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INTRCDUCTION

The National Institute for Occupational Safety and Health (NIOSH) 1s the
primary Federal agency engaged Ln occupational safety and health research
Located 1n the Department of Health and Human Services {(DHHS), Lt was
established by the Qccupational Safety and Heaith Act of 1970 Thas
legislation mandated NIGSH to conduct a number of research and education
programs separate from the standard setting and enforcement functions carried
out by the Occupatioenal Safety and Health Administration {OSHA) 1n the
Department of Labor An Lmportant area of NIOSH research deals with methods
for controlling occcupational exposure to potential chemiecal and physical
hazards The Englnesring Controel Technology Branch {ECTB) of the Diwvision of
fhysical Sciences and Engineering has been given the lead within NIOSH Lo
study the engineering aspects of health hazard prevention and control

Since 1976, ECTE has conducted a number of assessments of health hazard
control technology on the basis of industry, common i1ndustrial process, or
specific contral techniques  The objective of each of these studies has been
to document and evaluate effective control technigues for potential health
hazards in the industry or process of interest, and to create a more general
awareness of the need for or avallability of an effective system of hazard
control measures

These studies involve a number of steps or phases  Initially, a series of
walk-through surveys 1s conducted to select plants or processes with effective
and potentially transferable contrel concepts or techniques Hext, in-depth
surveys are conducted to determine both the control parameters and the
effectiveness of these controls The reports from these 1n-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 builds the data base of public¢cly available information on
hazard control techniques for use by health professionals whe are respousible
for preventing occupational illness and 1njury

In Qctober 1986, NIQSH researchars began an evaluation of dental operatories
which use scavenging systems This evaluation had two goals (1) teo
determine if there are scavenging systems which will reduce waste nitrous
oxide (N;0) levels in dental operatories to the NIOSH Recommended Exposure
lLevel (REL) of 25 ppm during the time of administration, and (2} if such
systems do not exist, then to determine why they fail te meet the NIOGSH
eriteria and provide recommendations on how this criteria can be met (Note
that waste N;0 will be referred to as N;0 in the text from this point on )

The purpese of this report is to present the results of the Investigations of
the function and uses of the Parter-Brown and MDT McKessen Scavenglng Systems



to control N,0 to NIOSH Recommended Exposure Levels (RELs) during dental
Surgery



DEVELOPMENT AND USE OF NITROUS OXIDE IN CONSCIQUS SEDATION

For more than 100 years, N0 has been mixed with oxygen and used in dentistry
45 a general anesthetlc agent, an znalgesic, and as a sSedative  With the
development of more effective local anesthetics to manage pain, N0 Ls usad
today primarily for psychosedation Its use reduces fear and anxiety 1n the
consclous patient It iz estimated thac 85 to %0 percent of the patients
recelving N0 and oxygen are well sedated with 40 percent N0 and 60 percent
oxygen !

In 1977, T W Jones and W Creenfield estimated that approximately 35 percent
of the dentists in the United States have N,0 anesthetic systems at their
facility ® It 1s estimated that more than 100,000 dental personnel are
invelved in administering N,0 te abeut 4 5 million patients annually in the
United States *3



PHYSTCAL AND TOXIC PROQPERTIES OF NITROUS QXIDE
PHYSICAL PROPERTIES

N0 1s an odorless, stable, noncombustible, colorless, tasteless gas that is
approximately 1 5 times heavier than alr The gwygen atom accounts for the
oxldizing capacity of N,0, which 15 a thermodynamically unstable endothermic
{L e , heat absorbing) compound N;0 13 manufactured commercially by

thermally decomposing ammonium nitrate and purification of its bypraducts ®

SYSTEMIC EFFECTS

N30 dees nat combine with hemoglobin, but 1s carried in the bloed 1n a
physical seolution ° It 1s eliminated from the body unchanged by way of the
lungs, a slight amount may be excreted through the pores of the skin ® N0 1s
a weak anesthetic with rapld onset and rapid emergence,® and will disappear
from the body 1n 17 to 35 minutes after anesthesia 15 discontinued ® N0 can
produce geveral changes in cardiovascular function N0 may depress the
myocardium while stimulating the heart by central activation of the brain
mucler 1 Tt decreases cardiac cutput, stroke volume, mean arterial pressure,
stroke work, and minute volume !! Similar effects are seen in blood pressure,
pulse rate, and regpiration 12 In 1879, Vean and King stated that N0 acted
solely on the eerebral cortex, thus causing a mild depression and thac N0 was
not allergenic ' Amess and coworkers point out that N0 may interfere with
the function of vitamin By * More recently, the toxie effects have been
traced to the ability of N0 to inactivate the enzyme methionine synthetase,
by oxidizing the enzyme’s vitamin By; cofactor Methionine synthetase allows
for the synthesis of methionine and folinic acid, which are needed for
deoxyribonucleic acid (DNA) synthesis 3 Researchers believe that the enzyme
inactivation may explain the epidemiologic, clinical, and animal evidence that
N,0 can injure variousz tlssues of the body, including the brain, blood-forming
elements, lung, kidney, and the developing fetus  Supporting documentation by
Sweeney et al (1985) provided direct evidence that occupational exposure to
N;0 may cause depression of vitamin By; activity resulting in measurable
changes in bone marrow sscondary to impaired synthesis of DNA 15

REPRODUCTIVE EFFECTS

Human Studies

This agent, along with others including halogenated anesthetic compounds, has
been identified in epidem:iological studies as a suspected reproductive health
hazard te those exposed The first published report of adverse reproductive
effects of work in operating theaters was by Dr¥ A I Vaisman, in 1967 7 Dr
Vaisman noted that 18 of 31 female anesthesiologiscs who had been pregnant had
experlenced at least ome miscarriage Studles in Sweden, the United Kingdom,
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and the United States generally showed adverse reproductive effects 1n females
working 1o operating rooms %3920 Ip a case-control epidemiclogical study of
dentists, liver disease and spontaneous abortion were significantly higher
among dentists (spouses of male dentlsts for spontaneous abortion} exposed ta
tnhalation anesthetics more than 3 hours per week, compared with concrols
which used no inhalation anestheties in their practice 2! The most
comprehensive epidemiclogical study of healch dysfuncrion associated with work
in the operating room was conducted by NIOSH, where data were obtained from
40,044 respondents 2! Females working in the operating room demonstrated an
increased incidence of spontanecus abortion and carcinoma  Birth defects in
their offspring were elevated, as were the offspring of nonoccupationally
exposed Wives of exposed male anesthetistz Liver disease was also increased
in both males and females In addition, spontanecus miscarriage and birth
defects are confirmed 1n a survey of female anesthetists in the United

Kingdom #* The findings of severzl epidemioclogic surveys were recently
summarized by James T Purdham of the Gecupational and Environmental Health
Unit, University of Taronto, Toronte, Ontario *%2 The consistent finding from
these studies shows that women exposed to waste anesthetic gases have g higher
than expected incidence of spontanecus abertions  Congsnital abnormalities in
the offspring of exposed women were less strongly assaciated, but were
slaghtly higher than normal 23

Animal Studies

Supporting evidence of the toxic effect of anesthetic agents 13 shown 1n
laboratory studies The evidence includes teratopenic effects i1n various
species upon exXposure to a wide group of inhalation agents at anesthetic
concentrations,” decreased survival rate In various species, ultra-structural
changes in the central nervous system of rat fetuses following a single
maternal exposure, decreased abllicy te selve maze problems in rats, and
evlifnce of testicuiar damage after a minimum of 2 days exposure to 20 percent
N0 31

Several animal studies have focused on anesthetic gases, principally N,0 and
halothane, as a cause of miscarriage or congenital abnormalities  When the
animals were exposed ta hipgh levels of these anesthetics, spontaneous abortion
(animal fetal resorption} and congenital abnormalities were observed In one
study by Viera and coworkers, spontaneous abortion was observed in rats at
1,000 ppm or more 3% (Concentrations of 1,000 ppm have been commonly found in
operating rooms and dental operatories not equipped with scavenging asystems

CARCINQGENICITY

Excess cancer was found i1n a small group of Michigan nurse anesthetists by
Corbett in 1973 2 However, another study which evaluated Corbett's work
found that the high cancer rate was only for 1 year, and when zll data were
considered, there was ne significant difference between the nurse anesthetists
and the control group #° Tests for mutageniclty {a test for screening
carcinogenle agents - those which are mutagenic also tend to be carcinogenic)
in bacrerial systems have been shown to be negative in most test systems,
except for the anesthetic fluroxene 26



LIVER AND KIDNEY EFFECTS

A national study sponsored by the Awerican Society of Anesthetists found that
liver disease accurred more frequently among males and females exposed to
anesthetlic agents, however, kidney disease was less strongiy associated with
anesthetic exposure #* 5Studies supporting these conclusions were also feund
in England ?7 Because the workers were exposed to a mixture of anesthetic
agents Lncluding halothane and methoxyflurane, 1t 1s not known what impact N0
alone has on liver and kidney dyafunectien In animal experiments, N,0 alone
was shown to be without effect 22

CENTRAL NERVOUS SYSTEM EFFECTS

Human studies testing cognitive and motor skills show that exposure to trace
concentrations of apesthetic gas mixtures, N;0/halothane or N,0/enflurane, and
W0 by itself resulted 1n decreased abilicy to perform complex tasks 2829
These studies suggest that exposed dentists may be working at less than peak
efficiency Attempts to duplicate human performance decrements in ether
laboratory studles have not corroborated these earlier studies ¥ While
habitual use of N0 has been linked to damage of the peripheral nerwvous
system, 1t appears that further research needs to be performed to resolve the
safe level of occcupational exposure which does not rmpair performance



CONTROLS
PRIRCIPLES OF CONTROL

Gecupational exposures can be controlled by the application of & number of
well-known principles i1ncluding engineering measures, work practices, personal
pratection, and monitoring These principles may be applied at ar near the
hazard source, to the pgeneral wovkplace environment, or at the point of
occupational exposure to individuals  Controls applied at the source of the
hazard, including engineering measures {material substitution,
process/equipment medification, local ventilatien) and work practices, are
generally the preferred and most effective means of contrel in terms of both
aoccupational and environmental concerns In dental operatories, exposure to
H:0 may be controlled by

1Y effective scavenging devices that remove excess anesthetic pas at
the point of origin,

2} proper maintenance of equipment,

3) regular momirtoring of enviremmencal exposure for leaks in the
anesthesia equipment delivery systems, and

4) pood work practices on the part of the dentist and dental assistant

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

In general, a system comprised of the above control measures 1s required to
provide worker pretection under normal operating conditions, as well as under
conditions of procedure malfunctlon or failure VWorkplace monitoring devices,
personal exposure wmonitoring, and medical monitoring are lwportant mechaniswes
for providing feedback concerning the effectiveness of the controls i1n use
The education of dental personnel and commitment of management to reduce and
eliminate occupational health problems are also important elements for a
complete, effective, and durable control system In dental opéYatories, a
principal control for waste anesthetic gases 1s the use of nasal scavenging
systems The sections which follow, briefly examine the guidelines and
controls to reduce scurces of N30 exposure with and without the use of
scavenglng systems

American Dental Assccration Guidelines for Design of Scavenging Equipment
The American Dental Assoclation (ADA) has developed guidelines for scavenging
equipment ¥ According to the ADA guidelines, the scavenging system equipment

should have the following characteristics
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- adaptable to most existing sedation, anesthes:a, and exhaust
systems,

- constructed so rthat it does not significantly interfere with normal
breathing system and delivery of selectad gas concentrations,

- gapable of providing N,0-0; levels which comply with or i1mprowve upon
ninimom levelas indicated in current HIOSH esnd OSHA documents,

- effective regardless of the heating and air-conditioning system 1n
1use,

- constructed to perwit safe and efficient disposal of the gases,

- effective when more than one device 1s being used simultaneously,
and

- constructed such that patient rebreathing will be i1nsignificant
ENGINEERING CONTROLS
anesthesia Equipment Without Scavenging Machines

When N,0 leakage 1s controlled by securing valve fittings and gaskets
connected to the anesthesia equipment, gas concentrations will be highest
around the breathing zone of the patient, especially the nosepiece where the
anesthetic 1s administered The administered gas concentrations escape from
the patient and are diluted by mixing with room air Mixing occurs from the
movement of supplied mir through ducts or wall-mounted air conditiomners, and
from the movement of the dentist and dentel assistant N0 concentratlons
will vary according to the amount of fresh air supplied to the dental room and
the room confipuration (1 e , open or closed architecture) ® Personal
exposure to the anesthetic will wvary according to the proxamity 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 within 12
to 24 inches of this zone In a still environment, little dilution of N,0
takes place between the working level of the dental perscmnel and the patient
The concentration of N,0 may increase or decrease in the room, dependent upon
the general room air venrilatiom This becones particularly evident when
performing gas analysis with a direct-reading instrument over the course of
the dental surgery If the room is not well ventilated, gas concentrations
may not return to base line levels, and background concentrations may inerease
as other operations using N,0 are performed Personal exposures of N0 found
1n earlier surveys conducted by NIOSH researchers varied from 25 ppm to

2,400 ppm 3%

snesthesia Equipment With Scavenging Machines
After the 1977 NIOSH document on controlling waste anesthetic gases in dental
operatories was published end recommended the use of scavenging systems S

several other publications have presented various systems for controlling
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these pgases ®*0.%41 Apesthetiec scavenging systems are broken into three

compenents  a scavenging or collection device to ¢contain the anesthetic gas
in a breathing circuit and ventilator, a disposal system to carry the
collected gases from the operataing room (L e , a vaguum system}, and a device
for ensuring that negative or positive pressures 1n the system do not
adveraely affeet the patient The most common scavenging system design
includes a scavenging cireuit (Mapelson D), a nasal mask, and a vacuum system
The most common nasal mask for scavenged systems has two concentric masks in
which anesthetic gases are supplied through a pair of tubes to the center of
the mask 4 second set of tubes are alse attached to the outer space of the
mask te provide exhaust at a recommended flow rate of 45 liters per minute °
This configuration allows for scavenging of excess gas supplied to the
patient, as well as excess gas which may escape sround the edges of the mask

While such scavenging systems have been shown to significantly reduce
anesthetic gas exposure, fleld studies conducted by NIOSH researchers have
shown that, under normal operating conditions, such systems do not
consistently reduce N;0 to the recommended exposure limit (REL) of 25 ppn
during the period of anesthetic administration “27+%

A study to determine the efficiency of different scavenging devices by means
of a standardized experimental model was conducted by Hallonsten in 1982

Eight different masks wera tested under well-controlled sedation techrniques
Efforts were made to reduce N,0 leakage by empleying leak-proof equipment and
carefully positioning rthe nose mask  The median dentist brearhing zone N0
concentrations varied from 4 to 385 ppm and the ambient alr concentrations

{i e , in the dental facilaty, but not in the dentist's breathing zove) ranged
from 0 to 55 ppm *® These results appear consistent with the NIOSH studies
mentioned above for operatories using scavenglng systems which showed a range
from 0 ppm to 1,300 ppm 42745

Ventilation

Fresh air conditioning also may reduce the concentrarions of N,0 1n the dental
suite The recirculating type of alr-condltioning system 1g the one most
often empleyed In a recirculating system, a percentage of air 1s mixed with
fresh air and recirculated back into the rcom Therefere, increasing the
amaunt of fresh air decreases the recirculated N0 Recirculacing systems,
which are temperatute contralled far fresh ailr mizing, may supply 100 percent
fresh air depending upon the tempsrature cutside In many buildings with
recirculating systems, the most cost.sffective temperature setting is 55°
When the cutside air 1s above or below the 55°F temperature, inside air is
mixed with the outside air in varying percentages

In addition to recirculating air-conditioning systems, there are "one-pass™
nonrecirculating systems which exhaust all dental air outside the building
Unfortunately, such systems are expensive to operate because of the amount of
air conditioning required for comfortable room temperatures Wall-mounted
alr-conditioning units are another alternative to brinping fresh air into the
work environmene The drawback of the wall-mounted units 1s that the dampers
are usually manually contyolled for bringing in outside air In some units,
the dampers are not easily accessible and, therefore, not adjusted for the

9



changing seasons In many buildings where energy efficiency is required, the
dampers of these units are locked closed by maintenance persomnel, so that
only room air 1s recirculatced
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METHODS
SCAVENGIHNG SYSTEM AND SITE SELECTICN

Based on the information from the American Dental Asseciation {(ADA) repgarding
scavenging devices for control of waste anesthetics in dental operatorles and
telephone contact with the manufacturers listed by the ADA, four scavenging
systems were recommended for evaluation  Fraser-Harlake, Porter-Brown, Blue,
and the Comfort Cushion A fifth scavenging system, the MDT McKessen, was
added for evaluation because i1t had design features such as a clear nasal dome
to assist the dentist in menitoring patient nose breathing, which helped
cantrol N,0 The Porcer-Browm and MDT McKessen N0 Scavenging Systems are the
second and third scavenging systems to be evaluated

The Universicy of California at San Francisco (UCSF) School of Dentistry,
Department of Oral Surgery, was selected for svaluation of its nitrous oxide
scavenging systems because it met with the project protocol for the scavenging
systems to be evaluated, L & , the Porter-Brown scavenging systek and MDT
McKessen, a minimam of four dentists (in this case, oral surgeons), a minimum
of four dental {(oral) surgeries, performance of operations 1n separate
operating rooms, the appearance of good work practices, and sound managemsnt
of scavenging system use The first goal of this project is to examine the
effectiveness of scavenging systems to reduce N;0 to the NIOSH REL To help
achieve this goal, an in-depth survey was conducted at the UCSF School of
Dentistry, Department of Oral Surpery, 1n San Francisco, Califormia, on July
25-28, 1988 At the time of this survey, this faci1lity had approximately &
aral surgeons, B surgical assistants, and 12 support staff The facility
performs dental work on an zverage of 15 patients per day, with approximately
50 percent of those receiving N,0 during dental surgery This facility has
ten dental chairs, all equipped with anesthetic gas delivery and scavenging
systems The surgical suites have floor to ceiling walls with single door
enttrances The UCSF Oral Surgical Clinic has used the Porter-Brown scavenging
system for more than L0 years

CONDUCT OF SURVEYS

The in-depth site visit was conducted according to the Regulations fox
Investigations of Flaces of Employment, Code of Federal Regulatioms (CFR),
Title 42, Part 85a The project officer contacted the dental facility in
advance of the plamned visit and provided details about the goals and
objectives of this project

During this in-depth survey, ten dental operations were moultored Infrared
thermography was usaed to “visualize® N0 during surgery during seven of the
ten surgeries The following sections report the aspects of monitoring the
dental enviromment to determine anesthetic gas leak sources during surgery
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Real -Time Sampling

During each dental coperation, N,0 was measured and recorded centinuously  The
Miran 1A infrared gas analyzer (Foxboro Instruments, Inc , Foxbore,
Massachusetts) was used to measure the anesthetic gas concentration levels
The variable 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 seceonds under continuous operation
The lag time is caused by a combination of faetors 1ncluding transport of the
gas te the analyzing chamber, mixing of gas 1n the chamber, and inscrument
response  Because of the time lag of 15 seconds or more, the peak and low
exposures were averaged and do noc report the instantanecus N,0 concentrations
at the time of expesure However, the performance of this i1nstrument for
real-time sampling greatly outweighs this limitation 1n exposure averaglng
The Miran 1A sampling port was located approximately 7 to 15 inches above and
& to 8 inches behind the patient's mouth (the average distance of the oral
surgeon and surgical assistant’s breathing zones for each of the dental
operations monitored) The fellowing instrument settings were used
wavelength of 4 48 micromecers, slit width of QO 50 millimeters, and a path
length of 6 75 meters The Analytical Limit of Detection under laboratory
conditions 15 0 Q7 ppm, under field conditions in this study the Analytical
Limit of Detection was 1 ppm  The Miran 1A has a detection range of
spproximately 1 to 1,000 parts of N,0 per million parts of contaminated air by
volume (ppm) The Miran 1A was calibrated before and after each survey 4
lecture bottle of electronics-grade N0 calibration gas was used to calibrarte
the Miran 1A for the detection ranpe mentioned above  Real-time gas
concentrations reglstered by the Miran 1A were recorded by a Rustrak Ranger™
4 channel data logger Information collected by the data logger was uploaded
into a portable Compaq™ computer The N,0 data collected from each of the
dental operations was orgamnized by using Pronte™ and Lotus 123™ computer
software  Nitrous oxide data was cellected at l-gsecond intervals and
concentrations were averaged at 15-second intervals

Motion and time measurement techniques were used to document activities of the
pral surgeon, the surgical assistant, and the patient during the operation °
Portable videotape recorders and camera ensembles {(Panasonlc Video

Recorder /Player Model #2, NV 8400 Camera, and Panasonic Video Camera, Model
#3245) were used during the entire operation The internal clock of the
camera was synchronized with the computey, so that changes in N0
concentration could be correlated with dental surgical activities Selected
dental surgilcal activities were identified from the wvideotapes  These
activities ware coded and inserted on a computer spreadsheet, along with the
N,0 concentration data Statistfical analyzis of the N,0 concentration and
changes in concentration were modeled as a function of these work elements
from the spreadsheet The real-time N,0 data and surgical practices which may
have caused changes in N;0 levels are shown in Appendices A and B

