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I INTRODUCTION

The Mational Institute for Occupational Bafety and Health (NIOSBH) is Lthe
primary Federsl agency engaged in occupational safety and health research
Located in the Department of Heslth and Human Servicez {(formerly DHEW), il waxz
established by the Occupational Safety and Health Act of 1970 This
legislation mandated NIOSH ko ¢anduct a number of research and education
programs separate from the standard setting and enforcement Functions carried
out by the Occupational Safety and Health Administration (OSHA) in the
Department of Labor An important area of NIOSH research deals with methods
for controliing occupational ¢xposture to potential chemical and physical
hazards. The Engineering Control Technology Braach {(ECTH) of the Division of
Physical Beiences and Engineering has been given the lead within NIOSH to
study the engineering aspects of health hazard prevention and conkrol

Since 1976, ECTH hat conducted a number oF afSsessments of healtd hazard
control technology oo the basis of irdustry, common industrial process, or
specific conkrol technigques  Examples of these completed studles include the
foundry industry; various chemical manufacturing or processing operations;
spray painting; and the recirculation of exhausgt air The aobiective of each
af these studies has been to document and evaluake effective control
technigues for potential health hezards in the industry or process of
interest, and to create a more general awarenegg of the need for or
avairlability of an effective system of hazard contrcl measures

These stud:ies involve a number of steps or phases Initially, a series aof
walk-through surveys is conducted to select planks cor processes with effective
and potentially transferable control concepts or techniques. Next, in-depth
surveys are conducted to determ:ne both the conteol parameters and the
effectiveness of these contrcls. The repocts from these in-depth surveys are
then used as a basis For preparing technical reports snd journal articles on
effective hazard control measures  Ultimately, the information From these
research ackivities bullds the data base of publicly evailable i1nformation on
hazard control technlques for use by bealth professionals who are regponsible
for preventing occupatlonsl tilness and injury.

BACKGROUND FOR CONTROL TECHNOLOGY ETUDIES

The present Control Technology Assessment of Bthylene Oxide Sterilization in
Hespitels is the resultk of the research recommendations of the 1983
Feasibality Study of Engineering Conktrpls in Hospitals. During the
Feasibility study, preliminary surveys were conducted at eight hospitals te
asgess the potential need for Further research in the conktrol of anesthebt.e
gases, antineoplastic drug exposures, and ethylene orxide sterilization
operations Based on the feasibility study, & need for the eveluatlaon and
documentation of effective engiheering controls for Et0 sterilization was
identifled

The heelkh effects of ethylene oxide have been under intense study for several
years. EtO exposure may cause irritation of the eyes, mose, and thrast
Dermel exposure to agqueous solutions of EtD may cause burns and allergic
sensitization Animal toxicity studies have shown EtO to be & mutagen and a



carcinogen Studies of exposed workers have indicated increased mutagentc
activity an human cellsg, an incresse in the incidence of levkemin, and adverse
reproducktive effects Many of these effeets, both for exposed animals and
humansz, were obsarved at conceateation levels lower than the former OSHA
permiasible exposure limit (PEL) of S0 parts EtD per million parts air {(ppm),
&-hour time-weighted gverage (TWA} A=z a result of these studies and Lthe
urgings of workers' groups, OSHA began the rulemaking process to issue g new
standard in early 1983 On June 15, 1984 OFHA issued a new PEL of 1 ppm {8-hr
TWA) for ethylene ¢xide based on its detormination that EX0O is a potential
human carcinegen (1

In response to the hospitals' need to control worker exposure to B0 to levels
below 1 ppm, the Engineering Control Technology Branch (ECTB) of NIOSH is
studying the control of EtO emissions From sterilizers in the hospital

setbting The goalg of this study are to evaluate and document selected
engineering cantrols which hospitals have implemented, and then to disseminate
useful inFormaticon and practicable recommendations on effeckive methods For
conktrolling oecupational ethylene oxide sxXposure

BACKGROUND FORE THIS SURVEY

Shriners Burns Institute expressed an interest in participating in the study
and supplied information about the Supply, Processing, and Distribution (SPI)
Department to NIOSH Based on this information, 1t was determined that the
hospital might fulFill the requirements of a sterilizer system using 12/88
EtQ/Frueon mixture with extra evacuyation phaszes at the end of the sterilizer
eycle and local exhaust ventilation above the sterilizer door, and with
in-chamber aeration

A preliminary survey was conducted in the Proceseing Deparkment on

January 15, 1985. Findings of this survey indicakted the Processing Department
had instituted engineering control technology For minimizing employege eXxposure
to EtD and had developed a comprehensive program to proteck its employees
Local exhaust ventilabtion had been provided in critical ereas. The sterilizer
had a continuous fFresh air purge phese following completion of the cycle and
ip—chamber aeration The sterilizer was recessed in a small room with
dedicated ventilation. Proper work practices for employees were clearly
outlined in a procedure and policy manual, and based on observation of the
removal of & load from the sterilizer, the vperator followed those

procedures An ip-service program had been given to the departmeni by the
sterilizer manufacturer after installation of the equipment in June 1984,
providing information on operation of the new sterilizer and on the hazards
and zafe use of EtO. In eddition, the hospitsl staff were very conscientious
about Et0Q control and had made every eoffort to follow the guidelines of the
American Hospital Associetion and the Health Industry Manufacturers
Association for the safe and controlled use of EtD in =stsrilization
operations

An in-depth survey of the Processing Department of Shriners Burns Institute
waz conducted on March 18-22, 1985 to evaluate its operations and asgsocieted
controls for Et0 exposure. This repork documents the informakion pertinent to
that evaluation



POTENTIAL HAZARDS, EXPOSURE GUIDELIMNES, AND EXPOSURE SCOURCES

Workers exposed to ELO may experience both mcute and long-term health
effecte Et0 is a tentral nervous system depressant, end 1ln air cen cause
acute ircitation to the eyes, upper respiratory tract, and skin at
concentrations of several hundred to 1,000 ppm Exzposure to high
concenkrations may alse ceuse headache, dizziness, npausea, and vomitling
pilute (1 percent) aqueous solutions can cauge blistering of human sgkin
after prolonged contect, and allergic sensitization can also eccur in some
individuals (2}

NIOSH has conducted animel toxicity studies to determine the possible
long~term health effects of ELO exposure The results of the NIGSH studies
support the conclusiong of other researchers thakt BtO iz a mutegen and a
carcinogen ln animals The studies showed an incregse in gister chromatid
exchanges and in chromosomal aberrations, evidence of mutagenic activikty
The studies also showed an increase in the fregquency of mononuclesr cell
leukemia, peritaoneal mesotheliomas, and cerebral gliomas Adverse
reproductive efFfects were also observed (3}

