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DISCLATMER

Mention of company nseswes or products does not constitute endorsement by the
National Institute for Occupational Safety and Health



INTRODUCTION

The National Imstitute for Occupational Safety and Health (NIOSH) 15 the
praimary Federal agency engaged 1n cccupational safety and health reszearch
Located 1n the Department of Health and Human Services (DHHS), 1t was
established by the Occupational Safety and Health Act of 1970  This
legislation mandated NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement functiouns carried
out by the Occupational Safety and Health Administration {OSHA) in the
Department of Labor  An 1wportant area of NIOSH research deals with methods
for contrelling occupational exposure to potentlal chemical and physieal
hazards The Engineering €Control Technalogy Branch {ECTB) of the Division of
Physlcal 3ciences and Engineering has been given the lead within NIOSH to study
the engineering aspects of health hazard prevention and contral

Since 1976, ECTB has conducted a number of assessmencs of health hazard contrel
technelegy on the basis of Industry, common industrial process, or specific
control techniques  The objective of sach of these studies hazs been to
docupent and evaluate effective control techniques for potential health hazards
in the industry or process of interest, and to ¢reate a more general awareness
of the need for or availability of an effective system of hazard control
measures

These studiss involve a number of steps or phases  Initially, a series of
walk-through surveys is conducted to select plants or processes with effective
and potentially transferable contrel concepts or techniques Next, in-depth
surveys are conducted to determine both the contrel parameters and the
effectiveness of these controls The reports from these in-depth surveys are
then used as a basis for preparing technical reports and journal articles on
effective hazard control measures Ultimately, the information from these
research activities bullds the data base of publicly available information on
hazard control techniques for use by health professionals whe are responsible
for preventing ceccupational illness and injury

In October 1986, NICSH began an evaluation of dental operateories which use
scavenging systems This evaluation had two goals {1) to determine 1f there
are scavenging systems which will reduce waste nitrous oxide (H,0) levels in
dental operatories to the NIOSH Recommended Exposure Lavel (REL% of 25 ppm
during the time of admimistration, and (2} 1f such systems do not exist, then
to determine why they fail te meet the NIOSH criteria and provide
recommendations on how this criteria can be met  [Note that waste N,0 wiil
be referred to as N50 1n the text frow this point on ]

The purpose of this report 1s to present the results of our investigations of
the function and uses of the Fraser-Harlake Scavenging System (presently called
the OHMEDA Scavenger System) to control H20 to NIOSH Recommended Expasure
Levels (RELs} during dental surgery



DEVELOPMENT AND USE OF NITROUS OXIDE IN CONSCTOUS SEDATICN

For more than 100 years, No0 has been mixed with oxygen and used 1n dentistry
as a general anesthetic agent, an analgesic, and as a sedatlve With the
development of more effective local anesthetics to manage pain, N,0O is used
today primarily for psychosedation Its use reduces fear and anxiety in the
consvious patient It 1s estimated that B85 to %0 percent of the patients
recerving N,0 and gxygen are well sedated with 40 percent N,0 and

60 percent oxygen

In 1977, T W Jones and W Greenfield estimated that approximately 33 percent
of the degtists in the United States have N40 anesthetic systems at their
facilicy It is estimated that more than 100,000 dental petrsonmel are
invelved 1n adﬂlgxsterlng N20 to about 4 5 million patients annually in the
United States ™7



PHYSICAL aND TOXIC PROFPERTIES OF NITROUS OXIDE
FHYSICAL PROPERTIES

H20 is an odotrless, stable, noncombustible, colorless, tasteless gas that 1s
approximately 1 5 times heavier than air The oxygen atom accounts for the
oxidizing capacity ¢of W,0, which 1¢ a thermodynamically unstable endothermic
(2 e , heat absorbing) compound N,0 is manufactured commercially by
thermally decomposing ammonium nitrate and purificatien of 1ts byproducts 6

SYSTEMIC EFFEGTS

N,0 doeg not combine with hemeglebin, but 1s carried in the blood in a
physical solution It 1s eliminated from the body unchanged by way of the
lungs, a slight amount may be excreted through the pores og the skin N,0
is a weak anesthetic with rapid onset and rapid emergence,” and will
disappear frog the body in 17 to 35 wminutes after anesthesia 1s
discontinued H,0 can produce several changes in cardiovascular

function Np0 may depress the myocarleE while stimulating the heart by
central activacion of the brain nuclex It decreases cardiac output
stroke volume, mean arterial pressure, stroke work, and minute volume i1
Similar effects are seen in hlood pressure, pulse rate, and respiration 12

In 1979, Vean and King stated that N,0 acted solely on the cereﬁgal cortex,
thus causing & wild depression and that N,0 was not allergenic Amess

and $EWDrkers polwnt out that No0 may interfere with the function ef vitamin
Bi1a More recently, the toxic effects have been traced to the ability of
N;0 to inactivate the enzyme methionine synthetase, by oxidizing the eniyme’s
vitamin B¢, cofactor  Methionine synthetase allows for the synthesis of
methionine_ and folinic acid, which are needed for deoxyribonucleic acid (DNA)
synthesis > Researchers believe that the enzyme inactivation may explain

the epidemiologic, clinical, and animal evidence that N,0 can injure varilous
tissues of the body, 1ncluding the brain, blood-forming elements, lung, kidney,
and the developing fetus  Supporting documentation by Sweeney et al {1985)
provided direct evidence that occupatlonal exposure to ¥;0 may cause
depression of vitamin Bys; activity resulting 1fﬁmeasurable changes 1n bone
marrow secondary to impalred synthesis of DNA

REPRODUCTIVE EFFECTS

Human Studies

This agent, along with others including halogenated anesthetic compounds, has
been identified in epidemioclogical studies as suspected reproductive healch
hazard to those exposed The first published report of adverse reproduiglve
effects of work in operating theaters was by Dr A.I Vaisman, in 1967

Dr Vaisman noted that 18 of 31 female anesthesiologists who had been pregnant
had experienced at least one miscarriage $tudies in Sweden, the United



Kingdom, and the United States geneiglia igowad adverse reproductive effects in
females working in operating rooms P In & case-control

epldemiclogical study of dentists, liver disease and spontaneows abertion were
signi:ficantly higher among dentists (spouses of male dentists for spontaneous
abertien) exposed to inhalation anesthetics more than 3 hours per week,
compaced g}th controls which used no Inhalation anesthetic: 1n their

practice The mest comprehensive epidemiological study of health
dysfunction assaciated with work in the operatingzionm was conducted by NIOSH,
where data were obtained from 40,044 respondents Females working in the
operating room demonstrated an increased incidence of spontansous abortion and
carcinoma Birth defeets in their offspring were elevated, as were the
offepring of nonoccupationally exposed wives of exposed male anesthetists
Liver disease was also increased in both wmales and females In addicion,
spontanecus miacarriage and birth dsfects are confirmed 1n a survey of female
anesthetists In the United Kingdom The findings of several epidemioclogic
surveys were recently swmmarized by James T Purdham of the Dccupat%gnal and
Environmental Health Unit, University of Toronto, Toronto, Ontatio The
consistent finding from these studies shows that women exposed to waste
anesthetic gasez have a higher than expectsd incidence of spontancous
ahortions Congenital abnormalities in the offgpring of expose%3women were
less strongly associated, but were slightly higher than normal

Animal Studies

Supporting evidence of the toxic effect of anesthetic agents is shown in
laboratory studies The evidence ineludes teratogenic effectas in various
specles upon exggsure to a wide group of inhalation agents at anesthetic
concentrations, decreased survival rate i1n various specles,

ultra-structural changes in the central nervous system of rat fetuses following
a single maternal exposure, decreased ability to solve maze problems in rats,
and ev1dence3?f testicular damage after 4 minimum of 2 days exposure to 20
percent NEG

Several animal studies have focused on anesthetic gases, principally N,0 and
halothane, as a cause of miscarriage or congenital abnormalitfies  When the
animals were exposed to high levels of these anesthetics, spontanecus abortion
{animal feral resorption) and congeniral abnormalities were observed In one
study by Viera andaﬁoworkers, spontaneous abortion was observed in rats at
1,000 ppm or more Concentrations of 1,000 ppm have been commonly found imn
operating roomz and dental operatories not equipped with scavenging systems

CARCINOGENICITY

Excess cancer wasafound in a small group of Michigan nurse anesthetists by
Corbatt in 1973 However, another study which evaluated Gorbett’s work
found that the high cancer rate was only for one year and when all data were
considered, there was e significant difference between the nurse anesthetists
and the contral group Tests for mutagenicity (a test Eor screening
careilnogenic agents - those which are mutagenic also tend to be carcinagenic)
in bacterlal systems have beegﬁshown to be negative 1n most test systems except
for the anesthetic fluroxene



LIVER AND KIDHEY EFFECIS

A& mational stuwdy sponsored by the American Society of Anesthetists found that
liver disease ecccurred more frequently among males and females exposed ta
anesthetic agenta, hggever, kidney disease was less strongly associated with
anesthecic E§posure Studies supporting these conclusions were also found
in England Because the workers were exposed to a mi¥ture of anesthetic
agents including halothane and methoxyflurane, 1t 1s not known what impact
Na0 alene has on liver and kidney dysganction In animal experiments, N,0
alone was shown to be without effect

CENTRAL. NERVOUS SYSTEM EFFECTS

Human studies testing cognirive and metor skills show that exposure to trace
concentrations cf anesthetic gas mixtures, NZO/haluthane or Nzﬂfenflurane,

and N, abggltself resulted 1n decreased abillty to perform complex

tasks g These studies suggeat that exposed dentlscts may be working at
less than peak efficiency  Attempts to duplicate human performance decriﬂents
in other lahoratory studies have not corroborated these earlier studies

While habitual uss of M50 has been linked to damage of the peripheral nervous
system, If appears that further research needs to be performed fe resplve the
safe level of occupational exposure which does not i1mpair performance