There were ten dental operations in which real-time sampling of N0 was
gampled All of these operatioens were cerrelated with perszonal breathing zone
samples from the gral surgeon and sutrgical assistant With the exception of
Operation #B, all coperations were performed using the Porter-Brown Scavenging
Mask Operatien #8 was performed using the MDT McKessen 3cavenging Mask
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Eight of ten operations were performed in Room Pl218, Operations #9 and #10
were performed Iin Room D1222 Seven of eight operations performed in Room
D1218 were videotaped with the use of an infrared scanner (Thermovision™ 782
Syastem} 1n order to visualize the N,0 escaping from the patilent's breathing
zone during surgery {Operation #7 was not recorded with the infrared scanner
becayse of the depletlon of liguid nitrogen to run the camera ) The infrarsd
scanner was used to determine N0 leak profiles from the patient during
surgety This information i{s especially important 1u determining strategies
for N,0 control around the mask and from the patient’s mouth

Personal and Area Sampling

Personal breathing zone samples were taken for cthe oral surgeon and surgical
ass1stant for all ten operations (Table 2) During each of the aperations,
general area samples were taken at the room alr supply and exhaust vents and
areas putside the room (Table 8)

Personal and genersl area aLr exposures to N0 were collected in 30-liter bags
and analyzed at this facility using a calibratad Miran 1A infrared gas
analyzer Battery-powered unaiversal flow sampling pumps (SKC 224-PCYR7, SKC
Incorporated, 334 Valley View Road, Eighty Four, Pennsylvania) modified far
bag fllling were used to draw air through a section of tygon tubing {%-i1nch
diameter) into a Tedlar™ bag The sampling pumps were calibrated at a flow
rate of 1 5 liters per minute (l/min) for both personal breathing zone samples
and for general area samples In order to follow the NIOSH collection
techniques for evaluating N,0 during the time of administration, the sampling
punps were turned on when the Ny0 was turned om, and turned off when the N0
was turned off  General area sampling was conducted at the door entry to the
operatory, In the main hallway of the facility, at the room air supply and the
roon exhaust fixtures, and at the appointment desk (separate from the
operatories} The floor plan and general sampling areas for N,0 at UCSF oxal
surgical eclinic are shown in Figure 1  Personal and Real-Time N,0 Sampling
Locatieons, Surgieal Suite Layout, and Visual and Infrared Videography Setup
are shown 1n Fipgure 2

Observation of Work Practices

Work practices of the dentists and dental assistants were evaluated te discern
potentlal anestheclc gas exposure during surgery Dentists and dental
assistante were videotaped during surpety Work analysis was conducted by
running the videotapes at normal speed and "stop action® to determine work
elements which may increase or decrease anesthetic gas exposure Motion and
time measurement technigues were used to catalog the work elements Work
elements, which may influence changes in N;0 concentrations, were selected for
detailed analysie (see section entitled "Real-Time Sampling“)  These work
elements are detailed in Table 1

The real-time N;0 data were later synchronized with the videotapes to cenfirm
observation of exposure sources, and to compare N0 levels during the surgical
operation The data acquisition system, used to intepgrate data from
environmental sampling with work practices, 1ls shown in the data scquisition
system schematie in Figure 3
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Table 1

Definitions, Codes, and Abbreviations for Work Practices,
Procedures, and Tables Reporting N;0 Results
T ——

—— — —— —
Definitions Codes
—— ——
Time of dental operation organizZed inte 13
second 1ntervals and listed as 4 intervals
per mmnute {1 e , 23, 5, 75,10, etc ) (TIME MIN;
Concentration of N,0 1n ppm (CONC PPM)
Percent N,0 Delivered from the Anestheslia
Machine to the Patient (N0 %)
Dentist using dental tonl ta loosen
epithelial attachment around tooth and tooth
elevation for remeoval (PULL/POKE)

Sampling probe distance frem patlient's nose
during oral surgery

(PROBE DIST)

Needle injection to numb patient's tooth

before oral surgery (INJECTIOH)
Aspirater used to suctlon patient’s mouth

cavity during oral surgery (ASPIRATOR)
Water used to rinse patlent’'s mouth during

oral surgery (WATER)

Patient talking during oral surgery

(PATIENT TALKING)

Dentist drilling patient’s teooth

(DRILL)

Other activities which could not be easily
catalogued but which may have an impact on
changing N20 concentrations

{ OTHER)

Type of mask With the sxception of data set
#9, all scavenging masks were Forter-Brown
{coded as 1) Data set #8 was the HDT
McEessen (coded as 2)

{MASK TYFE)}

The dental team which performed surgery on
the patient there are 4 Ceams

{DENT TEAM)

The type of dental operation  There are 5
operations which range from having 4 wisdom
teeth removed {1} to tooth implantation (5)

{OTHER)

Table Abbreviations

TABLE 2

Codes
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The dental operation in which N20 was

gathered OFPER #

The room number and scavenglng mask type ROOM #/MASK
Patient gender, apge, and type of oral

suUrgery PATIENT/NOTES

Surgical Team from 1 to &

SURGICAL TEAM

The time-weilghted average personal
concentration of N20 for the oral surgeon

R20 TWA SURGEON

The time-weighted average personal
concentration of N20 for the assistant oral
gurgean

H20 TWA A3315Y

The time-weighted average real-time
concentration of N20 as detected above the

patienc's head H20
The N20 concentration range used by the oral
surgeon during dental surgery N20% RANGE

The time 1o minuates N20 was adminlstered to
edach patient during oral surgery

TIME (MIN) N20 ADMIN

The time in minutes N20 was detected by the
real-time sampling i1nstrument located above
the patient’'s head - 1ncludes time after the
N20 was turned off

TIME (MIN} N20 DETEGTED

The time N20 was detected by the real-time
sampling instrument located above the
patient’s head which was greater than 25

ppo - includes time after the N20 was turnsd
off

TIME (MIN}) N20 > 25 PPM

The length of time, 1in minutes, of the dental
operation for each patient

LENGTH OF OPERATION/TIME
(MIN) SAMPLING

TABLE 3

Codes

The operation performed by the dental surgeon
For example OPER_# UCSFl = Operation #l)

UCSF1, UCSFZ, ete

The oral surgical team (1 of 4 teams)

TEAM #

The type of operation performed by the oral
surgeons during oral surgery on the patient

MCANE (Mandibular Catine},
WiSD4 (Removed 4 Wisdom
Teeth), WISD? (Removed 2
Wisdom Teeth), IMPLA {Tooth
Implantation), TUERE
{Bicuspid/Tuberasity)
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Time, In minutes, of oral surgery

TIME OP (min)

Time, in minutes, the N20 was turned on 20 _ON

The percent of time the N20 was turned on

during oral surgery {(TIME OP/N20 ON =

+TIME 0N} $TIME ON
Time, in minutes, the N20 was turned off to

the completion of oral surgery on the

patient N2Q_OFF

The average concentration of N2Q from the

beginning te the end of the of oral surgery AVGALL(ppm)
The average concentration of N20 from the

time this gas could be detected AVGDET (ppm)
The average coticentratian of N20 during the

time this gas was turned on to the time 1t

was turned off AVGON I ppm)
The average cencentration of N20 during the

time the gas was cturned off to the end of the

oral surgery AVGOFF{ppm)
The maximum concentyation of N20 detected MaxX

The standard deviation of NZD detected $D

18
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Ohservations of Work Practices and Changes 1n N0 Exposure

Videotape analysis of the surgical precedures was conducted to detail the
surgical practices and other factors which may have affected N 0 levels In
addition, visualization of the N0 detected from the patient’s mask and
Evaluation of General Ventilation Systems breathing was videotaped using an
infrared camera Preliminary screening of the videotapes showed that several
surgical procedures may i1nfluence the concentration of N0 during dental
surgery These surglcal elements included the regulation of the anesthetic
gas delivery machine, the initfal concentration of the N;0 delivered, changes
1n concentration over the course of the coperatien, the use of eral surgical
tools as a function of loosening the gum lining from the patient’s teeth, the
real -time sampling preobe distance from the patient’s nose during surgery,
needle injection, aspirator and water syringe, patient talking, drilling,
other activities, type of mask, oral surgery team, and type of oral surgery
Based on the results from analysis of the surgical procedures, additional
observations of the videotapes £rom the infrared camera were performed to
understand N,Q exposure patterns  Examples of when the infrared videotapes
were used i1ncluded patient mouth breathing, N0 leakape from poor nasal cone
fit, and the direction of N0 caused by air currents

General ventilation measurements were taken for two oral surglecal cperatorles
01218 and D1222 For these areas, the Kurz Model No 480, TSI Madel No 1650,
and Alnor (Balometer) were used to measure air velocity and average flow rarte,
respectively Room air exchange rates were evaluated by determining dental
cperatory size with the amount of fresh air coming into the reom  Smoke tubes
were used to assist in observatlion of general airflow patterns Building
blueprints were used for locating air duct locations and comparing flow rates
with building desipn speclfications

Leak Testing Scavenging Equipment

All N,0 delivery equapment was visually inspected to determine that all
compenents were 1in place and to make sure there were no obvious tears, cracks,
abrasions, or worn spets  If there was an obvicus problem with the general
repair or maintenance of the equipment, then the equipment was replaced before
quantitative leak testing was conducted The layout of the anesthetic gas
delivery and scavenging system with a detall of the Perter-Brown Scavenging
Mask 1s shown 1n Figure 4

Leak testing of low-pressure components of the anesthesia scavenging machine
was determined by using the Miran lA The gas delivery system was turned on
and the end of the hose where the scavenger mask 1s conmected was blocked with
the thumb A tygon tube comnected toe the Miran 1A was used as a "sniffer” to
detect N,0 leaks from the wall connection to the mask connection  For
high-pressure leaks, soap solution and a swab applicator were applied around
the valve connections of N0 supply cylinders to check for leaks in the form
of soap bubbles The supply cylinders of N0 and oxygen were located 1in
another section of the building where the gases were supplied to the
operatories through gas line connections

20
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During the sgurveys, NIOSH researchers noted selecticn of scavenging masks fer
propet anthropometric fit  Mask selection may help reduce N0, 1f a good fit
15 made between the patient’s nose and the mask size The Porter-Brown masks
come 1n small, medium, and large sizes The small masks (or pedo masks) are
designed for children, the medium and large masks for adolescents and adults,
respectively If a large mask ia used on a child, then there 1s a possibility
that excess N0 may escape 1nta the oral surgeon’s and surgical assistant’s
breathing zone  During the NIOSH survey, only adults were scheduled for
dental surgery and only the large adult size was used It was noted that
there was more potential for N0 to leak from the top of the mask near the
patient’s nose and eves 1f the patient’s nose profile was low

DATA ANALYSIS

Palred student t-tests were used to compare differences in N0 concentrations
between the persomal breathing zone results of the oral surgeons and surgical
assistancs Paired student t-tests also were performed for the real-time
probe results and compared to the personal breathing zone results of the oral
surgeons and the surgical assistants

Analysis of variance (ANOVA) was used to compare N0 real-time sampling
results for the two operatories Room D1218 and Room D1222 1

Mallows C, statlstic (which measures the sum of squared biases plus the
squared random errors in ¥ at all N data polnts) was used to select the model
relating work activity to changes In N0 concentration for the dental
operations mentioned above’®  Separate models were tested for each dental
operation The Statistical Analysis System {S5AS) Procedure, PROC REG, was
used for this regression analysis *¢2 Note that becauss of the limited sample
size, statistical significance may not be demonstrated for all variables
encountered during this in-depth field study

General area sampling wag performed to determine 1f K0 was present outside of
the dental operatories such as in the hallway, and appointment desk  General
area sampling was also conducted to determine 1f N,0 was belng recirculated 1in
the building's ventilation system Because no pas cylinder leaks were found
during the surveys and the N;0 levels were low relative to the dental
operatoriecs, no statistical tests appeared necessary for the general area
samples  Because of the low general area concentratlons, statistical
comparisons were not performed between these levels and personal sampling
results

STATISTICAL ANALYSIS METHODS
In-Depth Statistlical Analysis of Real-Time K;0 Data

Ten data sets, representing operations on ten patients by four dental teams,
were analyzed In two ways {l) to determine what effect dental practices and
other factors such as probe distance and changes in N30 delivery concentration
had on N,0 concentration measured, and (2) to determine If differences among
dental teams or among type of dental operation affected ambient levels of
nitrous oxide
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Analysis of Factors Affecting Nitrous Oxide Levels

The dependent variable was the concentration of nitrous oxide during a time
interval, transformed by using the logarithm to bhetter achieve homogeneity of
variances NWine factors (L e , dental praccleces and other) were examined
Each could be present or not present ln a glven time 1nterval of 15 seconds
The i1mmediate effect of the presence of each of the factors, as well as the
delaved effects for a lag of one {15 secends), two (30 seconds), and three

(45 seconds) time intervals, were studied through multiple regression  An
optimal model was selected by choosing the model which minimized Mallow’s C{p)
statistic, where (p) 1s the number of variables in the regression equation 2

Limications 1n Daca Analysis

For each of the ten dental surgeries analyzed, there were mare than 150
possible models to compare In all cases, the "hest" of these differed from
the next 20 to 30 medels enly slightly on the Mallows C; atatistic, the
multiple correlation, the adjusted multiple carrelation, and the criteria
The selected medel 1s at best only suggestive of important relationships
Limitations in the selected model for N,0 exposure sources are shown below

1 In some cases, mitrous exilde from previous operations appeared to
remaln 1n the N.0 delivery system (even after operations vhere
exygen flushing was performed), most of the N;0 being in the
rebreathing bag When the next operation begins, this residual H.,0
1s breathed in and exhaled by the patient, thus making it harder to
analyze the data for work practice effects

2 There was some confounding among the variables  The confounding of
varilables blurs the effects and produces mumerical problems for
least squares statistical analysis Little could be done about
confounding, except to delete sets of independent variableszs found ta
correlate highly with other sets There may be interactions among
the independent variables, but there were teoo many 1ndependent
variables to permit analysis of such effects

3 The effects of the sequence of occurrence of factors om their
effects were 1pgnered, except 1in one casge, Operatlon #4 This
operation 1llustrates the possible magnitude of sequence effects
it was noticed that nitrous oxide concentration lewvels continued to
rize and then fall after the delivery of N,0 was turned off
Therefore, the data for Operation #4 was divided inte two segments -
when the nitrous oxide soutrce was on and when 1t was off,
respectively - and each segment was reanalyzed Results for the two
analyses are similar to each other, but quite different from those
for the entire series of data net divided Thus, the presence or
absence of mouth breathing, apparently affected the manner that
other factors affected nitrous cxide concentration Of course,
sample size differences and differences in dental behavior before
and after the patient was fully sedated may have alsp affected
results
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Analysis of Team and Operation Differences

If dental practices affect the level of escaped nitrous oxide, then one might
expect to find differences associated with the four dental teams that were

studied

well

The type of dental operatlion might also appear to be a factor as

Five different dental operations were studled While twe masks ware

used, one of the masks was used for nine patlents, so that a comparison
between the masks would be difficulc Analysis of team and operatiom
differences i1ncluded the following

1

1t was declded to use the mean level {on a log scale)} of nitrous
oxide conecentration for the series as the dependent variable  This
was done because the factors of "deuntal team™ and "type of dental
operation” were "between" subject factors and the measurements of
N0 for a series were omn the same subject Some limitations of
using the logarithm mean level of N;0 were apparent from the
fallowing chservations In some cases, pesltlve concentrations of
nitrous oxide were observed even before the source was turned on,
apparent]ly because tesidual N,0 had been trapped in the anesthesia
delivery system from & previous operation In some of the data
sets, pesitlve nitrous axide concentraciens occurred before and
immediately at the point that the source was turned on In other
cases, there was lag of one ar more time 1ntervals before pasitive
concentrations were observed after the source was turned on Thus,
the mean levels may reflect factors besides dental practice or the
type of dental operation

The distribution of dental operations ameng the four dental teams 1s
not conducive to the study of which of these twe factors affect the
mean nitrous oxide concentration  What is required Iin order to find
significance 1s that several teams perform the same operations and
that each of the operations be performed by several teams This did
not occur and the effects of team, operation, and team by operation
may be confounded

Cnly one team performed the same operatien more than once  This
provides only one case of replicatlen to study between patient
replication It is mot possible to cbtain an appropriate error term
with only one repllcatien, unless one assumes that between patient
error varirances do not depend on either the dental team or the
operation performed  Ancther obstacle is that patlents were not
randomly assigned to dental teams and operations
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RESULTS

There were ten dental operations in which personal and general area alr
sampling was condueted for N0 exposure The information which follows shows
the N0 results from all of the sampling runs conducted Detailed analysis of
these data are included for dental operatioms in which personal, general axea,
and real-time monltoring took place

Of the ten oral surgeries, nine of these surgeries were performed with the use
of the Porter-Brown Scavenging System One was performed using the MDT
McKessen (Qperatlon #8) The first eight operarions were performed in Dental
Operatory D1218, COperations #9 and #10 were performed 1n Dental Operatotry
DL22z

The duratioen of oral surgery for the ten operations ranged from 32 minutes tao
100 minutes The percentage of time N0 was ot during surgery ranged from 18
to 89 percent The percentage of N;0 administered to the patients ranged from
20 to S0 percent Four of the operatfons involved changes in N0
concentration to the patient by the oral surgeon during surgery {20 to 40
percent, N=2, and 33 to 30 percent, N~2) The remalning operations did not
involve changes in N,0 cencentratien te the patient (33 percent, N=4,

50 percent, N=2) The N,0 supplied to the patient ranged from 2 to 3 lpm,
while oxygen was supplied at 3 to 4 lpm The total anesthetlec mixture airflow
admnmistered to the patient for all operations was between 3> to & 1lpm The
types of oral surgery 1ncluded (1) the removal of wisdom teeth, four
extracted, N=6, {2) two extracted, N=I, {3} tooth implant, N=1, (4} remove
mandibunlar canine, N=1, and (%) brcuspid removal, N=l1 There were eight
female patients and twe male patlents ranging in age from 20 te 74 years

PERSONAL BREATHING ZONE SAMPLING

Waste N,0 concentrations for the ten operations ranged from less than the
detection limit (i e , <i) {(Dperation #7) to 277 ppm (Operation #Z) during the
time of administration for the oral surgeons, and from less than the detection
limit (Operation #7} to 77 ppm {Operarion #&) for the oral assistants

(Table 2) Waste N,0 concentrations for two of the oral surgeon's operations
(#4 and #5), and for three of the surgical assistants operations (#4, #5, and
#8), could not be determined because the personal sampling time was less than
2 minutes The average N0 concentratlion for the oral surgeons for the
operationg that could be measured was 89 (+114), and for the surgical
assistants it was 26 (131) ppm Team concentrations averaged from 4 (45) ppm
for team #3 to 257 (+29) ppm for team #1 for the oral surgeons, from less than
1 ppm for team #3 to 77 ppm for team #4 for the surglcal asgsistants

Cenerally, the oral surgeons had higher personal concentrations (89 ppw

+114 ppm) than the surgical assistants (26 31 ppm) Two exceptions were
Operation #9 and Operation #3, where the surgical assistants had slightly
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higher cencentrations of 19 ppm and 4 ppm, resgpectively The greatest
difference 1n N,0 concentrations between the oral surgeons and surgical
agsistants was found in team #1, where concentrations were approximately an
order of magnitude higher {236 wversus 20 ppm) The lowest concentrations was
found among team #3, where the only personal sample concentration was 7 ppm
for the oral surgeon, and leas than 1 for the surglcal assistant {Operation
#E3 Personal sampling ¥,0 concentration did not appear to be related to the
type of operation performed (1 e , extraction of 4 wisdom teeth, 2 wisdom
teeth, mandibular canine, bicuspid/tuberosity, and toath implant) The range
of Ny0 for the extraction of 4 wisdom teeth was 1 ppm (Opetation #3) tao 277
ppr (Operation #2), for the oral surgeons  Other Cypes of operations included
bicuspid removal (7 ppm), tooth impiant (<l ppm), and removal of the
mandibuzlar canine (236 ppm} The average M0 concentrations for the oral
surgeons was 110 (+126) ppm for Room D1218, and 26 (+28) ppm for Room D122Z2,
for the surgical assistants 1t was 24 {(£31) ppm and 34 (+43) ppm,
respectively

COMPARISON BETWEEN SURGICAL TEAMS AND TYPE OF OPERATION

There were four surgical teams and five types of coperations during the NIOSH
survey  Statistical analysig showed thar of the differences (four teams and
five aperations) examined, only cone was significant (team #3, Operation #5 at
118 ppm versus team ®3, Operation #7 at 17 ppm, p< 05) Unless there was a
Priorl reasen to expect that particular difference to be large, this
difference is not strong evidence 1n support of the notion that either oral
surgical team or type of ovperation performed has a large effect on the mean
level of nitrous oxide concentration

BEAT.- TIME SAMPLING

Mean N,0 concentrations for the ten operations ranged from 11 ppw

(Operation #4) to 172 ppm (Operatlon #6) during the time of adminiscration,
the mean was 89 {(+62 ppm) The peak N3O0 concentration of over 1,000 ppm was
detected In two of ten operations {Cperatiens #3 and #6) Yhen the values
were averaged over the duration of the surgical operation (1 e , from when the
operation started to when 1t ended), the wvalues were slightly less 6 to

110 ppm N0 levels decreased after the gas was turned off and averaged 2 ppm
te 68 ppm from the time the pas was turned off until surgery was completed

COMPARISON BETWEEN PERSONAL VERSUS REAL-TIME SAMPLING

Generally, real-time sampling N0 concentrations (94 ppm) were more closely
correlated with the oral surgeon’s personal sampling results (89 ppm) than the
surgical assastant's results (26 ppm) However, the range of exposure for the
personal sampling resulits was greater (<l to 277 ppm} compared to the real-
time results {11 to 173 ppm)