The potentisl of EtQ to cause mutegenic activity in humans has been
examined by & number of i1nvestigators The studies were conducted by
examining blood lymphocyte cultures obtained from workers exposed te EE0 in
a variety of occcupational settings The rezults clearly demonsktrate that
Et0 adversely effects human genetic material (47

Epidemiologic studies of humens occupationally exposed to EtD, show anp
increase in the frequency of leukemiz and other malignant tumors  Taken
along with the results of the animal studies, EtO must be considered a
potential human carcinogen (4)

In addition to the OSHA PEL of 1 ppm, the standard mentions an ac¢ction level
of 0 5 ppm, sbove which semi-annual monitoring is required (1} The
Ameri1can Conference of Governmental Industrial Hygienists has also adopted
1 ppm as an B-hour time-weighted average Threshold Limit Value {(TLV);
however, they have sllowed for an excursion limit such that short-term
exposures should exceed 3 ppm no more than 30 minukes during s workshift
and should never exceed 5 ppm (3} 1In jits testimony to OSHA on the new
skandard, NIOSH recommended that a ceiling limit of 5 ppm not bs achisved
for more than 10 minutes in a workday, and that the 8-hr PEL be set lower
than 0 1 ppm to reduce the risk of occupational mortality o the greatest
extent poszible.(6)

FRIMARY EXPOQEURE SOURCES

Hospital central service personnel may be exposed to EtO from geveral
gources. Each source conktributes to the ambient concenkration of Eto,
however, two may be directly responsible for most of the exposure on g
dmily basgis.



Unconktrolled Drain

During the evecuation phage of the sterilization cyecle, most of the Et0 in
the sterilization chamber iz removed through the vacuum pump and drain

For sterilizers which evacvate to an uncontrolled drain, much of the Et0
usad in sterilization may be released into the recess room and/or perhaps
ko the workroom abtmosphere.

Removing the Sterile Load from the Chamber

In some situations, the most significant EtO emission source on a daily
basls is the opening ¢f the sterilizer door at the end of the sterilization
cycle In an uncontrolled system, warm, moist, EtO-laden air escapes from
the sterilizer when the door is opened and may diffuse throughout the

room This seurce of EtO may release a significant quantity of EtD into
the workroom air as a hackground concentration, and, depending on the work
practices, may or may not provide a pesk exposure for the sterilizer
operator This source is particulerly important For loadszs which are
transferred toc an aerator For systems using in-chamber seration, this
potentiel exposure source is virtually eliminated slthough some EBED may
st1ll be 1n the sterilizer chamber st the end of the seration ¢ycle  This
air may also be drawn out of the chamber a3 the operator pulls the load
from the chamber

SECONDARY EXPOSURE SOURCES

Other exposure gourees may not be as readily apparent, but may alsoc pravide
important contributions to the beckground levels of EX0C in the workroom
air Some of these sources may only intermittently release EtO.

Aeration

Post-sterilization meration is epsential For pretection of the paktients who
will uwse the items and for controliing occupational exposure to EtQ  While
in the agerater the sterile items continue to off-ges If the aerator
exhaust is nok vented out of the building or to a dedicated exhaust, it rcan
become a major conkributor te the backzround EtQ levels,

EtC Gas Cylinders

Ethylene oxide gas is supplied to many sterilizers from pressurized gas
cylinders When replacing empty EtO eylinders, the worker may be exposed
to EtD vaporg from residual llquid or gaseous EtD in the supply lines
Depending on the loeation and ventilation areund the ¢ylinders, the release
of thig trapped EtO may conkribute to background EtO concentration for the
sterilizer operator and other workers

If the contents of an EtO e¢ylinder were accidentally discharged, e large
guantlity of BtC would be released This could result in dangerous
concentratlons in the viclnity of the cylinders end in the surrounding work
area



Pressure Relief Valve

Another posaible source of Et0O is the sterilizer safety valve. If the
gterilizer becomes overpressurized during the cycle, this emergency relief
valve releases EtD gas, If not controlled or remotely vented, this release
ma¥y conktrlbute a significant guantity of EtO to the workplace atmosphere

Mainkenance

Sterilizer part Failures, maintenance opersations, and repair work can slze
result Ip significankt exposures to persennel. OF particular concern are
plastic and rubber components which will absorb Et0 and may even react with
the gas; these parts can deteriorate over time Valves, connecticons, and
the Front deor gasket are potentinl sources of leaks, and occasjional
exposure Maintenance personnel may be exposed by unknowingly entering the
recess room to work or equipment when EtO concentrations are high during or
Tollowing a purge cycle



HOSPITAL AND PROCEES DESCRIPTION
HOSPITAL AND PROCEEZSING DEPARTMENT DESCRIFPTICN

Shriners Burns Institute iz & not-for-profit, private hospital with a 30-bed
capacity, specializing in the treatment of burned and crippled children  The
haspitel 18 a four-storied struckture, with surgery, patient roome, and the
Processing Department located on the third floor

The Procecsing Department occupies three rooms: a decontamination and
golutions storage room, a supply room/office; and the processing/ster;liziag
room, hereafter referred to a&s the ¢lean room  The hospitzal's bwo surgical
sultes are sdjacent to the ¢lean room and surgery personnel gccupy one end of
the e¢lean room to process end supply surgical needs.

The layout of the Processing Department is disgrammed in Figure 1. OQne end of
the room, occupled by surgery, contains & pess-through washer/sterilizer,
ulirasonic ¢leaning equipment, and & steam sterilizer Ftems are supplied to
one surgical suite through & pass—throvgh window and are cerried to en ocpen
door inte the other suwite Four to elght surgery personnel may be in the roam
at various times during the day shift

Evaluaticn of the clean room was focused an the ares occupied by Processing
Department personnel Th:s end af the room contains storage cabinets, a werk
table, a steam sterilizer, and an EtO sterilizer The sterilizers are
recessed into one wall of the ¢lean room, isclating all bhut the front panels
of the unitz in a separate, ventileted recess room

The Processing Department employs two worketrs and one supervisor on the day
shift (0630 ko 1500) The department is not staffed dJuring the svening and
night shifts One person From the Housekesplng Department cleans during the
evening shift.

EQUIPMENT AND FHYSICAL DESCRIPTION

The EtQ gas sterilizer is an Eagle Series, model 2027, manufactured by The
American Sterilizer Company (AMSCO) Its internal chamber size is 20 :nches
by 20 inches by 38 inches, approXimately 9 cubic feet

The EtO sterilizer 1s supplied with gas from & ¢ylinder conteining a mixture
of EtQ and Freon 12 in a 12:;88 ratio by weight Two cylinders, connected in a
dual-load system with the sterilizer, are located in the recess room The
dual-load system automatically switches to g Full cylinder should a cylinder
empty during the cycle This allows the cycle to continue without

interruption  Access to the recess room 15 restricted The door is locked,
and the key is kept by the superviszor The Maintenance bepartment haz a key,
but must notify the supervicor before entering the room.