CONTROLS
PRINCIPLES OF CONTROL

Qccupational exposures can be controlled by the application of a number of
well-known principles, including engineering measures, work practices, personal
protection, and monitoring  These principles may be applied at or near the
hazard soutce, to the general workplace environment, or at the point of
occupational exposure to i1ndividuals  Controls applied at the source of the
hazard, including enginsering measures (material substitution,
processfequipment modification, local ventilation) and work practices, are
generally the preferred and most effective means of contrel in terms of both
cccupational and environmental concerns  In dental operatories, exposurs to
NyO may be controlled by

1) effective scavenging devices that remove excess anesthetie gas at the
point of origin,

2) proper maintenance of eguipment,

3) regular monitoring of envirommental exposure for leaks an the
anesthesia equipment delivery systems, and

4} gocd work practices on the part of the dentist and dental asslstant

Additional controls which may be applied to anesthetic agent control include
dilution, ventilation, and good housekeeping

In general, a system comprised of the above control measures 1s required to
provide worker pretection under mormal operating conditlons, as well as under
conditions of procedure malfunction or failure  Workplace mehitering devices,
personal exposure monitoring, and medical monitoring are important mechanisms
for providing feedback concerning the effectiveness of the contrels In use
The education of dental persomnel and commltment ¢f management to reduce and
eliminate ocecupational health problems are also important elements for a
complete, effective, and durable control system In dental operatories, a
principal conrrol for waste anesthetic gases is the use of nasal scavenging
systens The sectlons which follow, briefly examine the pguidelines end
controls te reduce sources of N20 exposure with and without the use of
scavenglng systems

American Dental Asscclation Guidelines for Design of Secavenging Equipment
The Americ%F Dental Association (ADA) has developed guidelines for scavenging

equipment According to the ADA pguidelines, the scavenging system
equipment should have the follewing charscterlstilcs



- adaptable to most existing sedation, anesthesia, and exhaust systems,

- constructed so that 1t dees not sipgnificantly interfere with normal
breathing systen and delivery af selected gas concentrations,

- capable of providing N 0-0, levels which comply with or improve
upon minimum levels 1n§icated in current NIOSH and 0SHA documents,

- effective regardless of the heating and air conditioning system in use,
-  constructed to permit safe and efficient disposal of the gases,

- effective when more than one device is being used similtaneously, and

constructed such that patient rebreathing will be insignificant

The scavenging system characteristics described by the ADA are thought to be
prudent as well as pragmatic, because these guidelines encourage good,
cost-effective design that will be accepted by dental practitioners

ENGINEERING CONTROLS
Anesthesia Equipment Without Scavenging Machines

When N,0 leakage 1s controlled by securing valve fittings and gaskets
cormected to the anesthesia equipment, gas concentrations will be highesc
around the breathing zone of the patient, especizlly the nosepiece where the
ancsthetic is administered The administered gas concentrations escape from
the patient and are diluted by mixing wich roam air Mixing ceccurs from the
movement of aupplied air through ducts or wall-meunted aly conditiomers, and
from the movement of the dentist and dental assistant N;0 concentrations

will wvary according to the amounc of fresh air supplied to the dental room and
the room configuration (i e , open or closed architecture) Personal

eXxposure to the anesthetic will vary according te the proximity of the dentist
and dental assistant to the breathing zone of the patient Previous survey
observations have shown that the dentist usually works within 6 to 12 inches
above the patient's breathing zone, while the dental assistant works withain 12
to 24 inches of this zone In a still enviromment, little dilution of W50
takes place between the working level of the dental personnel and the patient
The concentration of Ny0 may increase or decrease in the room, dependent upon
the general room air ventilation This becomes particularly evident when
performing pas analysis with a direct-reading instrument over the course of the
dental surgery If the room 1s not well ventilated, gas concentrations may not
return to base line levels, and background concentrations may 1ncrease as other
operations using No0 are performed Personal exposures of H%O found 1n

earlier suggeys conducted by NIDSH ressarchers varied frem 25 ppm to
2,400 ppm

Anesthesia Equipment With Scavenging Machines

After the 1977 NIOSH decument on controlling waste amesthetic gases 1in dgntal
operatories was published and recommended the use of scavenging systems,



severa}goEBezlpublicatlons have presented various systems for controlling these
gases VI Anesthetlc scavenging systems are brcken 1nto three

components a scavenging or collection device to contain the anesthetic gas 1np
a brearthing circuit and ventilator, a dispesal system ta carry the collected
gases from the cperating roem (1 & , & vacuum system), and a device for
ensuring that negative or positive pressures 1n the system do net adversely
affecrt the patient The moat common scavenging system design includes a
scavengling cireuit (Mapelson I}), a nasal mask, and a vacuum system  The meost
comeon nasal mask for scavenged systems has two concentric masks 1n which
anesthetic gases are supplied through a pair of tubes to the centar of the
mask A second set of tubes are alseo attached to the outer space of the mask
to provide exhaust at a recommended flow rate of 45 liters per minute This
configuratlion allows for scavenging of excess gas supplied to the patieont, as
well as excess gas which may escape around the edges of the mask.

While such scavenging systems have been shewn to significantly reduce
anesthetlc gas exposure, field studies conducted by NIOSH researchers have
shown that, under nermal operating conditiens, such systems do not consistently
reduce N0 to the recommended exposuis_%%mit (REL) cf 25 ppm during the

pericd of anesthetic adminigtration

A& study to determine the efficiency of different scavenging devices by omeans of
a standardized experimental model was conducted by Hallonsten in 1982  Eight
different masks were tested under well-controlled sedation techniques  Efforrcs
were made to reduce N20 leakage by employing leak-preef equipment and

carefully positioning the nose mask The median dentist breathing zone Ny0
concentrations varied from 4 to 385 ppm and the ambient air concentrations

{1 e, 1n the dengﬁl facilicy, but not in the dentist's breathing zone) ranged
from O to 55 ppao These results appear consistent with the HIQSH studies
mentioned above for operz&ozées using scavenging systems which showed a range
from 0 ppm to 1,300 ppm 7

Ventilation

Fresh ait condltioning alse may reduce the concentratioms of N,0 in the

dental sujte The recirculacing type of air conditioning system 1s the one
most often empleyed In a recirculating system, a percentage of air 1s mixed
with fresh air and recirculated back intc the room Therefore, increasing the
amount of fresh air decreases the recirculated N,0 Reclrculating systems,
which are temperature controlled for fresh alr mixing, may supply 100 percent
fresh air depending upon the temperature outside In many buildings with
recirculating systems, the most cost-effective temperature setting 1s 55°

When the outside air is above or below the 55°F temperature, 1nside ailr 113
mixed with the ocutside asir i1n varying percentages

In addition te recirculating alr conditioning systems, there are "one-pass”
nonrecirculating systems which exhaust all dental alr outside the building
Unfortunately, such systems are expensive to operate because of the amount of
alr conditioning required for comfortable room temperatures  Wall-mounted air
conditioning units are another alternative to bringing fresh air i1nto the work
environment The drawback of the wall-mounted units is that the dampers are
usually manually controlled for bringing in outside alr  In some units, the



dampers are not easily accessible and, therefore, not adjusted for the changing
seasons In many buildings where energy efficiency 1s required, the dampers of
these units are locked closed by malntenance persommnel, so that only room alr
15 recirculated



METHQDS
SCAVENGING S5YSTEM AND SITE SELECTION

Baged on the available information from the American Demtal Association {(ADA)
regarding scavenging devices for control of waste amesthetics 1in dental
opetatories and telephone contact with the manufacturers listed by the ADA,
four scavenglng systems were recommended for evaluation by NIOQSH
Fraser-Harlake, Porter-Brown, Blus, and the Comfort Cushion  The
Fraser-Harlake N,0 Scavenglng System was the first of these scavenging
systems to be evaluated

Children‘s Hospital Medical Genter {CGHMC) Dental Facilicy Iin Clneinmatl, OChio,
was thesen because it met with the project protocol including one eof the four
scavenging systems to be evaluated (the Fraser-Harlske scavenging system), a
minimum of four dentists, & minimum of four dentel surgerles, performance of
oparations ln separate operating rooms, the appearance of good work practices,
and sound management of scavenglng System use

As mentioned 1n the intraduction of this report, the first goal af this preject
ls to examine the effectiveness of scavenging systems to reduce N,O to the
NIGSH REL To help achieve thiz goal, preliminary and ln-depth sutveys were
conducted at CHMC Dental Facility in Cincinnati, Chao, in June 1987, and 1n
April and June, 1988, respectively This facility has nine dentists, eight
dental assistants, and eight support staff The facility performs dental work
on an average of 41 patients per day with approximately 7 percent of those
recelving NoO during dental surgery This facility has ten dental chairs,

all equipped with anesthetic gas delivery and scavenging systems  The dental
work area has over 3,260 sguare feet of working space with three basic types of
dental operateries <losed (one chair - one room), sema-open {two chairs -
with & foot high partitions), and open (3 chairs - no partitions) The CHMC
Dental faejility has used the Fraser-Harlake scavenging system for the past

7 years

CORDUGT OF SURVEYS

The preliminary and in-depth site visits were conducted according teo the
Regulations for Investigations of Places of Employment, {ode of Federal
Regulations {CFR), Title 42, Parc 85a The project officer contacted the
dental office 1in advance of the planned visit and provided details about the
goals and ebjectives of this project

On June 25, 1987, NIOSH researchers performed a preliminary survey at CHMC
Dental facility, and on April 21, 1988, NIOSH started its in-depth survey at
the same dental facility During this survey, seven dental operations were
monitored Gn June 15, 1988, two more dental operations were monltored in
which infrared thermography was used to "visualize" N,0 during surgery The

10



following sectlons report the aspects of monitoring the dental environment to
determine anesthetic gas leak sources during surgery

Real-Time Sampling

During esch dental operatiom, HEU was measured and recorded continuously

The HMiran 1A infrared gas analyzer {Foxbore Instruments, Ine , Fexboro,
Massachusetts) was used to measure the anesthetic gas concentration levels

