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INTRGDICTION

The WNatiomal Iunstitute for Occupational Safety and Health (NIOSHY 1s the
primary Federal agency engaged in occupatiomal sefety and health research.
NIOSH was formaily created by the Decupational Safety and Health Act of 1970,
This legislation—--which also gave rise to the Qccupational Safety and Health
Administration (QSHA) in the Department of Labor--called for a separate
organization, NIDSH, to provide for research and education programs related to
occupational safety and health. An important area of NIOSH research deals
with methods for coutrolling coccupational exposure to potential chemical and

phveical hazards.

Health care facilities such as hospitals and medical clinies can pose a humber
of health risks to emplovees. Routinely used materials such as anesthetic
gases, antinecplastic drugs and ethyieme oxide sterilant are but a few of the
potentially hazardeus chemical agents encountered {in the occupatienal
environment of the hospital., These agents, 1n particular, may demonstrate

reproductive, carcinogenic and mutagenic effects ain chronically exposed
individuals, It 1s egtimzted that approximately 50,000(1) aperatling rToon
persennel (excluding anesthesiclogists) are exposed to waste anesthetic gases,
and approximately TS,DOG{2) health care workers employed 1n sterilization
arzas are potrentially exposed to ethylene oxade (EtQ). An additiomal 25,000
other emplovees may be incldentally exposed to Et0 due to 1mproper engineerlng

(2)

and adminigtrative contrels. These data serve well to emphasize the need
to determine the level of exposure and evaluate the efficacy of the
technologies and practices used to control exposures to such potentially
harmfuil chemical agents, Good engineering controls and work practlices should
prevent health effects caused by acute exposures and significantly rteduce

risks associated with long term exposures.

The cobjectave of this control technology feasibility study is te obtaln
informarioen on the technigues and procedures used fer maintaining low

concentrations of hazardous chemical agents used 1in hospitals by means of



practicable and commercially available control technology. The NIOSH study
has as dits focus the control of waste anesthetic gases, antineoplastic drugs,
and ethylene oxide sterilant, The documented findings of the £feasibility
study will be the basis for a determination of need to perform an in-depth
control technology assessment of one or more of these specific areas of
mterest. A subsequent In-depth study will result in a technical report
designed to asslist hospital personnel in their efforts teo prevent employee

expasures to occupational health hazards.
Hazard Description and Expesure Sources

Ethylene oxide (Et0), anesthetle pgases, and antineoplastic drugs present
hazards to exposed employees with both short and long term health effects.
Evidence of these effects has been démonstrated im animal and human studies as
well as epldemiplogic investigations. Use of each of these agents 1s confined
to a particular area of the hospital wherse several exposure 5ouUrces may

present a hazard,
Ethvlene Oxide

Ethylene oxide 1s a major 1industrial chemical, and while hospital
eterilization procedures are estimated to use only about 0,.02% of the annnal
United States production of EtD, KIOSH estimates that as many as 100,000
hospital persepnet may be exposed(BJ. Because of the large number of
potentially expcosed employees and the growing evidence of serious health
effects, occupational health professionals and agencies are becoming

inereasingly concerned,

Ethylene oxide has several short term effects. Ar concentrations as low as
200 parts per million {(ppm} EiQ exposure may cause 1i1rritation of the eyes,
nose, and threat. Direct contact of Et0 with the skin or eyes may result in

burns and an allergie rash. With extended low level exposures and brief



exposu¥es to concentraztions above 1,000 ppm, EtQ can result in arritation of
the lungs, coughing, chest pain, headaches, pausea, vomiting, drowsiness,

4y

weakness, and lack of coordinmaticon

In assessing the long term effects of EtQ exposure, animal, human, and
epldemiplogic studles are necessary, Animal studles have shown ethylene oxide
to be a carcincgen in male and female rats {(through inhalation exposure) and
to produce malignant tumors 1o mice {(by injecticn). The carcinogemicity of
Et0 in terms of human exposures 1s more difficult to define, Several
epidemiologie studies have 1Indicated an 1increased risk for cancer and

&)

leukemia, but the results can not be considered conclusive .