Sterilizer Cyele Features

The cycle, which i= zbout 3 1/2 hours in duraktion {at 13G°F) consists of
several phases- 1nitial yecyum and humidification, about 1 howr, B0 chargiog
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and sterilization, abpuk 1 bour and &5 minutes; two vacuum purges, about

25 minutes; and a dynamic air Flush; about 20 minutes Thais hospital glways
uses the in-chamber peraticn Feature Following the 20 minute air flush,
another vacyum is pulled. The chamber is brought up to almost atmospheric
pressure with an air flush for about 50 minutes, then another vacuum is
pulled This alternating air flush/vacuwm phase repeats once per hour for a
minimum of 12 hours A buzgzer signals the aeration cycle is complete and the
load may be pulled. Without operator intervention, the aeration ecycle wall
continue until the door is opened. Duripg the survey, the sterilizer was
operated ak 130°F. The sterilizer/aerator may also operate at 100°F for loads
which are particularly heat-sensitive

Local Exhaust Ventilation

The sterilizer ls equipped with an exhaust system, Envirogard®, supplied by
the menufacturer The system includes the ventilation of a slot hood
measurling 5/8 i1nches by 724 inches located Z inches above the szterilizer door
Two, 2-inch dismeter flexible ductsz connect the hood ko a fan reted at

500 cfm The air is exhausted directly to the putside through a flexible duct
to & wall fan in the recess rocom

Lecal exhaust ventiletion 1s also provided for the ventilated air gap, called
8 liquid/gas separator (LGS}, attached to the sterilizer vacuum pump and a
sealed floor dra:n as part of the Envirogerd® gystem The LGS serves as aen
enclosing hood surrounding the drain airbreak except for two openings
Meaduring approximately 7 by 2 172 inches The LGS 18 connected by ?-inch
diameter Flexible ducting to the same fan which provides the exhaust For the
elot hood over the sterilizer door

A 2-inch diemeter flexible duct, connected to the same Envirogard® fan, has
been located over the EtO e¢ylinder valve coanections  This duct is capped
except during cylinder changes

The Envirogard® fan 1s manually operated by a switch located under the
sterilizer behind the lower Front panel The operator activates the
Envirogard® system when the sterilizer 1g loaded and turns off the system
after the load is aerated and removed from the chamber The system 15 alse
activated during cylinder change oporations

General Venkilation

The department is supplied with air from an intake on the east side of the
building Air is exhausted directly outside in this "once through" system

In the cleen room and sdjacent sreaz, there are o total of seven supply
diffusers and four exhaust vents, refer to Figure 2 One of the exhaust vents
iz loecated in the ce1ling between the steam sterilizer and the EtO

skeri1lizer A Z-foot plastic ceiling baffle surrounds the sterilizer area,

& 1/2 feet oyt from the sterilizers and 11 1/2 feet along the recess room wall

The recess room is exhausted ko the outside by & Fan in the west wall &
sall-switch 15 located on the positive side of the fan  Vents Ffor the general
ventilation system in the room have bheen sealed of F. A passive air intake
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duct for the recess room passes through the north wall of the recess room
through & corner of the c¢léan room and to the oukside through the wesk wall
A positive pressure in the recess room relative to the putdoors prevents
outside air from entering through the duct, thus make-up air for the room 1s
supplied from the ¢lean room through cracks under the recesz room door snd
around the sterilizers,

PRCCESE DESCRIPTIOHN

Many of the items to be sterilized with EtC are prepared and packaged for
sterilization in the using department They arrive in the clean room ready
for sterilizat:on and are placed on a cartsrack  The chamber is cart-loaded
with ikems For gas steridizat:on  The chamber doot 15 closed and the operator
begine the cycle

The department usually processes ohe EtQ load per day during the evening

ghift The cycle is started abaout 1430 and the employess leave at 1500 The
sterilizer iz set tc sutomatically process the load through the aeration
cycle. Items are removed from the chamber the following morning {(aboutb 0630)
by the operatar Chemical and biological i1ndicrtore are removed From the

load The sterile, aerated 1tems are then labeled and prepared for picked-up
by the using department

Replacing and Et0 Bupply Cylinder

The EtOQ cylinders are connected in a dual-load system so that an empty

¢ylinder encountered during the sterilizer charge phaze will aytomabically
switch to the Ffull ecylinder A "Low Gas™ indicator light and tape readout
alert the operator to the conditicn, end the cycle continues uninterrupted

The operator calls meintenance for replacement of the empty cylinder
Maintenance personnel bring the new cylinder to the recess rcom and check that
the Envirogard® system 15 operating before entering the recess room  The
flexible duct over the cylinder valve iz uncapped anpd positioned over the
cylinder valve which 15 to be disconnected The eylinder valve is elosed and
the ball-type, shut-off walve iz closed. The connector is eracked open to
purge the line, and the maintenance person leaves the recess room for 3 to 4
minutes Upen returning te the room, the connector is opened fully and again
the person leaves the room for 2 to 2 minutez The new eylinder 1g brought
into the recess room and connected to the suppiy Iine hose  The smphy
c¥linder is removed  Finally, khe shut-ofF wvalve and the cylinder valve are
opened  The connectlions are leak-tested wsing a halogen detector  The
flexible ventilation duct is capped, the "Changeover Complete” button is
pressed, and the person leaves the room A cylinder change is required about
once each month

Preventative Maintenahce
The Processing Department has a preveptive maintenance conkract with AMSCO for
rovetine evaluations every 2 monkhs The maintenance protocol specifies the

evaluation of the EtO sterilizer for mechanical function and lesk tesking
The service person also inspects the sterilizer door gasket end replaces it as
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needed Alr lines and weter lines are checked Any necessary repairs are
made irmediately. AMSCO service parsonnel perform maintenance functions for
the sterilizer

Bducation and Manitoring

An in-service on the operation and safe use of Et0 was provided to the
department by AMSCO in June 1984 after the new eguipment was installed The
department supervisor provides an in-service on EtC every si1x months  One of
the employees attended & seminar on EtD sponsored by the S¢ciety of Hospital
Central Service Perszonnel. An in-service was also provided for the surgical
staff sharing the c¢lean room with the Processing Department

The maintenance personnel were provided with an In-service by AMSCO after the
1nstallation of the new equipment The Maintenance Department superviser has
& written policy on handling Et0O and changing the cyl:nders. Trainilng ie
provided fer the department

