SCIENTIFIC ARTICLES

Occupational Exposure to Nitrous Oxide in Dental

Operatories

Paul J. Middendorf, M.S., David E. Jacobs, B.S., Kenneth A. Smith, M.P.H.,

David M. Mastro, D.D.S., M.S.

Georgia Institute of Technology, Georgia Tech Research Institute, Environmental, Health, and Safety

Division, Atlanta, Georgia

Summary

Occupational exposures to nitrous oxide (N2O) were measured in numerous dental operatories. In all
cases, the National Institute of Occupational Safety and Health (NIOSH) recommended time-weighted
average (for one operation) of 25 ppm was exceeded by wide margins (NIOSH considers 50 ppm to be
attainable in dental operatories). However, a new risk assessment is necessary to determine appropri-
ate exposure limits. Many of the operatories were not equipped with scavenging systems and none of
them used a scavenging device in combination with a local exhaust ventilation system. Scavenging
devices and local exhaust ventilation should be used to control nitrous oxide exposures. Leaks in N2O
delivery systems, which were found to be commonplace, should also be controlled. Research and
development efforts are needed to improve upon the already existing scavenging devices, and provi-
sion for local exhaust ventilation needs to be included in the design of dental operatories.

Introduction

Use of nitrous oxide (N,0O) as an anesthetic agent
began in 1844 when a dentist performed a painless
tooth extraction after administering N,O to his pa-
tient.! Since then, nitrous oxide alone or in combina-
tion with other agents, such as oxygen, halothane
(Fluothane), or enflurane (Ethrane), has become the
most widely used general inhalation anesthetic
throughout the world.? It is estimated that approxi-
mately 100,000 dental personnel (including 30,000
dentists) are involved in administering N,O to about
4.5 million patients annually in the United States.??
Other occupationally exposed groups include anes-
thesiologists, other physicians (e.g., surgeons),
anesthetists, operating room nurses, and veterin-
arians.

Nitrous oxide is preferred over the ethers because
itis nonflammable. Until recently, it was believed that
N,O was not metabolized and was nontoxic.* For this
reason, it was thought to be superior to chloroform,
whose deleterious effects on operating room per-
sonnel were first recognized in the late 1880s.° N,O,
a colorless inorganic gas, has a somewhat sweet and
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pleasant odor. During and after a typical dental pro-
cedure, a patient absorbs approximately 30 liters of
N,O which is rapidly eliminated from the body
through the lungs and air passages.

An increasing body of data has suggested that
serious health effects result from chronic exposures
to trace amounts of residual anesthetic agents. Jas-
tak and Greenfield® reviewed the results of previous
accounts indicating that anesthesiologists have suf-
fered higher rates of irritability, headache, nausea,
spontaneous abortion, premature delivery, children
with congenital abnormalities, lymphoid malignan-
cies, cancer in females, hepatic and renal disease,
and even suicide. Most of these findings were ob-
tained from hospital personnel who have been ex-
posed to multiple anesthetic agents. However, other
workers who are exposed almost exclusively to ni-
trous oxide suffer some of the same effects.®

Dental personnel are exposed to concentrations of
N,O two to three times greater than are operating
room employees, and are more likely to use the gas
without mixing it with halogenated anesthetics (only
19% of dentists recently surveyed in 1980 indicated
they used the latter in their practices).” In short,
epidemiological data from dental workers will help to
reveal the adverse health effects specific to N,O
without the confounding factors found in surveys of
hospital workers. Only one such survey has been
completed to date.”
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A survey of 30,000 dental personnel completed in
1980 indicated rates of spontaneous abortion were
significantly higher for wives of male dentists and for
female dental assistants. Furthermore, women di-
rectly exposed to N,O without other anesthetic
agents showed a doubling in the rate of spontaneous
abortion compared to women who were not exposed.
Other results include statistically significant in-
creases in congenital abormalities among newborns
of female assistants directly exposed to N,O, to-
gether with increased rates of liver, kidney, and
neurological disease in both males and females. Re-
ports of numbness, weakness and other nonspecific
neurological symptoms were found to occur four
times more often among heavily exposed dentists
than among unexposed dentists.”

Of course, such surveys have many potential
sources of error. A recent review of epidemiological
surveys® of exposures to all anesthetic gases out-
lines some of the uncertainties. The greatest of these
probably lies with the method of data collection.
Specifically, do members of the unexposed control
group tend to underreport adverse reproductive out-
comes more than the exposed group?

