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Hydrogen Sulfide and the
Probabilities of ‘Inhalation” Through a
Tympanic Membrane Defect

Richard Ronk, B.S., and Mary Kay White, Ed.D.

We conclude that workers with tympanic membrane de-
fects (perforated eardrums) should not be excluded from
working in atmospheres containing concentrations of hy-
drogen sulfide (H,S). Several existing requirements and
recommendations exclude workers with perforated ear-
drums from working in or around H,S. Such protective
measures stem from the belief that H,S can enter the body
through the perforation in sufficient measure to compro-
mise the wearer’s respiratory protection. However, based
on calculations of anticipated leakage of H,S for a variety
of eustachian tube conditions and in the absence of either
medical literature or personal reports documenting H,S
poisoning due to eardrum perforation, the recommenda-
tion for excluding workers with such a condition from
working in or around H,S is not supported. The anatomy,
physiology, and pathology of the eustachian tube are dis-
cussed, including the effects such devices as tympano-
maxillary shunts might have on contaminant leakage. The
National Institute for Occupational Safety and Health
(NIOSH) criteria for respirator tests and sources of res-
pirator leakage are examined and NIOSH recommenda-
tions for respiratory protection against H,S are outlined.

Hydrogen sulfide (H,S) is a toxic gas capable of rapidly
inducing dizziness, unconsciousness, respiratory paraly-
sis, and death. At a concentration of approximately 0.77
ppm, H,S has an unmistakable “rotten egg’’ odor. How-
ever, at higher concentrations (100 ppm) olfactory paral-
ysis occurs, and at still higher concentrations (700 to 900
ppm) death ensues rapidly.'

From the Division of Safely Research, National Institute for Occu-
pational Safety and Health, 944 Chestnut Ridge Rd., Morgantown, WV
26505 (Mr. Ronk for further correspondence).

Journal of Occupational Medicine/Vol. 27, No. 5/May 1985

It is possible that toxic quantities of H,S can be ab-
sorbed through the skin, but the evidence is not conclu-
sive.? Protective measures against skin sorption are
considered unnecessary by the National Institute for Oc-
cupational Safety and Health (NIOSH) at concentrations
suitable for respirator use.?

Because of the toxic respiratory effect, many protective
measures have been taken to safeguard the worker from
H.S poisoning. Most of these precautionary measures have
substantially improved worker safety. One such require-
ment, however, appears to be unjustified and is examined
critically in this report.

Several existing requirements and recommendations state
that: “Even with a perfectly functioning self-contained
breathing apparatus, a person who has a perforated ear-
drum can become over-exposed. There is less resistance
to outside atmosphere via the perforation than via the
breathing apparatus, and H.,S can thus be inhaled through
the ear . . . . All persons with perforated drums have been
excluded from work in or around H,S.””"* The rationale
behind this requirement is that sufficient H,S may enter
the wearer’s system through a tympanic membrane defect
(perforated eardrum) to compromise the respiratory pro-
tection. On the basis of the following literature review and
calculations, we conclude that the above rationale is not
supported.

Tympanic Membrane Perforation

The tympanic membrane (commonly called the “ear-
drum’’) is oval in shape and measures about 9 mm across
and from 10 to 11 mm vertically, Separating the external
and middle ear, it transforms sonic pressure into mechan-
ical vibration to be received by the malleus (one of the
three ossicles of the middle ear).

A tympanic membrane defect (or perforated eardrum)
is the most common serious ear injury and may be caused
by infection, a blow to the ear, intense noise, explosion,
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object penetration, or other miscellaneous causes.® Per-
forations may range from tiny tears to large injuries and
are generally accompanied by a hearing loss correspond-
ing to the magnitude and extent of the injury. Such losses
rarely exceed 30 dB if the injury is limited to the tympanic
membrane.*

Most perforations heal by themselves within seven to
10 days without problems, but occasionally medical and
surgical intervention is necessary.’