Monitoring has been performed for the department on one ovecasion by GMA prior

to the purchase of the Eagle steril:izer The department is 1nterested in
developing & routine monitoring program

12



EETHOIDOLOGY

To evaluate the effectiveness of the engimeering control measwres, beth short-
and long-term cencentraticns of ethylene oxide were determined and ventilation
parameters {mainly air velocity and volumekric Flowrate) were measured The
major pieces of equipment used in this evaluation are listed in Table I of the
Appendix

MEAZUREMENT OF CONTROL PARAMETERS

Charcoal Tube Sampling

To determine personsl exposures and average concentrations of Ei0D at selected
locations in the clean room, personal and area samples were collected using
coconut shell charcoal tubes according to NIGSH Method 16C7. The semples were
collected on 400 mg and 200 mg charcoal tubhes (SXCFZ26-37) connected in
serjes, and the samplisg train was contained 1n a plasti¢ holder MDA pumps
with limiting orifices rated at approximately 10 milliliters of mir per minute
{mL/m1n) and 20 mL/min were used to copllect duplicate samples for the
sterilizer operator and the area over the sterilizer door for long-term
(8-hour} samples, and with limiting orifices rated at approximately 100 mL/min
to callect duplicate samples for the zame perscnal and area locations during
the lpad removal procedure {short-term, 1-2 miputes) MDA pumpsz {limlting
orafices rated at epproximately 20 mL/min) were used to colleck long-term
satiples for an instrument wrapper and the wrapping area location  The day
shift was sampled for three days

Perzonal lopg-term samples were used to estimate time-welghted average
exposures for the sterilizer operator and an instrumept wrapper  Area samples
estimate the EtO which i1z in the workplece air nesr potential expozure

sources Given that the sterilizer 15 the primary source for EtO releacse,
long-term area samples were collected at a fixed locsticn epproximating khe
operator's breathing zone In front of each sterilizer To estimate the
effectiveness of isoplat:ion of the steril:zer in preventing BYO contamination
of the general workroom air, & long-~term area sample was collacted at & work
table near the sampled instrument wrapper

Short-term samples provided an estimate of the peak concenktrations of Eto
released whea the sterile/aersated lcad was removed from the chamber Samples
were collected both for the sterilizer operator and at the srea sampling
logation in front of the sterilizer from the time the operator opened the
sterilizer door te the time when the operator started to label the sterile
items

Gas Bag Sampling

DuPont pumps were used to collect air eamples in Tedlar® gae sampllng hags
(SEC #231) A short-term arce sample over the sterilizer door was collected
for 2-3 minutes during the unloading procedure A 1-7 minute sample was
collected For the sterilizer operatcr while removing the sterilefaerated load
from the sterilizer To estimate the effectlveness of the air flush phase :i1n
reducing the amount pf Et0D left in the chamber at the end of the geration
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cycle, & pample wag collected in the sterilizer chamher when the door was
opened for unloading These samples were colleckted For 1% seconds each Ar
bag samples were also cellected during the vacuum purge phase at several
locakions around the drain in the recess room for 30 seconds each  All air
beg samples were analyzed cn-site with a portable gas chromatograph

Infrared Analyzer Monitoring

Due to the cyclic nature of Et0 release during the day, 1t was desirable to
have a continuons record of the estimated EtO concentrations in the breathing
zone in front of the sterilizer The sampling probe of the IR analyzer was
laocated over the sterilizer door st the same location as the charcoal tube
Samples ©On March 20-21, the sampling probe was moved to a locakion near tha
sterilizer draip in the recess room for the vacvum purge phase The
continuows monitor provided a messure of the background Et0O levels 1n the
clean room as well as indicating higher concentrations which could be
associated with certain events {such as the sterilizer vacuum purge).

Peak concentrations may pob be mccurately measured with an infrared [IR)
analyzer  The sensing ¢ell of the instrument has 8 volume oF ebout 5 liters
and the sampling pump 2 flowrate of 5 L/min  7This results in an instrument
responee time of approximately 3-5 miputes Thus, short concentration peaks
may be underestimated by the IR anslyzer.

Laboratory experiments showed the instrument responded ko a known
concentration of EtC and humid:ty by lndicating a higher concentration reading
than the Et0 level which was present  The sensitivity of the response at the
3 3 um wavelength was approximately 3 ppm EtO for a 10 percent rize in
relative humidity To compensate for this effect, the IR analyzer was
connected in series with a hygrothermograph These instruments were attached
to a strip chart recorder to provide a continuous graphic record of changing
humidity levels and EtO concentrations This arrangement allowed
differentiation of the response of the infrared analyzer to EtO from relative
humidity

Sampling for the Cylinder Change Operation

On March 21, an EtO cylinder emptied during the charge phase of the sterilizer
eyele The dual-load system did not sutomatically switch to a Full cylinder
due to & closed supply line valve necessitating an immediate cylinder change
operation During this activity, the maintenance person was sampled with
charcoal tubes using the procedure previocusly described (duplicsate samples at
approximately 100 ml./min for & minutes), end an air bag sample was collecked
in the personel bresthing zone  The ares over the Et0 cylinders in the recess
room was sampled with charcoal tubes {duplicate samples at a nominal rate of
100 mL/min for & minutes) An air bag sample wes collected in the zame
location, and the IR sampling probe was moved to the area over the cylinders

Alr Flow Asseszement
The air flow velecities were measured for the szlot hood shove khe sterilizer

door using a hot-wire anemometer The average velocity was used to calculate
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the exhaust air velumebric flow rate for the hood  Intske sloks in the LGR
were alse measured wikh a hot-wire anemometer. Wikhin the department, supply
air and exhaust [low volumes were messured gt the ceiling diffueers end at the
ceiling exhaust vents using a velometer flow hood. Smoke tubes were used Lo
quel:tatively assess air movement patterns in the workroom and near lacal
exhaust hoods, and the results were recorded on videotape

On the first day of the survey, the Environmental Control and Maintenance
Departments expressed concern that air exhausted From the récess room through
the wall fFan might be eatrained in the supply air intake for the ground and
second floors This a&ir intake 1s located approximately 15 feet below the
wall exhaust fan for the recess room T¢ investigate this possibility, a
smoke generator was wsed in the recess room 3moke was exhausked From tLhe
room through the wall fan, and the resulting air peiierns cutside the building
were cghgerved and videotaped Gas bag semples were collected inside the air
intake plenum dering the purge phese of the sterilizer cycle for three days
One gas bag sample was collected above a drain in the air handler room oz the
second floor where a halogen detector indicaked a possible high concentration
of EtQ/Freon