Several in witro tests 1ncluding Salmenella typhimurium, Droacophila

melanogaster, Fscherichia coli, and in wvive tests such as micronucleus,

dominant lethal, and the heritable transleocation test have shown ethylene
oxide to be mutageniec. Other long term animal studies involving rabbita and
monkeys show an increased frequency of sister chromatid exchanges and
chtemosomal aberrations. Two studies of workers exposed to Et0O have alsoa

(53

demonstrated an ilncreased frequency of sister chrematid exhanges
Evidence of ethylene oxlde induced reproductive effects 18 incomclusive., Rats
treated with EtD have significantly veduced 1itter sizes, however, EtO
inhalation by rats did not produce teratogenic effects, Intravencus injection
of Et0 1n mice 18 teratogenic but is not in rabbits similarly injected. Human
gtudies have been limited. One study reported 2 reduced sperm count 1in
exposed male workers but the sm3ll sample size rendered the rasults

(53

inconclusive

S5ince some of these effects have occurred at levels below the current
Occupatronal Safety and Health Administration (O§SHA) exposure standard of 50
ppm, the Ameracan Conference of Governmental Industrial Hygienlsts has

established a threshold limit value of 10 ppm and 1s recommending a reduction



of the standard to an eight-hour time weipghted average (IWA) exposure of
1 ppw <?J. 05HA is presently considering that change.

Because Et(0 1z explosive, 1t is usually used in combination with Freon 12
(dichlorodiflusromethane) 1n the sterilizatien process. The mixture 1I1s
typically 12% Et0 and 88% Frecon. Freon exposure may cause eye &nd skin
irritation, and high exposures (2300 ppm) 1n animale have been found tc cause
intoxication, weakness, dizziness, and 1leoss of balance with convulsions.
Excessive levels are expected to produce the same results in humans. Low
level exposute to Freon causes 1trregular heartbeats and 15 considered to be

(6)

the most significant effect

Exposure to ethvlene oxide 15 effectively limited to the area of the hospital
where sterllazation takes place. The highest exposure ocecurs when the
sterilizer door is opened after a cyecle, when the concentration of FEtD may
reach 1,000 ppm £for a short time. During the eaxhaust cycle, high EtQ
concentrations ean occur at the gas discharge point, wsuwually a floor drain
beneath the sterilfzer. Transferring materials from the aterilizer te the
aarator 18 an important source of exposure, especlally since approximaiely 5%
of the Et0 in the stevilizer stays in the sterilized materials and

(4)

packaging. Changing the FEt0 gas cylinder can alsec cause exposure to the

worker both by inhalation ard by skin contact.
Anesthetic Gases

Inhalation anesthetics have hbeen in use for 140 years. Approximately 20
million patients are anesthetized annually in an estimated 25,000 operating
rncmstﬁ}. The potential for worker exposure 1s tremendous and has caused
growing concern for the past decade. Eight anesthetic agents are wused
extrensively 1in the United States- nitrous oxide (NQDJ, halothane,

methoxyflurane, cyclopropane, enflurane, flurorxene, trichlercethylene, and



diethyl ether Nitrous oxiade and halothane are the mast frequently used
agents. NIOSH estimates that approximately 30,000 workers are expased to
(1>

anesthetic gases,

Health effects of exposure to anesthetile gases have both short and long term
consequences, Human volunteers exposed to varlous anesthetic gases showed
decreased mental capacity and impaired motor skilles during and immediately

(6)

after the exposure Halothane can cause headaches, 1rritabality and
depression, and has been linked to hepatoxieity (liver disease} in female
anesthetists, and some rare casesgs of hepatitis. DMNethoxwviflurane has been shown
to impair unormsl kideey function. It 1s suspected that operating room
pexrsonnel wetabolize anesthetic gases at an increased rate, reaesulting from
changes in the liver functien. This increased metabolic rate magnifies the

(6)

petential toxic effects for these workers .-

Anesthetic gases are strongly implicated 1in the higher rate of spontaneous
abortions and congenital malformations experienced by nurses, anesthetists,
and operating rcom assistants. Research findiogs have indicated higher rates
of spontaneous abortion and congenltal mulicrmalions among exposed famale
workers and the spouses of male workers as compared to unexposed workers.
Some recent studies suggest that female anesthetists have a higher rare of

(6)

infertility than unexposed women .

The queztion of carcinogenicity of anesthetic gases has been raised by several
researchers, A comparison of the chemiecal structures of several inhalation
anesthetics and known human carcinogens teveals samilarities, giving some

(1)

reason for susplclom. Epidemivlagic studies of operating room pecrsonnel
have presented conflicting evidence. There 1s an indication of aincreased
incidence of cancer 1n exposed female warkers, however, more Studies are

needed teo substantiate the results(l}.