Clearly, studies of the biochemical mechanisms
and animal toxicity testing must be completed to
reach a firm conclusion about the health hazards of
occupational exposures to nitrous oxide. Some
studies have been completed which give an indica-
tion of the mechanisms involved in nitrous oxide tox-
icity. Anincompletely reversible polyneuropathy simi-
lar to that of pernicious anemia has been attributed to
the ability of N,O to inactivate certain enzymes by
oxidizing the cobalt in vitamin B, ,. This can lead to a
decrease in serum methionine, which reduces the
conversion of uridine to thymidine, one of the four
nucleosides of deoxyribonucleic acid (DNA). The
overall effect is a decrease in DNA production result-
ing in the inhibition of cell division. Tissues with a high
rate of cell turnover would be most susceptible, pos-
sibly explaining the reproductive and carcinogenic
problems found by Cohen.®

One of the major problems in assessing the risk of
the dental worker is that the majority of animal toxi-
cological studies use short exposure times and high
levels of exposure (with the intent of simulating pa-
tient exposure), and small numbers of animals. Ni-
trous oxide has been shown to adversely affect the
hematologic system, the cell-mediated immune sys-
tem, and the nervous system. Depression of bone
marrow activity has occurred at levels as low as 1000
ppm. Production, motility, chemotactic response (the
ability of white blood cells to reach sites of infection),
and the tumor-killing ability of lymphocytes have all
been shown to be depressed by nitrous oxide.'
Cases of chronic abusive self-administration of ni-
trous oxide have also been reported, resulting in
serious myelopathy or neuropathy with evidence of
addictive and suicidal tendencies."
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The adverse reproductive effects of nitrous oxide
are receiving the greatest attention of late. Rats have
shown evidence of reversible testicular damage after
being exposed intermittently to 20% N,O for 28 days.
These rats also exhibited abnormal giant multinu-
cleated sperm cells and decreased sperm counts.? It
has been suggested that since vitamin B,, plays an
important role in male fertility, N,O may adversely
affect sperm metabolism and motility by a mechan-
ism similar to that involved in DNA production de-
scribed earlier; i.e., oxidation of vitamin B, ,. Male rats
exposed to N,O concentrations of 5000 ppm pro-
duced a significantly smaller litter size when mated
with unexposed females than a control group. The
offspring also showed postnatal growth depression. '

Intermittent exposures of gravid rats to as low as
0.1% N,O have caused significant reduction in litter
size, and at 1%, the postnatal growth rate of rats
exposed during the prenatal period was reduced.'

Finally, Bruce and Bach'® worked with human vol-
unteers and found significant decrements in visual
perception, immediate memory, and a combination
of perception, cognition, and motor responses at 50
ppm N,O. These effects were not found at concen-
trations of 25 ppm.

Based on these and other findings, The National
Institute of Occupational Safety & Health (NIOSH)
had recommended that “occupational exposure to
nitrous oxide, when used as the sole anesthetic
agent, shall be controlled so that no worker is ex-
posed at time weighted average (TWA) concen-
trations greater than 25 ppm during anesthetic ad-
ministration.”?

However, the NIOSH recommendation was based
in large part on the psychomotor effects found by
Bruce and Bach. Subsequent research'®® failed to
find such effects at the same level of exposure.
Another NIOSH-sponsored study states that concen-
trations as low as 50 ppm can be attained when the
recommended control measures are implemented.'®

Given these discrepant findings, a new risk as-
sessment of the effects of nitrous oxide exposure
should be performed to determine an acceptable ex-
posure level. Until that time, the recommendations of
the ad hoc committees of the American Dental As-
sociation and the American Society of Anes-
thesiologists should be implemented. These recom-
mendations call for the application of control meas-
ures to maintain the lowest reasonably achievable
concentrations in the operatory whenever inhalation
anesthetic agents are administered®® (our em-
phasis). The following data indicate that control
methods have not been implemented by a significant
percentage of practicing dentists; even when in
place, the measures have been inadequate.

Methods and Materials

Nitrous oxide concentrations were measured using
a MIRAN (Miniature Infra Red Analyzer) 1A-CVF Gas
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Analyzer manufactured by The Foxboro Company
(Model 063-0015). Nitrous oxide absorbs strongly at a
wavelength of 4.45 um. A major source of interference
in this region is carbon dioxide, which absorbs infrared
light at 443 um. To reduce the potential for signifi-
cantly false positive readings, an analytical wave-
length of 4.50 was chosen. In addition, care was taken
to minimize introduction of directly exhaled air (which
would be high in CO,) when measuring concentrations
in a worker's breathing zone. However, tests with
exhaled breath indicate no measurable increase in
absorbance at the chosen wavelength. A pathlength of
7.20 meters, a slit width of 1 mm, and a meter re-
sponse time of 1 second were used.