Work Practice oObservations

The work practices of the sterilizer operator may have a very important effect
on the amount of Et0O relessed into the workplace zir and personal exposure

To evaluate this effect, observations of the operators' work prectices during
their Et0 sterilizer activitles were made An esckivitles data sheebt was
completed for each sterilizer load processed including estimates of the time
speht on each activity Hotes were made to aid the assoclabtion of the
sampling resulks with specific ackivities, particularly for air bag samples
Each step of the sterilizer activities was videotaped to make additional
analyses available

15



MEASUREMENT RESULTE

AIR SAMPLING

The results of the enelysis of the charcoal tube samples are reported an
Table II end swexmarized in Tables III snd IY¥., The limit of detection (LOD}
for the analytical procedure was O.1 ug per sample The long-term persanal
samples for the sterilizer operators rahged from O 01 ppm to 0.08 ppm for &
full-shift exposuyre average of O 03 ppm. The full-shift exposure average For
the instrument wrapper was O 06 ppm  Averages are For one shift for three
days  All long-term area samples were less than 0 09 ppm

Short-term samples collected during load removal operaetiomnz for the sterilizer
operator ranged from 3 05 ppm bo 6 46 ppm for #a sverage exiposure of

4 1?2 ppm  Short-term exposures are best viewed in terms of the
concentration-time product, ppm-minukes  An exposure of 5§ ppm, even For enly
1 mipukte Mmay seem unacceptably high while one of 0 25 ppm for 20 minutes may
seem acceptable, even though both situstions lavolve an exposure to the same
quantity of EbO., The concentretion-time product compensates for the different
exposure time In terms of thig preduct, operator expeosures ranged from

4 to 8 ppm-min with an average of 6.5 ppm-min Results of the short-term
charcoal tube samples collected on the maintenence person during an Eto
cylinder change operat:on Are an aveérage EtC concentratlen ofF O 43 ppm and

3 4 ppm-minutes  For the area over the EtQ ¢ylinders dur:ing the change, the
measured Et0 levels averaged 1 42 ppm

The air sampling location in front of the sterilizer was also monitored
continupusly with en 1nfrared snalyzer, whose output was recorded on a strip
chart recorder simultanecusly with that of a hygrothermograph  The sverage
response to & load transfer operation generated & peak 0f spproximately 1 ppm
decaying to background levels within 10 minutes This peak was seen Lo begin
at the time the load was pulled from the sterilizer  An average 15 minute TWA
cancentration of 0 3 ppm was calculated From the tracings, refer to Table ¥

Gas bag samples were collected for the sterilizer operator snd the sterilizer
door area during the load removal. These samples were analyzed on slte with a
portable gusz choomatograph The results are presented i1n Table VI. Charcoal
tube, gas chromastograph, and MIRAN monitoring data collected during load
removal operations are compared in Table VII

VENTILATION MEASUREMENTS

Maagurements of volumetric flow rate for the supply air end exhaust of the C5
Department ara presented in Table VIII  These measurements inmdicated that
within the ipstrumental accuracy, the exhausted air wvolume exceeds the supply
gir velume For a net nepative pressure i1n the department. Air flow patterns
defined with gmoke tubes suppert this conclusion.

Local exhaust venkilakion was measured for the slokt hood over the sterilizer

door The exhaust flowrate was 6% ¢fm  Appreoximetely 17 cfm was measured at
eagch of the intske slots of the LGS.

1&



Air flow patternhs of smoke exhausted fFrom the recess room indicated that under
certain climatic and wind conditions, it might be possible that the exhaust
air could be entrained in the supply air plepum Results of the gag bag
sampling over three days, yielded an BEtD concentration aversge of 0 26 ppm

WORK PRACTICE QOREBERVATIONS

During the survey, the work practices of btwo sterilizer operstore were
cbeserved Among the operators, the spocific order in which the tasks
asgoclated with the load removal were performed varied somewhat  The
cperators performed the load transfer ih less than 1 minute and spent less
than 5 minutes removing the bivlogical indicator and lebeling the sterile,
aerated products
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CONTROL EVALUATION

In evaluating the control syztem, comsiderstion is given to each component of
the system the lsolation of the sterilizsr in the ventilsted recess room,
the ventilated mir gap in the drsin line, the exhaust slot hood over the
sterilizer door, the use of in-chember serstion, and the work practices

While the individual componegts provide important aspects of control, many
elements are Interdependent and contribute to the overall effectiveness of the
system

DRATN CONTROLS

Worker exposures from the drain are controlled primerily by isolating all of
the sterilizer except the front panel in a ventilated recess room  MIRAN IA
tracings of EtO concentrations in front of the sterilizer indicakted no
deteckable EtO present during the purge phases Tracings of Et0
concentrations in the recess room during the purge phases showed approximate
EtD peak levels of 35 ppm  These data indicakte the ventilation of the recess
room was effective in containing the ELO Exhaust ventilation for the recess
room was estimated to be 1250 cfm. This estimate was obtained using an
hot-wire anemometer For measurements at the negative side of the wall exhaust
Fan in the recess room

It can be shown that the ventilation for the recess room met three independent
design craterig Firsk, the ventilation rate was adegusate to overcome the
thermel sir currents produced by heat generating eguipment located withisn the
recess room  Second, the volume of air drawn into the room was sufFicient to
limit the temperature rize to an acceptable level  Thard, sufficient dilukion
ventilation was provided to purge the room of EtD within 15 minukes following
8 sudden release, such as emptying the EtO/Freon 1? conitents of the ster:lizer
chamber through the safaty valve

Arr Velocity Through Enclosure QOpenings

Alr does not always flow into m room with the pame velocity at all openings
In fact, when heated procecses are present in the room, eir may actually flow
out of vents and eracks in the walls near the top of the room 1f the
ventilakion system deoes pot exhevst enough air to handle the quantity of aar
rizing ke the ceiling due to thermal effects Hemeon{?) gives an equation
to ¢calculate the velocity of this sirflow through an orifice at the top of an
enclosure From this equation, a minimum exhaust flow rate can be calculated
whieh assures that air does not leek ouvt of the room For room temperstures
not exceeding 200°F.