Fxtensive animal studies have been conducred rco assess the effects of
anesthetic exposures, Some of the studies demonstrated a dose related

response for particular gases. Generally, anesthetle gases produced damage to



or changes in liver and kidney functlon, and neurenal Cbissues. Other effects
included fetal eskeletal anomalies, 1imb developmental defects, reduction 1n

1y

fetal weight, and an increase in fetal resorptions

Sources of exposure to amesthet:rc gases In the operating room are a function
of the equipment and the work practices of the anesthesiologist, Equipment
related exposure sources include. high pressure connections of the gas supply
te anesthesia machine, low gpressure c¢onnectlons to control valves and
patlents, scavenging hoses and connections, rtebreathing bag, and suction
connections. Equipment that is poorly designed or maintaaned is the majer
source of gas leakage. The anesthes:iologist can alsc be a contributer te gas
leakage by improperly connecting hoses, not checking for loose fittings,
improperly filling the wvaporizer, and leaving the vaporizer turned on after
the patient 1s disconnected. The faittfing of the anesthesia mask or
endotracheal tube can also be a leak spurce. In the recovery room, nuraes can
also receive significant exposure while working near the patient’'s breathing

(1)

zone, Anestheties are exhaled for several hours after surgery

Presently, worker exposure standards for most inhalation anestherics have net
be promulgated. OSHA standarde repulate only two substances: diethyl ether
(400 ppm, TWA}, and trichloroethylene {100 ppm, TWA). NTOSH recommends a
nitrous oxide standard of 25 ppm, TWA{ﬁ).

Antineoplastic Drugs

Pharmacists who prepare antineoplastic drugs and nurses who administer them
are potentially at risk., One study has found increased levels of mutagenic
activity fn the urine of exposed nurses, Many of these agents are known to
cause carcinogenic, mutagenic, or teratogenic effects 1n animals. The esffects
on  human health of chronic exposure to low doses of these agents uis

(&)

unlknown .



Hospital Description

The Veteran's Administration Medacal Center is a 10 year old facility located
in central Cincinnati, Ohlo. The 400-bed hospital occuples appreoximately
670,000 ftz, which in¢ludes the main building, trailors and other detached

cperations or research buildings,

The operations of anterest, gas sterilizatlon and anesthesia administration,
are performed in the Supply Prgcessing and Dlstribution (SPD} Department, and

(Operating Rooms ((Q.R.), respectavely,



Gas 3teralization

Progess Description

Sterilization procedures are routinely conducted to dacontaminate medical
supplies and equipment, including various surgical lostruments, Most
materials are subjeected to steam sterdlizatfon, Heat sensitive 1tems for
which steam sterilizatieon i1s impractical (e.g., plastie and rubber gooda,
telescopic 1mstruments and wvarious surgical i1ostruments and egquipment) are

sterilized using EtG.

The sterilization process takes place In the SPD Department (Figure 1}, The
department contains offices, storage and supply areas, and i1solated locations
for the sterilizers. The two EtD gas sterillicers are encloged in a completely

separate room, adjacent to the steam sterilization area (Figure 2).

The saterilizaticn process in the SPD Department is basically conducted as

follows (Flgure 3)

1. Contaminated materials are delivered te the SPD decontamination area

for washing or cleaning.

2. After cleaning, the materials are dried and wrapped ot packaged for
sterilization. Heat sensitive items are pas sterilized, the other

1tems are steam sterilized.

3. Sterile items are either stored 1w the 5PD supply area, or sent to
the operating rtoecms, dental climic, gastric lab, or cardiac

catheterization lab for use.
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Gaseous chemical sterilization procedures make available sterile diposable
supplies. The chemical sterilant 1s capable of killing wviable microorganisms
or their by-products thus deecreasing the inecidence of bacterial infections.
Et0, mixed with Freon-12 in a 12.88 concentration by weight, is the chemical
sterilant used, It is supplied by two gas cylinder tanks, using a "duwal lpad”

system such that one tank acts as a reserve when the other is empty,.
The gas sterilizer, manufactured by Sybron Castle, 135 of moderate size, with
an approximate chamber volume of 70 cubic feet, The gas steralization process

is basically conducted as follows:

1. Articles to be gas sterilized are placed in baskets and loaded oo a

cart to be rolled into the gas sterilizer room.