Calibration was performed by injecting known
amounts of N,O into a closed loop calibration system
(The Foxboro Company, Model No. 106) with a known
volume.

The instrument was calibrated before and after
monitoring was performed. An original computer pro-
gram determined the concentrations of N,O in the
closed loop calibration system, and then calculated
the concentrations from the absorbances measuredin
the various dental operatories by averaging the data
obtained from the pre- and postcalibrations and
linearly interpolating between the calibration points.
Table 1 provides calibration data for Dentist VI.

Before entering the dental suite, the instrument
was purged with clean, uncontaminated air and ze-
roed outside the dentist office. Such rezeroing was

TABLE 1. Nitrous Oxide Calibration Points MIRAN IA-CVF
Gas Analyzer

ML N,O Precalibration  Postcalibration
Added N,O (ppm) Absorbance Absorbance
0 0.00 0.000 0.000
.5 8.78 0.048 0.045
1 17.55 0.087 0.086
1.5 26.33 0.120 0.120
2 35.11 0.155 0.151
3 52.66 0.215 0.215
4 70.21 0.269 0.265
5 87.76 0.310 0.311
6 105.32 0.355 0.355
8 140.42 0.430 0.430
10 175.53 0.500 0.501
12 210.63 0.561 0.560
14 24574 0.617 0.611
16 280.84 0.665 0.671
18 315.95 0.711 0.709
20 351.05 0.755 0.750
22 386.16 0.795 0.805
24 421.26 0.830 0.820
26 456.37 0.860 0.851
28 491.48 0.891 0.880
30 526.58 0.920 0.910
32 561.69 0.950 0.930
34 596.79 0.975 0.960
36 631.90 1.010 0.980
38 667.00 1.050 1.000
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usually unnecessary. Care was taken not to change
the various parameters (wavelength, pathlength, slit
width, etc.) while the survey was in progress, and
also until postcalibration had been performed.
Sources of error include slight movement in these
settings, variation in instrument gain, jarring of inter-
nal mirrors and wavelength filter, and placement of
the particulate filter through which the air to be meas-
ured was drawn.

When possible, measurements were taken at vari-
ous locations throughout the suites, offices, waiting
rooms, and operatories before the N,O had been
turned on for the day. Once the procedure was un-
derway, measurements of general room levels and of
the dentist's or dental assistant’'s breathing zone
were taken. Measurements were generally made at
3-5 min intervals. Data were usually generated until
well after the procedure had been completed to help
interpret the effectiveness of the room ventilation.
The probe was also placed in the immediate vicinity
of potential leak sources including: tank valves, high
and low pressure connections, “Y” connector and
vacuum lines for scavenging equipment, point of
scavenging line exhaust, explosion relief valves, and
ventilation bags (used to ventilate the patient in the
event of respiratory arrest) to help identify items in
need of maintenance.

Results

Air Concentrations

The ambient concentrations of nitrous oxide were
determined within workers’ breathing zones as well
as throughout the suites of a number of dental offices.
The results presented in Table 2 indicate that levels
in all operatories were well above the NIOSH rec-
ommended level of 25 ppm. The adjoining waiting
rooms and offices displayed background levels
above 25 ppm after the N,O was administered. A
great deal of variation existed among the dental
operatories in frequency of use of N,O, the depth of
anesthesiarequired (i.e., flow rate and the concentra-
tion of gas used), the suite ventilation system, and
effectiveness of different scavenging systems.

The major sources of nitrous oxide exposure to
dental personnel were identified as leaks around the
nasal mask and exhaled air from the patient's mouth.
Sharp increases in ambient concentrations were ob-
served when anesthesia was first administered, and
also when the gas was turned off. This was probably
caused by higher rates of mouth breathing (talking,
laughing, etc.) and uncontrolled releases from the
nose mask, which in some cases was not yet at-
tached to the patient. Increases could also be ob-
served during the procedure when the patient talked,
or when the patient's mouth was opened for surgery.
Scavenging equipment was in use in only 12 of the 27
offices surveyed.
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TABLE 2.