The wariable filter, variable path length infrared analyzer with 20 25 meter
cell, was adjusted for N,0 The Miran 1A has direct-reading scales with a
response time constant of approximately 15 seconds under continuous operation
The lag time is caused by a combination of factors including transport of the
gas to the analyzing chamber, mixing of gas in the chamber, and instrument
response. Because of the time lag of 15 seconds or more, the peak and low
exposures were averaged and de not report the instantaneous N,0

concentrations at the time of exposure Howewver, the performance of this
instrument for real-time sampling preatly outwelghs this limitation in exposure
averaging The Miran 1A sampling port was located approximately 7 to 13 inches
above and behind the patient’'s breathing zone (the average distance of the
dentist and dental assistant’s breathing zones for each of the dental
cperations monitored} The following instrument settiings were used
wavelength of 4 48 micrometers, slit width of 0 50 millimeters, and a path
length of &€ 75 meters The Miran 1A has a detection range of approximately 1
to 1,000 parts of N;0 per milliop parts of contaminated air by wolume (ppm)
The Miran 1A was calibrated before and after each survey A lacture bottle of
slectronics-grade N,0 calibration gas was used to calibrate the Miran 1la for
the detection range mentioned above Gas concentrations registered by the
Miran 1A were recorded by a portable computer with a multifunction high speed
analog/digital input/output expansion beard (Metra Byte, Taunton,
Massachusetts} The computer was programmed to accept and store data from the
Miran 1A throughout the procedure  The memory of the computey exceeded the
length of time required to perform all demtal operaticns Data was collected
at 1-second 1ntervals and averaged at l3i-second intervals

Portabie videotape recorders and camera ensembles (Panasonic Video
Recorder/Player Model #2, NV 8400 Camera, Panasonic Video Camera, Model #3245}
were used during the entire operation HMotion and time measurement techniques
were used to document activitgﬁs of the dentist, the dental assistant, and the
patient during the operaticn The internal clock of the camera was
synchronized with the computer, so that changes in N,0 concentration could be
correlated with dental surgical activities Selected dental surgical
activities were 1dentified from the videotapes  These activities were caded
and 1nserted on a computer spreadsheet, along with the N,O concentration

data Statistical analysis of the N,0 concentration and changes 1n
concentration were modeled as a function of these work elements from the
spreadsheet  Statistical analysis and modeling of real-time data to determine
eXposure sources 1s shown in Appendixz A

There were nine dental operations in which real-rime sampling of N,0 was
sampled Seven of these cperations were correlated with personal greathlng
zone samples from the dentist and dental assistant  Operation #4& was not
analyzed in detail, because of anesthesia equipment problems  Two cperations

11



were monltored with the use of an infrared scanner (Thermavision™ 782

System) in order to visualize the N,0 escaping from the patient’'s breathing
zone during surgery The infrared scanner was necessary to determine N,0

leak profiles from the patient during surgery This informacion 1s especially
lmporcant in determining strategies for N30 control around the mask and from
the patient's mouth

Personal and Area Sampling

During the in-depth surveys, seven samples were taken in the breathing zone of
the dentists and dental assistents During each of the seven operations, =ix
peneral area samples were taken at the room air supply and exhaust wents and
areas outside the room

Persenal and general area air exposures to N,U were collected im 30 liter

bags and analyzed at the dental facility using a calibrated Miran 1A infrared
Eas analyzet  Battery-powered universal flow sampling pumps (SKC 224-PCXR7,
SKC Incorporated, 334 Valley View Road, Eighty Four, Pennsylvania) medified for
bag filling were used to draw afr through a seetien of tygon tubing {(%-inch
diameter) into a Tedlar™ bag The sampling pumps were calibrated at a flow
rate of 1 5 laters per minute {(l/min) fer hoth personal breathing zone samples
and for general area samples In order to follow the NIOSH criteria of
evaluating N50 during the time of administration, the sampling pumps were
turned on when the N¥50 was turned on, and turned off when the Ny0 was

turned off General area sampling was conducted at the encry to the operacory,
in the mainh hallway of the facility, at the room air supply and the room
exhaust fixtures, and at the appointment desk (separate from the operatories)
The floor plan and gsampling areas at CHMG Dental facility are shown 1n

Figure 1

Observation of Work Practices

Work practices of the dentists and dental assistants were evaluated to discern
potential anesthetlic gas exposure during surgery Dentists and dental
asslstants were videotaped during surgery  Work analyslis was conducted by
running the videotapes at normal speed and "stop action™ to determine work
elemants, which may increase ¢r decrease anesthetic gas exposure Motion and
time measurement techniques were used to catalog the work elements  Work
elements, which may Influence changes 1n N20 concentrations, were selected

for detarled analysis (see section entitled "Real-Time Sampling™)

The real-time N,0 data were later synchronized with the videcotapes to confirm
observation of exposure sources, and to compare NyO levels during the
surglcal operation The data acquisition system, used to integrate data From
envirommental sampling with work practices, is shown in the schematic in
Figure 2

Evaluation of General Ventilation Systems
General ventilation measurements were taken for the dental operatories,

laboratories, consultation room, equipment areas, dark rooms, sterilizer roam,
warting room, offices, and the south and west halls For these areas, the Kurz
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Figure L

Floor Plan and Sampling Areas for NIOSH Surveys at Children's
Dental Clinic
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Model No 480, TSI Model No 1650, and Alnor (Balometer) were used to measure
air-velocity and average flow rate, respectively Room air exchanpe rates were
evaluacted by determining dental operatory size with the amount of fresh air
coming 1nto the room Smoke tubes were used to assist in ebservation of
general airflow patterns  Building blueprints were used for locating asir ducr
locatlons and comparing flew rates with building design specifications

Laak Testing Scavenging Equipment

Leak testing of low-pressure components of the anesthesia scavenging machine
was detrernined by removing the breathing bag from the anesthezia machine,
overfilling the breathing bag with 0,;, corking the end of the bag, submerging
1t 1n water, and palpating the bag’'s surface to reveal leakage in the form of
air bubbles Breatching holes and other low-pressure components were lesak
tested as a unlt  Preparations for this test included removing the hoses from
the anesthetic machine and adapting a blood pressure gauge to fit the hoses
The hoses were sealed at one end and supplied with air to a pressure of

30 mm Hg The hoses were then submerged under water to reveal air bubble
leakage  For high-pressure leaks, soap solution and a swab applicatoer wers
applied around the valve commections of N,0 supply c¢ylinders to check for
leaks 1n the form of soap bubbles

During the surveys, NIOSH researchers noted selection of secavenging masks for
proper anthreopometric £it  Mask selection may halp reduce N50, 1f a good fut
is made bstween the patient's nose and the mask size The Fraser-Harlake masks
come 1n small, medium, and large sizes The small masks, or pedo masks as they
are called, are desipgned for children, the medium and large masks for
adolescents and adults, respectively If a large mask 1s used on a child, then
there is a possibility that excess Ny0 may escape into the dentist’'s and
dental asgistant’'s breathing zone

DATA ANALYSIS

Statistical comparisons were not performed between the persenal and general
area sampling results General area sampling was performed to determine 1f
N,0 was present ocutside of the dantal operatories, 1f the Ny0 13 being
recirculated in the buildings ventilation system, and to what extent these
areas were contaminated Bacause no gas cylinder leaks were found during the
surveys and the N,0 levels were low relative to the dental operatotries, na
statistical tests appeared necessary for the general area samples

Paired student t-tests were used to compare differences in Ny0 concentratioms
between the personal breathing zone results of the dentists and denral
agsistants  Palred student t-tests wete also performed for the real-time probe
results and compared to the peginnal breathing zone results of the dentists, as
well as the dental assistants

Analysis of variance (ANOVA) was used to compare N,o real-time sampling

results for the three operatory cgEflguratlons (i ¢ , open bay, semi-open, and
closed room) that were evaluated

15



Mallews G, statistie (which measures the sum of squared biases plus the
squared random errors in Y at all N data points) was used te evaluate the
contribution of the work activity as a function of changes in NyO
cancentration for the dental operatiens mentioned above Separate models were
tested for each dental cperation The Statistical Analysis System {3AS)
Procedure, General Linear Model SAS PROC GLM, was used for this analysis 52
Note that because of the limited sample size, statistical significance may not
be demonstrated for all variables enceuntered during this in-depth field
study A description of Mallows C_ statistic, as 1t was used to model the
data and determine predictors of N,0 concentration as a function of work
actlvities, s shown in Appendix A
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RESULTS

Thera were seven dental operatione in which personal and general area air
sampling was conducted for NoO exposure Une of the seven dental operstions
monitored for N,0 (Operation #4) had malfunctioning scavenging equipment and
could not be evaluated for effective N,0 contreols Preventive maintenance to
avoid future episodes of exposure to N,0 due to equipment malfunction is
addressed in the dizcussicn and recommendation sections of this report  Three
additional runs were conducted without personal sampling one during the
preliminary survey and two using an infrared camera to visualize Ny0 leak
sources during surpgery The information which follows shows the N50 results
from all of the runs conducted  However, detailed analysis of these data were
for the six dental operatiens in which personal, general area, end real-time
monitoring took place, and 1n which the equipment operated properly

PRELIMINARY FIELD SURVEY TO DETERMINE FEASIBILITY OF IN-DEPTH SURVEYS

On June 25, 1987, a preliminary field survey was conducted for the purpose of
menitoring N,0 during dental surgery Anesthetic gas data were gathered with
a4 direct-reading 1nstrument {(Miran 1la), work practices were recorded with a
videotape recorder and camera ensemble, and general ventilation measurements
were taken  N,0 concentrations within the breathing zones of the dentist and
dental assistant ranged from 23 ppm at the beginning of the operation to

950 ppm 20 minutes into the operatlon. Seven liters per minute (lpm) of gas
was supplied to the patient’'s naeal mask throughout the operation N50 was
supplied at 2 5 lpm, while oxygen war supplied at & 5 lpm The mixture
provided the parient with 40 percent N,0 and 60 percent oXygen During the
45-minute operation, the dentist "stepped-dewn® the N»O from 40 percent to