Q = 20(L H*)1/3¢a)2/3
where-
Minimum flow rate, cfm,
= Height of the hot air column, ft,
'= Sensible heat released to the air streem, Btu/min;
Total ares of ventg, openings, and cracks, £t

O
I N

I

In this situation, the height of the hot zir column 15 taken to be the height
of the recess room The area of the cracks ip estimated to be 1 ft?
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Eetimates of the heak released in the room were obtajned from the

manufacturers of the equipment and summed to obtain & value for H* Using a
height of § ft, a total area of 1 ft2, and heat release rates of 2 5 Btu/min

for the gas sterilizer and 160 Btusmin for the steam sterilizer, the equation
Ylelds a design exheust flow rate of approximately 230 cfm

Temperature Rize

Exhaust ventiletion may be used to remove excessive heat 1f e source of cooler
pir is awvailable (from surccundlng areas) The volume of air required For a
predetermined tempereture rise is given by the following equation from
reference 7-

Q = 58 H'/ T

where-
¢ = the required exhaust aier flow, cfm;
H'= Bensiblie heet released to the air skream, Bku per min;
T = the acceptable temperature rise, *F

Assuming that the retess room temperature should not exceed 100°F, the
accepbtable temperature rlse would be approximately 30°F Using the estimates
of the heat release from the previous calgulakion, approximately 200 cfm would
be reguired teo limit the temperature rise in the recess room to 30°F

Rate of Purging

The rate of decreasse of concentration of a contaminant once further geperation
has ceased is given by Mutchler(8}

C
2 '
1n cl =~y {tz - t1)
where
Cz = the concentration at time to,
C] = the concentration at time t3;
Q' = the effective ventilation rate;

¥V = the volume of the enclosed space

Q', the effective ventilation rate, is equal to the actusl ventilation rate,
@, divided by a design distribution constant, K, & value between 3 and 10 to
correct for incomplete mixing Since sterilizer recess rooms dre small and
typically unoccuplied, X will be assumed to be 3 The above equetion can be
solved Far @

3V

1
02 {t2 - t1)

Q = 1n

In this equation, the desired time period For purging must be specified The
initlal concentration, Cq, can be estimated by assuming the entire
sterilizer conktents escape inko the recess room The volume of thisz recess
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room wes approximately 600 £t7  Assuming that a 9-ft? sterilizer chamber
charged with 160 grams of EtO guddenly released its coptente to the roem, the
resulting recess room concentration weuld he approximately S500 ppm. To
reduce the recess room copcentration to 1 ppm in 30 minutes would reguire

500 cfm, and 1050 cfm should accomplish the reduction in 15 minutes

Drain Ventilation

HBag samples were collected in the recess room during the evacuation phase of
the cycle at the rear of the sterilizer and near the LGS EtD concenkrations
near the drain ranged from 32 ppm to 100 ppm and at the rear of the sterilizer
were approzimately 38 ppm  Sampling above the drein with an infrared analyzer
indiceted EtC levels around 35 ppm  Alr Flow measurements at the ventilated
air gap show aic flow into kthe LGS was about 24 ¢fm The ventilaetion rate for
the LGS would seem to be sufficient to prevent Et0 gas from escaping and
entering the recess room A possible source of EtD is the leak cup from the
drain line of the vacuum pump This opening is urcontrolled and seems to
provide a eszcape route For the EEO Effective ventilation of the recess room
by the wall Ffan limits the potentlal impact of this situation except For
workerz who might enter the recess room during the purge phase

CONTROLS FOR LOAD REMOVAL

The conkrol of emissions when the sterilizer door i= opened involves reducing
the quantity of EtD remaining in the chamber, capturing as much es possible
the a:r escaping from the zterilizer, and keeping the worker's breathing zone
away From areas of elevated concentrations.

In~-Chamber Aerakion

The use of ip-chamber aeration elimipates virtuslly all of the Et0 present in
the sterilizer chamber by the time the door is opened. Gas bag samples were
e¢ollected inside the sterilizer chamber prior to load removel  Theee samples
ranged From 5 ppm to 1} ppm  AMBCO reports EtQ levels in the sterilizer
chamber range from 1000 ppm to 2000 ppm at the end of the evacuation phase of
the cycle when loads would be transFerred to an aeration cabinet if khe
in-chamber aeration feature were not used (9] In-chamber aeration could
potentially reduce the concentrations to which an operator might be exposed by
ag much as a factor of 200, Actuyel concentirations in the sterilizer chamber
bath at the end of the evaruation phase and following in-chamber aeration are
highly variahle and dependent on the type and guantity of items sterilized

Exhaust Ventiletion for the Door

The zlot hood over the sterilizer door was designed to capture EtQ vapors
oscaping from the chamber when the door was opensd a few inches at the ond of
the cycle This control is particularly important For sterilizers lacking the
in-chanber aerstion feature, since & common practice is tc open the door a few
inches at the end of the cycle and wait up to 15 minutes before transferring
the load to ap aerator Sinece thia department has no asrator, the in-chamber
aeration feature is alweys used The effectiveness of the slot hood in
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capturing the rosidual Bt0 in the chamber escaping when the door iz opened at
the end of the amereticn cyele can be evaluated by estimating the capture
digstance of the hood Wikh a given flow rate and hood size, the capture
distance of the hood 15 limited

The Americean Conference oF Governmental Induskrial Hygienists publishes a
handbook entitled Industrial Venkilation - A4 Mapual of Recommended
Bractice{l0), This manual discusses control velocities and capture
distances with specific criteria and eguations to aid in evaluation and
design For the ¢ase of a slot hood, the reguired exhaust wolume is given by

Q=28 LVX

where* @ = the volumetric air flow, cfm,

L = length of the slot, ft |
V = velocity of the sir skream, fi/min,
X = distance from the sterilizer, ft

For this partieular procesg, the control velocity should be between 50 and
100 ft/min~—with the upper limit of the range recommended In this case the
volumetri¢ flowrate is khown (65 ¢fm), 2¢ the maximum capbure distance can be
estimated by solving this equakien for X. For & desired coateol wvelocity of
100 fr/min, the maximum capture distance c¢alculated from the equation is less
than 1 inch For the existing conditions and the practice of in-chamber
aeration, the slot hood does not provide any significant controel

Work Practices

The sterilizer operators were trained to pull the load to the labeling areas,
rather than push it They performed the load removal guickly, minimizing
their exposure to ELO Use of cart losdingfunloading of the sterilazer,
helped to minimize the worker's acktual contact with the 1tems. The short-term
exposures estimated by charcoal tube sampling ranged from 3 toc é ppm far a
period less than two minutes Shart-term concentrations at the area location
in front of the sterllizer during the load removal procedere ranged from less
than 1 ppm to 3 ppm These data indicate the short-term exposures during the
load removal can be ceontrolled to very low levels

