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INTRODUCTION
BACKGROUND FCR CONTROL TECHNOLOGY STUDIES

The National Institute for Qccupational Safety and Health (NIOSH) is the
primary Federal agency engaged In cccupational safety and health research.
Located in the Department of Health and Buman Services (formerly DHEW), it was
established by the Occupational Safety and Health Act of 1970. This
leglglation mandated NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement functions carried
out by the Occupational Safety and Health Administration (0SHA) in the
Department nf Labor. An important area of NIOSH research deals with metheds
for contrelling occupational expoaure to potential chemical and physical
hazards. The Engineering Control Technoleogy Branch (ECTB) of the Division of
Physical Sclences and Engineering has been gliven the lead within NIOSH to
study the engineering aspects of health hazard preventiomn and contreol,

Since 1976, ECTB has conducted 3 mumhber of assessments of health hazard
control technology on the basis of industry, common induatrial proecesa, ot
gpecific control techniques. Examples of these completed studies include the
foundry industry; various chemical manufacturing or processing operatioas;
spray painting; and the recirculatiom of exhaunsat air. The objective of each
of these studies has been to decument and evaluate effective control
techniques for potential health hazards in the industry or proceass of
interest, and to create & more general awareness of the need for or
availability of an effective system of hazard control measures,

Thesae studles Involve a number of steps or phases. Initially, a serles of
walk-through surveys is conducted to select planta or processges with effective
and potentially transferable control concepts or techniques. Next, in-depth
gurveys are conducted to determine both the control parameters and the
effectiveneas of these controls. The reports from these in-depth surveys are
then uged as a bhasis for preparing technical reports and journal articles on
effective hazard countrol measures. Ultimately, the information from these
research activities bullds the data base of publicly available information on
hazard control techniques for use by health profesafonals who are responsible
for preventing cccupational 1llness and injury.

EACKGROUND FOR THIS STUDY

The present Control Technology Assessment of Ethylene Dxide Sterilization in
Hospitals is the result of the research recommendstionsg of the 1983
Feasibility Study of Engineering Controls in Hospitals. During the
feasibility study, preliminary surveys were conducted at efght hoapitals to
agsess the potential need for further research in the control of anesthetic
gases, antineoplaatic drug exposures, and ethylene oxide sterilization
operations. Based on the feasibility study, a need for the evaluation and

documentation of effective enginecering controls for Et(Q sterilization was
fdentified.

The health effects of ethylene oxide have been under intense study for several
years. EtO exposure may cause irritation of the eyes, nose, and throat,



Dermal exposure to aqueous selutions of Et0 may cause burns and allergic
gengitization. 4nimal toxicity studies have shown Ft0O to be a mutagen and a
carcinogen. Studics of expoaed Wworkers have indicatad increased mutagenic
activity in human cells, an increase in the incidence of leukemia, and adverse
reproductive effects. Many of these effects, both for exposed animals and
humans, were obgerved at concentration levels lower than the former OSHA
permissible exposure limit (PEL) of 50 parts Et0 per millien parts air (ppm),
8-hour time-weighted average (twa). As a result of these studies and the
urging of workers' groups, OSHA began the rule-making process to issue a mew
standard in early 1983, 0On June 15, 1984 0SHA issued a mew PEL of 1 ppm (8-hr
twa) for ethylene oxide based on its determination that EtO £3 a potential
human carcinogen, E

In response to the hospitals’ need to control worker exposure to Et0 to levels
below 1 ppm, the Enogineering Contrel Technelagy Branch {ECTB) of NIOSH is
studying the control of Et0 emissions from sterilizers in the hospital
getting. The goals of thlis study are to evaluate and document selected
englneering controls which hospitals have lmplemented, and then to disseminate
useful information and practicable recommendations on effective methods for
controlling occupational ethylene oxide exposure.

BACKGROUND FOR THIS SURVEY

Euvclid General Hospital expressed an inrerest fo partlcipationg in the study
and supplied information about the Central Service {C3) Department to NIOSH,
Based on this information, it was determined that the hospital might fulfill
the requirements of the category gpecifying: a sterflizer using a 12:88 Et0
and Freon 12 ‘mixture, extra evacuation phases at the end of the sterilizer
cycle, vented evacuation drain contrels, and local exhaust wventllation other
than above the aterilizer door.