COMPARISON BETWEEN ORAL SURGEON AND SUBRGICAL ASSISTANT

Comparisons between the oral surgeon and the surgical assistant for seven
vaired samples for Operations #1, #2, #3, #6, #7, #9, and #10 showed the mean
for the oral surgeon was 100 (+118), and 26 (+31) ppm for the surgical
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assistant The median was 43 fpr the oral surgeon and 10 for the surgical
assistant The paired two-tailed t-test with 6 degrees of freedom did not
show aignificant differences between the two means (p= 142) While the coral
surgeon tended to be higher in N,0 concencration compared to the surgical
assistant, there was a large variation between cperations for the surgeon (<l
to 277 ppm), and the variation for the surgical assistant was much lower with
the N0 ranging from <1 tae 77 pp:

COMPARTSON BETWEEN ORAL SURGEON AND REAL-TIME

The oral surgeon and real-time N0 concentrations for eight paired samples for
Operations #1, #2, #3, #6, #7, #9, and #10 were 89 (4114} and %4 (462} ppm for
teal-time, respectively The medians were 26 ppm for the cral surgeon and

98 ppm for the real-time measurements The paired two-tailed t-test with

7 degrees of freedom did not shew significant differences between the two
means {p—~ 870) The oral surgeon showed more variability between operatlons
with a range of <1 to 277 ppm, compared to the real-time range from 17 to

170 ppm

COMPARTSON BETWEEN SURGICAL ASSISTANT AND REAL-TIME

The surgical assistant and real-time N;0 concentrations for seven paired
samples for Operations #1, #2, #3, #§, #7, #9, and #10 were 26 (+31) and 96
{(+#110), respectively The median for the surgical assistant was 31 ppm and

67 ppm for the real-time measurements The paired two-tailed t-test with

7 degrees of freedom showed significant differences {p= 024) between the mean
concentrations for the surgical assistant and the real-time sampling results
The surgical assistant showed less variabality between operations with a range
from <1 to 77 ppm, compared ta the real-time range of 17 to 173 ppm

OBSERVATIONS BETWEEN PERSCNAL VERSUS REAL-TIME

Overall, the oral surgeon samples were similar in concentration to the real-
rime results (<7 percent difference) Howewver, the range of values between
the oral surgeons was much greater (<l to 277) compared to the real-time
sampies {17 to 173) This difference may be related to the closer proximity
of the oral surgeon’s breathing zone to the patient's breathing zone compared
to the real-time sampling probe placement One oral surgeon showed higher N0
values (Dperations #1 and #2)} compared to the other surgeons, and an order of
magnitude higher when this surgeon's concentrations are compared to his
surgical assistant (256 #29 versus 18 +3 ppm) A summary of N,0 results for
personzl and real-time sampling, the amount of N0 administered, time the N,0
was administered, and length of operation is shown in Table 2  Table 3 shows
real-time N,0 concentrations by team and type of surgery, time of operationm,
average concentratlon overall, average concentration from the time of
detection, average concentration when N0 gas was delivered, and averaps
concentration after the N,0 was turned off
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CHANGES IN REAL-TIME N,0 GONCENTRATION RESULTING FROM WORK PRACTICES

Ten oral surgeries were performed on ten patients. There were five categories
of oral surgery and four dental teams Analysis of the data was to determine
{1) the mean concentration of N,0 and its standard error for all surgeries
combined, (2) 1f there were significant differences among the four teams in
H;0 level, and (3) 1f the N;0 level varied by type of surgery Each of these
analyses was dome for the periods for which the N0 source was turned on,
turned off, and the toral time of the surgery The mean Ievel of N0 for the
ten oral surgeries is shown 1n Table 4

Table 4 Mean Level af N,0 During Cral Surgery for all Ten Operations

Period Mean Std Error Std Dev
GAS ON RE 7 i & 61 9
GAS OFF 22 5 75 23 7
TOTAL 6o 2 121 41 5

Note  The estimaces in the above table i1gnere
pessible differences among teams and/or dental
surgeries

Analysis of variance was used to examine team differences overall for K,0
concentration when the N,0 was on, off, and for both periods combined during
surgery  The results suggest that team differences 1f any, are too small to
be detected, statistical significance was not greatsr than 0 35 HMHone of the
palrwise differences among teams were lavrge enough for statistieal
significance, even if each was treated as a planned comparison  The mean N0
levels by oral surgical team are shown in Table 5 Differences among types of
dental cperators were ignored for this analysis

Tabhle 3 N,0 Levels by Oral Surgical Team

Gas On Gas Off Total
Team{ HMean Std Err Mean S5td Err Mean Std Erv
1 122 3 41 9 8 6 12 3 87 4 29 5
2 7¢ 1 34 2 27 5 1% B 66 1 24 1
3 58 0 29 b 231 13 7 43 9 20 8
& 173 3 59 2 32 & 27 & 112 8 41 7

4dnalysis of differences among types of dental surgery was performed by
analysis of varlance, lgnoring possible differences associated with dental
teams Differences mssoctated with type of dental surpery are too small to be
detected with these data, the significance level was not greater than 0 §

The wmean N0 levels are shown in the following Tahle &6 None of the palrwise
differences among surgery types wete large envugh for statistical
significance, even when each was treated as a planned comparison
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Table & W0 Levels as= a Function of Oral Surpery Type

Dental
Surgery Gas (On Gas Off Total
Type Mean Std Err Mean Std Err Mean Std Err

1 103 8 | 33 2 5 2 11 & 86 6 19 0

2 77 4 | 52 5§ 16 7 18 3 47 5 300

3 109 8 | 74 2 11 & 25 9 hé 5 L2 4

4 B 6 | 74 2 13 ¢ 25 9 62 Q 42 &

2 17 0 | 74 2 17 29 9 55 42 4

The next level of analysis looked at N0 level as a function of N,0 percentage
adminiscered, and for changes in N;0 sampling probe distance during oral

surgery

The analysis indicated chat when H,0 percentage administered lncreases, the
waste N,0 levels tended to 1ncrease The slope of the regression for waste
N;C 1s based on the concentration of N,0 administered The waste N0 was
estimared to be 14 ppm (44 3) Thus, when Ky0 15 admrnistered at 33 percent,
the waste N,0 level 1s estimated to be 81 ppm  This N,0 level is based on
both the slope e¢stimate, the intercept astimate, and z real-time sampling
probe distance of 11 i1nches If the level of N0 {s administered at

40 percent, tha waste N,0 level is estimated to be 95 ppm, while at

50 percent, the waste level Is estimated to be 109 ppm

As probe distance was 1lncreased from the patient's mouth, there was generally
a decrease 1n waste N;0 concentration The slope of the regression of waste
N;0 levels, based an the distance from the patient’'s mouth and the probe used
to measure waste N,0, was estimated to be -7 ppm (+18) Thus, with each
inereage 0f 1 inch i1n the distance of the probe from the patient’s mourh, the
level of waste N,0 was estimated te decrease by 7 ppe

Staristical analysis was also performed to determine 1f there were significant
differences in N;0 levels between the two surgicsel suites  Table 7 shows the
mean MN,0 levels for when the gas was on, off, and overall While the observed
H,0 levels were lower in Room DL22Z versus Recom D1218, the differences were
not statistically signmificant
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Table 7 N,0 Levels as & Function of Oral Surgical Suite

Gas Um Gas Off Total
Room Mean S5td Err Mean Std Err Mean std Err
D1218 102 5 20 5 25 4 g 5 75 0 14 0
D1222 33 6 41 ¢ 10 7 17 2 i1 G 27 8
Sig (p) 2 5 oz

GENERAL AREA SAMPLING

There were si1x locations where general area sampling was conducted in the
surgical suite near the dental chair, the surgical suite sir supply vent, the
surgical suite exhaust, the surglcal suite door, the hallway, and the
appointment desk Results of the gemeral area sampling dsta are snown 1n
Table 8 The 1nmitial N0 cencentration in the rcoms where N0 was measured

Table 8 Results of the General Area Sampling Data

=

OPERATIOI‘;]I INIT ROCM ROOM ROOM APPT

N0 CONC SUPPLY EXHAUST DOGR, HALL DESK
UCSF1 ’ <1 <1 4 <l <1 <1
UCSF2 <1 <1 3 <] <1l <1
UCSF3 <3 <1 <1 <1 <l <l
UG5F4 <l <l <1 <l <1 <1
UCSF5 <1 <1 1 <1 <l <1
UCSF6 <1 <1 27 3 <1 <l
UCSF7 <1 <1 <1 <1 <l <l
UCSF8 <1 <l 2 <1 <1 <l
uesF9 il <1 <1 8 2 <1 <1
UCSF10 |l 13 <1 22 g <l <]

— —

showed no detectable initial N0 concentrations in mine of ten surgeries
monitered by NI1OSH persomnel The 10th surgery showed 13 ppm prior to the N0
being tutrned on It 1s suspected that there was some residual N0 from the
previous dental surpery, where this anesthetic was administered approximately
30 minutes before There was no N,0 detected in the surgical suite supply
a1y, Indicating that the N0 wap not being entrained inte the building’s
supply ventilation or that the recirculation of this air diluted the levels
below detectable limits  The surgilecal suilte exhaust air was low for all
NIOSH-monitored surgeries The range was <1 te 27 ppm  QOperation #6 had the
highest concentration at 27 ppm, with Operation #10 next at 22 ppm The real-
time concentrations for these two operating suites were 173 ppm and 37 ppm,
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respectively While the N0 levels are comparable, there 12 no pattern that
can be discerned by looking at the concentrations af the surgical suite
exhaust air as a predictor of the real-time or personal breathing zone
concentrations  The N0 concentrations were low at the door of each suite,
ranging from <1 to & ppm, lndicating that the rooms were not under positive
pressutre This was confirmed by using smoke from smoke tubes to observe the
direction of air flow The hallway showed no detectable levelsa of HN,0,
indicating that the N,0 was not migrating frem the operating suites or being
ventilated inte the hatlway from other sources No detectable levels of N0
were observed at the appointment desk during this study

VENTITATION
General Ventilation

NIOSH researchers measured supply and exhaust airflows in the oral surgieal
Operatories D1218 and D1222 A plan view of the ventilation sampling areas
and room layour 1is shown in Figure 3  The data is suwmmarized in Table 9
Included in thais table are the specified ventllation rates foar these rcoms and
the resulcs of an air balance survey made by Cocmputer Engineering Design, Inc
and Unlversal Test and Balance in August 1934

The air supply system consists of several unmits  Blowers manufsctured by
Barry Blower, Model No 220, 70 BBC (DWDI)}, are used to supply ailr to several
rooms Including Rooms D12EB and D1222 It has a total specified capacity of
8645 cfm (690 cfm being dedicated to Rooms 1218 and 1222} The air is
exhausted from these and other reoms by two of three exhaust systems
manufactured by Barry Blower, Model 7600 AF (DWDI) The specified capacity of
each of these two systems 1s 56,200 cfm (500 cfm being dedicated te Room D1218
and 190 cfm to Room D1222)

In 1984, the ventllation rates were within 10 percent of the originail
specifications By 1988, these rates were sti1ll within 13 to 18 percent in
Room D1222, but 24 to 60 percent, on the low side, 1n Reom DiZ18 In 1984,
these two rooks were undey positive pressure, the volume supply air exceeding
the volume of air being exhausted In 1988, both rooms were mow under
negative pressure with the total wvolume of air exhausted being 60 to 180 cfm
greater than the supply volume The ramaining wake-up air flows through the
open door ta each room

The dimensions of Room D1218 are 17 2 by 17 2 by 9 9 feer high, with a total
volume of 2,300 cubic feet The ventliation to the room is supplied through
one supply duct and the open door and exhausted through five ceiling
registers The total air exhausted from this room provides an average of ten
air changes per hour Eight dental procedures were monitored In this
operatory
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Table 9 The Measured Ventilation Data and Specified Ventilacion Data
for DCSF School of Dentistry Reoms D1218 and D1222

Measured by NIDSH Mezsureg by CEDUTE Jriginal
a in /88 in 8/84 Zpecification
Rooam
{CFM} {CFM) {OFMY
Number Sunpty Exhaust Supply Exhaust Supply ; Exhaust
1216-1 | - 15 - 45 - 50
1218-2 - 50 - 4% - ; 50
1218-3 - ‘60 - 280 - I 300
12168-4 | - g0 - | 45 - 50
1218-5 - 75 - 45 - =0 :
1218-7 200 -30 a0 LGO 500 200
1222-1 | - ) ’ - 85 - 50
1222-2 | - 70 - 65 - 50
1222-3 - i D - 8] - 45
1222-4 - ’5 - 65 - L%
1222-7 : 155 225 =10 185 *80 iagd
b 1 i
Total for
2 rooms 365 6O5 700 G55 690 oo
& - 12381 18 room number 12419, ventilatieon regisisr i, For 1218-T7, *his

the total wventilation of all registers in room 1218,

CEDUTE - Cemputar Inginesring Cesian,. Zng. and Wpiveral Test and 2alancs
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The dimensions of Room D1222 are 11 3 by 10 by B 5 feet high, with a total
volume of 960 cubic feet  The ventilation to the room 1s supplied through one
supply duct and the open dopr and exhausted through three ceiling registers
The total air exhausted from this room provides an average of 14 air changes
per hour Two dental procedures were monitored in this operatory

Smoke tube ohservations i1udicate that the supply arr to each reom remains near
the ce1ling and did not mix with che air in the rest of the room Additional
measurements showed that the supply regrster louvers directed most of the air
toward the celling and did net mix well with the air around the patient’s oral
surgical chair The general flow of the supply air moved from the left to
right side

Seavenging System Ventilation

A Dwyer rotameter was connected to and exhaust flow rates adjusted to
approximately 45 lpm after the gas was turned on for all oral surgeries
monitored by NIOSH researchers In one operation, the scavenglng system
exhaust was not turned on until a few minutes after the gas was turned on
(Dperaticn ®#1) This was a procedural error by the surgical team, as they
forgot to turn the exhaust valve on after turning on the anesthetic gas
delivery unit to administer N;0 to the patient A member of the surgical team
was notlfied that the exhaust valve was not turned on by a member of the NIOSH
research team and this was subsequsently corrected by the surgical team member
If the gas delivery and exhaust system activation were somehow i1ntercomnected,
this may eliminate this potential problem The exhaust valve for the
scavenglng unit 1s generally adjusted at the beginning of the operation by a
member of the surgical team and not changed throughout the surgery

INFRARED SCANNING FOR NITROUS OXIDE

An infrared scanpning camera was used for all oral surgeries monlitored by NIOSH
researchers in Reom D1222 (Operations #1 through #8) The infrared camera was
not used in Room D1218 because there was net enough room  During some of the
operations, 1Tt was observed that & sudden incresase 1n N0 exposure, observed
from the real-time data, could be traced to the patient’s expired breath, and
when the patient would inspire, the N0 levels would suddenly decrease Thais
pattern of sudden changes 1n N.0 on the rezl-time data appear to indicate that
patlent mouth breathing was a factor in increased N,0 axposure to the oral
surgeon and the surgical assistant  Synchronization of the real-time data
with the infrared scanner helped to confirm this source of exposure

The snalysis of data for changes in real-time N0 concentration as a function
of work practices, the N,0 being turned on, the N;0 being turned off, the
oral surgeon, the team, the type of surgery, percent of N;0 delivered, probe
movement:, and locatlon were elther too subtle, too confounded, or too few to
show significant differences im N0 concentratlion during this survey While
certailn patterns of N,0 expaosure were observed between teams and real-time
data, it cannct be determined at this point If additional sampling would have
resulted in significant differences in the variables cbserved
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DISGUSSION

Based on the results of these data, the major source of N,0 exposure for these
oral surgical personnel appeared to be caused by patient meouth breathing, poor
general room wventllation, and cceasional poor nasal mask fit Generaily, the
waste N,0 concentratlions were low compared to the percentage of this
anesthetic gas being delivered (between 20 to 30 percent} Because of the
controlled administration of the M0 to the patient, the repulated and
monitored exhaust of the waste N,0 through the scavenglng system, the work
practices of the surgical team, and the general good wmalntenance of the
scavenging system, the only uncontrelled sources of exposure were mouth
breathing by the patient, the occasional migalipgnment of the pasal pask when
the patlent’s head was moved during the surgical procedure, and/or when the
nasal cone did not fit properly Poor room ventilatien, with regard to
general air mixing, was noted during the survey  Additional confirmation of
POOT TOCM alr MiX1lng was visually documented by the infrared camera, 1n that
the N;0 tended to linger in the breathing zone of the oral surgeons and
surgical assistant when exhaled by the patient

PERSCRAL SAMPLING

This in-depth survey showed that Ny,0 cencentratlons exceeded the NIOSH REL of
25 ppm during the time of administration in four of the ten operations by oral
surgeons and io twoe of ten operations for the surgical assistents Fox the
ten oral surgeries motiltered, the Time-Weighted Average (TWA) N,0 exposures of
the surgeons ranged from <1 to 277 ppm, and the TWA exposures of the surgiecal
azsistants from <1 to 77 ppm during the time of administration The oral
surgeons had an average of 89 +114 ppm N,0 exposure, while surglcal assistants
had 26 #31 ppm Oral surgeons had an average of three times higher N,D
exposure than surgical assistants  Oral surgeons had approximately the same
exposures on average, compared to the real-time sampling location (89

+62 ppm} The difference between the oral surgeans and real-time N;0 results
wag not significant However, surgical assistants had, on the average, lower
exposures {26 +31 ppr) compared to the real-time results (89 162 ppm), the
difference was significant (p<.03) The higher N;0 exposure for the real-time
sampling and for the oral surgeons may be attributed fo the sampling locaticn
of the probe and the closer working proximity of the oral surgeon to the
patient’'s breathing zone

Genasral ventilation also appeared to be a Eactor, as the random leeal air
currents in both surgical sultes slowly dissipated the waste gas from the
patient's breaching zones  Generally, the personal exposures were higher for
the surgical staff working closest to the patient’s breathing zone  There
were exceptions For pgxample, during Operations #3, #9, and #10, the oral
surgeon was left handed and worked on the patient’s left side The exposures
were generally leower (X = 17 +24 ppm) than the surgical assistant who worked
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on the patients’s right side (24 +35 ppm) Initlally, it was thought that air
currents from the ceiling supply ventilation may be channeling the air from
the patient’s left to right side and, therefore, exposing the surgical staff
on the right side te more NyO than the one on the left  However, after
lecking at the infrared videotapes in detail, 1t was observed that this
surpeon tended to work 1n a more erect posture over the patient’s mid torse
rather than above the patient's mouth This difference 1n location and
pesture appears to have been respensible for the lower W,0 levels of the
surgeon relative to the surgical assistant, who's head was over the patient’s
head and cleser te their breathing zone

GENERAL AREA SAMPLING

There were s1x lacations where a totel of 60 TWA general area bag samples were
collected The majority of these samples showed no detectable concentrations
of N,0 The remainder of these data showed concentrations helow 25 ppm with
one exception Operaticn #6 showed the average TWA act the supply exhaust to
be 27 ppm These data are consistent when ccompared with the relatively high
sampling results for Operation #6 at 173 ppm, and for the personal sampling
results of the oral surgeon (138 ppm) and the surgical assistant (77 ppm)

The initial N,0 concentraripn in rhe rooms where this gas was measured showed
no copcentrations inm nine of ten surgeries monitored by NIOSH persennel

There was no N,0 detected in the surgical suite supply air, indicating that
the N0 was not being entrained inte the building's supply ventilarion or that
the recirculation of this air diluted the levels below detectable limits  The
Nz0 concentrations were low at the deor of each suite ranging from 0 ta 8 ppm,
suggesting that the rooms were not under positive pressure The hallway
showed no detectable levels of N0, indicating that the N;0 was not migrating
from the operating suites or heing ventilated ints the hallway from other
sources No detectable levels of N0 were observed at the appolntment desk
during the NIOSH study

It appears that based on the general area sampling, that N,0 does not readily
diffuse into the air and that pockets of N;0 could glowly migrate i1n the
surgical suite, depending upon the diracecilion of ventilation and random alr
currents generated by the movement of personnel 1n the suite

SCAVENGING SYSTEM VENTILATION

The exhaust valve setting 1s adjusted by a member of the surgical team prior
to begilnming dental surgery This exhaust valve ls connected to the breathing
hese approximately 7 feet from the scavenging mask  The rotameter, which
measutes the flow of exhaust air, 1s comnected to the hose above the valve
which ie commected to an exhaust port located on the wall of the dental
aoperatory When the valve {s ppened, the air atr the mask 1s exhausted into
the line and through the rotameter  The amount of exhaust alr flow was
adjusted to approximately 45 lpm for each operation In all but one
operation, the exhaust valve was turned on prier to administering N,0 to ths
patient (Operation #2) The rotameter I{s attached to the wall near the
exhaust valve and can be observed by a member of the surgical team at any
time The rotameter used in this study i1s part of the scavenging system and
has convenient markings where the flow ball should be when adjusted to the
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proper exhaust levels of 45 lpm {(Figure 6) The advantage of a rotameter 1s
that the oral surgeon can visually observe the exhaust flow rate

REAL-TIME SAMPLING AND WORE PRAGTICES

The specific effects of work practices on changing N;0 concentrations were not
apparent for most of the operations monmitored by the NIOSH researchers There
were several work practice elements that were monitored, such as the time
{(in minutes) of oral surgery, concentration of N,0 administered to the
patient, changes in the ceoncentration administered to the patlent, the use of
surgacal tools, movement of the sampling prebe during surgery, and surgical
operations such as tooth drilling and tooth removal Other aspects of the
surgery also were evaluated including patient talking, yawning, or mouth
breathing (the use of infrared thermography helped wath our interpretatiom),
the type of mask used (all wers Porter-Brown masks, with the exception of
Operation #8 in which the MDT McKessen was used), and the type of dental
cperation performed, which ranged from the removal of wisdom teeth to toath
implantatien