2, The temperature on the sterilizer 15 set at 130° (standard
temperature for Et0 sterilization) and the humidity set at 50%. The
chart 1n the attached recorder 1e changed,

3. Articles (ain baskets) are manually loaded Inte Lthe sterliflzer,

4, The timer 1s set (usually) for & hours,

5. The door 15 clased and a lock button is depressed.

a, Indicator lights show that the doot 1s locked. The vacuum cycle
begins.
b. When the vacuum eyecle is complete, humidity will enter the

chamber for approzimatey 30 minutes.

c. When humidification is complete, EtQ gas enters the chamber.

-12-



d. After 4 hours, the sterilization cycle 1s complete and a vacuum
will be pulled on the chamber to evacuate all gas. The chamher
15 exhausted repeatedly (approximately 15 times) to maximally

evacuate all of the gas.

e. When all the gas 1s evacuated, alr enters the chamber through a

bacterial filter. The chamber pressure returns te O,
6. The master switch is turned off.

7. The sterilizer door is opened 6 dinches and employees leave the

immediate vicinity for Z0 minutes.
3. sterilized items are manually removed and tranaferred t¢ the aerator,
The pas sterilizer 13 operated for omne cycle per day.
Gas Asration
Aeration of supplies and materials after sterilization 1s performed to
eliminate hazardous residueal quantities cof ethvlene oxide and its reactaon
products, ethyleme glycol and ethylene chlorehydrin. The aerator, a Sybron

Castle Model 4041, has a chamber volume of approximately 30 cubic feet.

The asration process 1s as followa.

1. The aerator ies manually lpaded, allowing awple space for air

circulation.

2. The doors are closed to the "locked™ posit2on, A pilot ldight
indicates when the doors are locked and the “heating” prlot light
indicates that the heaters are operating (temperature 1s maintained

at 135°%%.)

-13-



3. The air in the chamber 15 cireulated and exhausted for 12 hours.
4, After the 12 hour minimum aeration priod, the chamber door is cpened.
5. ‘The materials are manually removed and transferred to a cart for

transport to the asatorage and distribution areas, where they are

assipned control numbers and expiratiom dates,

Control Technolopy

1.

Engineering Centrols

The principal engineering controls used are isolation, general dilution
ventilation, and preventive equipment maintenance procedures. The
gterilizers are located i1n a 1sclated room within the SEI Department,
along with the aerator. The door is kept closed and the room 1s

accessible only to authorized employees.

General dilution ventilation 1Is provided by a fresh air supply from an
open window and a window fan exhaust, and by a large canopy hood over
sterilizer #1 (see Figure 2}, The hood exhausts through an 18 inch squaze
duct directly to the outside of the building. The roem has a negative
pressure with respect to the outside 5PD area, Hospital personnel report
that the ventilation system design provides 8 to 10 air changes per hour.
Effluent waste gas 15 discharged with wacter through twe floor drains
durlng a scavenging cycle, Plans have been made to locally exhaust these

drains as this cemission source can contribute ¢o the total background

levels of Et0 in the room,

The hospital staff has established an equipment malntenance program with
written guldelimes for inspection and repair, Periodie inspections are
made by the hospital engineering staff. Records are kept on a&all
sterilizer malfunctions and repairs. BSoap and water leak testing is

performed on the cylinder valves and connectiens and on the gas carrier

_l[‘__



linea to the aterilizer units. Should a leak be detected, a safety
shut-off walve is actaivated, & strip chart recorder which records the
champber temperature and pressure rtuns throughout the ecyele. Changed
daily, the strip chart can reveal whether there i{s leakape occurring from
the gterilizer chamber, The freont door gasket is also changed daily prior

to uBse,

The aerator :s equipped with 12 narrow (approximately 1/4 inch) air vents
along the ceiling of the chamber. These wvents supply filtered air which
circulates arocund the 1tems 1n the chamber, A 2=inch vwvertical duct
exhausts the excess gas frem the top of the aerator to outside the

building. The minilmum aeration time is 12 hours.