20 psrcent to L0 percent to 0 percent The general area concentration of N,0
subsequently decreased to 35 ppm 55 minutes after the operation began  Work
practices of the dentist and the dencal asg&stant were videotaped and analyzed
using traditional job analysis techniques By combining direct No0

readings with the videotape analysis, several work elements appeared ta
influence the concentration of N,0 during the course of surgery These
¢lements included use of the scavenging unit, the regulatiocn of N,0
concentration administered by the dentist, the use of a rubber dam (i & , a 6-
by 6-inch rubber sheet inserted into the patient’s mouth to 1sclate the
operative site from oral fluids), and the dental assistant’s use of the saliva
aspirator It also appeared that the patient econtributed to the dentist’s and
dental assistant’'s exposure through respiration of N,0 from the lungs by
talking, coughing, and yawning A profile of the real-time sampling for N,0
during the operation 1s ghown in Figure 3

This field survey showed that the use of a scavenging system does not guarantee
a reduction in safe working levels of NyO. During a KIOSH Health Hazard
Evaluation and Techmical Assistance (HETA) study of the same facility in 1579
(HETA 79-5), N 0 lavels for personal exposure ranged from 90 to 3,500 ppm
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without scavenging systems %7 Vhile the scavenging system may have reduced
Ky0.to lower levels, based on these data 1t does not appear that scavenging
alone decreased anesthetic gases to recommended levels  Work practices
including the regulation of NyO by the dentist during the course of the
operatian, location of the dentist’s breathing zome relative to the patientc’s,
and the use of the saliva aspiraror influences the amount of exposure dencal
persommel recelve while working In addition, the general wventilation, air
supply, exhaust, the amount ef fresh makeup air, and room air changes per hour
also influences eXposure to dental persommel in the operating rcom and
elsewhere  Inadequate rcom ventilation alse influences the time the N,0
stays in the work environment

IN-DEPTH SURVEY -- PERSONAL SAMPLING

Ny0 exposures were gemerally lower 1n the open bay (Operatory 3-6) and
seml-open bay (Operatory 3-9), compared te the closed room  In Dental
Operatory 3-6; the following N,0 concentrations were found Dental Operation
#7, 160 ppm for the dentist, 1ll3 ppm for the dental assistant, and 472 ppm for
the real-time data collected approximately 6 Lo 13 inches above the patient’'s
head The ¥,0 results for Dental Operatory 3-9 ware Dental Operation #5

and #6, 225 + 92 ppm for the dentist, 80 + 47 ppm for the dental assistant, and
445 + 40 ppm for the space above the patient's head NyO concentrations were
higher in Dental Operatoty 3-11 compared to the twe and three chair operatories
mentioned above  Dental (Operatory 3-11 is a 10- by 10-feot enclosed room  For
the three cperations monitored, this dental operatory showed a mean Ne0Q
concentration of 709 + 424 ppm for the dentists, 231 + 174 for the dental
assistants, and 493 3+ 282 ppm for the space abowe the patient's head

(Table 1) The mesan W,0 concentration for dentists was 487 + 366 ppm
{excluding dental opetration #4), for dental assistants, the mean No0 exposure
was 150 + 144 ppm  Paired student t-tests comparing No,0 personal sample
results of dentists with dental assistants showed a significant difference
(=6, p< 03} The difference between the dentists’ breathing zone results and
the dental assistants’ 1s attributed to the closer working proximity of the
dentists te the patient compared to the dental assistants

GENERAL AREA SAMPLING

The general area sampling results showing concentrations above the NIOSH REL
were ohserved at the entry to the operatory in five of six of the dental
operatory runs and in the main hallway in three of zix runs N,0 was not
detected at the appointment desk on any of the sampling runs (Table 2}

The closed, semi-open, and open bay operatorles were evaluated for Nzﬁ
concentrations in the dental operatory room air exhaust and the hallway
Dental operatory room-supplied alr did not show recirculation in the closed
bay, but did show a substantial amcunt of N,0 recireulation from the Singer
wall unit (Dental Operation #5, 49 ppm room exhaust versus 36 ppm room supply,
Dental Operation #6, 73 ppn room exhaust versus 50 ppm room supply) The open
bay also showed recirculation of Ny0 from the Singer wall umits, but with a
much lower concentration 8 ppm room exhaust versus 4 for room supply These
lower concentrations for the open bay may have been a function of {1 the
larger area allowing for mors dilution of the NoD, (2) the amount of Ny0
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Table 1. Summary of Personal and Real-Time Sampling Daca for
Hotrous Oxide during AmlOlsStratlon

'= e — — ———— e}
PERSONAL REAL-TIME MONITORING |
PROCEIURE ROM e : '
1D ; CENTIST CENTAL AVG STD MAX | MM
! ASS'T - |
. | | |
Prel imin- ] |
jary Survey 3-8 x . 72 | a0 e 1 s
ibental i 1 ' '
lop. 1 311 || 223 120 | 206 125 511 | 1
Dental
Op, 2 1-11 >1000 432 770 476 >1000 0
ental
Op, 3 3-11 904 142 502 503 >1000 | 0
Pental
Op. 4 | 3-ea 123 88 285 161 638 2
1
Dental i
op 5 ! 3-94 | 347 44 282 150 | 622 2 |
Dental | %{ I
bp. 6 3=54 290 47 | 416 202 713 41
Dental !
Dp. 7 | 3-6A 160 113 473 305 >1000 o}
ental
p. 8 1-6C *% *k (473) (605) {>1000) (4)
Pental
Dp. 9 3—6C ke L 465 484 >1000 48

NOTES: * = No perscnal sampling data was ocollected during the
prelimnary survey.

No personal sampling data was collected. These two runs
were to assess the feasibility of IR thermography.

Nitroxas c:-f.ldeod turned ocn pricr to beginning of sampling
period.

ik

()
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Table 2. Summary of General Area Data for Nitrous Oxide

quring Administration

[ = s
T
NS
Prelimin-
Ary Surve 25
"Dantal ]
gp 1 4
Dental
Op, 2 2 Q 114 38 29 g
Dantal |
Op. 3 o 0 a3 38 10 o
Dental |
Op. 4 4 30 114 a5 0 0
Dental
Op. 5 { 2 36 49 45 64 9]
[
"Dencal
lop 5 | 45 50 73 48 S0 1
||
Dental 1
Op. 7 ] 4 4 g 14 6 0 [
Dental
Op. 8 | 5 284 44 #44 4 pas
Dental
oe. s a2 #4 444 444 #he #h
NOTE: # = HNo general area sampling data was collected during the
rreliminary sarvey.
#7 = HNot all gereral sampling data was collected for Dental Up. 1
##% = Thege runs were conducted to assess the feasibility of

IR Thermography.
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administered owver time, (3) dental activity, and (4) proximity to the Singer
wall units where the apen bay chair was approximately 10 feet further away from
the Singer air unit compared to the sewmi-open bay The reason the Singer wall
units showed N,0 recirculation was because these units canmot be adjusted to
bring in only outslde air These wall unit dampers are usually closed during
winter to outside air to conserve energy

BREAL-TIME SAMPLING

Real-time sampling results for the ten operations ranged from an average N,0
concentration of 206 ppm in Operating Room 3-11 (Dental Operation #1) to

770 ppn In the same operating toom (Dental Operation #2) (Table 1) N0
levels exceeded 1,000 ppm in five of the ten operations momitored  NyO
exposures weye slightly, but not significantly, higher in the closed bay
(493 ppre, Room 3-1l) compared to the cpen bay (471 ppm, Boom 3-6¢) and the
semi-open bay (249 ppm, Roam 3-94) The real-time sampling results followed
the same N,0 concentration patterns as the personal sampling results
Analysis o% varjance showad the means of these three sampled areas (1 e ,
closed, seml-open, and cpen bay dental operatories) were not signiflcantly
different {p= &9) The nonsignificance may be attributed in part by the low
sample size and high variance in N,O concentrations for the different
operatories that were momitored

When the averaged real-time sampling results (442 ppm} were compared to the
averaged dentists’ personal breathing zone results (487 ppm), there was no
significant difference between the means (p< 68) However, there was a
significant difference betwean the averaped real-timec sampling results and the
averaged breathing zone N,0 concentrations among dental assistants (150 ppm)
(p< 014) Like the differences in persenal sampling results between the
dentists and dental assistants, the real-time preobe results may be attributed
to the closer placement of the sampling probe to the patlent compared to the
breathing zone of the dental asgistant  Based on the results of this survey,
it may be assumed that the real-time sampling results may be more
representative of the dentist’s exposure than that of the dental assiatants

INTEGRATTON OF REAL-TIME DATA WITH WORK PRACTICES

Real-time sampling results and work activities were integrated to determine if
changes 1n N,0 concentrations were related to these activities From the
videotapes, the following dental activities were selected for amalysis local
ancsthetic injection, instrumentatlon and extraction of teeth, filling teeth,
use of aspirator, water and air syringe, and curing light for composite resin
restorative material for teeth  COther activities thought te be impertant for
changing N,0 exposure were  sampling probe distance, patient talking, when
the N40 was turned on, when the dentisc changes N,0 concentratiens during
dental surgery, and when the N,O was turned off Appendix B contains the
graphs of sampling runs for Dental Operation #1 through Dental Operation #%
For the first seven runs selected, dental surgical activities {marked by
vertical lines for activity start and stop times on the graphs) were observed
ta see 1f such activities influenced changes In N;0 concentrations  Based an
analysis of changes im NoO concentration, 1t appears that the work

activities, such a5 the uge of the rubber dam, the aspirator, air and water
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syringes, dental work, and patient talking, did not have a significant
influence on changes in N,0 exposure Activities which showed significant
N0 concentratlen changes were (a) when the dentist turned the Nq0 gas

on, (b} when the dentist adjusted rthe concentration over the course of the
operation, and (¢) when the dentist turned the B0 gas off at the end of the
operatien