The most important predictive elements for N0 concentration were when the
oral surgeon turned the N,0 on, adjusted the N,0 percentage during surgery,
and when the dentist turned the Nz0 off  Another important predictor was
patient talking and/or pactient meuth breathing  Patient mouth breathing was
obsexved on the infrared camera This became very evident when examluing
Operation #4 The patient was 1nstructed priar to surgery not to mouth
breathe and to brearhe through the nose, as Were the other patient’'s prier to
SUrgexry The infrared camera showed that the patient cooperated with che oral
surgeon's request until he began te extract the patient's wisdom teeth  Until
this point. very low levels of N,0 were detected However, after the surgeon
started to extract the patilent‘s teeth, the patient began to mouth breathe
This was detected, not only by the infrared camera, but alse by the Miran 1A
as the levels began to climb to peak levels of over 300 ppm (See Appendices A
and B, Operation #4) The most interesting aspect of this operation 1s that
the N0 was detected only after the gas was turned off by the aral surgeen

The patient then became the source of waste Ny;0 by mouth breathing  Even more
interesting, is that the average N,0 level during the time of administratioen
was 1l ppm for the real-time sampling probe  However, after the N0 was
turned off, the average concentratfon was 68 ppm The time of administrationm
was only 15 25 minutes, but the time of N,0 detection was 35 minutes and the
time 1n which N0 exceeded 25 ppm was mnearly 44 minutes, which indicaced poor
general ventilation

In-depth statistical analysis of differences in N,0 levels among the oral
gsurgfcal teams, type of surgeries, and rooms, respectively, did not discern
statfstically significant differences that could he i1nferred with confidence
However, the range of N,0 levels would sugpest that there may have been
differencas between operations  For example, compare the averall N,0 level of
136 ppm for Gperation #3, versus &6 ppm for Operation #7 The reason
significant differences were not found may have been (1) the wide variance
in N0 levels within and between operations, and (2) tha relatively small
pumbet of operations evaluated for such differences The varfance in N,0
levels was most 1likely caused hy patient exhalation through the mouth
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Further analvsis showed the variance in N,O levels also were caused by patlent
mouth breathing, iIn which (1) alr currents from the room randomly directed
Nz0 into the real-time sampling probe, and (2) the patient’s mouth was
lnadvertently aligned by the oral surgeon to the real-time sampling probe 1n
which the patient exhaled N;0 directly into the probe This alignment was
dependent on the oral surgeon’s movement and orientation of the patient's head
while performing oral surgery The infrared scanning of N,0 during surgery,
discussed in-depth 1n the next section, shows visual evidence that the sudden
changes in N,0 levels may have been caused by the tweo elements mentioned

above

Changes 1n N,0 levels also were observed when the N,0 delivered to the pacient
varied from 30 to 50 percent Statistical modeling showed that, as the
concentration of W,0 increased by 10 percent, there was a 14 ppm i1ncrease 1n
waste N0 levels  Statistical modeling als¢ showed that changes in N0 levels
were a function of changing probe distance  For every inch the probe was
moved from the patient’s mouth, there was a decrease of 7 ppm in waste N0
These changes did not appear to significantly influence overall N0 levels fer
the real-time monitoring A statistlcal summary of the major contributers for
N,0 congentracticon and changes 1n N30 concentration by operation 15 shown 1n
Appendix C

INFRARED SCANNING FOR NITROUS OXIDE

The infrared scanning camera proved to be a valuable tocl in determining N0
leakage from the patient’s mask, and from patient mouth breathing By
following the real-time data patterns, NIOSH researchers could discern when
there was a mask leak, when the patient was mouth breathing, or beoth The
infrared camera was also useful in evaluacing the direction and dispersion of
N,0 after it was exhaled from the patient The surgical team member with the
higher N,0 level tended to be located closer to the patlent’s breathing zone
Typically, this was the oral surgeon However, 1n some cases, the oral
surgeon worked further away from the patient’'s breathing zone, which resulted
in potentially lewer N,0 concentratioms This iz important, since the air
levels of N,0 may nor have been less than in other operations, but that the
breathing zone was further away and, therefore, lower N;0 concentrations were
detected The infrared camera was also able to help detect patient mouth
breathing, by showing N,0 escaping from the patient's mouth at regular
intervals, it was thought that this pattern was tidal volume breathing

This ability to determine these expesure sources 1s helpful In providing
recommendations in reducing overall exposure One of the observations made by
using the infrared scanning camera is that N,0 does not appear to disperse
evenly when the patient mouth breathes It appears that when the N30 1s
emitted from the patient’s mouth, it rises in a somewhat narrow plume The
surgical team member may be in the direet path of this plume, 1f so, this
results in a "spike” exposure In other cases, the surgeon may miss the plume
all together In other cases, this plume can enter the breathing zone of the
surgical assistant, or directly into the real-time sampling probe Sometimes
this plume can hit or complately miss all three Exposure was somewhat
dependent upon the random currents cf the room, the patient contribution, and
the location of the surgical team Generally, if the oral surgeon is working
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very close to the breathing zone of the patient, then the surgeon has a
greater probability of being exposed The infrared scamner helps explain some
of the problems 1n examining the real-time data to determine surgical work
practices s= a function of exposure

The location of the sampling proebe can be very critical with regard to
detecting waste N.0 I1f the probe 1s placed too far away from the patient’s
breaching zone, the readings may be lower and not represent true exposure 1F
the preobe 1s too close to the patient, 1t may get "spikes” of N0 from the
patient and show peak exposures over 1,000 ppm  Statistical analysis of N,0
concentrations showed this generally to be the case, as the real-time sampling
probe was moved further away from the patient, there was a tendency for the
overal]l exposure to decrease

Because of the potential variability in collecting real-time samples, the
usefulness of this technique 1s limited, with regard to correlating surgical
practices with exposure If real-time sampling 1s conducted to correlate
surgical practices with exposure, 1t may be bettar to attach the real-time
sampling probe ta the surgeon's lapel

MAINTENANCE

During these surveys, NIOSH researchers observed that the N0 scavenging
equipment was in good repalr including the gas cylinder delivery area, the gas
delivery system, and the high te low pressure connecters at the surgical
sultes It also was observed that replacement parts were avallabie when
needed This was noted when, prier te surgery in surgical suite D1222, one of
the NICSH researchers examined the rebreathing bag of the N;0/0;, delivery unit
and noticed that the bhag had a small tear i1n 1t, and could leak N0 into the
room when the unit was turned on  The rebreathing bag was 1mmedlately
replaced with a new bag, when the surgical team was informed It 1s
recommended that periodic preventive malntenance of equipment be a major part
of the program to aveid exposure to N,0  Equipment should be inspected by the
gurgical team for malfunctions, such as ilmproper connecticns of anesthesia
hoses, rebreathing bags. and scavenging masks prior to each dental surgery

The oral surgeon and surgical assistant should alse i1nspect the connection
fittings, bags, and masks for cracks and tears due to general wear and
degradation, and replace these jitems as needed

EDUCATION AND TRAINING OF DENTAL PERSONNEL ON THE USE OF N,0 SCAVENGING
EQUIPMENT

In discussions with the oral surgeons and surgical assistants, 1t was
determined that there 1s very little instruction on the use and maintenance of
scavenging equlpment While the system evaluated by NICSH researchers comes
with instructions from the wanufacturer, these instructions are usually
discarded when the scavenging equipment is removed from its plastic wrapping
This may be a communication problem hetween the manufacturer, the seller, and
the user NIDSH researchers ohserved that instruction on how te operate the
scavenging units appeared to be word-of-mouth, with sach cral surgeon and
surgical assistant having their own style imn using the scavenging equipment
Tumproving instructions and providing educatienal updates by the manufacturers
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to sellers and users may help reduce overall N,0 exposure by more efflcilent
and prudent use of such systems

PRUDENT USE OF N0 DURING PATIENT ADMINISTRATION

It was noticed that there was variability in the concentration of N,0
delivered to the patient as well as the duration  Surgical teams ranged from
33 to 50 percent for N,0 delivered to the patient, and from 18 to 8B percent
of the total time of the operation in which N,0 was administered (Fligure 7)
The differenrces appeared to be based on the preference of the surgical team
leader for each patient and not upon the type of operation performed Note
that the N0 concentratien and ranges above were for the removal of four
wisdom teeth and was performed on each pacient, but by two different surgical
teams  There was also a4 trend noted that the surgical teams were somewhat
¢consistent in the use and duration of N,0 for their patients Meaning that
the surgical team leaders were consistent in the concentration and duration of
N;0 adminlstered more as a personal preference rather than what the patient
needed ar the type vf surpgery performed
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CONCLUSIONS

Personal exposure for waste N,0 concentrations from the ten operations ranged
from <1 to 277 ppm for the oral surgeons and from <l to 77 ppm for the
surgical assistants The average N,0 concentrations for the oral surgeons was
89 (+114), for the surgical assistants 26 (+31 ppm) Dral surgeons were
overexposed to N;O anesthetic during Operations #1, #2, #6, and #9  Surgical
assistants were overexposed to N0 in Operations #6 and #9 Real-time N0
concentrations ranged from <1 te 177 ppm  Peak values of over 1,000 ppm N0
were recorded for Operations #3 and #6  The operation with the highest real-
time average values was Operation #2, at 277 ppm, and #1, at 236 ppm
Generally, personal sampling and real-time sampling correlated with the oral
sutgeons (89 ppm), surpical assistants were lower (26 ppm) The oral surgeons
had a greater range of exposure (<1 to 277 ppm} compared to the real-time
resules (11 to 173 ppm) and the sutrgical asgistants (<1 to 77 ppm) These
differences (significant between the oral surgeon and surgical assistant

p< G01} may be attributed to the closer working proximity of the oral surgeon
to the patient’s breathing zone  Work practices and changes 1n N;C
concentration, as a function of work practices, were most affected by the
regulation of anesthetic gas delivery, including the amount of N,0 delavered
and the lenpth of time the N;0 was delivered, the breathing zone of the oral
surgeon relative to the patient’s, and if the patient was instructed to nose
breathe and reduce talking when possible  Other work practices, such as the
use of dental surgical tools and oral surgery technmiques, did not influence
N;O change  General ventilation measurement showed that the surgical suites
were below specifications for air flow, 18 percent below for Room DL222 and
60 percent below specifications for Room D1213  Smoke tubes used to visualize
the flow of room alr indicated poor mixing where the supply air did net mix
with air in the rest of the room and that alr movement was random
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RECOMMENDATIONS

The oral surgeen’s and surgical assistant’s N;0 exposure was primarily from
patient mouth breathing. A reason for the eoral surgeon Iz higher exposures
was from the closer working proximity of the surgeon to the patlent’s
breathing zone  Control of N,0 from patient mouth breathing may be through
the use of an auxiliary exhaust system placed near the patient’s mouth
Improved general ventilation, which offers better room air mixing, should also
reduce N,0 concentrations  Research on auxiliary exhaust systems for this
purpese has shown promlse in reducing N,0 levels in the dental operatories 5
Additional recommendations for controlling N0 fall into several catepories
including General Equipment Maintenance, the Scavenging System, Werk
Practices, Ventilation, Epvironmental Monitering, and Administrative Controls
Listed below are specific recommendations for controlling N,0 inhalation by
dental persommel during patient surgery at this facilicy

4

GENERAL EQUIPMENT MATWTENANCE

The analgesla equipment contalhs several rubber components, which may be
degraded by the N.0 as well as through repeated sterilization for infection
contral It 1s recommended that all rubber hoses, conmnections, tubinpg, and
the breathing bag be frequently checked to assure that this equipment is 1in
good working order Lesk testing can be performed according to the
manufacturer’s recommendations or by the procedures cutlined in the "Leak
Testing Scavenging Equlpment" section of this report Far gas cylinders,
Teflon tape L5 recommended for all metal-threaded connections through which
N.0 flows High to low pressure comnections should also he checked regularly,
as the o-rings may become worn and a N,0 leak source

THE SCAVENGING SYSTEM

The exhaust rates used during this survey were approximately 45 lpm  Flow
rates lass than this average may result 1n an increase in N0 through leakage
from the patient’s nasal cone, and thus may not reduce NG to the NIOSH REL of
25 ppm during administration It 1s recommended that & flow metering device,
such as a rotameter, always be used to moniter the proper exhaust flow rates
4 bypass rotameter may have an advantage over an in-line rotameter, because 1t
avoids molsture problems in the vacuum line and peotential false readings by
the rotameteY ball and airflow ascale

For the scavenging mask, leaks around the mask may be kept to a minimum 1f the
proper anthropometrie size 15 selected It 18 suggested that prior to surgery
the mask should be gently but securely fastened to the patient's nose by using
the s5lip clamp connected to the analgesia hoses which gather near the back of
the patient’s head and dental chair headrezt
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Suction pumps should have enough power te maintain scavenging flow at the
nasal mask at 45 liters per minute  Suction pumps should also have enough
POwer te overcome the static pressure drop assoclated with the maxious number
of installed or "designated" in-line scavenging units which are operated at
the game time

All guction pumps aspirating air N,0 contaminated from the patient’s mask or
mouth should be vented outside the bullding and away from fresh air inlets

WORK PRACTICES

The oral surgeons and surpical asslstants should inspect the anesthesia
machines and all comnections prieor te starting anesthetiec gas administration
Breathing bags should be attached to the anesthesia machine and hoses and
clamps should be in place prier to turming on the anesthetic gas

The scavenging mask should be properly connected to the gas delivery hose and
the vacuum system  The Porcer-Brown scavenging mask is designed with
different diameter hoses to reduce the possibility of incorrect comnection of
the gas delivery and scavenging hoses

It is recommended that the N0 not be turned on until {1) the wvacuum system
scavenging unit 15 turned on to the recommended flow rate of 45 lpm, and

(2) the scavenglng nasal cone 1s placed over the patient’s nose prior to
surgery

To reduce leaks around the nasal cone during gas delivery, use the slip clamp
which is attached to the scavenging nasal inhalter hoses te seat the mask more
securely on the pattent’s nose

Flush oxygen through the analpgesia equipment followlng dental surgery,
aspeclally the breathing bag, prior to discomnecring the gas delivery system,
and prior to turning the scavenpging system vacuum off

VENTILATION

It 15 recommended that the supply register louvers located in the ceiling be
degigned so as to direct the fresh supply air toward the fleor and toward the
dental chair teo provide better miwaing, dilacion, and removal of the
contaminated air from the opetrating room

A minimum of ten total air changes per hour ls recommended for dental
operatories which use N0 Recirculating room air 1s not recommended, and
should be exhausted outdeors and away from alr i1ntake vents  The Department
of Health and Human Services’ publication entitled “"Guidelines fer the
Construction and Equipment of Hospital and HMedical Facilities" [Publication
Ne (HRS-M-HF) 84-1, 1984)] lists more detailed information regarding
ventilation guldalines *°

Install sweep fans where general ventilation 1s Lnadequate or where
supplemental ventilation is needed An air velocity of approximately 25 cfm

at a distance of 3 feet from the patlent’s head Ls recommended
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ADMINISTRATIVE CONTROLS AND ENVIRONMENTAL MONITORING

When N,0 is used, the waste gas should be reduced to the lowest achievable
leveal It is recommended that N,0 exposurss should be no greater than 25 ppm
during administration 33

It is recommended that annual reviews of N;0 use be evaluated, as well as
reviews of waste gas reduction program The annual review should inelude
environmental air monitoring, leak testing of equipment, and personal and
environmental monitoring Air monitoring may be performed either by gas bag
sampling, real-tims sampling, and/for by passive doslmetry

Dentists should reguest information from dental equipment suppliers on the
proper use of the equipment and its effectiveness in reducing N0 prior teo
purchase

FOLLOW-UFP EVALUATION

Sampling to confirm the efficiency of the controls should be conducted after
the above recommendaticons have been implemented
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APPENDIX B
NITROUS OXIDE CONCENTRATION VERSUS ELAPSED TIME FOR

OPERATIONS 1 THROUGH 10 AT THE UNIVERSITY OF CALIFORNIA
AT SAN FRANCISCO ORAL SURCGICAL CLINIC
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UCEF1 TEAM 1, FEMALE-70, ORIENTAL, POOR CONE FIT, REMOVE MANDIBULAR CANINE

|

MASK DENT

PATIENT
INJECT ASPIR WATER TALKING CRILL OTHER [TyPE TEAM OPER

CONC NZO PULL PROBE
PP % POKE  DIST.

TIME
MIN

025
050
07E
100
12%
130
t 75
200
225
250
275
300
35
350
378
400
4 25
4 50
475
500
525
550
575
G 0o
6 25
650
€75
700
725
750
775
5 Q0
825
a 50
875
900
925
250
@75
1000
1025
1050
1075
1100
11 23
1150
175
1200

1223

o

14

15
15
15
15
15
12
15
15
15
15
15
15
15
15
15
15
35
15
15
15
15
15
15
15
15
13
15
15
15
15
15

20
20
20
20
20

3z
5

69
17
15
az
105

110

20
20

40
40
40

25
68

40
40
47

46
120
214

246

256

361

40

204

40

85
307
246

40

40

40
40

77

22

51

40

a0
40

16

H4

66



UCSF1 TEAM 1, FEMALE-70, ORIENTAL, POOR CONE FIT, REMOVE MANDIBULAR CANNE

TIME CONC Nz2O FULL PROBE PATIENT MASK DENT
MIN PPM a4 POKE DIST. INJECT ASPIR WAYER TALKING TRILL OTHER |TYPE TEAM
1250 6 40 V] 15 0 9 4] 1] ] 1] 1 1
1275 47 40 0 1% 0 0 0 4] ] Q 1 1
1300 106 40 ¢] 15 4] 0 0 0 0 0 1 1
1325 57 40 ¢] 15 Q 1} 0 ] ] a 1 3
13 50 153 40 0 15 ) 1] a 0 G v i 1
1375 1 40 0 15 Q 0 1] 1] 1] 0 1 1
14 00 a1 40 G 15 Y 4] 0 0 0 Q 1 i
14 25 140 40 0 15 0 ] n 0 0 4] 1 1
14 50 165 40 0 15 1 0 1] 0 0 0 1 1
14 75 281 40 Q 15 1 0 (4} 1 0 g 1 1
15 GO 147 40 0 15 1 0 ¢ 0 1] 4] 1 1
1525 204 40 0 15 1 e g 0 a i} 1 1
15 50 182 40 0 15 1 1 (4] 0 0 0 1 1
1575 125 40 0 15 Q 1 1 ] ¢ 1 1 1
16 00 186 40 1 15 o} 1 G ¥ G e 1 1
1625 252 40 1 1§ 0 1 0 0 0 o 1 1
16 50 249 40 1 15 D 1 g Q [ o 1 1
16 75 155 40 1 15 O 1 o o Q 0 1 3
1700 89 40 4 15 4] 1 0 0 ¢ 0 1 1
17 25 AT 40 1 15 0 1 0 0 Q 4] 1 1
17 50 35 40 1 15 [H] 1 "] Iy i 0 1 1
1775 43 40 1 15 0 1 0 vl d 0 1 1
1800 59 40 1 15 ] % ) i) A} o )| 1
18 29 141 40 1 15 Q 1 s 0 0 ] 1 1
1850 83 40 1 15 1] 1 | il g 4] 3 1
1875 138 40 1 15 0 3 0 0 0 0 1 1
19 00 232 40 1 15 ¢ 1 4} 0 0 o 1 1
19 25 143 40 1 15 4] 1 f o 0 [ 1 1
18 50 az 40 1 i5 0 1 0 4] o a 1 1
1975 46 40 1 15 ¥ 1 o 0 0 0 1 1
20 00 20 40 i 15 Q 1 4 0 0 0 1 1
20 25 107 40 0 15 0] 1 0 & 0 1 1 i
20 50 102 40 0 15 Q 0 1] 4] 0 1 1 1
2075 102 40 0 15 0 O 0 0 D 1 1 %
2100 14% 40 4] 15 0 4] ] 4] ] 1 1 1
2125 114 40 0 15 ¥ Q 0 ] 0 1 1 1
21 50 67 40 0 15 O G o 0 4] 1 1 1
2175 32 40 0 15 0 4] ] 0 n 1 1 1
2200 51 40 H 15 ] 1] 1] 0 [H 1 1 1
2225 g3 40 1] 15 0 o a 0 ] 1 1 1
22 50 73 40 0 15 0 0 o 0 0 1 1 1
2275 230 40 0 15 v, 0 ¥ 0 0 1 1 1
2300 266 40 0 15 0 0 ] g 0 1 1 1
2325 176 40 4] 15 0 4] 0 0 ] 1 1 1
20 50 95 40 0 15 %) Q G < v} 1 1 1
2375 97 40 0 15 0 1 o] 0 0 1 1 1
24 Q0 33 40 i) 15 il] 0 Q ] 0 0 1 1
24 25 88 49 ¥ 15 0 0 ] Q [H 0 1 1
24 50 134 ] 0 15 &) ¥ Q 0 g 1] 1 1
2475 134 0 G 15 o 0 ¢ 4] Q 4] 1 i

¥
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UCEF1 TEAM 1, FEMALE-70, CRIENTAL, POOR CONE FIT. REMOVE MANDIEULAR CANINE