Operatory Nitrous Oxide Concentrations?2 (ppm)

During
N,O Duration Number of Maximum at
adminis- of measure- dentist's Waiting Number Scavenging
Before N,O tration procedure(s) ments breathing room of leaks system
Dentist administered mean (minutes) included zone levels found® used?
| 18-33 68 60 19 132 17-28 4 Yes
] 11 106 27 14 171 52-147 0 No
n ND 81 98 22 475 — 2 No
1\ 14 128 30 29 1562 34 0 No
v ND 102 - 18 361 45 4 Yes
Vi 19 497 90 33 667 131 7 No°®
Vil 6 501 77 36 632 533 6 Yes
Vil 5 597 82 30 667 81 4 Yes
IX 3 110 46 9 296 18 2 Yes
X 4 184 55 10 372 21-36 1 Yes
Xl ND 603 70 12 735 355 3 No
X 26 434 120 25 734 170 0 No
X ND 64 69 13 151 121 0 Yes®
XV 15 323 10 4 584 27 2 No
XV 91 498 50 20 734 140 4 No
XVi ND 223 52 17 534 114 1 No
XVii ND 409 40 15 734 133 1 No
Xvii 19 414 19 6 659 55 4 No
XIX 88 244 48 13 463 62 1 No
XX ND 659 86 10 659 122 1 Yes
XXI ND 421 120 14 815 49 1 No
XX 10 417 94 29 797 46 1 Yes
XXin ND 496 62 13 667 134 0 No
XXIV ND 320 41 20 667 10 0 Yes
XXV ND 444 110 30 880 61 6 Yes
XXVI 4 184 70 10 647 63 0 Yes
XXVII 1 617 20 7 660 251 1 No

a Includes measurements taken at dentist's or dental assistant's breathing zone and at selected locations in operatory.
b Significant leaks other than those from around the patient's mask.

¢ Passive scavenging system.
d Not time-weighted average.
¢ Low flow rate used.
ND=None detected.

Control Methods

A wide variety of scavenging systems was ob-
served in the course of the surveys. A passive
scavenging system, in which no vacuum was con-
nected to the exhaust line, was found to be ineffective
(see Dentist VI). Another system consisting of a vac-
uum exhaust port located on the exterior of one side
of the mask was also ineffective (see Dentist VIll).
The presence of a scavenging device did not neces-
sarily lead to lower concentrations in the operatory
(see Table 2). Flow rate, concentration administered
to the patient, frequency of use, room dimensions of
the operatory, and dilution ventilation rate all need to
be considered in comparing one facility to another.

The typical dentist office is located in an office
building or medical complex. Since the ventilation
systems are designed as heating and cooling sys-
tems, they are not intended to remove air contamin-
ants. Figure 1 graphically shows the concentrations
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of nitrous oxide at various times throughout a day for
one procedure in Dentist lII's operatory. The system
had been completely turned off for three months. At
9:00 a.m. the system was turned on, and by 10:00
a.m. the background levels had risen from nonde-
tectable up to 2 ppm due to leaks in the gas delivery
system. At approximately 10:00 a.m., N,O was first
administered to the patient. Levels of N,O rose
quickly during the 90-min procedure, up to 209 ppm.
When the system was turned off, the levels began to
decrease because of ventilation and diffusion out of
the area. The effective exhaust rate was calculated at
0.79 air changes per hour. This may be somewhat
lower than the actual exhaust rate because exhala-
tion of N,O by the patient and resuspension of the
gas which had been adsorbed onto surfaces in the
work area contributed to ambient N,O levels. In short,
it is important to prevent entry of N,O into the general
work area where it is very difficult to control expo-
sures, especially in modern office buildings where air
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Fig. 1 — Nitrous oxide levels from one administration

exchange rates are likely to be quite low. In compari-
son, hospital operating rooms typically have 15-17 air
changes per hour.

Discussion

Other investigators have found short periods of
regular exposure to levels as high as 7000 ppm.2'2
Peak exposures of 24,000 ppm have been reported
in operatories not equipped with scavenging de-
vices.?

A scavenging system reduces the amount of waste
gas coming from leaks around the nasal mask. The
reduction is accomplished through use of vacuum
lines which exhaust from a double mask system pro-
viding for entry of the gas and exhaust of exhaled
gases to a location outside the operating theater
(usually a drain). Several workers have investigated
the relative efficiencies of commercially available
scavenging systems with wide variation in the control
of nitrous oxide.?*?” Scavenging devices in dentistry
(as opposed to general surgery) are limited in effec-
tiveness because nose masks (instead of full face
masks) are used and the open mouth of the patient
allows entry of N,O into the operatory.