Anatomy and Physiology of the Eustachian Tube

“The eustachian tube. . .connects the anterior wall of
the middle ear with the nasopharynx. It is about 1% inches
length and consists of an outer bony portion (one third
of the tube that opens into the middle ear) and an inner
cartilaginous part (two thirds of the tube that opens into
the throat). The lumen of the bony part is permanently
opened while that of the cartilaginous portion is closed
except during certain periods such as swallowing, yawn-
ing, or blowing the nose. To hear optimally, the atmos-
pheric pressure on both sides of the eardrum should be
equal. The act of swallowing, for example, forces air up
and into the middle ear and thus equalizes the atmos-
pheric pressure on either side of the tympanic mem-
brane.””s This is called “active opening.”

Of particular importance is the fact that in the normal
resting condition, the eustachian tube is closed." There-
fore, air exchange through the eustachian tube between
the ambient atmosphere and the nasopharynx normally
does not occur even in the perforation (or absence) of the
tympanic membrane, “except during swallowing, yawning
or blowing the nose.’””

“Pressure differentials of greater than 300 mm H,O (320
to 400 mm H.0) are required to effect passive opening of
the eustachian tube in normal subjects, and even consid-
erably higher pressure differentials are required in some

abnormal patients with tympanic membrane perfora-
tions.””

Pathology of the Eustachian Tube

Certain pathological conditions affecting the eustachian
tube can modify the tube’s function significantly.

Obstruction — The tube may become partially or totally
obstructed temporarily or permanently, resulting in a de-
crease or absence of airflow between the middle ear and
the nasopharynx. This occurs commonly in conjunction
with an otitis media and, in fact, may have to be resolved
in the successful treatment of this condition. Serous otitis
media is a frequent cause of tympanic membrane rupture
due to this blockage.

Nonfunctioning — The eustachian tube may be patent
but nonfunctional. No active opening occurs even with
extreme activity, but the tube may be opened passively.
Normal swallowing will not cause any airflow in this con-
dition.

Both Nonfunctioning and Nonpatent — The tube is both
blocked and nonfunctional and neither passive nor active
opening occurs.

Patulous — The tube may be patulous, which means it
remains open due to certain pathological conditions. As
noted below, patulous tubes are frequently encountered:

“This condition should be anticipated in any patient who
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has had a significant weight loss leading to depletion of
the soft tissue mass surrounding the eustachian tube. Pat-
ulous eustachian tubes have been noted in patients with
chronic illnesses, such as heart disease, diabetes, rheu-
matoid arthritis, and cancer. This condition has also been
associated with neuromuscular disorders, such as strokes,
poliomyelitis, multiple sclerosis, and parkinsonism. The
symptoms are found temporarily in patients with acute
iliness and in the postoperative period before full health
is regained. Nearly one third of the women observed suf-
fering from this condition have been pregnant, taking birth
control pills, or taking some other estrogenic hormone at
the time of diagnosis. Men treated with estrogens for car-
cinoma of the prostate have also been found to have the
problem. The fact that nearly one fifth of the patients with
symptoms of an abnormally patulous eustachian tube were
labeled neurotic or psychotic may suggest the unpleas-
antness and disturbing nature of this condition.”®

Of these four conditions, only the last, an abnormally
patulous eustachian tube, can be expected to contribute
to airflow from the ambient air to the nasopharynx.

A fifth condition, surgically induced ventilation, which
includes either the provision of a tympanomaxillary shunt
or an artificial eustachian tube, may be encountered.™ The
tympanomaxillary shunt is basically a temporary connec-
tion between the middle ear and the maxillary sinus by
way of a silicone rubber tube. It has the effect of a patu-
lous eustachian tube. Airflow through this 1.2-mm inside
diameter rubber tube, which is 7 to 10 cm long, has been
shown to be less than that of a concurrent tympanic mem-
brane defect and a patulous eustachian tube.

The artificial eustachian tube is inserted through the
tympanic membrane in conditions of blockage of the eu-
stachian tube as a temporary means of ventilating the mid-
dle ear pending resolution of the tube blockage. The
contribution to airflow between the ambient air and na-
sopharnyx is nil because of the preexisting tube blockage.
That is, the artificial eustachian tube serves only as a tem-
porary eardrum perforation but active tube opening is un-
likely.