MASK DENT

PATIENT
INJECT ASPIR  WATER TALKING DRILL OTHER [TYPE TEAM OPER

N2O PULL PROBE
i POKE DIST

CONC
PPM

TIME
MIN

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
1z
15
15
15
15
15
15
15
15
b
15

40
16
10

8
10

25 00
2525

25 50

2575
26 D0
26 25
26 50
2675

9
&

27 00

27 25

27 50
2?7

28 G0
28 25

28 50

0
a
Q
o
5

28 75

23 00

29 25

2250

2575

3

an U5

30 25
30 50
3075

0
0
0

a1 00
3125
3 ED
A Th
32 00

0
4]
0
0

3225

32 50

68



UCSF2TEAM 1, MALE-24, PODR CONE FIT, SUCTION OFF-FST GMIN, R-4 WISDOM TEETH

TIME  CONC N2O #ULL  PROBE PATIENT MASK DENT
MIN FFM B FOKE DIST INJECT ASPIR WATER TALKING DRILL OTHER |TYPE TEAM OFER
023 1 0 o 12 0 0 ¢ 0 H 0 1 1 1
030 0 0 ¢ 12 ¢ o 0 Q 1] 0 1 1 1
Q75 Q ) 0 12 Q Q o 0 0 Q 1 1 1
100 Q 20 0 12 N Q o 1] 0 0 1 1 1
125 1A 20 1] 12 g 0 0 0 ¢ o 1 1 i
150 233 20 ¢ 12 H ] 0 o Q Q 1 i 1
175 218 20 0 12 a a v 0 Q 1 1 1 1
200 a5 40 0 12 0 0 o 0 0 0 1 1 1
225 334 40 o 12 4] ] ] 0 ¢ ] 1 1 1
250 132 40 o 12 1) Q o Y] Q 1 1 1 i
275 208 40 0 i2 i ¢ o 0 0 0 1 1 1
300 132 40 0 12 0 0 G 0 o 1 1 1 1
325 111 40 0 12 0 o o 1 0 ] 1 i g
350 4152 40 Q i2 0 0 0 0 0 ¢ i 1 1
A7 784 40 0 12 0 0 O 0 0 1 1 1 1
4 00 401 40 il 12 0 0 Q 0 il Q 1 1 1
4 25 313 40 0 12 g 4] 0 D 0 G 1 1 1
4 50 158 40 Q 12 ¥ ¢ o 0 0 ¢ 1 1 1
4 75 1m 40 o 12 0 ] ] o 0 4] 1 1 1
500 &3 40 a 12 0 0 0 1] 1] a 1 1 1
525 150 4 0 12 0 0 0 0 0 Q 1 1 1
550 275 40 0 12 d 4] ] ¢ 0 0 1 1 1
575 45 40 0 12 0 0 4] 0 0 0 1 1 1
& 00 156 40 0 12 Q ] D 0 ] o 1 1 1
625 113 4 0 12 g 0 a 0 G 0 1 1 1
650 324 40 0 12 0 0 n 1 0 1 1 1 1
675 583 40 a 12 0 0 ] 0 n o 1 1 1
700 272 40 4] 12 4] a g 0 0 1 1 1 1
726 e 40 a 12 0 0 o 0 0 v 1 1 1
750 85 40 i 12 g G o o ¢ b 1 1 i
775 9a 40 ] 12 0 0 0 o G 0 1 1 1
B a0 41 40 ¢ 12 Q 0 g ¢ G o 1 i 1
825 533 40 0 12 0 o Q 0 ] 1 1 1 1
850 188 40 ¥] 12 o ¢ G 0 4] 0 1 1 1
B 75 62 40 o 12 0 0 4] 4 0 L i 1 1
900 103 40 g 12 4] ¢ ¢ 0 0 ¢ 1 1 1
925 a3 40 Y 12 0 0 ¢ 0 g o 1 1 1
950 72 40 0 12 o g 0 o 0 1] 1 1 1
avs 307 40 0 12 O it 0 0 a ] 1 1 1
10 GO 207 40 0 12 ] ¢ 0 0 0 0 1 1 1
10 25 ag 40 4] 12 0 g a 0 0 ¥ 1 1 1
10 50 53 40 Q 12 0 e 0 D ] 0 1 1 1
1075 106 40 o 12 ] 0 0 0 | o 1 1 1
1100 187 40 g 12 0 Q a 0 aQ 1 1 1 1
11 25 165 a6 0 12 0 0 0 ] 0 D 1 1 1
11 50 184 40 0 12 1 1 0 0 0 0 1 1 1
1175 145 40 D 12 0 1 D c ¥ ] ! 1 I
1240 248 40 1] 12 1 0 4] H 0 ] 1 1 1
1225 229 40 0 12 0 1 0 0 G 4] 1 1 1
12 50 149 40 0 12 1 ] 1] Q o 0 1 1 1

&%




UCSF2 TEAM 1, MALE-24, POOR CONE FIT, SUCTION QFF-FST 3MIN, R-4 WISDOM TEETH

L TIME  CONC N20~  PULL PROBE PATIENT MASK DENT
MIN PPM Th POKE DIST INJECT ASPIR  WATEA TALKING DRILL DOTHER [TYPE TEAM DPER
12 75 221 40 0 12 1 0 0 ) 0 [} 1 1 i
1300 o8 40 0 12 1 0 0 0 4] 0 1 1 1
1325 87 40 g 12 0 1 ] 0 ] 0 1 1 1
1350 73 40 0 12 1 ¢ Q 0 ] 0 1 1 1
1375 153 40 0 12 1 0 0 o 0 0 1 1 1
14 00 182 40 a 12 1 a 0 aQ Q Q 1 1 {
14 25 142 40 0 12 0 ¥ 0 0 i} 0 1 1 1
14 50 15 40 4] 12 o ¢ o 0 D 0 1 1 1
1475 100 40 o 12 0 0 ¢ ] ] 0 1 1 1
1500 115 40 0 12 | 1 D 0 0 0 1 1 1
15 25 124 40 4] 12 G ) 0 0 i} 0 1 1 1
15 50 126 40 0 12 0 0 0 0 H 0 1 1 i
15 75 143 40 0 12 0 0 0 o) Q O 1 1 1
16 040 174 40 1 12 4] 1 0 g a 4] H 1 1
1625 a9 40 1 12 0 i 0 c W ] 1 1 1
16 50 125 40 i 12 0 i 0 ] o 0 1 1 1
16 75 74 4n ] 12 0 1 0 ¢ v o 1 i ]
17 00 72 40 1 12 0 0 ) o 4} ] 1 1 1
1725 g4 40 Q 12 0 1 Q Q Y 4] 1 1 1
17 50 67 4p 0 12 D 1 ) 0 0 0 1 | 1
1775 43 40 ) 12 0 0 1 ) 0 ] 1 1 1
1800 a1 40 0 12 0 0 g a ) ] 1 1 1
18 25 53 40 1 12 0 0 0 0 o G 1 1 1
1B 50 162 40 1 12 v} ] 0 ] 4] [ 1 1 1
1875 7 40 1 12 0 0 0 0 0 G 1 1 1
19 00 125 40 1 12 o 0 Q 0 o 0 1 1 1
1925 116 40 1 12 Q 0 N 1] 1] 0 1 1 1
1950 178 40 1 12 ) 0 0 o ¢ Y 1 i 1
1875 106 a0 0 12 0 1 o 0 0 1 1 3 1
20 00 9q 40 1 12 0 1 0 ) b o 1 1 1
20 25 a7 40 1 12 ) o e c 0 0 1 1 1
2050 66 a0 0 12 o 1 1 0 D 4] 1 ¥ 1
2075 €0 40 4] 12 4] 1 0 0 0 0 1 1 1
2100 ag 40 0 12 0 1 0 D 0 0 1 i 1
21 25 129 ab o 12 0 5! 0 ) 0 0 4 1 ,
2150 161 40 1 12 o} 1 0 0 0 0 1 1 1
2175 130 40 1 12 a 1 0 0 1] 0 1 1 3
2200 156 a8 1 12 q 0 0 0 0 0 1 1 1
P2 25 165 40 i 12 4] a 0 0 0 ¢ 1 1 1
2250 146 40 1 12 o 0 a 0 0 ¢ 1 1 1
2275 44 40 0 12 o 0 o o ] o 1 ] 1
2300 27 40 0 12 4 1 1 ) 4] 0 1 1 1
2325 el 40 4] 12 o 1 G o] o] ¥] 1 1 1
2350 74 40 1 12 0 1 o o 0 o 1 1 |
2375 121 40 1 12 ] 0 0 D ] 0 1 1 1
24 00 &7 40 1 12 0 0 4] 0 D 0 1 1 1
24 95 153 40 1 12 0 a 4] 0 0 0 1 1 1
24 50 174 A0 4 12 D 0 0 4] ] g 1 1 1
2475 108 40 1 12 o 0 0 0 0 D 1 1 1
25 Q0 94 40 1 12 0 ¢ 0 0 c 0 1 1 i
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UCSF2 TEAM 1, MALE-24, POOR CONE FIT, SUCTION OFF-F5T 3MIN, R-4 WISDOM TEETH

TIME CONC NZO PULL PROBE PATIENT MASK DENT
MIN PPM POKE DIST. INJECT ASFIR WATER TALKING DRILL OTHER |[TYPE TEAM OPER
2525 90 a0 1 12 0 ] o 0 Q 0 1 1 1
25 50 164 4D 1 12 0 ] 0 0 0 0 1 1 1
2575 114 40 1 12 g ] ] 0 0 0 1 1 1
2600 110 40 1 12 4] ] o 0 a 0 1 1 1
2625 71 40 1 12 0 ] n 0 v} 0 1 1 1
26 50 43 40 1 12 v} D ] 0 o i 1 1 1
2675 3 40 1 12 O V] ¥ 0 4] D 1 1 1
27 00 49 49 o 12 4] 0 0 0 4] 4] 1 1 1
2T 25 5 40 0 12 0 4] ] [t} (H] 0O 1 1 1
27 BQ 67 40 0 12 q 0 0 0 v} G 1 1 1
ervs 14 40 o 12 o ] 0 0 0 0 1 1 1
28 00 15 40 1] 12 vl 1 1 0 1 0 1 1 1
28 25 6o 40 i 12 g D D ] 0 0 1 1 1
2850 91 40 1 12 g g 0 () 0 0 1 1 1
2875 al 40 0 12 0 4] 4] D 1 0 1 1 3
2309 204 40 ] 12 0 1] 0 4] 1 a 1 1 1
29 25 89 4D Y 12 0 1 1 o 1 o 1 1 1
2950 35 a0 0 12 0 1 1 0 1 ] 1 1 1
2375 122 40 ] 12 0 1 1 ] 1 4] 1 1 1
oo S0 40 ] 12 0 1 1 0 1 0 1 1 1
3025 53 40 1 12 o} 1 4] 0 o 4 1 1 1
3aa 50 129 40 1 12 0 1 0 0 0 O 1 1 1
3678 96 490 1 12 0 1 0 0 ] 0 1 1 1
3100 25 40 1 12 0 1 1 0 o 4] 1 1 1
31 25 67 40 1 12 0 1 4] 4] a 4 1 1 1
3150 a4 40 1 12 0 1 0 0 ] g 1 1 1
3175 a4 40 1 12 D D D 0 0 D 1 1 1
3200 as 40 ] 12 0 0 1 4] 0 0 1 1 1
3225 1€ o 0 12 0 D D ] ] 0 1 1 1
32 50 7 0 i) 12 g 1 1 0 0 0 1 1 1
az7s 25 0 ] 12 0 1] 0 4] 0 1 1 1 1
3300 18 0 4] 1z 0 4] 0 4] ] 1 1 7 1
3325 3 0 0 12 0 o o 0 0 1 1 1 1
KRR 10 0 ] 12 0 0 0 ] 0 1 1 1 1
3375 16 0 D 12 0 o ] 4] ] 1 1 1 1
3400 14 Q D 12 0 0 O 0 D 1 1 1 1
34 25 12 v [i] 12 0 O ] V] 0 1 1 1 1
3450 6 o 0 12 0 4] 0 4] 4] 1 i 1 1
34 75 1 0 0 12 g 0 0 Q Q 1 1 1 1
35 0Q 1 0 G 12 Q v 0 0 0 1 1 1 1
35 25 ¢] o D 12 ] 4] 0 4] 1] 1 1 1 1
35 50 o o 0 12 0 0 4] 0 0 1 1 1 |
3575 0 0 o 12 G # o 0 0 1 1 1 1
36 0o 3 0 0 12 0 0 0 4] ] 1 1 1 1
3625 [+ 0 0 12 ) 0 o 0 0 1 1 1 1
J6 50 o o 0 12 g o 0 0 0 1 1 1 1
3675 o 0 o 12 ¥ ¥ 0 P 0 1 1 1 1
a7 o 0 c 0 12 ¢ 1 o 0 0 1 1 1 1
Iras 0 H 0 12 ¢ 0 o 0 0 1 1 1 1
3750 ] 0 4] 12 Q 1 ] o] 0 1 1 1 1
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UCSF2 TEAM 1, MALE-24, POOR CONE FIT, SUCTION OFF-FST 3MIN, R-4 WISDOM TEETH

TME  CONC N2O PULL PROBE PATIENT MAEBK DENT

MIN PPM % POKE DIST. [(NJECT ASPIR WATER TALKING DRILL OTHER TYPE TEAM OPER |
37 7h o [t} 0 12 Q 0 0 0 0 1 1 1 1
34 oo 0 0 0 12 0 0 o 0 D 1 1 1 4]
38 25 1 0 0 12 0 G 0 0 0 1 1 1 1
38 50 13 o 1] 12 0 0 0 0 Q 1 1 1 1
3ars ? g 0 12 0 0 0 0 0 1 1 1 i
3P0 8 0 ¢ 12 0 0 0 0 ] 1 1 1 1
39 25 3 o 0 T2 g 1 0 D G o 1 1 1

Ve



UCSF3ITEAM 2, FEMALE-24, REMOVE-4 WISDOM TEETH

|

|

TYPE DENT

PATIENT
INJECT ASPIR  WATER TALKING DRILL OTHER [MASK TEAM OPER

DIST.

N20 PULL PROBE
% POKE

CONC
FPM

TIME
MiN

12
12
12
12
12
12
12
12
12
12
12
12
1
12
12
12
12
12

ik

025
050
275
100
125
150
175
200
235
250
275
300
3e5
350
375
4 00
4 25
4 50

74

23

34
33

a3

a1

33

82

a3

539
9

33
33

112

12
12
12
32
12
12
12

33
a1
a3
33
33
33
33

FBEERIB

475
500
526
5 &0
575
g 0D
625

12
12
T2
12
12
12
12
1z
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

33

£ 50
675
700
725
750
75
aog
8235
B 50
875
800
§25
q50
475
1000
1025

1050

40

=1

48

50

22
177

171

50
50
50
5Q
1
Lt
50
50
50
50
50
50

112

6a
K|

83
119

109

60
45

50

74
7
96

50
50

076
11 00
1125
1150
1175
1200
1225
1250

80
50
50

a0

13
41

50

183

&0
50

79
a5

73



UCSFa TEAM 2, FEMALE-24, REMQVE-4 WISDOM TEFTH

TIME  CONC 20 PULL PRCBE PATIENT TYPE DENT
MIN PPM % POKE DIST. INJECT ASPIR WATER TALKING DRILL OTHER [MASK TEAM QPER |
1275 59 50 0 12 4] 0 o Q 0 Q 1 2 1
1300 102 &0 G 12 1 0 0 D [ 0 1 2 1
1326 136 50 0 12 1 0 o 0 0 0 1 2 1
1350 R 50 ¥ 12 1 ] D D 0 0 1 2 1
1375 12 8D 0 12 Q 0 0 4] o 0 1 2 1
14 00 14 50 o 12 8] Q o o 1] [ 1 2 1
14 25 e 50 4] 12 4] 1] ] ] 0 { 1 2 1
14 50 4] 50 0 12 1 D 0 0 0 0 1 2 1
1475 g9 50 [+ 12 1 0 O O ] Q 1 2 1
1510 43 50 0 12 1 ] 0 [ ¥ 0 1 2 1
1525 11 L) 0o 12 1 0 o 0 0 3] 1 2 1
15 50 &0 50 ] 12 1 0 a O D ¢ 1 a 1
1575 187 50 0 12 1 0 O 0 1] 0 1 2 1
16100 112 50 0 12 1 o] 4] 4] a ¥ 1 2 1
16 25 LY £9 0 12 1 0 8! Q o o 1 2 3
16 50 £9 50 0 12 1 0 0 0 0 0 1 2 1
16 75 27 50 0 12 bl 0 4] O ] g 1 2 1
17 00 41 50 0 12 o ] o 0 L} 0 1 2 1
17 26 89 80 Q 12 o 0 0 o ] 0 1 2 1
17 50 126 &0 [H 12 o i a o 4] 0 1 2 1
17 76 18 50 0 12 ¥ 0 0 Q [ 0 1 2 il
1800 64 50 G 12 o 4] 0 O 1] Q 1 2 1
18 25 65 50 o 12 0 0 { 0 0 ¥ 1 2 1
18 60 5 50 G 12 O 0 0 4] 0 g 1 2 1
1875 g 50 0 12 o 0 o 1 4] Q 1 2 1
1900 45 50 0 12 a 1 4] Q a o 1 2 1
19 25 133 50 0 12 o] 1 o o ] 0 1 2 1
195D 45 50 0 12 0 1 0 0 4] 0 1 2 1
1976 5 50 1 12 0 g 0 O 0 0 1 2 1
2000 13 £0 1 12 o 1 o 1 D 0 1 2 1
2025 49 50 1 12 D 1 0 0 0 0 1 2 1
2050 320 50 1 12 i) 1 i} 1 n 0 1 2 1
2075 262 50 0 12 D 1 0 O 1 0 1 2 i
21 00 143 50 1] 12 o t O Q 1 0 1 2 1
2125 4 50 Q 12 ] 1 0 0] 1 0 1 b 1
2150 352 a0 a 12 ] 1 1 O 1 Q 1 2 1
2175 254 50 1] 12 0 T 1 4] 0 ¢ 1 2 1
22m 185 50 ¥ 12 0 1 1 0 1 1 1 2 1
2225 204 50 1] 12 0 1 } v} 1 0 1 2 1
2280 162 50 0 12 | g 1 Q 1 ol 1 2 1
2275 170 50D [ 12 a 1 1 o 1 0 1 2 1
2300 107 5¢ 0 12 0 1 1 1 1 0 1 2 1
2325 162 50 G 12 0 1 1 1 1 0 1 2 1
2350 272 S0 Q 12 0 1 t 0 1 Q T 2 1
2375 209 L4 1] 12 0 t i 0 1 0 1 2 1
2400 it s0 1 12 0 1 1 0 1 1 1 2 1
2425 72 50 1 12 0 1 4] O a 1 1 2 1
24 BD 125 50 1 12 0 1 a 0 0 0 1 2 1
2475 a8 50 1 12 0 1 0 " a 0 1 2 i
2500 18 50 1 12 0 1 o] o} 0 0 1 2 1
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UCSF3 TEAM 2, FEMALE-24, REMOVE-4 WISDOM TEETH

TIME  CONGC NZ0 PULL PROBE PATIENT TYPE DENT
MIN PPM POKE DIST. INJECT ASPIR WATER TALKING DRILL OTHER [MASK TEAM
2525 13 &0 1 12 0 1 ] 0 0 0 1 2
25 50 b 50 1 12 0 1 Q 0 g 0 1 2
2575 0 50 0 12 ¢ 1 1 0 1 0 1 2
26 00 Q 50 H 12 q 1 1 g 1 0 1 2
2625 0 50 0 12 0 1 1 0 1 0 1 2
26 50 0 50 0 12 g 1 0 0 0 0 1 bl
%675 25 5D o 12 o 4 0 b 0 0 1 b
27 00 17 50 0 12 0 | Q 0 0 1 1 2
27 25 10 50 0 12 0 0 ) 0 0 ! 1 2
27 5l a7 &0 0 12 ¢ 0 o o ] 1 1 2
2775 105 5D 0 12 ] 0 0 0 i 1 1 2
2800 55 50 0 12 Q i 0 0 0 1 1 2
28 25 100 50 0 12 M 4} o} 1] 0 1 1 2
28 50 156 50 0 12 0 0 0 y ] 0 1 2
2876 &2 50 1 12 0 o J 0 0 Q 1 2
29 00 11 50 1 12 0 0 0 1] 0 1 1 2
29 25 1 50 1 12 e 0 o} 1] 0 ! 1 2
29 50 12 50 0 12 ¥ y 0 q a 1 1 2
2975 50 50 0 12 0 0 0 1] 4! 1 1 2
30 00 134 50 o 12 0 0 0 0 1] 1 1 2
3026 166 50 0 12 i\ o o o o 1 1 2
30 50 185 50 0 12 D 0 0 o 0 1 1 o
3075 153 50 1 12 h 0 o o ] Q 1 2
300 ap5 50 1 12 0 ) 0 0 o 0 1 2
325 631 50 1 12 0 0 4 0 o 4] 1 2
31 50 344 50 0 12 0 o g &) ¢ 0 1 2
3178 ang 5Q { i2 0 0 o 0 0 1 1 2
32 5Q asa 50 0 12 0 0 0 0 0 1 1 2
3225 137 50 0 12 0 c 0 0 o 1 1 2
3250 230 50 o 12 4 O o 0 0 1 1 2
d27s 4349 50 1 12 0 0 4 o 0 o 1 2
3300 419 50 1 12 0 o ¢ 0 g W) 1 z
3326 190 50 o 12 4] 1 1 0 1 O 1 2
3350 112 50 0 12 Q 1 1 0 1 0 1 2
TS 518 St o 12 0 1 1 0 1 o i 2
34 00 963 50 I 12 o 1 1 0 1 0 1 2
34 25 1671 50 h 12 0 1 1 0 1 4] 1 2
34 50 1455 50 o 12 0 1 1 0 1 0 1 2
34 75 iy 50 0 12 o 1 1 0 1 0 1 2
35 00 258 50 0 12 0 1 1 0 1 4] 1 2
3525 176 50 1] 12 0 1 1 i 1 D 1 2
B50 161 50 0 12 0 1 1 4] 1 0 1 2
B75 82 50 1 12 0 1 0 0 D 4] 1 2
3600 33 50 1 12 0 4] 4] 4] Q ] 1 b
36 25 227 50 1 iz o 0 ] ] ] 0 1 2
3650 417 53 1 12 Q Q Q a 4] 0 1 2
56 75 179 50 1 12 4] 4] 0 0 a 4] 1 2
3700 415 50 1 12 0 1 1 ] 1 0 1 2
57 25 o1 50 o 12 0 [} 0 0 1 0 1 2
37 B0 746 50 4 12 0 n 0 H 0 i 1 2
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UCSF3 TEAM 2, FEMALE-24, REMOYE—4 WISDOM TEETH