Control Monitoring

Routine air sampling 1s conducted by the VA's district safety engineer,
using a Miran 103 portable infrared =analyzer. Reportedly, EtO
concentrations measured in February ranged from 0 to 18 ppm, duricg the
sterilization exhaust cycle. Pressure nonitoring charts are studied to
obeetve jpossible leaks from the doar gasket or solenold wvalve--as

indicated by a sawtooth pattern.

Work Practices

Work practices and procedures for minimizing exposure to ethylene oxide
are outlined in the hospital's Supply BService Policy and Procedures
Manual. Additionmally, annual training seminars are held to discuss safe
and healthful work practices to be followed during operatian of the

equipment,
The greateat potential for high EtQ exposure 1s duriog the exhaust cycle

{(at the end of the sterilization cyecle) and when the chamber door is

openied to remove sterilized items. To 1limit exposure during this

-15=



operatien, the sterilzer door is cnly partially opened (approximately 6
inches}, the employee 1mmediately Ieaves the area, and 1tems are not
temoved for 20 minutes. This procedure allows any unevacuated gas from
the c¢hamber to be emitted and captured by the exhaust hood. After 20
minutes, materlals are transferred immediately te the aserator, tc prevent

prolonged breathing of any ambient vapors.

When changing gas cylinders, employees take precautleng te aveld ceontact

with liguad sterllant which may Temain in connecting lines,

4. Personal Protective Equipment

When transferring sterilized materlals from the sterilizer to the aerartor,
polyvinyl gloves are worn by personnel. The gloves are 1mmediately
disposed of after leaving the gas sterilizer room. A full-face pirece
self-contained breathing apparatus (manufactured by “Guardsman™) Iis
acceszlble for emergency use lmmwediately outside the gas sterilizer room,

There is no formal resparastor protection program.

Anesthesia Administration

Process Lescription

The VA hospital hasz a total of six cperation rooms. Each operacing room
{(0,R.) 1s approximately 17 ft, by 21 ft. and is situated along either side of
a sterile corrador. A floor plan for the Operating and Surgery Department is

featured in Figure 4,

Each 0.R. is equipped with anesthesia machines manufectured by OChio Medical
Company, Each machine is desigoned to deliver accurately wmeasured
concentrations of anesthetlec gases {nitrous oxide mixed with oxygen) and
vapors {[of liguid halothane and enflurane)} into the breathing system. The gas

Source 15 a4 central plpeline system, but gas cylinders are affixed to the

~16=
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anesthesia machine f{or supplemental wuse, The gases are adolnistered 1in
contrelled concentratlons by meana of rotameters calibrated 1in liters per
minute, The flow rate 18 controlled by the aneathetist with associated
valves. The pachine 15 equipped with a vaporizer which converts the volatile
lagquid anesthetle agent into 2 vapor and administere a contrelleble volume or
concentration teo the breathing circuit, In a2 pixture with the nitrous oxide
and oxygen. A schematic of a typical anesthesla machine and breathing circuft

is shown in Figure 5,

During anesthesia, the patient may breathe “spontanecusly” without assistance
from the anesthetist, or breathing wmay be assisted by the anesthetist, who
periodically squeezes a breathing bag near the end eof exhalation te augment
the amount of 1inspired air. “Controlled" ventilation can also cceur by use of
a ventlilator, a pneumatically operated mechanical pump which gutomatically

veutilates the patient's lungs.

Sufficient anesthestic is delivered to last the duration of the procedure, and

the patient 1Is then wheeled into a post-anesthesia racovery toom.

Control Techunoclogy

1. Englneering Lontrols

Engineering controls in the 0.R. 1nclude general dilution ventilatiom and

local exhaust ventrliation (scavenging) of the waste anesthetic gases,

Figure & shows a typical operating room arrangement, General room air 1is
exhausted through two 1 foot by 1 foot exhaust grilles situated 6 ainches
above the floor on opposite walls, Two ceiling diffusers supply fresh air
above the operating table. A positive pressure relative to the cutside
corridor results. Hespitzl engineers report that 15 air changes ocour

every hour in the 0.R.

-18-
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The gas discharge from the breathing circuit is controelled by a scavenging
system consisting of a hose extending from the pop-off walve, which
attaches by a Y-connector to the wventilator, and leads to a wall suction
source, The exhaust of the suctlen pump 15 lecated cutslde the bullding

at a point remote from air intakes.

