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Abst r act

Nunerous diverse factors nust be accurately evaluated prior to the proper
selection of an organic vapor (0V) air-purifying respirator.

Environnental factors such as oxygen |evel, contamnant conposition
contamnant concentration, tenperature and relative humdity must all be
considered. Gher factors, like the particul ar wearer's workrate and the
contaminant's warning properties, nust be assessed. Al of these
paraneters nust be properly evaluated in order to ensure worker safety.
The Federal regulations concerning respirators (30 CFR Part 11) has
built-in safety precautions as it relates to sone of these parameters.

For exanple, the regulations specifically address the issues of warning
properties, USE concentrations, and restrictions on use. However, even
with these limtations, know edge of the possible factors which influence

performance characteristics of OV cartridges is essential

The purpose of this paper is to outline the test criteria currently
enpl oyed for evaluation of OV respirator cartridges, and to discuss the
mul tiple factors which influence the perfornance and therefore the

sel ection and use of these cartridges.
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I ntroduction

Oganic vapor (OM and gas air-purifying respirators are used to protect
their wearers fromexposure to toxic vapors and gases in the anbi ent work
environnent. Such respirators are used routinely in diverse industrial
environments, and the protection they afford is greatly affected by the
wi de variety of conditions in which they are used. However, the
cartridges used in these respirators are currently tested under linited
conditions which do not adequately reflect potential applications in the
field. Thus, accurate evaluation of the conditions and circunstances of
use is essential. Environnental factors such as oxygen |level, relative
hum dity, and tenperature nust be considered, as well as characteristics
of the contaminant(s) such as conposition, concentration(s), warning
properties, and adsorption characteristics which are reflected in

breakt hrough time(s). Also, factors such as the wearer's workrate, which
determines the flow characteristics and the facepiece fit nust be

considered in order to properly select and use these devi ces.

Laboratory Testi ng

In general, the laboratory test data available on OV respirator
cartridges is quite limted. To be "NIOSH/MSHA Approved," these
cartridges, as received fromthe nmanufacturer, nust provide protection
for at least 50 mnutes agai nst 1000 ppm of carbon tetrachl oride when
tested at 50 + 5 percent relative humdity, 25"(; and a conti nuous

flowrate of 64 1/min. A preconditioned cartridge or pair of cartridges
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(conditioned for 6 hours at 25 1/min. and 85 percent or 25 percent
relative humidity) must provide the sane duration of protection under
those identical test conditions with the exception that the flowrate is
reduced to 32 1/mn. (It should be noted that this reduction in flow nmay
of fset the effect of preconditioning; thus, the value of these latter

tests is questionable.)

Nel son and Harder (1972) showed that there was little difference between
data obtained with a nmechanical breathing sinmulator and steady state
flow Thus, the use of steady state flow for the testing of organic
vapor and gas cartridges appears justified for such respirators with an
exhal ati on val ve. However, recent data indicates that this may not be
the case for all organic substances (Wod et al. Cct. 1978 - Sept.
1982). For methyliodide, the cyclic flow penetration was greater than
steady state flow penetration by a factor of 1.2 - 2.4 at a flowate of
32 1/mn. for respirators with exhal ation valves. This raises sone

addi ti onal questions concerning an issue that was thought to be resol ved.

Little information is obtained fromOV cartridge tests that is related to
the cartridge's sorbent capacity for organic vapors or gases. In reality
the sorbent efficiency of organic vapor cartridges is a weak area in the
present NIOSH/MSHA respirator performance standards (30 CFR Part 11)/due

to:
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o] the use of a single testing agent

o] the reliance on warning properties rather than on an effective
end of service life indicator

o] the potential interactions and synergistic effects one m ght
observe in multi- conponent environments

o] the effects of real world environmental working conditions,

whi ch current |aboratory tests do not adequately reflect.

Sel ection and Use Oriteria

Fortunately, the NIOSH/MSHA regul ations for approval of respirators do
include built-in safety precautions. |In fact, some of the regul atory
constraints inposed on organi c vapor cartridge selection and use are
quite restrictive. These constraints are justified since so little is
known about the effectiveness of these devices under real world
environnmental conditions. Constraints on the use of organic vapor
cartridge respirators are evident upon exam nation of the criteria for
sel ecting such devices. These criteria can be found in the NIOSH/OSHA
St andards Conpl eti on Program Respi rator Decision Logic. The foll ow ng
basi ¢ questions nmust be answered in order to determine if the selection

of an organi c vapor respirator is appropriate:

(D) |Is there adequate 04 present ?