A preliminary survey was conducted Iin the CS Department on August 1, 1984,
Findinga of thia preliminary survey indicated the Central Service Department
had inatituted engineering control technoelogy for minimizing employee expoaure
to EtD and had developed a comprehensive program to protect its employees,
Local exhaust ventilation has been provided io critical areas. The sterilizer
had been modified to include a pulse—purge phase at the end of the cycle.
Proper work practices for employees were clearly outllned in a procedure and
policy manual, and based on abservation of the tranafer of a lead from the
sterilizer to the aerator, the operater followed those procedures. The
department Director provides education and training om proper work practices
arnd the hzzards of exposure to Et0. A continuous EtD monitor and alarm systenm
provided warning for the wotkers 1f a severe leak or emergency situation
should arise. Euclid General Hospital had a renovated ventilation system in
the Central Service (CS) Department and had a local exhaust system to control
EtD emissions., In addition, the hospltal staff were very conscilentious about
Et0 control and had made every affort of fellew the guidelines of the American
Hospital Association and the Health Industry Manufacturers Association for the
safe and controlled use of Et8 in sterilizatlon operatiouns.

This in-depth survey of che Central Service Department of Euclid General
Hospital waa conducted on September 24-28, 1984 to evaluate 1ts operations and



agsociated controls for Et0 exposure. This report decuments the information
pertinent to that evaluatiom.

POTENTTAL HAZARDS AND EXPOSURE GUIDELINES

Workers exposed to EtQO may experience both acute and long-term health
effects. EtO is a central nervous system depressant, and in alr can cause
acute irritation ko the eyes, upper respiratory trazct, and skin at
concentrations of several hundred to 1,000 ppm. Exposure to high
concentrations may also cause headache, dizziness, naugea, and vomiting,
Dilute (1 percent) aqueous solutions can cavsa bligtering of human skin after
prolonged contact, and allergic sensitization can alsoc occur in some
individuals.l

NIOSH hasa conducted animal toxieity studies to determine the possible
long—term health effects of Et0 exposure. The results of the NIOSH studies
support the conclusiona of cother researchers that EtQO is a mutagen and a
carcinogen ip animals. The studies showed an increase in gister chromatid
exchanges and in chromosomal aberrations, evidence of mutagenic activity. The
studfes also showed an increase in the frequency of monvnuclear cell leukemia,
peritoneal mesotheliomas, and cerebral glicmas, Adverse reproductive effects
were also obmerwved.

The potential of EfQ to cause mutagenlc gctivity In humans has been examined
by a number of lnvestigators, The studies were conducted by examining blood
lymphocyte cultures obtained from workers expoaed to Et0 in a variaty of
occupational settings. The results clearly demonstrate that Et0 adversely
effects human genetic material,3

Epidemiologic studles of humans occuypationally ezposed to Etd, show an
increase in the frequency of leukemia and other malignant tumora, Taken along
with the results of the animal studiea, Et0 must be congldered a potential
human carcincgen.3

In addition to the OSHA PEL of 1 ppm, the standard menticns an action level of
0.5 ppm, above which semi~annual monitoring is required. The American
Conference of Gavermmental Industrial Hyglenists hag algo adopted 1 ppm as an
B8-hour time-weighted average Threshold Limit Value (TLV); however, they had
allowed for an excursion limit such that short—term eXposures should exceed

3 ppu no more than 30 minutes during a workshift and should never exceed

5 ppn. Imn its testimony to 0SHA on the new standard, NIOSH recommended that a
ceiling limit of 5 ppm not be achieved 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 to the gresatest extent possible.

PRIMARY EXPOSURE SOURCES

Hospital central service personnel may he exposed to Et0 from several
gourcea. Each source contributes to the ambient compentration of EtQ but
three may be directly regpongible for most of the exposure on a daily basis.



Uncontrolled Drain

During the evacuation phase cf the gterilization cycle, most of the Et0 in the
sterilization chamber is removed through the vacuum pump and draim. For
sterilizets which evacuate to an uncontrolled drain, much of the Et0 used 1n
sterilization may be released intc the recess room and/or perhaps to the
workroom atmosphere,

Opaning of the Sterilizer Door

In some situations, the most significant EtO emission source on a dally basis
i1s the opening of the sterilizer door at the end of the sterilization cycle,
In an uncontrolled system, warm, moist, EtO-laden alr escapes from the
sterflizer when the door is opened and may diffuse throughout the room. This
gqource of EtQ} may release a significant quantity of EtC into the workroom air
ag a background concentration, and, depending on the work practices, may or
may not provide a peak exposure for the aterilizer operatar,

Transferring the Sterilized Load

Some of the Bt0 used in sterilizatlen remains on the sterile items and
wrapping material and inside the package after the sterilization cycle is
complete, This Et0 will be given off exponentially until equilibrium is
reached with the surrounding air; and, depending on the composition of the
itemws and theilr packaging, these off-gassing items can provide an Et0 expasure
source for the operator transferring the load to the aerator and contribute to
the background levels of ErQ¢ in the workplace. EtQ laden air my also be drawn
out of the chamber when the load is pulled from the sterilizer.