Local exhaust ventilation systems, consisting of a
vent opening near the patient's mouth, and a duct
leading to a fan which exhausts to the outside, have
also been recommended as a control measure, but
none were found in any of the dental operatories
surveyed. NIOSH and others* have recommended
the use of local exhaust systems, together with
scavenging systems to reduce exposures to N,O to
acceptable levels. Our data show that even the better
scavenging systems alone have not succeeded in
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TIME OF DAY

reducing concentrations to the recommended levels;
further field studies are needed to confirm this obser-
vation.

One study of local exhaust systems found that an
optimal capacity of about 200 m3/hr and a position 20
cm or less in front of the patient satisfactorily reduced
occupational exposures to N,0.%” Placement of the
exhaust port as close as possible to the patient’s
mouth and determination of sufficient air flow to
achieve efficient capture of N,O while the patient
exhales are critical factors that should be considered
in the design of such a system. Such devices are
necessary to control significant entry of N,O into the
operatory caused by talking or laughter of patients,
uncooperative patients, and only partially effective
scavenging systems. Some dentists have reported
that office building managers do not want to install
exhaust ventilation systems or alter existing ventila-
tion systems. Control measures can be more easily
and cheaply installed if they are included in the de-
sign of the new or refurbished operatory.

Rubber dams may also limit mouth breathing, and
together with a good scavenging system, could signif-
icantly reduce ambient levels. Placement of a saliva
evacuation device inside the patient's mouth can also
help evacuate nitrous oxide that would otherwise
enter the work area. However, the exhaust should be
to the outside of the building to prevent contamination
of workspace air. Additional control measures and
sources of exposure are described below.

1. Training and education of personnel in proper
administration and operation equipment is es-
sential.

2. Thedatain Table 2 suggest that significant leaks

tend to be commonplace in dental operatories. A
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regular air monitoring program should be im-
plemented to monitor performance of scaveng-
ing systems and also to check for leaks. Gas-
tight connections in scavenging and gas delivery
systems should be substituted for the slip-on
hose type fittings commonly used.

3. Scavenging and anesthetic equipment should be
effective without regard to the heating/air-con-
ditioning system in use.

4. Gases should be exhausted from the building
away from heating, ventilation, and air-
conditioning fresh air intake vents.

5. N,O should be administered only to those pa-
tients truly in need of such treatment. Routine or
unnecessary use of N,O should be avoided.

6. Elective administration of N,O to pregnant pa-
tients should be avoided. This is most important
during the first trimester; however, it may be dif-
ficult to eliminate exposures during this period
since pregnancy may go undetected for part of
this time.

7. Patients using N,O should be informed of the
potential adverse health effects to dental opera-
tory personnel, and the role the patient can play
in minimizing dental personnel exposures. Pa-
tients may choose not to use N,O, or if they do,
they may use smaller quantities, breathe evenly
through the nose, and limit talking.

Conclusions

A full understanding of the toxic effects and mech-
anism(s) associated with nitrous oxide (especially on
the reproductive system) is still some time away.
However, enough evidence currently exists to war-
rant concern about occupational exposure in dental
operatories. The 25 ppm level recommended by
NIOSH was based on data suggesting that memory
capabilities, motor and visual skills would not be im-
paired at this concentration. The recommendation
did not take into account other health hazards asso-
ciated with chronic exposures to low levels of N,O.
Therefore, a re-evaluation of the NIOSH recom-
mendation is necessary because of the new toxi-
cological information on nitrous oxide. A risk as-
sessment needs to be completed as part of this effort.
Further educational activity is also needed to un-
derscore the importance of minimizing occupational
exposures to nitrous oxide. The potential risks of
nitrous oxide exposures to dental operatory person-
nel must be balanced against two factors: the need to
control anxiety in patients; and the potential risk to
patients when other methods of pain and anxiety
control are used. Since the use of nitrous oxide is
likely to continue, effective control technology should
be developed.

Currently available control technology should be
implemented, and new ideas for the control of N,O
must be developed, such as improved scavengers
and local exhaust ventilation.
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Scavenging systems alone are not likely to reduce
ambient concentrations of nitrous oxide in the dental
operatory and the adjoining office spaces to the
NIOSH recommended time-weighted average for
one operation of 25 ppm. Field studies of the effec-
tiveness of additional control measures need to be
performed.
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