Z. Control Monitoring

The anesthesia machines are gerviced four times vyearly by Ohlo Medical,
the manufacturer. The service contract includes pressure testing the

system and replacement of any worn parts,

Air sawpling for niltrous oxide is performed annually by the rTegional
saferty engineer., Recent monitoring in O.R. ¥1 revealed a TWA for four
hours of 20 ppm with a peak of 60 ppm, During the measurement period, 60%

nitrous oxide was administered to the patieat,

Sampling Methodology

Alr sampling was conducted 1n the O.R.'s using a Wilks Miran 103 Specafic
Vapor Analyzer. This direct reading instrument 4is an Infrared amnalyzer
equipped with a selective filter for nitrous oxide analysis, A built-in
sample pump allows for continucus measurement. When exposed to infrared
lipht, the resulting absorbance is indicated on a meter calibrated directly in

parts per millicn, with approximately 5% accuracy,

Nitrous oxlde measurements were made at several potential leak points in the
high pressure ges supply system connections on the =anesthetic equipment
itself, and 1n the low pressure breathing circuit., Additional measurements

were made in the breathimg zones of the anesthetist and the patient.
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Alr Sampling Results

Ambient nitrous oxide concentrations in Q.R.'s #3 and #5 are reported in
Tables I and II. Values ranged from less than 5 ppm to more than 300 ppm. It
was observed that concentrations at several connections in the system were
significantly reduced when the anesthesiolagist tightened hose connections at
the request of the survey team, Irn O.R. #5, however, very high concentrations
observed at the pop-off valve of the ventilator indicated a substantial leak
from the system. This leak was probably the source of the elevated background
levels in this 0.R.

20—



Table T

Nitrous Oxide Concentrations in O.R. #3
By Sample Site, with Scavenging in Use

Sample N30 Concentrations
Site ppm
High Pressure 07 valve at anesthesia machine 10
Scavenging hose comnection to wall sucticn 10
Ceneral Adr 10
Scavenging System. Vacuum coannection losert

into large diameter scavenging

hose 10
High Pressure N30 conmnection at anesthesia machine 10
Exhaust Dame Valve 317
*#Exhauat Dome Valve 35
"Y" Connection between ventilactor and exhaust 15
Breathing Zone of Anesthetist 10
Breathing Zone of Patient 10
NIOSH Recommended Standardl 25

*After adjustment gnd cightening of fittings
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Table I1

Nitrous Oxtde Concenttations in O.R, #5
By Sample 8ite, with Scavenging in Use

Sample NoO Concentrations

S1te

ppm

High Pressure Valve at anesthesia machine
(prior to anesthetization}

General Air

Dame Valves

Pop-0ff Valve on Ventilator

Anethesia machine connection to ventilator
sanethesia machine pep-off valves

Alr between machine and patient

Floor near exhaust grille

#41r between machine and patient

®Anesthesia machine connection teo ventilator
*Pop—off Valve on Ventilator

Breathing Zone of Anesthetist (prior to
anesthetization)

Breathing Zove of Anesthetist (durlng anesthatization)

Breathing Zene of Anesthetist {after anitial
anesthetization)

7
35

190

310 varjable
125 wariable
310

47

27

25-30¢

27-35

310

310

35-60 variable

NIOSH Recommended Standardl

25

*S5ample taken after adjustment and tightenilng of fittings and connections
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Disrussion

The purpose of this evaluaticn was to assess the efficacy of control measures
used to reduce exposures to Et0Q and NED' In the SPD Department, Et0 levels
are reportedly maintained at less than 20 ppm TWA which is below the current
O5HA PEL of 30 ppmg.

This 1level, however, exceeds the current ACGIH Threshold Limit Value of 10
ppm?. Although this 1s not a legal limit, it would be prudent to maintain
airborne concentretions below 10 ppm te avoid such effects as irritation of
the respiratory passages, and organic inmjury to the liver, kidneys and adrenal

glands.lo’ 11

Subsequent to the I0 ppm Et0 recommendation, evidence of possible
carcinogenicity, mutagencity and teratogenicity in humans and in laboratery
animals has prompted the ACGIH to recommend the reduction of the TLV for EtD

to 1 ppm.l2

In the 0.E., the mean breathing zone concentration of unitrous oxide for the
anesthetist was 35 ppm. During the initial anesthetization procedure nitrous
oxide levels were significantly higher (over 310 ppm}. In O.R. #3, a
significant reduction in nitrous oxide concentration was noted after the
anesthetist adjusted and tightened loose connectiens in the low pressure and
ecavenging system., It should be noted that the values obtained do not
rTepresent time-weighted average concentrations, but rvather, instantaneous