It is unlikely that an artificial eustachian tube and a tym-
panomaxillary shunt would be used concurrently since each
serves independently to provide middle ear ventilation. It
is also unlikely that a tympanomaxillary shunt would be
used with a perforated tympanic membrane, or that an
artificial eustachian tube would be used with a patulous
tube, for the same reason. Therefore, airflow between the
ambient air and nasopharnyx is unlikely in either case.

Respirator Operating Characteristics

Inhalation Resistance — NIOSH test criteria for res-
pirators differ among the several types of approved res-
pirators. The maximum allowable negative face piece
pressure (inhalation resistance) is about 100 mm H,O when
measured on the standard breathing machine with the
peak airflow of about 120 I/min, corresponding to a minute
volume of 40l. This is, the maximum pressure differential
between the ambient air and the nasopharnyx is about 100
mm H,O under a moderate work rate of 40 I/min volume.

This figure, 100 mm H,O, has been used in all subse-
quent calculations.
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Respirator Leakage — The efficiency of a respirator, that
is, its protection factor or how much it reduces the wear-
er's exposure to the ambient atmosphere, is a factor of
the sum of the leakages or penetrations allowed by var-
ious components of the respirator system.

Three major sources of such leakage must be consid-
ered: exhalation valve leakage, air supply penetration, and
face seal leakage.

Exhalation Valve Leakage — Tests of exhalation valve
leakage are conducted under a static pressure differential
of 25 mm H,0O, and the leakage rate must not exceed 30
ml/min.™ Assuming, as a first-order approximation, that
the exhalation valve leakage is proportional to the pres-
sure differential, then at 100 mm H,O inboard leakage of
some 120 mi/min could be expected (or about 0.3%) at the
40 l/min volume.

Air Supply — Self-contained breathing apparatus and
supplied-air respirators are required to use an air or ox-
ygen supply that is essentially free of H,S.* Air-purifying
canisters for H,S were approved by the Bureau of Mines
(unpublished test protocol, 1970). These canisters were
tested to a 5-ppm breakthrough at a challenge concentra-
tion of 20,000 ppm, or 0.025%, allowable penetration.

Face Seal Leakage — Face seal leakage in negative-pres-
sure respirators varies between 2% and 10%" depending
on the type of face piece (half or full face piece); seal
design; face piece material; facial characteristics (such as
size, shape, skin scars, facial hair); and face piece strap
tension and placement. Positive-pressure self-contained
breathing apparatus or pressure-demand supplied-air res-
pirators have leakages of less than 0.01%."

The sum of these sources of leakage results in a total
leakage of about 2.3% to 10.3% allowable for approval of
a negative-pressure respirator.

Eustachian Tube Airflows

In contrast to the respirator leakage values, the antici-
pated leakage or penetration as a result of tympanic mem-
brane perforation has been measured or calculated to be
(for these differing eustachian tube conditions) lower than
that to be expected from a normal subject wearing an
approved negative-pressure respirator.

Obstruction — The airflow or leakage in an obstructed
eustachian tube would be expected to be less than in a
patent, functional tube and with total blockage would ap-
proximate zero.*

Nonfunctioning — Since maximal allowed pressure dif-
ferentials will not cause passive opening of a patent but
nonfunctional eustachian tube, the airflow will approxi-
mate zero."

Both Nonfunctioning and Nonpatent Eustachian Tube —
Leakage will approximate zero.

Patulous — Measurements of airflow in both normal and
abnormal subjects (but not necessarily patulous subjects)
indicate that the patients were uncomfortable when flow
rates in excess of 44 ml/min (steady-state airflow) were
employed.” Assuming both a patulous eustachian tube and
a concurrent tympanic membrane defect, this limiting flow
rate or tolerance would equal 0.11% leakage at the 40-I/
min volume. Since peak flows are from 2.4 to 3.9 times
the minute volume,” any use of a respirator with in-
creased inhalation resistance causing airflow through the

Journal of Occupational Medicine/Vol. 27, No. 5/May 1985

patulous tube with a tympanic membrane defect is prob-
ably uncomfortable if not intolerable.

