Mexico
March 27, 1978

I am a Registered Professional Engineer and am Certified
in the Comprehensive Practice of Indistrial Hygiene. I have:
been employed in industrial hygiene for 22 years by both private
industry and governmental agencies. For over half that period
I was Chief Industrial Hygiene Engineer and Director of Occu-
pational Health for the State of Oregon. Presently I am
employed by the Los Alamos Scientific Laboratory (LASL) as
Leader, Respirator Research and Development Section.

My commentary is made at the request of the United States
Department of Labor (DOL) as a private consultant and the views
I express do not necessarily represent those of the LASL.

INTRODUCTION

According to the preamble of this document, there should
be no exposure to carcinogen a goal not always possible to
achieve. Since a basic premise of tihis document is that risk
increases as the intensity of exposure rises withoutaa no
effect threshold, it is necessary to keep the exposure level
to the lowest feasible concentration.

My concern is the use of respirators for protection from
carcinogens. It is stated in this document that respirators are
a secondary means of exposure control. They are to be used
only while engineering controls are being installed; to supple-
ment engineering controls when they are not-adequate; and for
maintenance and repair operations. Their use is restricted
because of the effort necessary to be expended by both employer
and employee to insure that the protection saught is received.
It is necessary for the employer to analyze the exposure,
choose the proper respirator, train the employ=e, insure that
the respirator is used correctly on the jchb, and be watchful
that the conditions of use do not change significantly. The
employee must continue in his everyday assignments while wearing
a device which affects his ease of breathing, impairs his
vision and reduces his efficiency.




It is important to emphasize that respirators generally
remain the secondary means of control for chemical carcinogens
and toxic chemicals generally. Respirators are not as satis-
factory a method of controlas engineering and work practice
controls for most employees. However it must be remembered
that for some segments of the workforce, especially maintenance
employees, engineering controls may not be effective and
respirators will have to be the primary means of protection.

For many types of respirators face fit is crucial to
their effective use. It is difficult to get a good face fit
because of the variation in the shape of the human face.

Also the shape changes when pecple make facial movements such
as when talking, smiling or frowning. PFacial hair interferes
with proper fit. Presently face fit also presents a major
problem for women. Most respirators currently in use.have
been designed to fit the male facial configuration.

Respirators also may create safety problems. They make
communications difficult, reduce vision and sometimes reduce
employee efficiency. Some respirators make hearing difficult
and all make speach more difficult.

Where communications are important, special microphones
inside the respirators need to be considered. Persons wearing
glasses may also have difficulties with both half-face and
full-face respirators. If prescription glasses are needed, then
special lenses must be installed in full face piece respirators.
Most respirators are uncomfortable and facial irritation can
be associated with their use.

To overcome these and other difficulties associated with
respirator use, requires an excellent respirator program.
Such a program places substantial burdens on both employers
and employees. If just one element of the program is neglected,
the protection given by the respirators, will be substantially
reduced. .

A first class respirator program is neither inexpensive
nor easy to carryout. Less than an excellent program, or a
respirator program which is written but not carried out will
not provide adequate protection to the employees. The
respirators will not he worn because they are unconfortable,
of it worn they will leak because they will not have been
properly fitted or maintained.
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It is also advantageous for the best health protection,
to utilize engineering controls to the lowest level feasible
even if supplementary respirator ugse is needed for some
employees, to provide appropriate exposure reductions. The
engineering controls will reduce the number of employees on
respirators. The lower exposure levels resulting from the
engineering controls will permit the use of simple less
confining and easier to use respirators. Finally, lower
background levels will reduce the potential exposure for
those employees who have not been properly fitted to their
respirator or who do..not wear them conscientiously.

A litany of the problems of respirator use as a means of
control does not eliminate their use. Supplementing engineering
controls and maintenance operations may require the use of
respirators for an indefinite period in order to give needed
health protection. Properly selected and fitted respirators,
backed up with an excellent respirator program can reduce
employee exposures to carcinogens to very low levels indeed.