A detailed statistical analysis of N,0 changes over time was performed to
confirm the cbservations made from these graphs Six of the dats sets ware
analyzed Dental Operation #1, Dental Operation #2, Dental Operation #3,
Deniral Qperation #3, Dental Operation #&, and Dental Operation #7 Ag
mentioned earlier, Dental Operation #4 was not analyzed Due to an oversight,
the anesthesia bag was accidently not attached to the anesthesia delivery unit
during the sampling run because of anesthetic equipment problems  The use of
Mallows C_ statlstic was used to model the exposure data as a function of the
worl pracEice variables which may act upon it More than 90 percent of all
exposure data was predictable based on the concentration cof NQO in the
previous interval (1 e , 15 seconds) The changes in N,O concentration were
more predictable when longer time intervals were taken i1nto consideration Up
to 98 percent of the changes in N0 exposure could be acceunted for, based on
the concentration of thas gas delivered to the patient (sSee data modeling in
Appendir A) The N,0 concentrations measured 1n the six data sets dominated
all work activities which preceded and followed the surgical procedure, work
activity appeared to have lirtle, if any, influence on changes in N,0
concentration te which the dentist and dentazl assistant were exposed

Thig pattern was also evident in the preiiminary survey cenducted in June 1987
as well Note 1n Figure 3 that certain work activities could be observed to
change N,0 concentratlons However, the difference between the change
observed in work activity was small and transient compared to the overall N,0
concentratlon as shown by the area under the graph curve  This becomes more
apparent when the dentist changes the amount of N,0 administered to the
patient from 40 percent te 20 percent to 10 percent This demonstrates that
the primary soutce of exposure for this scavenging system is from N,0
delivery and the inadequacy of scavenging system exhaust, and not from work
practices of the dentists

GENERAL WVENTILATION

On June 25, 1987, NIOSH researchers measured supply and exhaust sirflows in the
dental operatories and discovered that the ventilation system was nat
performing according te the design airflow rates contalned in the construetion
drawings The deficient airflow was teported by NIOSH researchers to the
Engineering Services Manager at CHMC Dental Faeility The CHMC Dental Facility
engineers later discovered breaks in the fiber.reinforced plastic ductwork in
the plenum area above the cperatory ceiling These breaks were corrected prior
Lo the follow-up survey conducted on April 21, 1988 The airflow rates 1n the
dental facility were measured by means of the Alnor™ balometer If the

vent cutlets were too large or were Inaccessible for the Alnmor instrument, a
velocity traverse with a TSI hot wire anemometer was used The data 1ig
summarized in Table 3 A diagram of the dental facility laycut 1s shown in
Figure 1.
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Table 3 General Ventilation Data for Children‘’s Haspital
Medical Center Dental Facility

Rpom Number b Heasuread GCFM Specification CFM 9 Function
Poated®  Plan Supply Return Supply Return Area ft of Room

3-2 3-17 96 Q&% 150 40 78 Laboratory
3-24 3-16 - - 40 40 48 Dark room
1-3 3-10 G5 0 120 #* 112 Operatory
3-4 -2 C - * & 118 Operatory
3-5 3-¢ - 7% 200 200 112 Steritlizer
3-6 3-1 c - * * 384 Qperatory
3-8 1-15 90 0 110 110 115 Operatory
3-10 3-23 160 - 140 * 1086 Consultation
3-11 3-24 120 a -- 140 120 Operatory
3-12 3-30 95&k  FLIR% 700 500 300 Walting Bm
3-93 3-18 70 - 260 260 311 Library
3-934 3-21 73 5Q 70 70 95 Equipment
3-93a  3-21 120%% - * * 95 Equipment
3-98 3-12 a5 - 60 60 80 Qffice
3-99 3-11 70 23wk 130 130 163 Special
Hallway 3-7 70 - 100 * -- South Hall
Hallway 3-14 - - * 375 -- West Hall
Total airflow 383 843 2080 1925 3260 f£t2

* 163 No wvents indicated onr blueprints
*% Flow measured by velocity traverse with TSI hot-wire anemometer
a Reom numbers posted during the NIOSH survey
b  Room numbers listed in blue praint plans
c Ventilation by Singer™ wall units
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The differences in the measured flow rates from the specificatzon flow rates
are-aceounted for in part by acceptable variations from design flows and by
changes 1n the ventilation systems from the original blueprint specifications
One example 1s Room 3-11, whach originally was designated as a restroom area
with two 70 cfm exhaust air vents This area was converted to a dental
cperatory and the ventilatian system was chanpged aceordingly  This room has
the dimenslons 10 9 by 10 53 by 8 feet with a total wolume of 915 cubrc feet
The wventilation to the room 1s 120 e¢fm supply air with no return air inlet
This provides nine air changes per hour One dental procedure was momitored 1in
this operatory on April 21, 1988, and two on April 22, 1988 Another example
15 Room 3-12, the waiting room It has a supply ailr ocutlet which was measured
by veloclty traverse to have a flow of 95 ¢fm, while the plan speciflcations
call for 700 e¢fm  This large difference was not accounted for by the plan
specification

The periphery of the building was fitted with wall heating/air conditloning
units manufactured by Singer Company and meeting American Refrigeration
Institute (ARI) Standard 310-70 specifications for function EAlS  These
specifications call for a cocling blower capacity of 290 cfm, with 70 <fm (24
percent) maximum maksup air The heating mode specificatien calls for

280/603 cfm, which 15 a 21 percent maximum makeup air The z1rflow on two
Singer units were measured during the April 1988 survey by traverse velocity
measurements using the TSI hot-wire anemometer The czlculated flow rates were
287 cfm and 320 c¢fm It 1s reaszonable to assume that the specification flow
rate of 290 cfm can be used

The measured supply and exhaust sirflows did not balance In additien, some
exhaust air ducts are dedicated to venting directly to the cutside and 1t 1s
difficult te determine from the plan specifications which wents they might be
The differences between the supply and return air 1s the makeup air This
makeup airfleow is difficult to determine at any one time, because the Singer
wall units, contributing up te 70 cfm of makeup alr, operate on a demand basis

The makeup airflow percentage is an lmportant factor in determining the
bullding ventilation flow The nakeup airflow 1s greatest durlng mild weather
conditions, but few wall units may operate under these conditions  For
example, on the morning of April 21, 1988, there were six Singer units
operating  Assuming the maximum makeup airflow of 70 cfm, the makeup air from
the peripberal units was 420 ¢fm During severe hot or cold weather
conditions, the makeup airflow may be reduced to conserve energy

Room 3-% has the dimensions of 10 24 by 22 6 by 8 feet with a total volume of
1,848 cubic feet The ventilation to the room 1s supplied by one Singer wall
unit operated upcn demand  Since the area 1s open for 22 feet along the
hallway, there mppeared to be enough dilution air available from the general
area, but the removal of the N,0 from the operatories 1s not predictable
Two dental procedures were momitored in this operatory on aApril 25, 1988

Room 3-6 is the cormer operatory area having the general dimensions of 22 hy 22
by & feet, with a total volume of 3,872 cubic feet Venrilation is supplied to
this cpen area by four Singer wall units, which are operated upon demand  The
petential ventilation supplied by these units 15 280 cfm maximum of makeup
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ailr Since the area 1s open along the 16-foot wide entrance, there appears to
be enough dilution ventilarion available The removal rate of the N,0 from
the operatory 1s not predictable One dental procedure was monltore% in this
operatory on April 22, 1988, and one on April 26, 1988

The third floor main risers for the south wing supply 6,400 cfm of air and
exhaust 6,775 cfin, wath a difference of 375 c¢fm This 375 cfm difference needs
to be made up by infiltration of cutside arr and makeup from the Singer™

wall units  The design flaw balance between the supply and return air appears
to consider the makeup air potential of the Singer™ wail units, which have

4 maximum makeup alir rate of 33 to 70 cfm depending upon the operating mode

The 33 Singer unmits 1in this wing would need to supply an average of 1l e¢fm each
to make up this difference While the system is operating, it adjusts co
airflew changes and resistance changes in the system to be 1n dynamic balance
at all times The outside air inlets were surveyed on June 23, 1%87, to
determine the air makeup flow rate The inlets measured & 5 by 1 67 feet or

7 5 square feet The average velocities of the two inlets were 163 fpm and

125 fpm, giving flows of 1,223 cfm and 938 ¢fm  This makeup air 15 for the
four floors of the south wing of the building, or 540 ¢fm for each floor

SCAVENGING SYSTEM VENTILATION

The effectiveness of the capture capacity of the anesthetic gas froem the
scavenging nasal mask was evaluated by inserting a Dwyer™ rotameter in the
exhaust ports of the scavenging mask tubing following Dental Operation #7  The
exhaust valve for the scavengiug mask was adjustad at the beginning of the
operatien by the dental assistant and not changed throughout the surgery  For
Dental Operaticn #7, this Dwyer flow mecer showed the exhaust to be
approximately 7 to 12 lpm It has been determined that scavenging of
anesthetic gas from the nasal area of the patient should be_45 lpm when 4 to

7 lpm of NoO and Oy are mixed and delivered to the patient Scavengling
system ventilation was not evaluated for Dental Operations #1 to &, bhecause 1t
was not discovered until later in the study that scavenging system flow rates
were not automatically set st 43 lpm  Vacuum systems which exhaust less than
the recommended level may result in excessive exposurz of N,0 to dencal
personnel

INFRAREDR SCGANNING FOR NITRCOUS OXIDE

An infrared seanning camera was used during Dental Operations #8 and #9 to
determine scavenging mask leakage, while the patient received Ns0 during
surgery  NIOSH researchers found the scanner to be very useful iIn determining
NZU leakage asrcund the patient’'s mask The scanner helped NIOSH researchers
determine that the Frager-Harlake mask did not fit the patient's face properly
and that there was Ns0 leakage between the mask and face seal However,
patient mouth breathing also appeared to be a problem for these two

aperations It was observed that a sudden increase 1n NZO exposure, abserved
from the real-time data (see graph tracings for Operations #8 and #9 1o
Appendix B), could be traced to the patient’'s expired breath, and when the
patient would inspire, the N,0 levels would suddenly decrease This patrern
of sudden changes 1n W40 on the real-time data appear to indicate that
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patient breathing was a factor In exposure to the dentist and dental
asststant  Synchronization of the real-time data with the infrared scanner
helped to confirm this source of expaosure