TYPE DENT

PATIENT
INJECT ASFIR WATER TALKING DRILL OTHER |MASK TEAM OPER

NZ2D PULL FROBE
% POKE DIST

CONC
PP\

TIME
MIN

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

50
50

a7?
are
379
282

319

T
3800

50

a8 25

50

33 50
3BT5

50

456 50

302

3900

50

39 25

A9 ED

3975

50

455

50

296
354

348
298

40 00

40 25

40 50

40 75

140

195
133

157

41 00
41 25
41 50
4175

4200

127

81

128

4225

— — e T— — — —

12
12
12
12
12
12
12

= o9 & O
I R
=

oW o wn Ouumo
W OO0 i M~D
NN ODOw
= xw F o T

12

44 25

12
12
12

39

44 50

44 75

83

76

45 00

12
12
12
12

45 25

43

45 50

33

45 75

43
29

46 00

12
12
12
12

46 25

46 50

B
12

45 75

47 ¢
47 25

47 50

12
12
12

10

47 75

12
12
12
12

20

48 00
48 25

45 50

8
3
8
13
39

48 75

12
12
12
12

40 00
43 25

45 50

n

10

49 75
80 00

12

5

FiL]



UCSFI TEAM 2, FEMALE-24, REMOVE-4 WISDOM TEETH

TIME  CONC NZ20 PULL PROBE PATIENT TYPE DENT

MIN PPM % POKE DIST INJECT ASPIR WATER TALMING DRILL OQTHER [MASK TEAM GPEHR
2025 19 4] [+ 12 0 0 0 i g 0 1 2 1
50 50 17 0 0 12 0 o o ¢ o 0 1 2 1
5075 1 4] ¢] 12 ] a 0 0 o 0 1 2 1
5100 3 4] ¢ 12 a 0 o 0 0 0 1 2 1
51235 0 0 0 12 4] 0 D 0 ] 0 1 2 1
5150 8 o 0 12 G G v 0 o 0 1 2 1
5175 3 o 1] 12 0 0 0 ¢ Q 0 1 2 1
52 00 b 0 D 12 0 o 0 9 0 0 1 2 1
5225 g o o 12 - o f a 0 0 1 2 1

77




’

TYPE DENT
OTHER [MASK TEAM (OPER

PATIENT

INJECT ASFIA WATER TALKING DAL

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
13
15
13
13
13
13

PROBE

DIST.

FULL
POKE

30
ao
30
3a
30
30
30
Ko

M20
%

PPM
24

CONC

TME
MIN
025
050
075
100
125
150
175
200
225
260
275
300
345
350
A75
4 00
4 25
4 50
475
500
525
550
575
6 30
625
G 50
675
T a0
725

(M

UCSF4 TEAM 3, FEMALE-38, PROBE MOVEMENT, REMOVE-4 WISDOM TEETH

|

—_—— T = 1 T —

13
13
13
13
13
13
13
13

11 KH
30
30
ao
ao
¢
30
30

750
TS
a00
825
a 50
875
300
925

13
13
13
13
13
13
13
13
13
13
13

a0
30
Ky
30
kY
30
Jo

a1
36
20
i
5

a50
375
10 G0
10 25
10 50
1075
11 00
11 25
11 50
1175
1200
12 26

1250

23

6
56

18

13
13

a0
40

56



|

TYFE DENT

MJECT  ASPIR WATER TALKING DRILL OTHER [MASK TEAM OFER

PATIENT

13
13
13
13
33
13
13
13
13
13
13
13
13
11
11
11
11
11

DIST.

PROBE

POKE

PULL

Nal

%
30
30
30
30
a0
30
30
30
30
30

PP
74
14
4
53
47
)

CONG

TIME
MIN

1275
1300
1325
13 50
13 75
14 Q0
14 26
14 50
14 75
150G
15 25
15 5Q
15 75
16 00
16 25
16 50
16 74
17 00
17 25
1750
17 75
18 0
18 25
18 50
1875
19 00
19 25
19 650
1975
2000

UCSF4 TEAM 3, FEMALE-38, PROBE MOVEMENT, REMOVE-4 WISDOM TEETH

—

|

11
"
11
11

38

0
0

1
11
11
"
bR
11
11
11

30
30

0
0

SR

79

11
11
11
1
1"
i1
11
1
i1
11
11
11
11
1
11
11
11
11
11
11

30
30

0

2

5
18D
32
211
170
13
126
111
103
o
7i
139
1M

113

20 75
21 00
2125
2150
2175
22 Q0

2225
2350

20 25
2050
22 50
22 75
23 00
2325
23 75
24 00
24 25
24 50
24 75
2540



UCSF4 TEAM 3, FEMALE-38, PRDBE MOVEMENT, REMOVE-4 WISDOM TEETH

|

TYPE DENT

PATIENT
INJECT ABFIR WATER TALKING DRILL OGTHER |MASK TEAM OPER

DIST

COnG N2O  PULL PROBE
FPM % POKE

TIME
MIN

kN
11

164

156

25 25

25 50

1
11
1

306
Na
23

2575

26 00

2625

11

228

26 50

1

189

26 75

11

233
187

27 00

11
1
11

27 25

138

27 50

130
212

154

2r7s

1
1

28 00

28 25
28 50

IR
11
11
11

203
162

2875

103

2300

136

2925

29 50

"
11
11
11
11
11
11
11
11

139

117
101

23 75

3000

70
142

30 25

S0

156

3075

118

31 00
M 25
3150
e

3200

26

179

el

84

14

11
11

11B

3225

32 50

11
11

100

B85
&8
50
41

3275
3300

1
11
11
L
11
11

3325

3380
3375

a7
€9

34 00

15

]
42
a1

3425

11

34 50

11

o

AR

35 00

35 26

11

68

a5

11

35 50

11
11
11
11

&7

3575

62

54

36 00

36 25

59

36 50

11
1"

76

3675

33

11

a7 00
aras

11
11

5

3750

80



UCSF4 TEAM 3, FEMALE-38, PROBE MOVEMENT, REMQVE -4 WISDOM TEETH

TYPE DENT

PATIENT
INJECT ASPIH WATER TALKING DRILL OTHER |MASK TEAM OPER

DIST.

CONC N20 PULL PROBE
PPM % POKE

TIME
MiIN

11

3775

11

I
3825

n
11
11

38 50

111

875

11
11
11
Lh!
i1
11
11
"
11
11
11
1"
11
11
1"
11
k|
L5
11

T0

3500

3925

39 50

108
106
105
™
106

3975

4000

4G 26

40 50

40 75

92
88

41 00
41 25
41 50
475

4200

61

5]

g2

B0

42 25

Fal

42 50

48

50

42 75

43 00

43 25

43 50
4375

1
i3

E6

44 00

11

78
44

44 25

11

44 50

11
11
11
11
"
1
11
"
11
11
Tt
11
11
11
11
11

71

44 75

47

45 00

61

45 25

23

43 50

21

45 7%

36

46 00

46 25

49

40

46 50

34

36

46 75

47 0

47 25

60

4%

47 B0
47 75

40

43

45 00

43

48 25

40

48 50

11
11
11
11
"
11

19
34
46
52

4875

42 00

49 25

4550

40

75

48 75

5000

81



UCEF4 TEAM 3, FEMALE-38, PROBE MOVEMENT, REMOVE-4 WISDOM TEETH

TYPE DENT

PATIENT
INJECT ASPIR  WATER TALKING DRILL OQTHER |MASK TEAM OPER

N2D  PULL PROBE
i) POKE  DIST.

CONC
PPM

MIN

TIME

|
e

1

11
11

S7
63
61

5025
ED 50
B0 75
5100
5125
5150
$175
5200
5ag2s
5250
52 75
5300
5325
5150
E375
54 00
£4 25
54 50
54 75

11
11
11
1
11
11
11
11

63

o7

59
64

87

57
32

11
"

1

14
14

11
11
11

1

t
11
1
11
11

5

3

5500
55 25
85 BQ
5575

56 00

2
3
5

11
11

11
11
1
11
Il
11
11
11
11

56 25

56 50

56 75

i

5700
B7 25

z

57 50

57 75
5800

58 25

5350

4

11

i1
1
ik

0
g
¢
o

5875

549 00
59 25

5950

11
11

1
11
11

1

0

2375

6000

60 25

1
11
1
11
11
11
11
1

2

60 50

60 7S

6100
6125
&1 50
6175
G2 a0

0

62 25

11

0

62 50

82



|

TYPE DENT

INJECT  ASPIR WATER TALKING DRILL  OTHER MASK TEAR OPER

PATIENT

FROBE

DIST.

POKE

PULL

a0
30
30
30
30

N20

%

CONC
PPM

025
a4 50
075
100
125
150
175
200
225
250
275
300
325
350
375
40¢
425
4 50
475
500
525
550
575
& 00
625
650
675
700

MIN

TIME

UCSFS TEAM 3, MALE-26, PROBE MOVEMENT, REMOVE-TWO WISDOM TEETH

|

88

83

J0
ad
30
30
30
3o
30
30
30
30
30
30
30
30
30
ao
30
30
a0
30

15
72
92

158
81

116

177

183

36h
96
19
10
23

170
82
40

163

216

173
a7
54

725
T 50
175
8 0C
825
850
875
500
525
850
575
1000
1025
1050
1075
1100
1125
11 50
n7n
1200
1225

1250



UCSFS TEAM 3, MALE-26, PAOBE MOVEMENT, REMOVE-TWQ wISDOM TEETH

TYPE UENT

INJECT ASPIR WATER TALKING DRILL OTHEA MASK TEAM OPER

PATIENT

MN20 PULL PROBE
%6 POKE  DIST

CONC
PPM

TIME
MIN

=3

GAT

388

1275
1340
1325
13 50
1375
14 00
14 25
14 50
1475
12 00
15 25
15 50
15 75
36 00
16 25
16 50
16 75
17 00
1735
17 50
17 75
18 G0
15 25
18 50
1875
19 00
1825
1380
19 7%

20 00

B

30

254

30

30

758

433
183

30

30

93

az23

R

30

147

98

207

aa

8 8

67
B3

ao
3

22
149

30

212

30
30
30

408
186
145

261

30
a0

222

30

thi

30
30
an

80
203

113

30

84

51

30
an

24

30

&8
34

3r

30

2025
20 50

30
30
30

49
18

207%

12
14
22

2100
2125
2150
2175
2200
2223
2250
2278

30
30

30

29

30
30
30

22

46

171

30

120

ao

3z
15
16
a5
15
52
162

2300
2325

a0

30

2350
2375

24 00

30
o

a0

24 25
2450

30

129 30

118

2475

2540

54



UCSFS TEAM 3, MALE~26, PROBE MOVEMENT, AEMOVE-TWO WISDOM TEETH

|

TYFE DENT
OTHER MASK TEAM CPER

PATIENT

INJECT ASPIR WATER TALKING DREILL

NZ20 PULL PROBE
% POKE  DIST

CONC
FPM

TIME
MIN

174
115

2525
25 60

&0

275

26 00

30
0

35

4

26 25

5 50

2675

25

7

G5

Z7 00

10

3
11
13

27 25

27 50

2775

2800
825
28 50
2875

22 00

15

15
41

85

29 25
2350

33

33
17
13

3
17

25

2875

30 G0
3025

30 50

3075

31 Q0
3125
3150
3175

320D

&
20
50
24

5
5

AR

32 25

3250

3275

3300

3325

5

3350
3375

3400

1
1

3425

— o = — v =

1
0
0
0
0
0
0

34 50
M 75
3500

3525
3550
3875

3600

0
Q
0
it}

36 28
36 5O

36 15

3O
ar s
3750

85



UCSF5 TEAM 3, MALE- 26, PROBE MOVEMENT, REMOQVE-TWOQ WISDOM TEETH

|

TYPE DENT

INJECT  ASPIR  WATER TALKING DRULL COTHER MASK TEaM OFER

PATIENT

CONGC N20 PULL PAQHE
PRI % POKE  DIST

TIME
MIN

ar 75
a8 0o
B2
3950
a8 75
3900
3925
3950
3975
40 G0
40 25
40 &0
4075
4100
41 25
4150
41 75
42 00
42 25
42 54
42 75
43 00
4325
4150
4375

44 00

9

L
0

0
Q
0
O
Q
0
o
L

0

0

0

o
Q

86



UCSFS TEAM 4, FEMALE-22, PROBE 16" FROM CONE, REMOVE-4 W!SDOM TEETH

]

|

TYPE DENY

PATIENT

INJECT ASPIR WATER TALKING DAILL OTHER [MASK TEAM CPER

ST

PULL PROBE

N2D
i FOKE

CONG
PPM

TME
MIN

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
iy
10
10
10
10
10
10
10
10
10

025
05D
075
1Q0
126
150
175
200
225
250
275
300
325
K
375
400
4 25
4 5¢
475
500
528
550
573
600
625
650
675
700

728
750
775
800
825
8540
B75
900

928

50

50

50

60

50
50
&0

850
875
1000
10 25
10 50
1075
1100
1125
11 50
1175
1200
1225
12 50

¢
o
0

50
50

5o
50

0
0
0
D
0

50

50

50
50
50

1

D

50

&7



UCSFE TEAM 4, FEMALE-22, PROBE 10" FROM CONE, REMOVE-4 WISDOM TEETH

TIME CONC NZ20 FULL PROBE PATIENT TYPE DENT
MIN PPM 0k POKE DIST INJECT ASPIR WATER TALKING DRILL OTHER |[MASK TEAM OPER
1275 4 L1 0 10 0 v} Q 4] Q 0 1 4 1
1300 14 50 0 10 a 0 ¢} i} Q 0 1 4 1
1325 510 50 1] 10 4] 0 0 4] 0 0 1 4 1
13 50 825 5C 0 10 C 0 0 ¢ 0 4] 1 4 1
1375 335 50 ] 14 ] 4] o D 0 4 1 4 1
14 00 265 50 ] 14 4] 0 L+ ] a 4] 1 4 1
1425 287 50 4] 14 ] o O D 0 ¥ 4 4 1
14 50 290 50 Q 14 ] 0 4] ] 0 Q 1 4 1
14 75 222 5G 0 14 o Q 0 0 ] 0 1 4 1
1500 261 50 o] 14 ] 0 1] ] 0 0 1 4 1
15 25 181 50 0 14 ] g 0 4] 4] 4] 1 4 1
15 50 102 50 0 14 0 0 0 ] 0 0 1 4 1
1575 103 50 i 14 ] 4] 0 0 Q 0 1 4 1
18 00 124 ED o 14 0 ) o 4] 0 g 1 4 1
16 25 a5 50 1 id ] 0 0 1] G ] 1 4 1
16 &0 50 50 1 14 4] ) o 1] 0 0 1 4 1
16 75 115 50 4] 14 0 Q 4] qQ 0 4] 1 4 1
17 00 162 &0 0 14 0 0 0 0 0 0 1 4 1
17 25 111 =0 [ 14 v ] 1] V] ¥ D 1 4 1
17 50 122 50 4] 14 ¥ Q 4] Q 1] 1 1 4 i
17 75 103 50 4] 14 1 0 ] 0 1] 0 1 4 1
18 00 106 50 4] 14 1 ] ] ] ¥ 0 1 4 1
18 25 53 50 4] 14 1 n 4] Q 1] 0 1 4 1
18 50 32 50 o 14 1 0 G 4 0 o 1 4 1
18 75 116 50 4 14 G 4] 1] 0 4] 0 1 4 1
1800 158 50 a 14 1 a 4] v} o a 1 4 1
1925 207 50 0 14 1 0 0 0 0 0 i 4 1
1950 B84 50 O 14 O ] 0 G ¢ [ 1 4 1
178 109 50 u] 14 4 0 o 0 0 1 1 4 1
2000 271 Lt D 14 1 0 0 0 0 Q 1 4 1
20 25 207 50 D 14 i o] ¥] 0 0 V] 1 & 1
20 50 B3 50 0 14 1 0 a 0 0 0 1 4 1
2075 97 50 0 14 1 0 Q 0 0 0 1 4 1
1060 191 50 0 14 1 o G | 0 o } 4 1
21 25 94 50 0 14 1 0 ¢ Q g ¢ 1 4 1
2150 51 a0 ] 14 1 ] ¥ g 4] 4] 1 4 i
2175 54 50 0 14 1 (0] Y] 0 o 4] 1 4 1
22 00 62 50 1} 14 i a Q a Q Q 1 4 1
22 25 36 a0 0 14 1 0O 0 ] 0 7] 1 4 1
22 50 44 50 4] 14 1 4] 4] 0 0 0 1 4 1
2275 44 50 o 14 1 0 Q 0 0 0 1 a4 1
2300 45 50 4] 14 1 ¢ 0 0 ] 0 1 4 1
23 25 2t 50 ¥ 14 1 ¥ g ¥ v 0 3 4 il
2350 24 50 ¥} 14 1 0 0 o o a 1 4 1
2375 73 50 0 14 4] o Q ] ] 4] 1 4 1
24 00 187 &0 0 14 0 ¥ d 1 ] 1 1 4 1
24 25 159 &0 0 14 4] 1 g 1 0 0 y 4 1
24 50 211 50 G 14 0 0 ] 1 o 1] 1 4 1
24 75 374 50 [H 14 0 0 0 1 0 v, 1 4 1
25 00 537 50 ¢ 14 Q a2 d 1 0 1 1 4 1

38



UCSFE TEAM 4, FEMALE-22, PROBE 10" FROM CONE, REMOVE-4 WISDOM TEETH

TIME  CONC  N20 PULL PRCBE PATIENT }T‘(PE DENT
MIN PP POKE DIST INJECT ASPIR WATER TALKING DRILL OTHER {MASK TEAM OFER
2525 433 50 o 14 0 0 O ] o 0 1 4 1
2550 287 50 \] 14 1 4] 4] 4] 0 G 1 4 1
2575 185 50 0 14 1 0 Q 4] o /] 1 4 1
2600 246 50 0 14 0 o ¢ 4] 0 0 1 4 1
2625 428 50 0 14 D 0 ) o D O 1 4 1
26 50 701 50 0 14 0 ] 0 1 ] s} 1 4 1
2675 861 50 0 14 1] ¢] Q 1 0 4] 2] 4 1
27 0 525 50 o 14 ) 1) 0 1 1 o 1 4 1
2725 318 50 0 14 ) 0 0 1 0 o 1 4 i
27 50 124 50 0 14 0 ] 0 1 0 v} 1 4 1
2775 188 50 3 14 1 f ) f G o 4 4 1
25 00 a54 50 ¢ 14 ¢ D ] 0 0 0 1 4 1
26825 204 50 0 14 0 ] ] ) i} o 1 4 1
28 50 224 50 1 14 0 1 D D o o 1 4 1
2875 915 50 1 14 0 1 0 0 o 0 1 4 1
23 00 270 50 1 14 0 1 0 ] 0 ) 1 4 1
2925 pral] 50 1 1A f 1 0 1 0 o 1 & 1
25 50 318 50 1 14 ) 1 0 0 o 0 1 4 1
2975 163 50 1 14 ) 0 0 i} H 0 1 4 1
30 00 162 50 1 14 7] v C 0 o 0 1 4 1
3025 113 50 0 14 1 0 W 1 0 0 1 4 1
3050 2085 50 0 14 1 G 0 c Q ) 1 4 1
075 176 50 ) 14 i 0 o 0 o o 1 4 1
31 00 532 S0 U 14 o d Q ¢ 0 0 1 4 1
3125 am 50 ) 14 4} 1 v 1 ¢ 1 1 4 1
3150 156 50 1 14 ) 1 0 o 9 ) i 4 1
3175 76 50 1 14 ] 1 Q 0 o ) i 4 1
3200 122 50 1 14 ) 1 0 1 0 o 1 4 j
3225 of 50 g 14 D t G 0 0 G 1 4 4
3250 110 50 0 14 0 1 ¢ 0 o 1 i 4 1
3275 69 50 ] 14 0 0 Q s o 1 i 4 1
3300 32 50 0 14 ) D o ) n 1 1 4 5
3325 27 50 Q 14 0 0 0 o 4] 0 1 4 1
33 50 g4 50 0 14 0 0 0 1 ) 1 1 4 1
3375 138 50 4 14 ] 0 ) 0 0 1 3 4 1
34 00 369 50 1 14 0 1 o o 0 0 1 4 1
34 25 508 50 1 14 0 1 0 2] 4} 0 1 4 1
M50 225 50 1 14 C 1 o D o 0 1 4 1
34 75 123 50 1 14 0 1 ) ] 0 0 i 4 1
35 00 2 50 g 14 0 i 0 ) 1] 1 4 4 1
35 55 150 5D ) 14 o 1 o 0 o 1 1 4 1
3550 164 S0 0 14 g 1 4] 4] [ 1 1 4 1
a5 75 180 50 0 14 c i 0 0 o 1 1 4 1
36 00 a2 50 # 14 ¢ 0 n D 0 7 1 4 1
3625 67 50 ¥ 14 ¥ Q 0 0 0 ¥ 1 4 1
35 50 g5 ] ] 14 g i 4] 4] 0 1 1 4 i
3875 50 0 0 14 o g U 1 O 1 1 & 1
7w 55 o ! 14 0 ] 0 1 o 4 1 4 1
37 25 114 0 0 14 0 o 0 0 V] 0 1 4 1
3750 a1 ¢ ] 14 4} 0 0 ] 3! D 1 4 4