samples read from a direct-reading instrument.,

Although NIOSH has been unable to Identify a safe level of exposure for waste
anesthetic gases, 1t Trecommemds cthat the risk be minimized by reducing
exposures to the greatest extent possible, Where halogenated agents are used

in cowmbinatien with onitrous oxlde, data relative to control techniques
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currently available indicate that, for anesthetics delivered as miztures for
use 1n operating rooms, concentrations of ¢.3 ppm for halothane and other

volatile anesthetics, and 25 ppm for nitrous oxide are feasible.l
Conelusicons and Recommendations

Findings of this evaluation indicate that Et0 1s controlled to a time weighted
average concenttaticn within the limits of the O0$HA PEL, however, move
stringent engineering controls are recommended to reduce Et0 levels during the
exhauest cycle and during door opening. A local exhaust hood at the draia area
would effectively reduce alrborne ceoncentrations during the exhaust cycle.

Werk practices used in the SPD area are adequate.,

It 185 recommended that to aptly anticipate any new OSHA rule wmaking on EtD,
and for optimal protectlon of empleyee health, the best possible engineerang
controls and work practices should be instituted to maintain the lowest

practicable levels of ambient Et0,

In the O.R., anesthetic gas =scavenging equipment was effectively employed,
however, periodic leskage from the equipment was observed. It is recommended
that anesthesia equipment be checked and maintained on a regular basis. Face
masks, tubing, breathing bags and endotracheal tubes should be wvisually
checked for cracks and other leak sources. Both high and low pressure
compeonents, should be leak tested. The high pressure components, from nitrous
oxide and oxygen supply up to the flow meter control valves, can be tested by
applying scap seolution to all connections and observing any bubbles. This
should be performed quarterly. Low pressure components, 1ncluding hreathing
baps &nd tubing, can be tested using the procedure prezented in Appendix I of
the NIOSH criterla document on waste amesthetic gasesl. This procedure is

outlined below:
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(a)

(b)

(e)

{d)

(el

Assemble the anesthesia machine as in the usval manner for clinical
anesthesia with breathing tubes, Y-piece, breathing bag, and high

pressure hoses or cylinders cennected,

Ocelude the Y-piece securely with the thumb or palm of hand.

Fressurize the breathing system to 30 cm water, observed on the
ahsorber preasure gaupe. This may be accomplished by using the

oxygen [lush valve.

Add a sufficient flow of oxygen through the low-range flowmeter to
maintain a constant pressure of 30 cm water in the breathing system,
The oxygen flow required to maintain the pressure 1s a measure of the
leak rate, Thils test may be abbreviated by using an oxygen flowrate
of 100 ml/minute. If pressure in the system incresses, the breathing

sysfem 18 below the maximum allowed leak raie.

Determine the presence of check valves downstream from the flowmeters
by econsulting the manufacturer or a serviceman. These valves must be
tested differently. With oxygen flowing, briefly turn off in turn
each flowmeter which 1s equipped with a check valve until there 15 a
rise 1n pressure on the absorber gauge, Al 1ncredse 10 pressure

indicates zbsence of leakage i1n the circuit tested.

The low pressure leak rate should be helow 100 ml per minute.

Small components such as breathing bags and heoses can be leak tested
separately by pressurization, immersion Iin water and observation of
any bubbles., In situaticne whera this 1is not practical, it 1is
recemnended that fittings apd seals be checked pericdically to make
sure paskets and o-rings are inplace properly, that connections are
tight and not wern, and that moisture or chemical action has not

caused corrcsicn or degradation of materials. Typicel places to
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check, and where leaks have bheen found in other studies, include the
seals at the domed unidirectional valves, seals at the top, bottom,
and center of the CO, absorber, and fittings where the breathing

.
tubes connect to the machine and to the Y-plece.

In addition teo a scavenging system and proper equlpment malntenmance,
the anesthetists can reduce exposure by pgood work practices,
Improper practices, such 28 poor choice of face mask, insufficiently
inflated endetracheal tubes, and spillage of wvolatile anesthetilc

agents when {illing vaporizers, are chief ceantributors tec exposure,
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