27



DISCGUSSION

Based on the results of these data, the major source of N,0 exposure for
these dental personnel was caused by inadequate scavenging system ventilation
to remove this gas from the dental operatory Poor scavenging system
ventilation was caused by the dental assistants adjusting the wvacuum exhaust
valve ©o low levels prior to patient dental suigery These walve adjustments
are subjectively set by the dental assistant according to the amount of noise
generated by the air rushing through the nasal scavenger dome  In addition,
general ventilation was found to be inadequate to maintain low levels of N,0
in the dental environment This was evident as traces of Nq0 were monitored
from the real-time sampling before dental operations began (see 1nitial
concentrations of N20, Table 2)

PERSONAL SAMPLING

This in-depth sutvey showed that N,0 concentrations exceeded the NIOSH REL of
25 ppm during the time of administration for both persenal and real-time
sampling For the six dental operations monitored, the Time-Weighted Average
(TWA) N,O exposures of the denrtists ranged from 160 ppm to over 1,000 ppm,

and the TWA exposures of the dental assistants ranged from 44 to 432 ppm during
the time of administration Dentists had an average of 487 + 366 ppm NoO
exposure, while dental assistants had 149 + 144 ppm  Dentists had an average
of 3 2 times higher N,0 exposure than dental assistants Dentists also had
slightly higher exposures on average compared to the real-time sampling
location (442 + 197 ppm} However, due to small zample size and wide varlance
in concentratiens, the difference between the dentists and real-time NoO
results was not significant The slightiy higher exposure among dentists may
be from their closer working proximity to the patient’s breathing zone, where
N20 1s delivered and respired

GENERAL AREA SAMPLING

The initial No0 concentratlon in the raoms where No0 was measured showed

that some of this gas was present prior to the start of surgery in nine of ten
operations monitored by NIOSH This 1initial concentration 1s probably a
function of dental operations, which preceded the operation being manltored by
NIOSH, and the poor scavenging system and dilution ventilatien found in other
dental operatoriles  Room supply alr sampling results, which includes the
Singer wall units, were lower (17 it 21 ppm) thar the room exhaust sampling
results (60 + 42) These supply and exhaust air results suggest that N,0
concentration may be a function of dental room architecture and the ventilatlon
supplied to these rooms (i & , lower In the open rooms, higher in the closed
rooms ) The reason for this difference 1s probably dus to dilution of the

NoG 1n the open archltecture rooms by diffusion and by random air currents
Aspects of N50 migration from thé operatory enviromment was observed by

taking raocm door (46 + 27 ppm) and hallway measurements (32 + 25 ppm) Also,
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recirculation of N,0 was ebserved with the Sinper air conditioning umits
(30-+ 24 ppm} Despite the recirculatrion, the open architecture rooms had
lower N,0 concentrations than the closed room (3-11}. The closed room showed
ne recirculatien of N,C through the general alr wventilation gystem. In
&ddition, mo HQD was %ound at the appeintment desk area  This suggests that
recirculation of Ny0 1s mot oceurring or that dilution of the gas reduces
concentrations to nondetectable levels

SCAVENGING SYSTEM VENTILATTON

The exhaust valve setting 15 subjectively adjusted by the dental assistant
pridr to surgexry The scavenglog system exhaust valve is attached to the
corrugated breathing hose approximately 4 feet from the scavenging mask  The
valve adjustment is a function of the dental assistant’s ablility to hear a
"bissing” sound created by the exhaust air flowing through the scavenging nasal
imhaler The dental assistant will listen feor the hissing sound either at the
secavenging nasal Inhaler or at the valve 1tself The hiasing sound is kept to
a minimum because 1t 1s distracting to the dentist The moise that is
generated by the air rushing through the nasal dome of this scavenging system
at recommended exhaust rates appears to be a design problem Redesipgn of the
nagal dome to reduce the nelse (created by a restricted air opening Iin the
plastic dome) ok acceptance of the noise by the dentist may sipgnificantly
reduce N50, if the dentists choose to keep this scavenpging system

GENERAL SYSTEM VENTILATION

On the days NIOSH researchers sampled, the highest exposure to N,0 occurred
in Room 3-11, the operatory having dedicated ventlilation from the building
ventilation system The room Is relatively small, 10 9 by 10 5 by 8 feet
(915 cubic feet), which limits the effeer of dilution The 120 cfm supply air
provides nine aixr changes per hour, or one change each 7 minutes It may be
that the release of Na0 during short periods of time overwhelms the system's
ability to purge the room  The cperatories 1n the larger open areas without
dedicated supply ventilation had lower exposures  Because of the relatively
high N,0 concentrations, purging the area of N,0 with low velecity
convectlon currents may not be adequate If purging were possible, it might
result in expesure to other persons in the genaral work area

Dilution ventilation and air mixing have obvious i1mmediste benefits In any air
pollution problem, but has never been accepted as the ultimate or desirable
mechanism for removal This {s because such ventilation can transport the
problem to other areas

REAL-TIME SAMPLING AND WORK PRACTICES

Because of the low scavenging exhaust rates observed during dental surgery, the
specific aspects of work practices on changing N,0 concentrations were not
apparent for most of the operations monitored by the NIOSH researchers  There
were several work practice elements that were monitored such as lacal
snesthetic i1njecrtion, Instrumentation or exttraction of teeth, reatoration of
teeth, the use of aspirator, air and water syringes, and the use of rubber

dams  Also, patient elements were included such ss respired N,0 from calking
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and yawning The most important predictive elements for N,0 concentration

wers when the dentist turned the N,0 on, adjusted the Ny0 percentage during
surgery, and when the dentist turned the N20 off It 15 suggested that, if

the scavenging system were operating according to recommended specifications eof
43 1pm, the work practices such az use of the aspiratoy, air and water
syringes, and patient talking may have bgen more prominent 1n Ny0 exposure
among dentists  However, until scavenging flow rates are adjusted to proper
exhaust rates and the general wventilation 1s 1mproved te design specifications,
the impact of these work practices camnot be evaluated

INFRARED SCANNING FOR NITROUS QXIDE

The infrared scanner proved to be 2 valuahle tool in determining N,0 leakage
from the patient’s mask, as well as the amount af N20 from patient mouth
breathing By following the real-time data patterns, NIOSH researchers could
discern when there was a mask leal, when the patient was mouth breathing, or
both  This ability to determine these exposure sources may be helpful in
providing recommendations in reducing overall expesure  However, because of
the major i1mpact of the inadequates wventilation from the scavenging system
exhaust for this in-depth survey, the contributiens to No0O exposure from
patient mouth breathing were relatively small Therefore, 1t cannot be
determined that 1f the Fraser-Harlake Scavenging System ventilation were
inereased to the recommended flow rate of 45 lpm, N,0 would be reduced to

253 ppn during the time of administration

MATNTENANCE

During these surveys, NIOSH researchers abserved that tha N,0 scavenging
equipnent was in goad repair including the gas cylinder delivery area, the gas
delivery systam, and the high to low pressure connectors at the dantal bays

It was also observed that enough scavenging equipment was avallable for each
dental unit which used N,0, and the equipment was in good repair It 1s
recommended that pericdic preventive mailntenatnce of equipment be a major part
of the maintenance program to aveoird exposure to HEO Equipment malfunctions
such as 1mproper comnections of anesthesia hoses, rebreathing bags, and
scavenging masks should be inspected by rhe dentist and dental assistant prior
to each dental surgery The dentist and dental assistant should also i1nspect
the connection fittings, bags, and masks for cracks and tears due to genersl
wear and degradatiom, and replace these items as needed

EDUCATION AND TRAINING OF DENTAL PERSCNNEL ON THE USE QF NITROUS CXIDE
SCAVENGING EQUIPMENT

In discussions with the dentists and dental assistants during the present
survey, 1t was determined that there 1s very little instruction on the proper
uze of scavenging equipment  This may be a problem between the manufacturer,
the seller, and the user NIDSH researchers observed that insttuction on how
to operate the scavenging units appeared to be word-of-mouth, with each dentist
and dental assistant having their own style 1n using the scavenging equipment
For example, different dental assistants would adjust the scavetging system
vacuult flow rate by listening o the "hissing” sound at the nasal dome or at
the wvalve  This difference in listening leocation between dental assistants was
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by personal preference  As for the dentists, they should be prudent in theirxr
use -of N50 and should inspect the anesthesia delivery and scavenging system
pricr to use to make sure all parts are in place and the fittings secure
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CONCLUSIONS

Dent:ists and dental assistants were overexposed ta N.0 anesthetic during
dental surgery in all of the sampling runs that were evaluated The major
source of exposure was during delivery of the N,0 to the patiemt It appears
that the delivery of this anesthetic overwhelms the scavenging system exhaust
valve settings and general ventilation of the operatories Because of the
scavenging system and general ventilation deficiencies, the N,0 decreased
slowly when the N,0 was adjusted dowe by the dentist following dental

surgery  Work practices such as the use of the aspirator, air syringe, water
syringe, rubber dam, etc , played a very minor role in excess exposure to the
dental personnel During the NIOSH study, i1t was discovered that the dental
agsistants subjectively adjusted the scavenging vacuum system according to the
"hiss" sound emitted by the nasal hood A loud "hlss® was undesirable by the
dentist, and the dental assistants were encouraged to adjust the vacuum control
valve to reduce this noise The hassing gound 13 caused by the outside aLr
rushing through the small air gap i1n the nasal hood When NIOSH researchers
measured the vacuum vnit flow rate, the vacuum was found to be exhausting only
7/ to 12 liters per minute as set by the dental assistant prior to surgery The
recommended flow rate 1s 45 liters per minute when the anesthetic gas machine
1s delivering a mixture of Ny0 and oxygen te the patient
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REGOMMENDATIONS