89




UCSF6 TEAM 4, FEMALE-22, PRCBE 10* FROM CONE, REMOVE-4 WISDOM TEETH

OPER ‘

TYPE DENT
MASK TEAM

PATIENT

INJECT ASPIR  WATER TALKING DRILL OTHER

DIST

N20 PULL FPROBE
% POKE

CONC
FPM

TIME
MIN

14
14
14
14
14
14
14
14
14
4
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
34

K]
94
109

3775
38 00
38 25

3850

85

78

a8 75
3900

3935

33

a7
33

39 50
3975
40 00
400 25
401 50
40 75
41 00
4125
41 50
4175
42 00
42 2%
42 50
42 TS
4300

43 25

43 50

17
14
14
15
40

38

€6

29

14

T

7
5

43 78

4400
44 25
44 50

44 75

2

45 00
45 25
45 50
45 75

80



UCSF7 TEAM 3, FEMALE-75, PROBE 10" FROM CONE, TOOTH IMPLANTATION-ANTERIOR MANDABLE

TYPE DENT

PATIENT

PULL PROBE

N2G
%

CONC

TIME
MIN

INJECT ASPIR  WATER TALKING DRILL OTHER |MASK TEAM OPEA

oisT

POKE

PFM

10
10
10
10
10
10
10
10
1¢
10
10
10
HE
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
12
12
12
i2
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

025
a50
475
100
125
150
175
200
225
250
275
300
325
3 50
375
400
425
4 50
475
500
525
550
575
G 00
6 25
G 50
675
700
725
750
775
400
325
BEOD
875
800
925
SEQ
878
1000
1025
1060
1075
1100
11 25
1150
1175
1200
12 25
1250

55

a7

43
15

B3
32

15

a0

30
30
30
30
30
30
30

o
0
0
Q0

]
2
6

30
a0
30

G

g1



UCSF7 TEAM 3, FEMALE-75, PROBE 10* FROM CONE, TOOTH IMPLANTATION-ANTERIOR MANDABLE

TIME  CONC N2o PULL PROBE PATIENT TYPE DENT !
MIN FPM g POKE DIST INJECT ASPIR  WATER TALKING DRILL  OTHER [MASK TEAM OPERJ

1275 0 an o 12 0 1] 0 H 0 Q 1 3 5
1300 0 30 0 12 ] U 0 ] 1] 0 1 3 5
13285 ] an 0 12 D ¥ 0 0 o [ 1 3 5
1350 0 an 0 12 o ] o G | 0 1 3 5
1375 0 a0 G 12 0 1] 0 G 0 0 1 3 &
1400 0 ao 0 12 H] ] 0 0 0 o 1 K] 5
14 25 0 Ki] 0 1a 4] 0 0 0 0 1] 1 3 5
14 50 0 a0 ¥] 12 0 ¢ 0 D +) 0 1 3 g
14 75 0 30 ] 12 0 H 0 0 0 o 1 3 5
1500 U a0 0 2 4] 1] 0 0 0 1] 1 3 5
15 25 o a0 4] 12 D Q 0 0 0 Q0 1 3 5
15 50 0 ag 0 12 0 ¢ 0 ] 0 4] 1 3 5
1875 o] a0 Q 12 4 a 0 0 O [H 1 3 5
1600 o 3o a 12 0 4] 0 1] 0 1 1 3 5
16 25 0 ao 4] 12 0 G 0 0 0 o 1 3 5
18 50 0 20 0 12 ] 0 1] 0 0 4] 1 3 5
1675 0 30 0 12 0 0 0 0 il 0 1 3 5
1740 a7 an 4] 12 Q O 0 0 0 Q 1 3 L]
17 25 40 30 0 12 0 ] o i} 0 4] 1 3 5
17 50 19 20 1] 12 0 ] 1] f 0 1 1 3 5
1775 74 30 0 12 Y Q v} 0 o v} 1 3 5
18 90 B 30 a 12 0 a 0 0 0 0 1 3 5
18 25 5 30 0 12 0 ] 0 Q 0 0 1 3 5
18 80 1 30 0 12 H 0 Q 4] a o 1 3 5
1875 25 30 0 12 [H 0 0 0 0 0 1 3 5
1300 125 W0 Q 12 4] Q 0 ¢ e} 0 1 3 5
19 25 85 30 a 12 Q Q o} 4] Q o 1 K] 5
19 50 25 30 Q 12 1 0 a o 0 0 1 3 5
1975 15 aq G 12 1 1} 0 0 a 0 1 3 5
20 00 24 30 Q 12 1 0 o 0 Q 0 1 3 5
05 1 30 Q3 12 1 Q Q 4] Q 0 1 3 7]
20 50 1 30 0 12 1 ] 3] 0 0 H 1 3 4
2075 48 30 ¢ 12 1 ] o] 0 0 ] 1 3 5
21 00 43 a0 0 12 8] 0 O 0 0 0 1 3 s
2185 15 30 0 12 4] 0 o 4] 0 0 1 3 5
21 50 18 30 1+ 12 Q ] 0 0 ) 0 1 3 5
M 75 13 a0 0 12 t G 0 0 D q 1 3 5
22 00 120 KH 0 12 1 ¢ 0 0 0 0 1 3 5
a2 25 57 30 1] 12 1 0 4] 0 ] D i K| 5
2250 71 3o 0 12 ] 0 0 0 ] 1 1 3 5
2275 26 ao 0 12 f 0 0 0 ] { 1 3 =
23 Q0 14 a0 0 12 { 0 ] ¥ 1] 0 1 3 5
2325 42 K 0 12 0 0 1] a a ¥ 1 3 5
23 50 93 30 0 14 0 Q Q G 4 1 1 3 5
2375 44 30 1] 14 Q 0 0 4] Q 1 1 a 5
2400 14 30 0 14 0 0 0 0 a 0 1 k| 5
24 £5 2 30 ¥ 14 1] 0 Q 2 i 0 1 3 5
24 50 1 30 ] 14 f 0 H v Q 1 i 3 5
24 TS 1 a0 Q 14 0 Q ] O Q 1 1 3 =
2500 55 30 D 14 o 0 d 4] V] 1 1 3 5
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UCSF7 TEAM 3, FEMALE-75, PROBE 10" FROM CONE, TOOTH IMPLANTATION-ANTERICR MANDABLE

TYPE DENT

PATIENT
INJECT ASFIR  WATER TALKING DRILL. OTHER |[MASK TEAM OPER

PROBE
DIST

PULL
POKE

CONC N20
PPM %

TIME
MIN

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

30

24

25 25

30

1
4]
]

2550
2575
2800
26 25
26 50
2575
27 00
27 25
27 50
2775
28 00
28 25

28 8D
2875

a0

a0

30

30
a0

a0

4

30

o
a

o
o

29 00
2925

4
Q

2250
2975

3000

0
!
k!

3025
30560
3075

0

1

oo
3125
3150
3175
32 00
32 25

3250

0
it

6
9

3275

3
9

14

3300

3325
33 50

3375

g
15
18

34 00

34 25

8
2

1

3450

34 75

35 00

35 25

2
2

1

3550

375

2

36 00

36 25
36 50

1
1

3875

0
2

11

37 00
37 55
37 50
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YCSF7 TEAM 3, FEMALE-75, PROGE 10* FROM CONE, TCOTH IMPLANTATION-ANTERICR MANDABLE

tg

|

TYFE LDENT

PATIENT
INJECT ASPIR  WATER TALKNG DRILL  OTHER |[MASK TEAM QPER

CONC N2o PULL PROBE
PPM b POKE DIsST

TIME
MIN

14
14
14
14
14
14
14
14
14

15

a7 7o

5
7
]
0

3800

38 25

38 50
3875

0
4

3900

39 25

2

1

39 50

3975

—_ — - - - — — —

14
14
14
14
14
14
14
14

2]
7
i
G
¢
1
5

11

40 00
40 25
4075
41 00
41 3%
4150
4175
4200
42 25
42 &G

4050
A2 75

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

0
0

0

4300
43 25

4350

1
1

A3 75

&4 00
44 25
44 50
a4 75
4500
45 2%
45 50
4575
46 0C
46 25
48 50

36 75

G
G
2

0
¢
g

0
5

0
0
o
0
H
0

47 00

&7 25

47 50
47 75
48 00
43 25
48 50
48 75
%9 00
49 25

14
14
14
14
14
14
14
14
14

5
B

2

1

2

49 5Q)

]

4975

50 00
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UCSF7 TEAM 3, FEMALE-75, PROBE 180" FROM CONE, TOOTH IMPLANTATION-ANTERIQR MANDABLE

TYPE DENT

PATIENT

INJECT ASPIR  WATER TALKING ORILL  OTHER [MASK Team OPER

N2 PULL PHROBE
PRI % POKE DIST

CONC

TME
WMIN

14
14
14
14
148
14

5025
50 50
5075
5100
5125
5150

5175
52 00

1

14
14
14
14
14
14
14
4
14
14
14
14

o
]
o
o
Y]

5225
52 50

5275

§300

53 25

£350

1

]

53 7%
54 00
54 25
54 &0
54 75
5500
65 25
55 50
5575

3

14
14
14
14
14
34
14
14
14
14
14

8
8
5

0
4

56 00

56 25

4
o

56 50

SE 75

)]
0

57 (G
5725

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

0
0
D

5750
5775
56 00
58 25
58 50
5875

59 09

D

D
H

5925

Q
C

5950

5975

0

80 00

60 25
6050

0

0
0

60 75
61 00
6125
6150
6175

Q
0

14
14
14
14

0

]

62 00
82 25

62 50

1
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UCSF7 TEAM 3, FEMALE-75, PROBE 10" FROM CONE, TOOTH IMPLANTATION-ANTERIOR MANDABLE

TYPE DENT

PATIENT

NZ20 PULL PROBE
kL]

CONC

TME
MIN

INJECT ASPIR  WATER TALKING DRILL OTHER MASK TEAM OPER

oIisT

POKE

PPM

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

2
10
10

6275

B3 00

B3I25

63 50
63 75

64 00
64 25

¢
0
0

64 50

B4 75

65 Q0
65 25

)
O
a

65 50
6575

66 00
66 25

11
15
5

66 50
86 75

]
0
0
[
5
5
0

67 00
67 25

67 50
67 75

800

G825

&8 50

?
5
0
0

BB 7S

ga 0o
£5 25

89 50

o

6875

7000
meas
7030
7075
7100
725
7150
7175

7200

7225

]

0

o
G
¢
0

7250

7275

7300
7325
7360
7375

0
0
Q

g
0
0

7400
7425

7450

0
0

7475

7500
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UCSF7 TEAM 3, FEMALE-75, PROEE 107 FROM CONE, TOOTH IMPLANTATION-ANTERIOR MANDABLE

o)

TYPE DENT

PATIENT
INJECT ASPIR WATER TALKING DRILL OTHER [MASK TEAM OPE

N2 PULL PROBE
% POKE  DIST

CONC
PP

TIME
MIN

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
T4
14
14
14
14
14
14
14
14
14
14
14
14

w5

0
0
o

7550

7875

7600

76 25
76 50
76 75
7700

7725

0
]

¢

77 50
7775
800
7825
7850
7875

0
0

79 00
79 25

4

1
10

1

7450
7375

8D 00

B0 25

BO S0

8075

8100
5125
a1 50
8175
82 4do

a2 25

0
¢
0
¢
g

42 50
8273

]

830G

B3 25

0
D
0

8350
8375

&4 00

H
D
0
¥
0

g4 25

B4 50

84 75

B5 00
88 25

0
]
4

85 50
8575

86 Q0
86 25
86 50
85 7%

87 00

]

2
o

0
0

B7 25

£7 50

g7



UCSF7 TEAM 3, FEMALE-75, PROBE 10" FROM CONE, TCOTH IMPLANTATION-ANTERIOR MANDABLE

I

QDPER

TYPE DENT

PATIENT

INJECT ASPIR WATER TALKING DRILL  OTHER IMASK TEAM

CONC N20 PJYLL.  PRCBE
FPM il POKE DIST

TIME
MIN

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

B7 75
28 00

8825

1]
0
0
]

B8 50

BB 75

ga 0o
8925

0
0

23 50

-
94 00

80 25

0
0

8050

8075
5100

0

9125
a1 50
8175

8200

0
0

0
Q

8225

92 80

92 7%

9300
gags

Q

8350

0
3

9375

94 00

94 25

0
o

94 50

9475

0
0
o

95 00

895 25

95 50

O
0
4]

895 75

8500

95 25

86 50

O

96 75

g7 0

97 25

3

97 50

87 75
95 00

&
2
0

98 25

93 50

3 75

4
(i)

99 00

939 25
95 50

G
0

9975

10040

o8



UCSF7 TEAM 3, FEMALE-75, PROBE 10" FROM CONE, TOOTH IMPLANTATION-ANTERIOR MANDABLE

TIME  CONC N20 PULL PROBE PATIENT TYPE DENT
MIN FPM % PQOKE DIST INJECT ASFIR WATER TALKING DRILL OTHER |MASK TEAM OPER
100 25 0 0 V] 14 O g 0 a 0 D 1 3 b

ag



UCSFE TEAM 3, FEMALE-49, EXTRACT LOWER RT BICUSBID/TUBERDSITY REGUCTION

|

DENT

TYPE

PATIENT
INJECT ASPIR WATER TALKING DRILL OTHER MASK TEAM QPER

N20 PULL PROBE
% FOKE  DIST.

CONC
PPM

TIME
MIN

Ak

025
050
D75
100
125
150
175
200
225
250
275
300
335
350
ars
4 00
4 25
4 50
475

11

1"

¢

1"

11

11

1

4]

1

1
ik

0

1"
11

11

1t
1

11
1"
11
11
11

500
525
550
575
600
625

11

11

11

o
Q

11
11

0

11
11
1
11
11

B 50
675
700
T2
750
775
800
825
8 50
875
900
923
a5Q
8735
1000
10 25
1650
1075
a0
1125
1150
1175
1200
12 25

1250

11
11
11
ik
11

11

iR

b

11

1

v
0

11

11
11

11

11

11
th!
1
AR
11

o
o)

0
o

100



UCSFE TEAM 3, FEMALE-49, EXTRACT LOWER RT BICUSEBID/TUBEROSITY RECUCTICN

|

GENT
PER

TYPE

PATIENT
INJECT AS5PIR  WATER TALKING DRRL OTHER |[MASK TEAM O

CONC N20 PULL PROBE
Ph POKE DIST

PPM

TIME
MEN

N
11
11
1
1
11
11
1
1
7
LA
11
11
11
1

0
a
g
0
g
0
g
0
0
o
L
L

1275
13 00
1325
1350
1375
14 00
14 25
14 50
14 75
15 00
15 25
15 50
1575
16 Q0
16 25
16 50
1675
17 Q0
17 25
17 50
1775
18430
18 25
18 50
1875
19 86
19 25
1850
1975

0
¢

11
11
11
11
11
11

33

Q
B
4B

33

33

33

11
11
11
11
11
1

as

a3

0
1
1

a3

33

32

a3
a3

1
B

11

33

B

—_— - - o — = —

Lo B Bt I g T B I B
Lo TR o B 1 o TR B I o B
W da oo o
— 0
—
O oWy & Uy w3
Lo BT B e S T N
[ S I i o B A .
O O O O O Dy O Y

33

10

2200

11
11
11
1
1

33

8
13

22 25

33

2250

33

2275

33

2300

33

2325

1
11
11
11
1

33

2350

33

7
5
5

56

2375

33

24 00

33

24 25

3

24 50

33

40

35

2475

33

2500

101



TYPE DENT

INSECT ASPIR WATER TALKING DRILL OTHER IMASK TEAM OPER

PATIENT

PROBE
DIsT

PULL
POKE

33
33
3
33
a3
a3
a3
33
33
33
a3
a3
33
33
33
33
33
33
33
a3
33
3
a3

N2

0o

CONC
PPM
146
68
25
118
125
255
164
107
g7
97
115
1
62
138
o6
110
66
33
66
66
117
oz
182

2525
25 50
2578
26 00
26 25
26 50
2675
27 00

27 25
27 50

TIME
MIN
2775
23800
28 25
28 50
2875
2800
2225
2350
2975
ao 00
3025
30 50
3G 75
3100
3125
31 50
375
3
32 25
3250
3275
3300
33 25
3350
3375

UCSFA TEAM 3, FEMALE-49, EXTRACT LOWER AT BICUSBIDTUBEROSITY REDUCTION

3R

a0a
13
165

102

33
a3
33
33
33
33
33
33
a3
a3
43
32
33
33
33
33

201
185
105
59
50
145
125
482
113
118
a7
308
286
303
258
257
215
104
73
76
51
21
29

34 00
34 25
34 50
3475
3500
33 2%
35 50
3575
36 00
36 25
36 50
36 75
ar oo
37 25
37 B0



UCSF8 TEAM 3, FEMALE-48, EXTRAGT LOWER AT HICUSBID/TUBERQSITY REDUCTION

TYPE DENT

PATIENT

INJECT ASPIR WATER TALKING DRILL

FROBE

DIST.

PLILE
POKE

CONC N20

TIME
MiMN

QTHER [MABK TEAM OFER

%

PPM

377

35 00

a7 0

38 25

— = o =

23
15
32
ig

5
i8

3850
3875
Ja 00
3926
3350
3975

50
24

40 00
4G 25

1"

10

40 50

40 75

3
3

41 0D
41 25
41 5D
4175
42 00
42 25
42 50
4275
43 00
4325
4350
4375

21

8

53
16
43
60

44 00
44 25
44 50
44 75
45 00
45 25
45 50
4575
46 00
46 25
45 50
4675

37

23

- o o T —

28

249

12

0
]

47 ()

47 25

—_ — - - -

18

47 5¢
47 73

48 Q0

48 25

3
0

48 50

4B 75

1
1

4300

438 25

3
1

43 50

49 75

0

5000

103



LUCSFB TEAM 3, FEMALE-49, EXTRACT LOWER RT BICUSBID/TUBEROSITY REDUCTION

TYPE DENT
OTHER |MASK TEAM OPER

PATIENT

INJECT ASPIR WATER TALKING DRILL

CONC N20 PULL PROBE
FPM % PCKE  DIST

TIME
MIN

50 25

13

50560

3
5

5075

£1 00
5125
5150
5175
52 00
5225

Fi

1

10

2
[+
L
1
5
8

5250
5275

5300

8325

2
1
1

5350

5375

54 00

54 25
54 50

34 75

0
6§

5% Q0

¢
0

£5 25
5250
55 75
56 0
5625
56 50

5675

0
3

1

57 Q0
5725
57 50

BT 75

G
G

2
0
0

58 QU

58 25
58 50

5875

5900

5925
5250

]

52 75

15

&0 00

5

1
1

60 25

€0 50

60 75

]
0

£100
6125
61 &0
61 75

]

62 00
62 25

o

104



TYPE DENT
OTHER [MASK TEAM OFER

PATIENT

INJECT ASPIR  WATER TALKING DHILL

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

PROBE
DIST

PULL
POKE

a3
a3
33
a3
33
33

%

N0

0
2

FPM

CONC

020
040
060
080
100
120
1 40
160
180
200
220
240
260
280
300
320
340
360

TIME
MIN

UCSFg TEAM 3, FEMALE-20, REMOVE-4 WISDOM TEETH

]

13
13
13
13
13
13
13
3
3
3
1
1
1
1
1
1
11
11
11
11
"
11
13
bk |
"
"
A3 |
"
i
1
1"
"

S B B B By T o B e e I o B o Y o T o e o T e I o T e SO e Y o S o JO o I o T e e O ot e S ke e e Y e
I B B B T T R T T T BT Ty T T R VR Y R T T Ry B Vo Ty R Vo Ty Ty B T BT B Fr T E I Ty B V]

=] o oo 0 WD
344..ﬂ_.‘ﬂ_.45555566666?????538889999940'
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UCSFS TEAM 3, FEMALE-20, REMOVE-4 WISDOM TEETH