Section 11.3(aa) of 30 CFR 11 states that any environment which
contains an oxygen partial pressure of less than 148 mllineters
of nmercury (19.5 percent oxygen by volune at sea level) is

oxygen defici ent.
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(2

(3

Has the contaminant(s) been conpletely identified?

In order for OV cartridges to be used, the contaminant(s) nust
be accurately identified so that the renaining questions can be
answered. Wil ess the contaminant(s) has been conpl etely
identified, the rule of thunb is to use maxi numrespiratory

protection (positive pressure, atnosphere supplying respirators).

Has the contaminant's concentrati on been determned to be bel ow

the nmaxi num use concentration?

It is inportant to know the expected range of concentrations.

If OV respirators are enployed for routine use, a neasure of
peak concentrations and representati ve 8-hour TWA data col | ected
over a period of time should be obtained. The naxi mumuse
concentration, according to 30 CGFR 11.150, is 1000 ppmor a

| oner val ue for organic vapors which produce IDLH atnospheres at
concentrations equal to or lower than 1000 ppm The established

ceiling level times the protection factor (C. . /C. ) could
ou in

t
al so be considered the maxi numuse concentration. The |owest of
these val ues should be used. The reduced concentrations have
been incorporated because air-purifying respirators are not to
be used in IOH environments as defined in 30 CFR 11.3(t). This
requirenent is intended to ensure that the worker can escape

without injury or irreversible health effects should the

respirator fail.
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(4 Does the contaminant(s) have adequate warning properties?

Vérning properties of organic vapors and gases include odor, eye
and/or respiratory tract irritation, and taste. According to
the established definition, ™adequate warning properties" neans
that a gas or vapor has a reliable and persistent odor or
irritation threshold which is less than three tines its

perm ssi bl e exposure level (PA) and, if aceiling limt is
established, less than its ceiling level. The reliance on the
adequate warning properties of environnental contamnants is the
most significant probl emassociated with the use of 0OV
respirators. Therefore, a detailed discussion of this critical

criterion is warranted (see bel ow under Qontam nant Warning

Properties).

(5 Has any hazard due to skin adsorption been ruled out?

(6) If the contamnant is an eye irritant at the use concentration,

is there a full facepiece respirator avail abl e?

(77 Has the generation of high heats of reaction with the sorbent

been rul ed out?

(8 Has the potential for shock sensitivity of the substance sorbed

on the sorbent been ruled out?
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If the answer to of the above questions is yes, then the regul ations

all ow organi c vapor cartridge respirators to be used. However, it may be
i npractical and economcally infeasible to use these devi ces agai nst
substances with extrenely short breakthrough times (< 3-5 minutes). An
extrenmely dangerous situation would exist if the contamnant, at a |ow
concentration, produced an environnent which was i medi ately dangerous to
life and health (IDLH). Further, due to the problem of desorption
cartridges nust be replaced after each use, as sitting for a period of

tinme causes redistribution throughout the entire cartridge

Contamnant  \Warning Properties

As previously noted, warning properties include odor, eye and/or
respiratory tract irritation, and taste. A gas or vapor is said to have
"adequate warni ng properties™ if it has a reliable and persistent odor or
irritation threshold which is less than three tines its permssible
exposure level (PEL) and, if a ceiling limt is established, l|ess than
its ceiling level. For exanple, a substance having both an odor and
irritation threshold of nore than three times the PEL woul d be considered
as having adequate warning properties unless either the odor or
irritation threshold was less than the ceiling. However, if in the prior
case the substance had a threshold of odor and irritation which was
considerably lower than the PEL, then it mght be considered as having

poor warning properties because at the PEL concentration the wearer would
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not be alerted to the odor. Al so, substances which have odors which
cause ol factory fatigue or which do not have persistent odors are

consi dered to have poor odor warning properties.

The regulations (30 CFR Part 11) prohibit use of OV cartridge respirators
agai nst organi c vapors with poor warning properties except where MSHA or
OSHA standards permt such use for a specific gas or vapor (11. 150
footnote 7). A though 30 CFR Part 11 does not specifically prohibit the
use of air-purifying pesticide and paint spray respirators against
material s which do not have adequate warning properties, their use for
such substances should not be allowed. This linitation is inplied in the
regulations and a statement of this limtation is required on al

approved labels for pesticide and paint spray respirators. This is
especially inportant because only carbon tetrachloride is enployed for
eval uating pesticide respirators. Further paint spray respirators are
eval uated against a paint and |acquer nmxture (section 11.16276f11: an

enanel having a phthalic alkyd resin vehicle and a titanium di oxi de

pigment) which is not indicative of present day pai nt compositions.
Therefore, the only adequate nmeans for detecting organic vapor
breakt hrough for pesticide and paint spray respirators rests solely on

war ni ng properties.