It should be remembered that the protection afforded to employees
by engineering controls may end with the control operator or
assembly line employee. The maintenance staff which works
different hours from those of the production employees can be
exposed to hazardous concentration of toxic materials during
their routine maintenance operations and may require respirators.
It is important that precautions in the use of respirators be
carefully delineated. .

RESPIRATOR SELECTION

Proposed Section 6(c) Model Standard for a Category I
Toxic Substance as outlined in 1990.150 (Emergency Tempoary
Standard) and 1990.160 (Final Standard) requires that the
Permissibls Exposure Limit (PEL) be set at the lowest feasible
level see 1910.0000{(c). 1910.0000(h) which permits the use of
respirators alsc specifies that the employee’'s exposure must be
reduced within the PEL. In addition, the respirator progranm
must meet the requirements of 1910.134 and states that a
respirator selection table is to be provided.

Respirators under 1910.150, the emergency standard, may
be used more liberally than is the case for the permanent
standard, 1910.160. Immediate respirator use would be sanctioned
during the period of determing and installing engineering
controls. When the permanent standard is in effect respirators
may be used only during the installation of engineering controls;
during maintenance and to supplement engineering controls in
case they are not adequate to reduce the contaminant concen-
tration below the PEL. There should be no difference in the
respirators provided for either category.




A respirator selection table is required to be published
with each standard. Considering the statement that a no effect
threshold dces not exist for carcinogenic materials, it is
prudent that the efficiency of the respirator used be known.
The ratio of the PEL to the actual contaminant concentration
will influence the choice of respirator. Respirator efficiency
is measured by the respirator Protection Factor (PF) and
defined as: )

Contaminant concentration outside repirator
PP =

Contaminant concentration inside respirator

A PP of 50 indicates that the leakage inside the respirator
is 2% of the outside concentration. A PF of 100 indicates that
the leakage inside the respirator is 1% of the outside concen-
tration. This concept has been widely publicized by E.C. Hyatt
in his publication "Respirator Protection Factors.” Mr. Hyatt
quantitatively assessed the efficiency of various types of
respirators, determined their effectiveness, and summarized
the results. His summary table from the publication is shown
in Table I.
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TABLE 1
RESPIRATOR PROTLECTION FACTORS?

»

Facepiece Protection
Type Respirator ) Pressure - Pactor
I Ak-Purilying
A. Particulate® removing .
Single-use,d dunt® - ' - [
Quarter-mask, dust® . C- 5
Hal{-mask, dust’ - 10
Hall- or Quarter-maczk, fume® : - 10
Half- os Quarter-ma:k, High-Efficiency™ - 10
Pull-Pacepiece, High-Elficiency : - 50
Powered, High-Elficiency, all endomrn * 1000
Powercd, dust or fume, all enclosures T 4 x!
B. Gasand Vapor-Removing
© Half-Mask . - 10
Pull-Pacepiecs - ’ 50
Il. Atmosphere-Supplying
A. - Supplied-Alr
Demand, Half-mask - 10
Demand, Full-Facepiece - 50
Hose Mask Without Blower, Pull-Faceplece - 50
Pressure-Demand, Hult-Mask® + 1000
Pressure-Demand, !-'ull-?uopio«l * 2000
Hoss Mask With Blower, Pull-he-pwen « - 50
Continuous-Flow, Halt-Mask® + 1000
Continuous-Flow, Pulb?wploeo‘ . 2000
Continuous-Flow, Hood, Helmet, or Suit™ + 2000
B.  Self-Contained Branthing Apparatus (8CBA)
Open-Clrcuit, Demand, Pull-Fscepiece - 80
Open-Clrcuit, Pressure-demand Pull-Facepiecs + 10 000"
Closcd-Circuit, Oxygsn Tank-type, Full-Faceplece . - . 80
MII. Combination Respirator
A. Any combination of afr- purifymg and . Use minimum protection
atmosphere-supplying respirator, factor listed above for
B. _ Any combination of suppliod-sir type of moda of opcration,
. respicatoe and sn SCDA.