Te reduce the major source of Nzﬂ-exposure to dental personnel, 1t 1s
recommetided that (1) a Fraser-Harlake represencative be contacted ta discuss
these sampling results, (2) a request be made to the mamifacturer to 1nstall a
rotdmeter to the Fraser-Harla¥e vacuum system, so that dental assistants can
adjust the exhaust valve and monitor the alr exhaust of 45 liters per minute
from the scavenging mask of the patiesnt, and (3) if the nolse generated by the
Fraser-Harlake hood is undesirable at the higher flow rate, then the user
should request that the hood be redesigned to teduce this noise  If the
manufacturer cannot supply a retrofit rotameter device to monitor proper
exXhaust of this anesthetic, and/or redesign the nasal hoed teo reduce noise, 1t
15 recommended that another, quieter nasal hood and scavenging asystem which
offer=s an exhaust monitoring device be purchased Additional precautions to
reduce unnecessary N,O exposure include mproved general ventilation, geod
work practices (Including checking the scavenging system for proper
connections), and prudent use of this anesthatic

Addirional recommendations for controlling NoO fall into several categories
including Gensral Equipment Maintenance, the Scavenging System, Work Practices,
Ventilation, Envitronmental Monitoring, and Administrative Conktrels  Listed
below are specific recommendations for controlling N,0 inhalation by dental
personnel during patient surgery

GENERAL EQUIFMENT MAINTENANCE

The anaigesia equipment Ls composed of several rubber components, which may be
degraded by the N,0 as well as through repeated sterilization for infection
control It 15 recommended that all rubber hoses, connections, tubaing, and the
breathing bag be frequently checked to assure that this equipment 1s 1n good
wotrking order Leak testing can be performed according te the manufacturer's
recommendatrons ot by the procedures outlined in the “Leak Testing Scavenging
Equipment" section of this repert For gas cylinders, Teflon® tape 1s
recommended for all metal -threaded conmections through which No0 flows High
to low pressure connections should also be checked regularly, as the o-rings
may become worn and may become & N20 leak source

THE SCAVENGING SYSTEM

As this survey has shown, scavenging exhaust systems which do not have proper
exhaust flow rates do not work effectively It is recommended that a flow
metering device such as a rotameter bhe used to monitor the proper exhaust flow
rates A bypass rotameter may have an advantage over an in-line rotameter,
because it avoids moisture problems in the vacuum line and possible false
readings by the rotameter ball and arrflow scale
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For the scavenging mask, leeks around the mask may be kept ta a minimum 1f the
propexr anthropometric size i1s selected Alse, the mask can be more securely
fastened by using the slip clamp connected to the analgesia hoses near the back
of the patient’s head and dental chair headrest

it 15 recommended that a mask be selected that can collect air from all around
the mask  The mask should alse be free of noise when the proper flow rate 1is
selected {1 e , 45 lpm)

Suction pumps should have encugh power to maintain scavenping flow at the nasal
mask to 45 liters per minute  Suction pumps should also have enough power to
overcome the static pressure drop assccisted with several in-line scavenging
units operating at the same time, 1n order to malntain the recommended
scavenglng flow rates

All suction pumps aspirating air from the patient’'s mouth or from the mask
should be wvented outside the bullding and away frem fresh air inlets

WORK PRACTICES

Dentizts and dental assistants should inspect the anesthesla machines and all
connectlons prior Lo starting anesthetic pas administration  Breathing bags
should be attached to the anesthesia machine and that hoses and clamps are in
place prior te turning on the gnesthetie gas

Meke sure the scavenging mask is properly connected to the the gas delivery
hose and the vacuum system  The scavenging mask i1n use by this facility
{called the scavenging nasal inhaler system) can easily be connected
incortrectly  The y-connector leading from the scavenging "dome" to the vacuum
hose should be on the patient’s left side with the open portion of the
y-connector inserted directly inte the nasal "dome" connhectlion porc The other
end of the y-connector, which i1s clesed, should be inserted inte the nasal
"hood" comnection port The N,0 and oxygen gas 1s delivered through the hose
and i1nte the nasal hood on the right side of the patient

It 15 recommended that the NZO not be turned onm until {1} the vacuum system
scavenpglng unit 15 turned om to the recommended flow rate of 45 1pm, and

{2} the scavenging nasal cone 1s placed over the patient’s nose prior to
SUrgery

To reduce leaks arocund the nasal cone during gas delivery, use the glip clamp

which is attached to the scavenging nasal inhaler hoses to seat the mask more
securely on the patient’s mnose

Flush oxygen through the analgesia equipment following dental surgery,
egpeclally the breathing bag, ptlor to discommecting the gas delivery system,
and prior to turning the scavenging system vacuum off

VENTILATION

Where air conditloners are used, a minimum of twe ocutside air changes per hour

15 recommended A minimum of ten total air changes per hour 1s recommended for
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dental opetatories which use Np0 Recirculating room air 1s not recommended,
and-.should be exhausted cutdoors and away from alr intake vents The
Deparcment of Health and Human Services publication entitled "Guidelines for
the Construction and Equipment of Hospital and Medical Facilities" [Publication
No (HRS-M-HF) 84-1, 193%] lists more detailed jnformation regarding
ventilation guidelines .

Install sweep fans where general ventilatlon 1is inadequate or where
supplemental ventilation 1s needed An alr velocity of approximately 25 ecfm at
s discance of 3 feet frem cthe patient’s head is recommended

ADMINISTRATIVE COMTROLS AND ENVIRONMENTAL MONITGRING

When NoO 1s used, the waste gas should be reduced to the lowest achievable
level  NIOSH recommengz that N;0 exposures should ba no greater than 25 ppm
during administration

It 18 recommended that annual reviews of H,0 use be evaluated as well as
reviews of waste gas reduction program The annual review should i1nclude
environmental alr monitoring, leak testing of equipment, and personal and
environmental monitering Alr monitoring may be performed either by gas bag
sampling, real-time sampling, and/for by passive dosimetry

Dentists should request information from dental equipment suppliers on the
proper use of the equipment and 1ts effectiveness in reducing N,0 prior to
putchase

FOLLOW-UP EVALUATION

Saxpling to confirm the efficiency of the controls should be conducted after

the above recommendations have been implemented, especially after the
scavenging system vacuum flow rates are adjusted to 45 lpm
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41



CHMC Dental Facility - Statistieal Report
The 31% data sets have been analyzed to determine factors which appear most
important as predictors of N,0 concentratiom at a given Clme Since the
concentrations of NyQ0 at a given time represents the concentration in the
preceding time interval plus change, the heart of the problem is prediction of
change  Also, it should not he surprising that concentration at the previous
interval is the major predictor at a gZiven tlme

Accomplishing this task regquires determination cof a reasonably good model to
explain the data If the model is inadequate, the effects of the factors 1t
includes are distorted Many questions have not heen resolved concerning the
g@ffects of

the sequence in which events cccurred

in what ways the effects of variocus factors were interrelated,

e g , potential nesting of effects

the effects of szerial dependencies of the observations which were
not analyzed

the interrelsticnships, 1 e , colinearities, among the factors
and the extent of confounding this produced

the factors coded 1n the proper manner

All wedels had large outliers which were influential  did these
distert the results?

in all cases the residuals were clearly and definitely nonnormal
which :mplications deoes this have about the adequacy of the
nodels?

most of the partizl regressicn residual plots appeared to indicate
that the relationship of the event or practice variables depended
vpon & few influentlal points rather than an overall trend

In each case, several medels with scmewhat different sets of factors were
almost equally good fitting Three factors appeared most important in almost
all models N,0 concentration in the preceding time interval (which suggests
the validicy of the concentratlion model), N,0 concentration of two intervals
prior to the current, and the source concentration of N,0 1n intervals
preceding the current, where n was determined by examining the data and
determining how many intervals elapsed before a sizable Jump in current
concentration occurred after Nzﬂ was first turned up

The gas generation model can be restated as predicting that the concentration
of H,0 eguals a constant, plus a second constant, times the concentration of
N20 in the previous interval The first constant depends on gas generation

or input to the system In this case, this "constant" 1s replaced by a linear
combinatien of all factoers in the modzsl that may reflect generation of the gas
as well as escape of the gas from the patient’s mouth  this varies with
differant ewvents or practices The fact that concentratlen was a predietor not
only 1n the previcus time interval, but in one or more previous time intervals
12 related to current concentration probably reflects the fact that
concentration levels were changing fairly rapidly This means that the reading
for concentration in both the current and the previous 1ntervals are locally
generated levels and not levels for the entire system In the simplist of
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terms, 1t appeared that changes in NQD concentrations were primarily a
function of turning the anesthesia machine on, dellvering the anesthetic to the
piatient, and turning the anesthetic off  Because of the relatively high
concentrations of waste N;0, work practices were not a factor with regard ta
significantly changing these concentrations
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* NOTES on Statistical Analysis Symbols
- {see table which follows)

INTERCEPT The intercept 1s nonzero (1 e , low background concentrations of
N;0 present) This row 1ndicates the hypothesis that the intercept 1s zero

can be rejected This was observed after the fact for Dental Operation #1 data
and then applied to the remaining data sets

C{p) 1s the statistic by Hallow551 to estimate the total error of the
regression, both those sources of randomized error represented by the standard
error of regression, and the bias of the fitted model It 13 a useful
criterion for selectlon of models If C{p) > p, where p = the number of
factors in the model, then the model way be biased C(p) 1s probably biased if
there are serial correlations

R-SQUARE is the square of the estimated multiple correlation of the
concentration of N,0 on the factors in the model  This may be an
overestimate 1f the observations are serially correlated

Adjusted R-5QU iz an adjustment of R-SQUARE to allow for the number of facrars
in the model This may be an overestimate 1f the observations are serially
correlated