These regulatory constraints are in place essentially because of the
difficulty of predicting breakthrough tinmes for diverse contamnants and

envi ronmental conditions of the workplace. Al so, an effective
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end-of-service-life indicator (EOSLI) has yet to be devel oped, which
nmakes reliance on adequate warning properties the key element in
protecting workers wearing OV cartridge respirators from overexposure to

toxi ¢ subst ances.

Despite the current necessity for reliance on warning properties, such

reliance is undesirable. Sone of the reasons are:

o] Hunan senses are not fool proof and, in fact, sensory acuity nay
vary greatly anong individuals, or with changes in an
individual's nedical condition. |In fact, certain individuals
shoul d be immediately precluded fromthe use of organic vapor
respirators due to physical probl ens whi ch hanper sensory

per cepti on.

o] Research in the area of substance warning properties is sparse,
particul arly research invol ving nul tipl e contam nant
environments. The eval uations of warning properties which are
contained within the NIOSH/0SHA (ccupational Health Quidelines
for Chemcal Hazards were devel oped as a stinmulus for further
di scussion and inproverment, not as an ultimate |list of warning
properties. In reality, these guidelines are being used for a
purpose for which they were not intended. Wnfortunately, they
probably constitute the best source of obtaining this type of

information. Basically, OV cartridge respirators cannot be used

10
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in atnospheres which contain mxtures of contamnants unless all.
conponents have been identified and have adequate warni ng
properties. Even then, the probl emof conponent interaction
arises. e substance could interfere with another, for

exanpl e, affecting the sorbent properties as well as the warning
properties. This is an area which has not been addressed
adequately. Little, if any, testing is performed on organic

cartridges with nixed contamnant environments.

o] Research results which are available in the literature are
i nconsi stent due to the lack of standard methods of neasuring
warning properties, in addition to other variabl es such as
chemcal purity and human sensitivity (Amoore and Huat al a,
1983). Amoore and Huatala report that of the 29 threshol d
val ues reported for n-butyl al cohol which represents the work of
26 principal authors, no nore than two of these threshold val ues
were neasured by the sanme exact experinental nethod. As would
be expected, a rather large range exists for the air-dilution
threshold (1.45 X 1077 t0 9.23 X 107° g/1). Thus, nany of
the current threshold values for odor, taste and irritation |ack

a statistically valid scientific basis for their establishment.

In order to thoroughly eval uate whether a substance has adequat e warni ng

properties, the follow ng questions nust be answered:
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(1

(2

(3

(4

(5

(6)

(7

(8

(9

What threshold value (absolute or 100 percent recognition

t hreshol d) was det er m ned?

Was a suitable, representative panel of individuals used in

determning the threshold and what variations were seen?

What is the effect of conpeting substances on the warning

properties?

Do the contaminant's warning properties persist and are they

reliable or is olfactory fatigue a probl en?

Has adequate data been collected on the effect of contam nant

concentration on individual sensory capabilities?

Does exposure to other contaninants have a long or short term

effect on sensory perception?

Is there a threshold shift due to chronic exposure?

What effect do various nedical conditions have on sensory

per cepti on?

Basically, what is the distribution of sensory perception anong

normal i ndi vi dual s?

12




Volume 4, Issue 2 Journal of the ISRP April-June 1986

Al though the reliance of warning properties is undesirable, it is the
best neans of protection currently available, at least until an effective
end-of-service-life indi cator can be devel oped. |In the nmeantine, the

scientific community nust strive to renedy the predi cament by:
o] determning if contamnant substances have "reliable and
persistent' warning properties based on statistically sound

scientific data

o] devel opi ng and inplenenting validated adm nistrative controls

based on data generated in the actual environnent of use.

Br eakt hr ough Ti ne

e of the environmental factors which affect the use of organic vapor
respirators is the breakthrough tinme. The literature contains data
relati ng charcoal's breakthrough characteristics against classes of
conmpounds (Faust and Hernmann, 1969; Freedman et al., 1973; Nelson and
Harder, 1974), low boiling conpounds (Balieu, 1983), anesthetics (Mggs
and Smth, 1976; Enderby et al., 1977; Kimand Sicar, 1977) and specific
conpounds (Beaunont and Garrido, 1979; Stanpfer et al., 1980). Since
these data were coll ected under various test conditions, they are not
directly conparable. The nost extensive study was that of Nel son and
Harder (1974), who tested commercially avail abl e organi c vapor cartridges

agai nst 121 different organic vapors and gases (1000 ppm 50 percent RH,

13
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53.3 1/min, predried followed by exposure to 50 percent RH at 22°C for
> 2 days). Athough 51 of the 121 conpounds tested had shorter

br eakt hrough times than carbon tetrachloride, which is used for approval
testing by NIOSH, only 12 of the 51 woul d be considered as having

adequat e warni ng properties.