Normal Function — A normal, patent, functional eusta-
chian tube in the presence of a tympanic membrane de-
fect will only open and allow airflow on deglutition
(swallowing) or other similar maneuvers when activated
by the “contractions of the tensor veli palatini muscle which
displaces the lateral wall from the cartilage-supported me-
dial wall of the {eustachian tube].”* That is, active open-
ing. Thus, a tympanic membrane defect will not result in
the inward flow of air when the eustachian tube is closed.
Measurements of airflow between the middle ear and na-
sopharynx have been made at several pressure differen-
tials in both normal and abnormal subjects. At 100-mm
H,O pressure differential, the total flow (volume of air
passing between the two points) is about 120 ! per swal-
low with an SD of about 40 wl of air to pass per swallow.*
Therefore, more than 99% of all swallowing should allow
less than 240 pl of air to pass per swallow. To compromise
the respiratory protection afforded by a full face piece,
negalive-pressure self-contained breathing apparatus by
2%, or as much as the face piece itself leaks, the wearer
would have to swallow some 3,300 times a minute during
a moderate to heavy work rate, or swallow some 500 times
a minute to equal exhalation valve leakage. Therefore, in
no reasonable case can the presence of a tympanic mem-
brane defect significantly affect respiratory protection
against H,S. In fact, no medical literature or personal re-
ports documenting H.,S poisoning due to eardrum perfo-
ration have been located.

Conclusions

Individuals with perforated tympanic membranes should
not be excluded from work in an H,S environment.

Adequate respiratory protection should be provided for
anyone exposed to atmospheres contaiing H,S concentra-
tions above the threshold limit value." Positive-pressure,
supplied-air, or self-contained breathing apparatus, as ap-
propriate, with a full face piece is recommended. Wearers
of these devices who have a tympanic membrane defect
and a concurrent tympanomasillary shunt or a patulous
eustachian tube may experience the sensation of outward
airflow, which couid be annoying. However, inboard leak-
age from all sources will be less than 0.01% (a protection
factor of at least 10,000) at work rates less than about 40
l/min.

The use of any air-purifying respirators {or protection
against H,S, except for escape, is not recommended.
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Cancer Risks and Prevention

A veritable wall stands between the citizen and the science of cancer prevention,
although he is usually unaware of it. . . .The first thing that keeps the layman in a
chronic state of ignorance is his inability to differentiate between the various cancer
sciences and the kinds of information they produce. While such ignorance is not
universal, it is extraordinarily common, and more often than not the layman, even the
occasional doctor, cannot identify the specific science of “‘cancer prevention.” In part,
this confusion is due to the fact that all cancer sciences ultimately seek to become
sciences of prevention. That is certainly the goal of basic science which studies the
mechanisms of cancer, but despite continuing and brilliant advances, the same judg-
ment that James Watson made in 1982 can be repeated today: For the purpose of
prevention, the information is still “hopelessly inadequate’” and the mechanisms of

cancer are still “inherently unknown.”

Prevention is also the goal of the science of epidemiology, which studies human
mortality and incidence patterns and investigates groups of people at high risk for
specific cancers. It is epidemiology which has identified every known risk factor for
cancer in human beings (e.g., tobacco, asbestos, vinyl chloride) and is most commonly
mistaken for the science of prevention. Epidemiology, however, can only conduct its
studies after people have died of cancer. Once the epidemiologist has definitively
discovered a risk factor for cancer, his knowledge can be applied to protect men in
the future, but the science itself can only begin with cancer deaths; it cannot prevent
cancer in advance. There is actually only one science which seeks to prevent cancer
in advance: the science which exposes animals (or bacteria or cells) to chemicals, which
identifies ’potential” or “‘suspected” carcinogens and extrapolates the findings to man.
Animal-man extrapolation is “cancer prevention,” and it is applied by the state. The
layman who cannot clearly differentiate the politically applied science of the “sus-
pected” from the other sciences of cancer can neither understand nor judge cancer
prevention and the cancer prevention establishment.

—From The Apocalyptics—Cancer and The Big Lie by Edith Efron.
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