Excepticn: Combination supplied-air respirators, in presure-demand or other
positive pressure mode, with an zuxiliary seif-conatained air supply, and a full
facepiece, should use the PF for pressure-demand SCBA.

Note: Tabie I is not to be reproduced without Lhe leeompnnying footootes,




! 2% o .. -,'.':_-‘- +
Pooinotes for Renpirator Pretection Facter Table {

*The averall pritection afforvied by & given respirnior design (and mode of nperating) may he
defined in terms of itn petectinm factor (PFY. The ['F in 8 mu’usure of the degree of pestection
. afforded by a rewpirntne, defined as (he ratio of the roncentration of cmtaminant in the am.
biont atmemphere tn that inside the enclmure (unsaslly inxide Lhe facrpiece) under conditiom N
of une. Respiracom should be seieeted s that the ennevnieation inhaled by the wearer will not
esceed the sppmprisie limit. The recom mended rexpiratoe s are selection and use guides,
.. ond should only he used when the employer has established & minimal ecceptable 8
' am & delined in Secting 3 of the ANS! Z83.2- 1968 Ntandarnd.
!l“::ddinim tn facepiccen, this includes any {vpe of enclosure e covering of the wearer's
Wresthing anne. such an supplicd-air handa, hel or sune,
e T “Includes duda, mists, and fumes nnly. Dnes at apply when gnsce oe vapnes sre shaorbed on
. particulstes snd may be wlatilized or (or pasticuluten wialile at mum P . Ba-
l-ﬂr Coks meen emissions,
SAny single.use dust respi Mlhu ithout valve} nat speciflcally tested sgsinst o
specifled cortaminant.
'ﬂ-dc-undm respirators h-wbomcndnnimm-nducumwmldh
&I & PF of 10 bw these particulates. '
Glter rrlevs 10 2 dust respirntne approved by the silics dust (.ot and includes sil types of
modia, that is.. heth nemdegmdable mechanicsl (ype media and degradable remia-
impregnetrd wwel felt or combinatinn wesd-synt hetic fel: medis
"Fume filter refem 1o a fume respireine spproved by the lesd fume tent. Al typen of media are

b - e Higb-eflicicnry filter refers in a high-efTiciency particulate reapurater. The filter must be at
P+ losat P97 “efficiency sgainal O0.Luen DOP to be approved.
! "o be sanigned, hased on dust or fume filier efficiency ke specific rataminans,

) 1For gases ard vapoes, & PY should only he assixmed when publi hed 108t data indicate the
. eantridge or canister has adruate sachent efliciency and service life for & spenific gas or
vapor. In addition, the PF should ant be applied in tan ne vapne concentrations that are: (1)
. immedisiely dangernus ta life, (21 ahove the lower explomive limit, and {3) coune oye irnistion
-m wning & hall-mask
bA pasitive ¢ plied.si i ‘vithahil-mulfmmmvmh
’ . -n-&ntkfmaafulll‘mmf vivre. the PF ow “u-h-lhhntmn
: f-ilaf devier squipped umh * Ml facepiece.
§ A prailive presure supp ipped with s fult rmp-m prwides eve
’ bert s st apperwred !nv un in nmphﬂﬂ immediately danperous 10 life. it @
WM that the (acemece lrnkage, when a pimitive provaure is maintained. chould be 1he
same 8 aa NCRA nperated in the praitive pressure mnde. How.ver. (o emphasire that it
. Dasically in st ine emergency e, the I'F is limited 10 300,
" The devign of the ropplied-air Mevd. 1uit. ne helmet (with 8 miclimum nf 170 liters/min of
b e s sir) may determine its swverail efficiency and protection, Fue szametle, when swrking wnth the
4
:

arws over the head. nwme hruvis denw the contaminant iatu Ne ‘sxed brenthing zee. This
may be e me by wearing & shoet hond sader 8 i i overals. Jther limitaiions specified
by the P aprney must be cvamdered hefore wsing in certe n Lypws of st mempheres.
© “The SCRA uperaied in the paitive prewsure mode hae been teied nt 8 selected 1l .mon
R panel and the facepirer leshagy recorded ae <0.01% penetration. " herefore, o 'V of 10 200+
, - . {s recommended. At this time, the lower limit of detection 0.01/: doss at wureant listing &
_higher mumbs r. A praitive preveure SCHA fiw on gnkarwn crarentrstion is renmmended.
This s ronmisiont with the 10 K0+ that is listed, It ia u-cmi-l (0 have an eereency devics

: for woe in urknown smcentmtions. A hination d-mp n prewaure.
. . demand o & her prative pressure made, wath susiliary self- mnm«l a1e supple, = sise
L recommanded for une in unk coner iona of ¢ » immediately dangerous to
S Kile. Other lisnistiona, such 83 skin sbeorption of HCN ur intium, must be considered
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The Respirator Selection Table, if OSHA follows its past
practice, will be constructed using the NIOSH/OSHA Respirator
Decision Logic which incorporates the Protection Factor (PF)
concept and table proposed by Hyatt. Since the publication
of the PF document in 1975, further research in the area of
respirator PFs has been carried on, principally at LASL.

A review of this later data indicates a need to revise scme
aspects of Mr. Hyatt's PF Table. Por example, some of Hyatt's
recommendations were analogies based on test data for devices
which were assumed to act in a similar way. Hyatt stressed
that when additional data becomes available his PF table
should be modified.

A summary of the modifications proposed are givcn in Table II.
Table II
PROTECTION PACTORS FOR RESPIRATORS
For Routine Use

Respirator Fit Testin
Air Purifying Respirators Quallitative Eﬁantltative
Por Particulates
Half Mask Use High Efficiency
) Filters only 10 50
Full Facepiece Use High Efficienty
Filters only 50 500

For Gases anf Vapors
Lifetime of the cartridge or
canister must be specified.

Half Mask 10 S0

Full Facepiece S0 S00
Powered Air Purifying 2000

Atmosphere-Supplying Respirators

Continuous Plow, Half or Full Pacepiece
with belt mounted requlator valve,
minimum air flow of 4 C™™ 1000

Continuous Plow, Hood or Helmet with belt
mounted regulator valve, minimum air flow
of 6§ CFM 1000

Pressure-demand, Half or Full Facepiece 2000

Self-Contained Breathing Apparatus
Pressure-Demand Mode 10000




A comparison of Tables I and II reveals several differences:

1. All Hyatt's PF data was obtained using male subjects.
Later PF test data from LASL using both female and male
subjects reveals some differences from Hyatt's recommend-
ations. The results are in reasonable agreement with
Byatts PPs for larger faces (predominately male test sub-
jects). Lower PFs were obtained for the smaller faces
(predominately female test subjects). Careful fitting

is required to enable women to achieve the PPs given.

2. Table II specifies only high efficiency filters for
air-purifying respirators. Some dust filters use a resin
felt which degrades when exposed the high temperature
and/or heat. Considering the need for assured protection
from carcinogens, the use of such dust filters is not
recommended. .

3. A serious problem with the use of odor as a warning
property is the dependance upon the human nose, which is
highly variable in its ability to detect odors. A brief
exposure to a high concentration of some materials may
anesthetize the clfactory bulbs for a periocd of time. This
reduces the chances of detecting the concentration coming
through the cartrida. It is recommended that finite

use times be established for all sorpticn cartridges and
canisters instead of relying on the sense of smell as

the end of life indicator.

4. Under Atmosphere-Supplying Respirators the Demand Mode
categqory has been omitted. Recent data published by

Back+ indicates that the protection pravided by these
devices is poor. Since both Continecus-Flow and Pressure-
Oemand Respirators are available as replacamants, the
cmission of these devices should not be missed.