TIVE CONC N20 PULL PROBE PATIENT TYPE DENT
MIN PP % POKE DIST INJECT ASPIR WATER TALKING DRILL O7HER [MASK TEAM OPER
10 20 15 50 1 11 Q 1] 0 0 Q 1 1 2 1
10 40 21 50 1 10 1 0 M 0 0 1 1 2 1
1060 5 50 0 11} 1 0 [ O 0 ] 1 2 1
10 80 2 50 1 10 Y o H 0 o ] i 2 1
1100 1 50 1 0 0 0 ¥ 4] G 4] 1 2 1
11 20 2 50 ] 10 0 Q [ 0 0 ] 1 2 1
11 40 7 50 0 10 0 0 H ) 0 1 1 2 1
11 60 12 80 4] 10 [ 0 0 3] 0 1 1 2 1
11 80 H 50 ] 10 0 4] 0 0 0 0 1 2 1
12 00 7 50 1} 10 0 ¢ 4] 0 4 a 1 2 1
12 20 8 50 )] 10 0 0 0 o 0 0 1 2 1
12 40 5 50 ] 10 0 ¢ 0 0 0 i 1 2 1
12 60 2 50 ] 10 0 0 o 0 0 0 | 2 1
12 80 5 50 ] 10 1] a o 0 0 H 1 2 1
1300 id 50 ] 10 1 a [+ D 0 Q 1 2 1
13 20 30 50 0 10 1 o Q D 0 a 1 2 1
13 40 18 50 ] 10 1 ¥ 0 D 0 0 1 2 1
13 60 14 50 0 10 1 O 0 D 0 0 1 p 1
13 80 3 50 ] 10 1 4] 0 ] 0 0 1 2 1
14 00 3 50 0 10 3 Q o 4] D 0 1 2 1
14 20 2 50 0 1Q 1 Q 0 0 0 4] 1 2 1
14 40 [ 80 0 10 i Q o 0 0 a 1 2 1
14 €0 18 50 0 10 | ] 0 0 ] ¢ 1 2 1
14 80 13 50 0 10 1 0 0 0 1] & 1 2 1
15 QD 12 50 0 10 1 0 0 0 0 0 1 2 1
15 20 14 50 0 10 1 1 0 ] 0 0 1 ] 1
15 40 12 50 Q 10 1 0 0 H M 0 1 2 i
15 60 1 50 aQ 10 1 0 ] H ¥ 0 1 2 i
1580 39 50 0 10 1 | 4] H H 0 1 2 1
16 00 46 50 0 10 Q | 4] H 0 0 1 2 1
16 20 4B 50 0 10 1 | 4] 0 0 0 1 z 1
16 40 14 50 Q 10 q 1 ] 0 0 0 1 2 1
16 B0 14 50 ) 10 1 0 0 ¢ g 0 1 2 1
16 80 a8 50 o 10 1 0 n a 0 0 1 p 1
17 00 »9 50 0 10 0 ] ] 0 O 0 1 2 1
17 20 14 50 0 10 i} o H 0 0 o 1 2 1
17 40 37 50 0 10 0 1] H 0 0 d 1 2 1
17 60 B0 50 0 10 4] 4] Y ¥ 0 ] 1 2 1
i7 B0 239 &0 0 10 ] o 0 4} G 0] 1 2 1
18 00 108 50 1 10 O 1 Q ¥ 0 ] 1 2 1
18 20 28 50 1 i0 ¥ 1 b ¥ 0 o 1 2 1
18 40 4 50 ] 10 4] 1 0 0 0 ] 1 2 1
18 6@ 1 50 i 10 ] 1 0 0 Q 4] 1 2 1
18 B e 50 ] 10 0 1 0 0 0 4] 1 2 1
1550 a 50 1 10 0 1 0 0 Q 0 1 2 1
15 20 2 50 1 10 0 1 0 0 d 0 1 2 1
19 40 b 50 1 2 [H 0 1 0 0 g 0 ! 2 1
19 60 6 50 1 10 0 1 0 Q o 0 1 2 1
19 BO 10 50 1 10 ] 1 0 0 o] 0 1 2 1
2000 | 50 1 10 0 1 0 ] ] 0 3 2 1
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UCSF9 TEAM 3, FEMALE-20, REMOVE-4 WISDOM TEETH

TME  CONC N20 PULL PRCRE PATIENT TYPE DENT
MIN rPM % POKE DIST  INJECT ASPIA  WATER TALKING DRILL OTHER [MASK TEAM OPER
2020 3 50 1 10 0 1 o o 0 o 1 2 1
20 40 2 sa 1 10 0 1 o 0 0 o 1 2 1
20 60 10 50 1 10 0 1 o 0 0 o 1 2 1
20 80 22 50 1 10 g 1 0 4] D g 1 2 1
2100 9 50 1 10 4 1 0 4] 0 ] 1 2 1
21 20 47 S0 1 10 0 1 ] 0 ] o 1 2 1
21 40 74 50 1 10 0 1 o 0 ] o 1 2 1
2180 24 =0 1 10 G 1 0 g 0 o 1 2 1
21 B0 4 50 1 10 O 1 0 o ] o 1 2 1
22 00 1 &0 1 10 ) 1 0 4] 0 o 1 2 1
22 20 4 50 1 10 0 1 o 0 0 , 1 2 1
22 40 15 S0 1 10 0 1 o g 0 o 1 2 1
22 60 3 &0 1 10 0 1 0 0 ] o 1 2 1
22 80 45 50 1 10 Q 1 0 4 ] g 1 2 1
23 00 54 50 3 10 0 i L o 0 o 1 2 1
2320 51 30 i 10 Q 1 o 0 D a 1 2 1
23 40 47 50 1 10 g L o 0 0 g 1 2 1
23 60 55 a0 1 10 0 L 0 0 0 0 1 2 1
23 BQ 57 50 } 10 0 1 o 4] ] g 1 2 1
24 D0 81 50 1 10 g 1 U 0 0 o 1 2 1
24 20 131 a0 1 10 0 1 0 0 0 o 1 2 1
24 40 8r 50 1 10 0 1 o g 0 o 1 2 1
24 60 57 &0 1 10 0 1 0 0 0 0 1 2 1
24 B0 48 &0 } 10 ¥ 1 0 0 0 o 1 b 1
25 00 40 S0 1 10 0 1 o 4 ] o 1 2 1
25 20 L1 50 1 10 O 1 o 4] ] O 1 2 1
25 40 32 5o 1 10 ) 1 0 4] 0 0 1 2 1
2560 12 50 1 10 0 i L 0 0 L 1 2 1
25 B0 37 50 1 10 0 1 0 o 0 0 1 2 1
26 00 108 &0 1 10 Q i 0 4 0 o 1 2 1
26 20 g3 50 1 10 0 1 0 0 0 o 1 2 1
76 40 17 30 1 10 4] 1 0 4] ] o 1 2 1
26 60 38 50 1 10 0 1 0 o 0 1 1 2 1
26 60 19 a0 g 10 ] 1 ] 0 ] 1 1 2 1
27 G 12 50 Q 10 0 1 G o 0 1 1 2 1
27 20 B 5Q 0 10 0 1 0 4] 0 1 1 2 1
27 40 1 Z0 0 10 o 1 0 4] ] 1 1 2 1
27 60 17 50 0 10 ) 1 0 0 0 1 1 2 1
27 80 14 50 4 10 0 1 0 O 0 1 i 2 1
28 00 13 50 0 10 0 1 c 0 a 1 1 z 1
28 20 7 50 ¢ 10 Q 1 o 0 ] 1 1 2 1
28 4@ 5 50 a 10 O 1 C 4] 0 1 1 2 1
28 60 & so a 10 0 1 o ¢ ] 1 1 2 1
28 80 B 50 Q 10 4 i C 4] 0 1 1 2 1
29 0¢ 20 50 4 10 0 1 C 0 a 1 1 2 1
29 20 13 50 G 10 0 1 0 0 ] 1 1 2 1
29 40 28 50 L 10 0 1 ¥ o 0 1 1 2 1
25960 27 30 Q 10 0 1 0 0 0 1 1 2 1
29 B0 14 50 ¢ 10 0 1 0 4] 0 1 1 2 1
3000 16 5o 4] 10 0 1 0 0 0 1 1 2 1
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UCSF3 TEAM 3, FEMALE-20, REMOVE--4 WISDOM TEETH

TIME CONC N20 PULL PROBE PATIENT TYPE DENT
MM PPM % POKE DIST INJECT ASPIR WATER TALKING DRILL OTHER |MASK TEAM OPER
30 2G g 50 0 10 0 1 0 0 a 1 i 2 1
30 40 26 50 1 10 D 1 Q ] 0 4] 1 2 1
30 60 61 50 1 10 D 1 0 0 G o ] 2 1
30 80 29 50 1 10 0 1 4] ] G v} 1 2 1
Moo 73 EQ 1 10 D 1 ¢ 0 0 ¢ 1 2 1
20 35 50 1 10 0 1 0 0 g o 1 2 1
a1 40 34 50 1 10 4] 1 0 ¥ ¥ o 1 2 1
KERY 17 50 1 10 4] 1 0 0 0 4] 1 2 1
3180 18 50 1 1Q D i 0 0 0 o 1 2 1
3200 20 50 1 10 +] ) 0 4] ] )] 9 ) 1
3220 25 50 1 10 g 1 o 9] 4] 0 1 2 1
32 40 14 50 1 10 0 3 o 0 0 0 1 2 1
3260 g 50 1 10 0 1 Q 4] 4] 0 1 2 1
3280 9 L0 1 10 ¢] 1 Q 4] 4] 1] 1 2 1
3300 11 50 1 10 ¢] i 0 0 0 1 1 2 1
3320 8 50 4] 10 ] 1 0 4] 0 1 1 2 1
2340 5 50 0 10 a 1 Q 0 g 1 1 b4 1
3360 4 5( o 10 0 1 Q 0 0 1 1 z 1
J3a0 g 50 0 10 g 1 0 0 G 1 1 Z 1
34 00 20 50 4] 10 0 1 4] 0 o) 1 1 2 1
3 20 14 50 0 10 Q 1 o o 0 1 1 2 1
34 40 8 50 0 10 0 1 0 o 4] 1 1 2 1
34 60 54 50 0 10 4] 1 0 ) 4] 1 1 P 1
34 80 58 50 ] 10 0 1 0 4] ] 1 1 2 1
35 00 23 50 a 10 o 1 0 0 0 1 1 ? 1
35 20 arz 50 0 10 o) 1 0 ] ] 1 1 2 1
35 40 14 50 0 10 0 1 D ] 0 1 1 2 1
35 60 11 50 2] 10 o 1 4] ] 4] ¢ 1 2 1
35 80 41 50 1 10 ) 1 4] ] 4] 8] 1 2 1
a6 00 10 50 1 10 0 1 0 0 V] 4] 1 2 1
a5 20 2 50 1 10 0 1 J Q Q 4] 1 v, 1
36 40 26 50 a 10 a 1 v 4] ¢ ) 1 el 1
36 6D 45 50 0 10 a 1 1 ¢ 1 ] 1 P 1
36 BO 91 50 0 10 0 1 1 4] 1 o 1 2 1
a7 on 46 50 0 10 0 1 1 0 1 0 1 2 1
37 20 o4 50 ¢ 10 Q 1 1 0 1 0 1 2 1
37 40 140 50 0 10 a 1 1 ¢ 1 0 i z 1
37 60 143 &0 0 10 i 1 1 0 l g 1 Zz 1
37 BD 110 50 0 10 0 1 1 0 1 0 1 id 1
38 00 L:01] 50 1 10 V] 1 o 0 0 0 1 2 1
38 20 44 &0 1 10 O 1 0 Q 0 0 1 2 1
38 40 52 50 3 10 ] 1 o 0 0 o] 1 2 1
28 60 5d 50 1 10 ¢ 1 o ] 0 0 1 2 1
38 80 63 50 1 10 4] 1 0 4] 4] 4] 1 2 1
3900 53 50 1 10 0 1 ] 4] 4] 4] 1 2 1
ag 20 69 50 1 10 0 1 0 D 4] Q 1 2 1
39 40 53 50 1 10 Q 1 D D o 0 i 2 1
39 60 71 50 1 10 0 1 0 1] 0 0 1 2 4
39 80 40 50 1 10 0 i 1 0 i 0 1 2 i
40 00 46 50 1 10 0 1 1 q ¢ 1 1 2 1
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TYPE DENT

ASPIR WATER TALKING DRILL. OTHER {MASK TEAM GPER

PATIENT

IN.JECT

PROBE
DIST

N20 PULL
% POKE

CONG

TIME
MIN

UCSF9 TEAM 3, FEMALE-20, REMOVE-4 WISDOM TEETH

G OGO D o000 DEoOaoODDDa0a0000 0000000 CcDOd D000 o O s oo oS oo
DO OoOO oD D000 COD 00000 O0 0000000 DOoO0O0DO0O00 00000
-t = = - T "7 T 7T r-r-r-r-r—-r-r- T " 7 - T T r-TT -7 ™~

o0 oo S0 000 SO0 oo OO0 QDO O QOO0 00 QD a o oo o000 0o0oooco
[+ ay O Mmoo oM = O M o F~ &3 [ &3 @ D W LWy T a o - Wy O &0y 0
mawwww_wzznmﬂusz _._l.dmmo.a.smm 1_@5551 Em?—rrﬁ%..l

- - o

40 20
40 40
50 60
40 8D
4100
4120
a1 40
41 80
4180
4200
42 20
4z 4g
42 60
44 40
44 60
44 B0
45 00
45 20
45 40
45 60
45 B0
46 00
46 20
46 40
46 60
46 80
47 00
47 20
47 40
47 60

47 B
48 00

42 80
4300
43 20
43 40
43 B0
43 80
44 00
44 20
48 20
48 40
48 &0
48 a0
43 00
49 20
49 40
49 80

149

10
10

4
4

49 80
50 00



UCSF9 TEAM 3, FEMALE-20, HEMOVE-4 WISDCM TEETH

TIME  CONG N2D PULL PROBE PATIENT TYPE DENT

MIN PPM i) POKE DIST  INJECT ASPIR  WATEAR TALKING DRILL  OTHER |MASK TEAM OPER
50 20 4 t] 0 10 0 0 0 0 1] 0 1 2 1
50 40 2 0 0 10 0 0 a 0 + 0 1 2 1
50 60 5 0 0 10 Q 4] o o o 0 1 2 1
50 80 & 0 4] 10 Q 4] ] o o 0 1 2 1
5100 5 0 0 10 0 4] g 0 o 0 1 2 1
5120 4 0 0 10 g 4] 0 0 0 o0 1 2 i
51 40 1 a 0] 10 0 o 0 0 0 a 1 2 1
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UCSF10 TEAM 2, FEMALE-24, REMOVE-2 WISDOM TEETH

TYPE DENT

PATIENT
INJECT ASPIR WATER TALKING DRILL OTHER [MASK TEAM OPER

PULL  PROBE

CONC N20O
PPM o FOKE DIST

TIME
MIN

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
33
i3
11
11
11
11
11
11
11

025
050
075
100
125
150
175
200
225
250
275
ang
325
350
375
4 1Q
425
450
475
540
525
S50
575
600
g33
850
678
700
725
750
775
8 00
§2s
830
875
900
225
850
875
1000
1025
1050
1075
11 00
1105
11 50
1175
1200
1225
1250

59
16
a1

107

0

a5
33
54
&2
56

3z
20

23

18
32

19
10

50
50
50
50
g0
50
S0

128
179
1o

38
59

—_— - — - - — —

114

50
&0
B0
50
50
50
50
5G
50
50
50
50
50
50
50
50
50
50

45
2n

11
11
1
1"

215

84

28

11

11

11

65
10G

1

11

fal
130

11

11

83
18

11

11

a8

11

1

9

11
11
11
11
11
11
11
11

50

8
16
24
49

50

50
50

50

17

50

g

50

€
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UGSF10 TEAM 2, FEMALE-24, REMOVE-2 WISDOM TEETH

LTIME CONG N2O PULEL FROBE PATIENT TYPE DENT
MIN PP oh POKE DIST INJECT ASPIR WATERA TALKING DRILL OTHER [MASK TEAM GPER
1275 5 5D 0 11 0 0 ] D 0 0 ] 2 2
1300 6 50 0 1 0 0 ] 1] 0 D 1 2 2
1325 & 50 0 " 0 ] ] ] o] ] 1 2 2
1350 5 50 0 13 0 ] 0 ] ] n 1 2 2
1375 15 50 1 11 ] 1 0 0 ! 0 1 2 2
14 GO 11 50 1 11 [H 1 Q ] 0 0 1 2 2
14 25 8 50 1 1 C 1 ) ] il D 3 2 2
14 5O 12 c0 1 11 G 1 ] 1 & 0 1 2 2
14 75 16 50 1 11 H 1 ] ] ] ] 1 2 2
15 00 i0 50 1 1 0 1 1] ] 4] D 1 2 2
15 25 104 50 1 1 Q 1 ] 0 ] 0 1 2 2
15 50 166 50 1 1 a 1 M ] ¢ v 1 2 2
1575 137 50 1 11 0 1 4] 4] a 0 1 2 2
18 00 a1 50 1 11 D 1 o 0 0 4] 1 2 2
16 25 a9 50 1 11 0 i o 0 0 4] 1 2 2
18 50 17 50 1 11 ] 1 0 0 ] 0 1 2 2
1675 ag &0 1 11 0 1 i) & 0 0 1 2 2
17 00 70 50 1 11 ] 1 0 0 0 0 1 ] 2
17 25 55 50 1 11 0 1 0 ] Q 0 1 2 ]
17 50 42 50 1 11 o 1 4] ] g ] 3 ? 2
17 75 20 50 0 11 ] 1 1 1 0 1 1 2 2
18 00 16 50 o 11 ] 1 1 0 al 1 1 2 2
18 25 az 50 0 11 n 1 0 1 0 1 1 2 2
18 50 a2 50 0 11 H 0 0 D aQ 1 1 2 2
1B 75 ;| 50 0 11 H 0 4] 4] 0 1 1 2 2
19 00 12 50 o 11 [+ 0 0 4] o 1 i 2 2
19 25 6 50 0 11 ¢ 1 ] 4] o 1 1 2 2
1950 4 50 0 1 ] 1 3] 0 0 1 1 2 2
1975 4 50 o 11 ] 1 0 g a 1 1 2 2
20 00 33 50 ol 19 Y 1 4] 4] { i 1 2 2
2025 40 50 o} 11 n 1 4] 4] 0 1 1 2 2
2050 15 50 9, 1 ¥ 1 0 4] o 1 T 2 2
2075 14 L 4] 1 ] 1 ] ] o 1 1 z 2
2100 13 50 D 1" 0 1 n ] ] 1 1 2 2
2125 14 50 D 11 0 1 ¥ 0 o] 1 1 a2 2
2150 a 50 0 11 H 1 4] Y] 0 1 1 2 .
2175 9 50 ¢ 11 0 0 0 0 ! 1 1 2 2
2200 B 50 [ " D 0 0 0 0 1 1 2 2
22 a5 B 50 0 11 ] 1 0 0 0 1 1 2 2
2250 13 50 0 11 D 7 0 o} qQ 1 1 2 )
2275 B 50 0 11 ] 1 0 0 o 1 1 2 2
23 o 8 50 0 11 H 1 4] 4] o 1 1 2 p
2325 16 50 o 11 0 1 0 o al 1 i P 2
23 80 15 50 1 11 0 [+ 0 &) 0 0 1 2 2
2375 127 50 1 11 0 4] o o} 0 o 1 2 2
24 00 73 EQ 1 1 ] 4] 0 0 a 4] 1 2 2
24 35 24 50 1 1 ] 4] 0 0 o] 0 1 2 2
24 60 26 50 1 11 0 1 4] 4] y] o 1 2 2
>4 75 27 50 1 13 [ 0 D 4] o [ 1 2 2
2530 20 B0 1 11 0 0 0 1] 0 [ 1 P 2
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TYPE DENT

INJECT ASPIR  WATER TALKING DRILL  QTHER |[MASK TEAM COPER

PATIENT

PRGBE
DIST
1
11
11
1
11
1
11
11
1
11
11
11

POKE

PULL

NZO
il
50
50
50
a0
50
50
50
50
50
&0
50
S0

GONC
PEM
13
22
29
11
20
ar
28
31
28
10

TIME
MIN
25 25
2550
2575
26 00
26 25
26 50
2675
27 00
27 25
27 50
2775
2B 00

UCSF10 TEAM 2, FEMALE-24, REMOVE-2 WISDOM TEETH

M
11
11
11
"
1"
ah!
11
11
"
1"
11
11
1
ik
11
th!
1
"
Al
11
tl|
AR
11
11
11
AR
11
11
11
11
11
11
11
11
11
11
11

50
50
50
50
50
50
50
50

50
50
50
S0
&0
50
50
50

50

7
6
6
|
]
6

24

15

19

11
8
7
9

33

&0

61

43

82

37

17

12

16

11

27

23

13
7]
5
a
a
3
4
4
5
g

28 25
28 50
28 75
29 Do
29 25
295G
2975
3000
3025
30 5¢
30 75
3100
51 38
3150
3175
3200
32 25
3250
3275
3300
3335
3350
3375
34 00
3425
3450
3475
3500
35 25
35 50
3575
3600
3525
35 50
3675
37 0
37 25
37 50
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UCSF10 TEAM 2, FEMALE-24, REMOVE-2 WISDOM TEETH

TIME  CONC PULL PROBE PATIENT TYPE DENT

MIN PPM POKE DIST INJECT ASPIR WATER TALKING DRILL OTHER |[MASK TEAM OPER
3771 7 o v 11 ] a 0 0 o a 1 2 2
3800 & 4 J 1R 0 v ] 0 H] 0 1 z 2
3825 3 o 0 11 1] 0 0 0 4] ] 1 2z 2
38 50 o 0 0 11 0 0 0 0 o] 1] 1 2 2
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APPENDIX C

SUMMARY OF MAJOR CONTRIBUTORS FROM N,0 CONCENTRATION AND
CHANGES IN N,0 CONCENTRATION BY CPERATION
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