% of CHG VAR EXPLAIN is the square of the adjusted estimate of multiple
correlation when the dependent wvariable 15 current concentration of N;0 mrnus
the concentratien In the previous time interval, i e , the change in
concentration This may be an overestimate 1f the observations are serially
correlated

MS5E 1s the sum of squares of residuals divided by the degrees of freedom for
error, it 1s termed the mean square errer and i1s, when the model is valid, an
unbiased estimate of the wariance about the regression line, 1 e , the variance
of T(x) about E{Y(x)} where x 18 the wvector of the particular values of the
independent factors and ¥ 1s conecentration of N,0 This 1s likely an
underestimate 1f the observations are serially correlated

ROOT MSE is the square root of MSE and estimates the standard errar of
regression This 1s likely an underestimate 1f the obaservations are serially
correlated

DF for ERROR 18 the degrees of freedem for error which equals the nuwber of
observations minus the number of Ffactors, p

LAG for N,0 1s the maximum lag considered for all factors based on observing
how many Intervals after N,0 was first turned on before a sizable 1ncrease 1in
concentration occurred —The average time or lag lnterval was 15 seconds A
lag 1s the number of time intervals after the occurrence of an event that a
response In the concentration of N0 1s measured For example, a lag of 14
means that the reading of N,0 was related to factors levels 14 time intervals
(210 seconds or 3 5 mlnutesg before
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OUTLIERS An outlier is an observation that appears unusual  However, the
real question is neither how to 1dentify them (I tend to be somewhat liberal)
nor whether such observations should He adjusted or deleted, etc , but rather
what aeffect such observaticns have on our ¢onclusions

If the conelusions with or without a few outliers remains basically the zame,
our confidence in the cenclusions 1{s maintained or strengthened and we care
little about them On the cother hand, 1f the conclusions are sensitive to
observations which appear unusgual, then confldence 1n the conclusions is
waakened In this case, observations mssociated with residuals more than

3 5 times their estlmated standard eryors are nocted Most of these are readily
apparent in wvarious graphical plots and are associated with dispropofrtiscnate
influence and other diagnostics However, na analysis has been done ta
determine how these observations affect conclusions, except in the case of
Dental Operation #2 In this case, after removing residuals the apparent best
model contained only 4 facters, down from 7 ‘Two factors - CONC lag cime (LL)
and NZO lag time (L17) - remained in the revised model while the other two

had appeared in the filrst model but with different lag times  The revised
model, howasver, has a new set of outliers and several of the problems with the
first wodel remained

RESIDUALS NORMAL  Lsack of normality of the residuals may suggest that some
important factors were not 1ncluded in the fitted model.

RESTDUALS PATTERN  The residuals should be nearly indspendent and patterns
suggest the influence of other factors, such as time, not accommodated by the
model fitted In this case, the presence of a pattern was determined hy
"eyeballing” the data Usually, the pattern appeared te be a succession af
positive residual: followed by mepgative residuals

MODEL BIASED The answer was determined mostly by reference to G{p) and
whather that statistic 1s greater than p, the number of factors

DUBRBIN-WATSON STAT is a measure of one type of serial dependence among data
points The values shown above appear not to he statistically significant

15T ORDER AUTOCORR is the simple correlation of the concentration of N,0 with
the conceptration in the previous interval Thi=s should be as low as the
latter included in the model

FACTOR refers to the code for a factor included inm the model These are
arranged so that factors appearing in several models are apparent whether or
not the relationship invelves the same number of lagged imtervals A factor
with no "Ln", where n 1s an integer, means that it 1s value of the factor in
the current time interval while otherwise n refers to the number of lagged
intervals

STAND EST SLOPE This 1s the standardized estimate of the slope of the factor
in the regression equation which estimates the number of standard deviations of
chanpge in M50 1s produced by cne standard deviation increase in the factor

This removes distertions caused by differences in the scale of various factors
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% VAR This is a rough estimate of the percentage of the variance of the

concentration of N,0 which :s explained by the factor This 1s a etricky
matter as the effect of one may be to increase or decrease the effecc of other

factors
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STATISTICAL REPORT -

APPARENT 7 GOCOD” MODELS

DENTAL DENTAL DENTAL DENTAL DENTAL GENTAL
GHARAGTERISTIC OPER.#1 OPER #2 QPER_#3 QPER.#5 DPER.#6 OPER.#7
NO. OBSERVATIONS 121 237 106 208 127 181
'NQ. FAGTORS 10 7 1o 16 9 4
INTERCEPT ND NO NO NO 005 NO
Cip) 12 45 7 63 16 2 146 8 07 313 |
R-SQUARE 0 987 0 984 0976 0 991 0978 094
ADJ R SQR 0 986 0 983 0974 099 0 9767 0 978
% GHG VAR EXPLAIN a1 3 219 B0 a2 B 22 q 177
MSE 780 47 11024 5055 897 2444 11559
ROOT MSE 279 105 712 299 58 7 107 5
DF FOR ERROR 121 220 % 192 118 177
LAG FOR N20 14 17 14 5 8 8
OUTLIERS 3 5 2 6 z 1
OVER 4 SE'S 2 2 1 3 2 1
OVER 6 SE'S 1 2 1 2 1 1
OVER 6 SE'S 1 i 1 0 1 1
LARGEST 6 64 11 208 -B184 5 98 -6 216 11 142
RESIDUALS NORMAL NO NO NO NO NO NO
.FIIBiDUALS PATTERN RUN RUN RUN RUN RUN RUN
EIS MODEL BIASED PROBABLY PROBABLY FPROBABLY WAY NOT BE JaY NOT BE MAY NOT BE
jnunmu-wm-suu STAT 211 1 97 197 188 2075 1799
'aIFRST' ORDER AUTOGORR -0 056 0015 005 D059 -0 038 0107
| r
'FACTOR CONG L1 CONG L1 CONG L1 CONG L1 CONG L1 CONG L1
STAND EST SLOPE 115 121 0 95 113 117 0819
% VAR 57 8 97 7 94 g 98 4 97 7 92 §
FACTOR CONG L2  GONGL2 GONGL2  CONG L2
STAND EST SLOPE -0 33 -0 32 -0 2 -0 49
W VAR 04 0 24 01 03
{FACTOR CONC L2 CONG L3
STAND EST. SLOPE -6129 6119
% VAR 0 qz 007
FAGTOR CONG L14 CONC L8
STAND EST SLOPE -0 098 0128
% VAR Q02 Q5
!.FACTOFI N20
STAND EST. SLOPE -0 23
| %% VAR Q1
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STATISTICAL REPCRT -

APPARENT "aO0O0D” MODRELS

I T DENTAL ~ DENTAL  DENTAL  DENTAL DENTAL = DENTAL |
GHARACTERISTIC QPER 41 OPER #2 CPER.£3 QPER ¥5 OPER-#6 OPER.47 |
lmcmn N20 L1
|STAND EST. SLOPE 025
. Y VAR 01
'FAGTOR iNJCT
STAND EST SLOPE 0 028
T4 VAR 0 02
|
{EACTOR , INJCT L1 INJGT L1
STAND EST SLOPE i 0 04 002
%o VAR : 0 09 0 01
i
FACTOR . INJCT L2 INJCT L2 INJCT L2 INJCT 1.2
STAND EST SLOPE l _0 02 -0 06 ~0 02 0 029
% VAR 0 05 0 04 0 Q02
FAGTOR INJCT LS
‘STAND EST SLOPE EE |
% VAR i e 03
FACTOR LIGHT L2 LIGHT L2  LIGHT L% |
STAND EST SLOPE 004 0 087 002
Yo VAR 01 0325 003
FAGTOR | OTHERL®? OTHERL14 ©OTHERLS ©OTHER L2
|STAND EST. SLOPE | -0 02 0 053 0 o1 0 081
' Gk VAR D 0% 023 001 LR B
FACTOR WATER WATER
'STAND EST SLOPE 002 0 028 '
% VAR 008 007
FACTOR WATER LT WATERL1
STAND EST. SLOPE 004 0 026
% VAR 0 05 0 02
'FACTOR WATER L14 ’
STAND EST SLOPE 3018
% VAR Q02
]
FAGTOR ! PULL L2
STAND EST. SLOPE | 002
% VAR | 0 02
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STATISTICAL REPORT -

APFARENT " GOOD™ MODELS

DENTAL.  DENTAL  DENTAL DENTAL DENTAL OENTAL
GHARACTERISTIC OPER.#1 COPER.42 QPER 43 OPER.#5 OPER. 46 OPER 47
FACTOR ASPIR
STAND EST SLOPE 0 045
%% VAR 015
' FACTOR N20 L2
STAND EST SLOPE 007
% VAR D23
FACTOR N20 L14 NZO L7 N20 L8
STAND EST. SLOPE 018 008 Q29
0% VAR 01 D18 05
FACTOR FILL FILL FiLL.
STAND EST. SLOPE 0 051 001 0 {48
L VAR 01 001 015
FACTOR FILL L2 FILL LS
STAND EST SLOPE 0 041 002
% VAR 01 0 02
FAGCTOR RUBDAM
STAND EST. SLOPE 0 2M
% VAR i O
FACTOR ]RUBDAM LZ RUBDAM L2
STAND EST SLOPE / -0 093 -0 28
% VAR ] D3 037
- L TOR : DRILL
{STAND EST SLOPE o048
oh VAR Q11
i
FACTOR ( DRILL LS
STAND EST. SLOPE ) -0 04
%% VAR 002
FACTOR
STAND EST SLOPE
%% YAR
|
FACTOR PATNT L2 PATNT L2 PATNT LS
STAND EST. SLOPE : a02 Q02 0 035
Y VAR ] 004 0 03 0 32
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AFPENDIX B
NITROUS OXIDE CONCENTRATICN VERSUS ELAPSED

TIME FOR DENTAL OPERATIONS 1 THROUGH 2
AT CHILDREN'S HOSPITAL MEDICAL GCENTER DENTAL FACTLITY
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