$. The PFs for Continuocus-Plow Respirators, both tight
fitting and loose fitting has been reduced from 2000 to
1000. Data published by Hack? and Douglasd indicates
the need for this reduction.

6. The PF for Atmosphere-Supplying Pressure-Demand

Balf Mask n.apisato: has been raised from 10T0 to 2000
based on Hack's? data.
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7. . The category of Atmosphere-Supplying Continwous-Flow
Suit has been omitted. The present design of two piece
suits provides poor protection under common conditions of
use. Such a suit should not be used without prior gquantati-
tive £it testing.

8. The category of Demand Mode Self Contained Breathing
Apparatus (SCBA) has been omitted. Based on the data ob-
tained by Hack3 when testing Atmosphere-Supplying Respira-
tors, the poor PP provided by Demand Mode SCBA should not
be high enough to warrant their use.

9. A column designating PFs for Half and Pull Facepiece
Respirators when quantitative fit testing is carried out
has been added. They are identical with the PFs advocated
by Hyatt for quantitative fit testing. A procedure to be
followed for quantitative fit testing is now being prepared
by Dr. John 0O'Neill, OSEHA.

The NIOSH/OSEA Respirator Decision Logic provides a good
basis for devising respirator selection tables for specific
chemicals. The above suggestions will improve that process.

I would recommend, if it has not already been done so, that
the Decision Logic be made part of the record of this hearing.

Respirator Pitting

Changes affecting the respirator selection have been suggested
above. After the respirator has bheen selected, 1910.134
specifies a series of steps to be taken to insure that the
respirator user is familiar with the respirator and that it
will be used properly. The series of steps is sparsely out-
lined and needs some additions to insure that the employee
who is to be exposed to carcinogen will have the protection
necessary.

1910.134 (e) (S) specifies: “"Training shall provide the men
an opportunity to handle the respirator, have it fitted pro-
perly, test its face-piece-to-face seal, wear it in normal
air for a long familiarity period, and finally to wear it in
a test atmosphere.”

Of importance to the protection provided the user is the teast
of the respirator faceseal. PP data refered to previously
shows that smaller faces, primarily female, have a more dif-
ficult time obtaining a good seal than do larger faces. The
qualitative tests usually prescribe for this purpose is an
isoamyl acetate or irritant fume test which consists of




holding a isoamyl acetate saturated cloth close to the face-
seal or blowing irritant fume near the faceseal. The importance
of obtaining protection when exposed to carcinogen makes it
necessary to improve the isoamyl acetate test that is used.
This test should be done only after the subjects ability to
detect isoamyl acetate at a level of 2 parts per million (ppm)
has been determined. The isocamyl acetate test should be done
in a hood or room into which sufficient isoamyl acetate to
produce a concentration of 100 ppm. A series of exercises
which stretch the head and neck up, down and sideways should
be performed while in the isoamyl atmosphere. The fit test
is not satisfactory if the subject detects isoamyl acetate.

Respirator Programs

Respirator programs require a continual committment in
managetent time and money to be successful. The necessity
of cleaning and maintaining respirators requires an estimated
addition of 2 employees for every 100 employees using res-
pirators. This does not include the manpower necessary to
insure that the user is initially trained and fitted with a
respirator. Mditional demands upon management include the
necessity of frequent review of the workplace.

If atmosphere-supplying respirators are used, monitoring
the air supplied to the user is necessary. As the PEL
decreases the problems arising from contamination of the air
will be necessary prior to delivery to the user of the air-
line respirator. This can be a costly process.

The obligation of supplying, fitting, maintaining and
cleaning respirators should be on the employer. The average
employee does not have the training or facilities to properly
carryout these tasks. To provide guidance on these matters
and a good respirator program generally, OSHA should consider
publishing model programs for employers of various sizes.
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