CONTROLS FOR CYLINDER CHANGE OPERATIONS

Local exhaust ventilation and work practices contributed to the low
concentrations ¢f Et generated by the cylinder change operation  Local
exhaust seemed very effective in controllang EtO relesased when the shut-off
value wae cracked opened. 7The maintenance worker uncepped the flexible duct
located near the cylinders and placed the end of the duct over the top of the
eylinder valves  Exhaust for this duct is provided by the Envirogard® fan
Charcoal tube samples collected over the cylinder yielded an average
concentration of 1 42 ppiv A gas bag collected at the same location estimated
the concentretion to e 0 1 ppm Within the limits of the infrared analyzer,
no EtO concentrations above background noise were indicated.
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Work practices and technique also limited the worker's BtO exposure. After
eracking open the cylinder shut-off valve, the worker left the recess room and
waited 2 to 4 minutes before returning to the eylinders This delay sllowed
Etd remaining in the line to be released and exhausted through the flexible
duct  After completing the cylinder change, the worker checked the
connections for leaks using a helogen detector. This practice belped to
insure the tonnections had been made properly and the recess room would not be
tontaminated with EtO from & lesky cylinder The mverage expozure measured
with charcoal tubes was 0.43 ppm over B minutes for an mverage of

3.4 ppm—min A gee bapg collected in the breathing zone estimated the exposure
to be 0 1 ppm

EXHAUST ENTRAINMENT IN SUPFLY AIR

Anglysis of the videotape of alr patterns defined with smoke exhousted from
the recess room indicates that under certain climakie apd wind conditions
exhaust air could be entrained in the supply air intake located directly helow
the wall exhaust fan Results of gas bags collected in the air handler plenum
during the erxhaust phase of the sterilizer cycle showed an average ELO
concentration of 0.26 ppm. Wind conditions snd temperatures were not
documented for the sampled time perieds  Therefore, whether these EtQ levels
represent a typicel situation or a worst case cannot be determined

The Maintenance &nd Environmental Control Depsariments reported heving
identified the presence of a gas which was presumed to be EtO/Freon 12 1a a
steirwell prior to Jenuary 1985 This gas was detected with a haleogen
detector. Mo evidence of this condition existed during the zurvey One
possible explenation is the ventilation of the recess room as 1t existed prior
to the installation of the wall Fan The former system added the

Envirpgard® exhaust fan to an existing ventilation duck which di1d not have

the capaciky ko handle the additional loed. Thus BID from the Envirogard®
system was being emptied back into the recess room This condibtion would
Bllow EtQ levels to buildup in the room and, as per the discu=sion on air
movement in heated enclosures, EtO-laden air could escape through cracks It
iz poasible that the Et0 found in the stairwell had traveled from the recess
room along electrical conduit to the outleks in the steirwell The problem of
insufficient recess room ventilatien was identified for the hespital during
the preliminary survey and had been resolved prior to the in-depth survey
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CONCLUSIONS AND RECOMMENDATIOND

Control of the Full-shift perscnal exposures, as measured with charcoal tubes,
is excellent  All values are lesg than or equal to 0 1 ppm  All Full-shift
area concentrations are less tham C0 1 ppm Likewise, short-term exposures are
well controlled The OSHA permissible exposure limit of 1 ppm, 8-hour TWA was
met as well as the "actjon level”™ of O 5 ppm EBoth ACGIH and NIOSH recom-
mendations for 8~hour TWA exposures and short-term excurslon limits were met.

Engineering controls worked very well in limiting exposures and maintaining
low EtQ canceptrations in the workroom aly Ap adeguately ventilated recess
room which prevented Et0O from the drain from reaching the area in front of the
sterilizer was particularly effective  The department policy of operating the
sterilizer after the workers have left For the dey also eliminates exposure
opportunities (except for the potential presence of housekeeping in the area
during the secand shift) The use of i1n—chamber aeration effectively limits
Bt0Q exposures For the workers during load removal

Tc insure the continued quality and effectiveness of the engineering contrels,
a monitoring program should be established The program sheuld provide for
full-zhift, personal sampling for the sterilizer operator at lesast once per
year Additional monitoring may be reguired by the OSHA standard

The sterilizer operator should be alerted when the ventilation system is not
functiconing properly A sail-switch on the positive side of the recess room
wall Ffap is r good indicator but is only wisible if the cperator opens the
recess room door to check before stacting a load A visual indicator over the
sterilizetr should be added An audible alarm could also be installed to alert
workers if the gsail-switeh eloses, thus indicakting a Falled ventilation

system EtQ orgenic vapor sensors ere agveilable which alert workers to an
emergency situstion lnvolving the presence of a high concentration of EQ.

To protect the maintensnce worker changing the EtOo supply cylinders, face
shields and gloves should De required for protection in case of an secident
Respirators ghould be aveilable to handle emergency situations apd may be
desirable for routine cylinder changes For situztions where the worker
encounters an unknown concentration of EtO or in an emergency situation, NIOSH

recommends & compressed air D{&n circuit self-contained breathing apparatus
(SCBA} with full facepiece {11}

An exhaust duct for the recess room should be constructed to the roof to
prevent entrainment of EtQ in the supply air intake for the ground and second
floors The reguired height of the stack above the roof can not be determined
on the basis of this sktudy An enviromsmental consulting firm should make the
necessaty study of ailr movement on the roof to determine o safe height for the
release of the Et0 exhaust
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TABLE T

EQUIPMENT USEL ON FIELD SURVEY

Item

Model

Used for

Infrared spectrometer
Hygrothermograph

Sktrip chart recorder
Hot-wire sanemometer
VYelometer Flow Hood
Gas Chromatopraph
Perscnal sampling pump
Personal sampling pump
Smcke tubes

ESmoke generator

Miran 14
General Eastern
Varian

Kurz

Alner

Photovac 10A1D
MDA BROB

DuPant F-4000
Draeger

Roscoe

continuous area sampling

relative humidlty and temperaturs
record of EtQ cone. and rel hum
gi1r velocaity

volumetric air flow

analysis oF bag samples

personal and mres TWA samples
collection of bag samples

air flow patterns

exhsust patterns for recess room
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TABLE II CHARCOAL TUBE 3AMPLING RESULTH

DAY SHIFT
SAMPLE SAMPLE TIME VOL. EtO EtQ
DESCRIPTION TEEM DAY NUMEER min. L HE ppm

Sterilizer Operator Loog 3/19 #6364 470 9.531 Q.43 0 025
Sterilizer Operator Long 3/19 #6546 470 4 291 0,65 0.084
Sterilizer Cperator Long 3720 P662 482 9.623 o 17 0,010
Sterilizer Qperator Long 3/20 #667 482 4 333 0 43 0.055
3terilizer Opersator Long 3,21 #8675 458 9 321 018 0 011
Sterilizer Operator Long 3721 #o78 458 4 197 0 16 0,021