Relative Humdity

The effect of relative hunmidity on the ability of activated charcoal to
adsorb gases and vapors has been studied by numerous investigators (Maggs
and Smth, 1976; McGinnis and Fawcett, 1976; Nel son, Corrcia, and Harder,
1976; Balieu, 1977; Balieu, 1980; Burrage and Al l mand, in press).
Basically, this data indicates that little difference is observed in the
service life as long as the relative humdity is bel ow 50 percent.
However, above this value, and in particul ar above 65 percent RH the
dependence on humdity becomes very significant and is reflected by a
large shift to shorter or longer breakthrough time (generally shorter)
dependi ng on the contamnant. This phenonenon is al so observed when
.samples are preconditioned at high RH conditions prior to testing.

Al t hough both preconditioning and varying test humdities alter the
cartridge service life, it has been postulated that the test humdity has

the greater effect, but this is debated.

14
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Tenperature

Little data appears in the literature on the effect of tenperature on
cartridge performance and efficiency. Yet the breakthrough time would be
expected to becone shorter due to increased desorption if adsorption were
the only mechani sminvolved. Nelson, Corrcia, and Harder (1976) stated
that for every 10°C rise in tenperature above roomtenperature (20 -

25° O the service life would be reduced from 1-10 percent dependi ng on
the contaminant. This prediction was based solely on cal cul ati ons using
a sel ected adsorption isotherm However, data by Wod et al. (Gt 1978 -
Sept 1982) indicates that there may be as much as a twofold reduction in
service life for a 5o C tenperature rise above room tenperature

(assuning only an adsorption nechani smexists). Further, one woul d al so
expect that the breakthrough tine would be reduced as the tenperature
increases due to increased desorption. This is an area where research
efforts could readily supply the needed data to fill an existing void.
This woul d shed light on all types of organic vapor respirators which
includes paint spray and pesticide cartridges. Further it would alert us
to the need for restrictions, if any, on their use so as to prevent

wearer msuse and injury.

Concentration

As noted previously, the contaminant's concentration inposes najor

restrictions on the use of organic vapor respirators. But here we are

15
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concerned with the effect that concentration has on the breakthrough
characteristics of charcoal. Nelson, Harder, and Bigler 1976 and Nel son
et al. (1980), showed that a famly of straight lines is obtai ned when
one plots the log of the breakthrough tine at selected percentages versus
the log of the concentration. Further, a simlar plot for various
flowates gives a famly of straight lines. This relationship was found
to hold for nunerous organic contamnants over a concentration range of
50--3000 ppm A study by Smth and G esler (1975 showed that vinyl
chloride gave a linear correlation when the log of the concentration was
pl otted against the 10 percent breakthrough time over the concentration
range from 100 to 5000 ppm  These reported differences (log/log vs.
log/linear) raise some questions about concentration effects. O nore
inportance is the fact that |ower percentages of sorbate are absorbed at
| ow contam nant concentrations. However, little work has been done at
concentrations below 50 ppm Thus it is necessary to study |ow
concentrations of vapors and gases which mght be routinely found in the

wor kpl ace, particularly those with extrenely low threshold limt values.

CONCLUSI ONS

In summary, it is obvious that nunerous factors nust be accurately
assessed in order to ensure the appropriate selection of an organic vapor
respirator. Environnental factors can be determned generally by
appropriate instrumentation, but the nost inportant factor is the

adequacy of warning properties. Warning properties represent a critical

16
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factor since the wearer depends upon themfor his safety. Unfortunately,
it is the one factor which is nost questionable. Thus, certain
precautionary steps need to be instituted to ensure worker safety.

First, individuals should be carefully screened to nake sure they have
adequat e sensory perception to detect contaminants. Secondly,
precautionary adm nistrative controls should be instituted based on

wor kpl ace neasurenents of cartridge breakthrough tines. In addition, the
scientific community should strive to (1) determne statistically sound,
scientifically valid warning property evaluations and (2 devel op an

effecti ve end-of-service-life indicator for organi c substances.

17
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