Instrument Wrappsr Leag 3719 a657 450 4.7284 O B6 9 111
Instrument Wrapper Logg 3/20 #643 483 4 615 0 &1 0 049
Ingtrumant Wrapper Long 3/21 #659 525 5 022 0 28 D 031
Sterilizer Operakor Shorkt 3/19 #6584 2 0 077 0.53 3 B2
Sterilizer Cperator Short 3/19 #6358 2 0O0BO 0 44 3 053
Ster:lizer Opersator Shork 3/20C #6516 1 0 061 0711 6.460
Skterilizer Qperator Short 3/20 #4629 1 6059 O 44 4 129
Sterilizer Operator Short 3721 #625 2 0 0717 0.57 4 108
Sterilizer Operator Short 3/21 2661 2 0 074 0.42 3.150
Maintenance Fersan Short 37521 #670 B 0O 508 0 28 O 306
Mainkenance Ferson Shork 3s21 #673 8 0 530 g 53 G 555

Above Sterilizer Door Long 3719 &+627 472 4 &02 o 17 0 093
Above sterilizer Door Long 3719 #6238 472 9 462 0 %0 0 029
Above Sterilizer Door Long 3720 #663 480 4 657 0 36 O 043
Above Sterilaizer Door Long 3720 #6b6  4BC 9 375 0.26 0.015
Above Sterilizer Door Long 3/21 #6338 522 10 397 022 0 012
Above Steralizer Door Long 3/21 #640 522 5 057 0 34 0.037

Above Sterilizer Door ghort 3719 #6135
Above Sterilizer Door Short 3719 2637
Above Jterilizer Door Short 3720 #6472
Abave Sterilizer bBoor Short 3720 #6695
Above Sterilizer Door Shertk 3721 7612
Above Sterilizer Door Short 3/21 #6381

9 1533 0 58 7 104
0.17¥2 0.62 2 001
0118 0 59 Zz B23
0 131 0.51 2.161
C 176 O 46 1 451
0 188 Q17 O 477

o M

Wrapping Table Area Long 3719 #6111 A8l 5 322 0 R O 071
Wrepping Table Area Long 3/20 L4644 480 5 280 0.40 0.042
Wrapping Table Area Long 3/21 #HEO 524 5 5D 0,24 G 023

0 606

Above Et0O Cylinders Short 3/21 #4631 0
0.540 1.

G7 0,884
Above EEO Cylinders Short 3/21 #6124 9

1.95%3

o o
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TABL

E IT

CHARCOAL TUBE SAMPLING RESULTS

DAY SHIFTI, CONTINDED

SAMPLE SAMPLE TIME VOL. EED EtQ ELD
DESCRIPTION TERM DAY NUMBERE min L VE pPpPm ___ ppm—min
Field Blank 3/19 #652 0 72
Fi1eld Blank 3119 #653 O A4
Field Blank 3/20 #669 Q 59
Fleld Blank 3/20 #6671 0 51
Field BRlank 3’21 £679 113
Field Blank 3,21 #680 .20
Quality Assurance Ql4all #655 76
Qualiby Assurapce Ql4ls #6654 31
Quality Assurance Qlads #646 5.0
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TABLE IIJ FULL SHIFT TWA EXPOSURES/AREA CONCENTRATICONS
CHARCOAL TUBE RESULTS

Worker/Location # Samples  Average Standard
— Cancentration, ppm Deviation
Operator [ e 03 0 a3
Wrapper 3 0 06 0 b3
Sterilizer Door 6 0 04 o093
Wraep Teble 3 0.04 O 02
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TABLE IV.

SHORT-TERM CHARCOAL TURE RERULTS

Worker/ # Samples Average Standard Average Standard
Location Cenc , ppm Deviatilon Cenc., ppmmin Deviaetion
Operator 6 4 12 1.11 6 47 1 2%
Sterilizer 6 1 84 0.73 317 112
Door
Ex0 Cylinders 2 1l 42 0 53 11 35 4 2%
Maintenance Z ¢ 43 ¢ 13 3 4 10
Person
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TABLE ¥  MIRAN IA MONITORING RESULTS
Date Location of Peak Duration Average Total 15 man IWA
Samples ppm minutes ppm ppR-min Ppm
3/19/85 Ster Door 1 io Q5 5 0.3
3720785 Ster ©Door 1 10 05 5 0.3
Recess Room 34 19 9,3 117 1z
During Purge
3/21/85 Ster Door 1 10 05 5 03
Eto Cylinder - - - - -
During Change
Recess Room a5 15 1z 177 12
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TAELE VI

GC SAMPLING RESULTS.

Ethylene Oxide Concentrations, in ppm

Location/Activity 3/19/85 3720485 3/21/85 Average Standard
Deviatlion

Operator-lead removal o2 02 0.2 0 2 00
Sterilizer Door-load 03 0z [+ 0 23 Q.05
removal

Sterilizer Chamber- 7.9 11 5 8 2.4
before load removal

Sterilizer Chamber— 386 21 22 15.5 g 4
before load inserticn

Sterilizer Door-load - 02 —_ 02z —_
insertiaon

Drein—during purge 32 36 100 56 31
recess room

Recess Room-during purge  -~- - 3B 38 -
rear of sterilizer

Alr Handler Plenum 0 3 .37 a1 0 26 0 11

Drain-air handler rm a2 - - 0?2 -~
2nd. Floor

Maintenance Man-cylinder —— - 01 0.1 _
change

Above Cylinders-during - - 01 01 -

cylinder change
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TABLE VII COMPARISON OF CHARCOAL TUBE, GG, AND MIBAN IA DATA
DURING LOAD REMOVAL

Ethylene Oxide Comcentration, PPM

Sample Date Shaift Charcoal GG MIRAN IA
Operakor 3/19/85 Day 3 a4 02 --
3/20/85 Day 3 30 0.2 -
3/21/85 Day 3 63 o 2 —_
Average 4 12 o 2 -
Standerd Deviatiocn- O B4 —_———
Mean Sample Time: Z min Z min -
Owver the 3/19/85 Day T 03 a3 0.3
Sterilizer
3720/85 Day Z 49 0 2 Cc3a
3/21/85 Day Q 96 0 2 €3
Aversge 183 0 23 .3
Standerd Deviation- 0 64 - LI ]
Mean Sample Time Z min ¢ min 15 min
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TABLE VIJY.

GENERAL VENTILATION DATA

Arpa Grille No Supply (CFM} Exhaust (CFM)
Clean Room 31 150 —_——
54 75 ———
85 1465 ————
] 260 —_———
E3 —_— 15
E4 - 50
Slot* - 65
Recegs Roam F —_ 1250
OfFice and Storage 32 1465 —_—
53 125 —_———
El — 12
Toilekt E? _ 20
Surgery Qffice a7 14} _———
Total 10 1472

*3lot over sterilizer door with Envirogard® copersting
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