SECONDARY EXPO3SURE SOURCES

Other exposura sources may not be as readlly apparent nor be encountered
daily, but may also have the potemtial to cause significant exposures and/or
contribute to the background concentratlion of EtD. Some of these sources may
ralease Et0 only when an accident occurs,

Aeration

Poat-sterilization aeration is essentlal for protection of the patients who
will uge the items and for coutrolling occupational exposure to Et0. While in
the aerator the sterile items continue to off-gas. If the aerater cabinet is
not vented out of the building or to a dedicated exhaust, it can contribute to
the background Et( concentratiom.

Et0 Gas Cylinders

Ethylene oxide gas is supplied to many sterilizers from pressurized gas
cylinders, When replacing empty Et0 cylinders, the worker may be exposed ta
Et0 vapors frowm residual liquid ot gaseous EtQ in the supply lines. Depending
on the location and ventilatlion around the cylinders, the release of this
trapped Et0 may contribute to background EtO concentration for the sterilizer
operator and other workers,



If the contents of an EtQ eylinder were accidentally discharged, a large
quantity of Et0 would ba released. This could result in dangerocus
concentrations in the vicinfity ot the eylinders and in the surrpunding work
arez.

Pressure Relief Valve

Another possible source of EtO 1s the sterilizer safety valve. If the
aterilizer becomes overpressurized during the cycle, this emergency relief
valve teleases Et0 gas. If not controlled or remctely vented, this release
may contribute a significant quantity of Et0 to the workplace atmosphere.

Malntenance

Sterilizer part fallures, maintenance operations, and repair work cam also
result In signiflcant exposures to persommel, Of particular concern are
plastic and rubber components which will absorb EtO ard may even react with
the gas; these parts can deteriorate over time. Valves, connections, and the
front door gasket are potential sources of leaks, and occaslonal expaosure.
Maintenance personnel may be exposed by unknowingly entering the recess room
toe work on equipment when EtQ concentrations are high during or following a
purge cycle.

HOSPITAL AND PROCESS DESCRIFTION
HOSPITAL AND CENTRAL SERVICE DEPARTMENT DESCRIFTION

Euclid General Hospital fs a not-for—profit, acute care facility with 345
beds. Services which the hospital provides include: general surgery,
orthopedic surgery, neurosurgery, cardilovascular catheterization, and Infant
delivery. The hogpital alzo provides an {p-patienmt rehabilitation unit for
patients recovering from severe physical trauma.

The original structure was constructed in the early 1950's, and occupiled in
the fall of 1952. BSince then several additions have been made. The CS
Department is located on the second floor of the south wing. The
decontamination room is located in the old section of the buflding while the
ad joining elean room is located in a section of khe hospital built 1o 1977.

Ethylene oxlde gas sterilizaticn operaticns for the hagpltal are conducted
oenly in the Central Service (CS) Department. This department performs Et0
sterilizaticn for surgery, obstetriecs, anesthesiclogy, respiratory therapy,
the catheterization laboratory, x—ray, and emergency.

The CS Department employs 29 persons distributed over 3 shifts., On the day
shift, only one person is assigned to operate the sterillzers and process
loads in the sterilization roowm {known as the clean room). The others spend
their time in the following areas: three or four are assigned to
decontamination, five are in the preparation and packaging room, and three ot
four are in the 1inen room. Additionally, four emplovees work from 0900 to
1730 or from 1000 to 1830 in floating assignments. The department dirsctor,



asgletant director, and secretary spend mest of thelr time in offices or
moving batween the different areas of the department. During the evening
shift, one perscn 1s assigned to each of the feollowing areas:
decontamination, preparation and packapging, linen, and operation of the
atarilizers. The night shift employs cne person in decontamination and one
petsan in the linen room.

The layout of the C5 Department is diagrammed in Figure 1. Of particular
interest in this study is the clean room which serves three functions. One
end of the room is used to stare clean and sterile supplies. Another part of
the Toom serves as a procegeing area where cart loads are prepared for
sterilization and where sterile loads cool hefere storage or distribution. A
third area of the reom 18 cccupied by a bank of sterilizers (two steam, and
cne Et0} and an gerator that are recessed along one wall,

EQUIPMENT AND PHYSICAL DESCRIPTION

The Er0 gas sterilizer is a Sybron—-Castle, Sentry Model 400, purchased in
1973. 1Its internal chamber siza is 20-inches by 20-inches by 38-inchea, a
volume of approximately 2 cubic feet.

The Et0 sterilizer is supplied with gas from a cylinder. The two cylinders
are located in a vednted, double-wall cabinet behind the aserator. They are
connected to the gterilizer in a dual=load sygstem through copper piping. This
systen automatically switches from an empty tamk to a full cone without
requiring operstor intervention.

The sterilizers may be accessed for maintenance through a small receas room
located behind the sterilizers. This room is entered through a doorway off
the hall and 1s locked to restrict access of unauthorized personnel, The
backs of the sterilizers are open to the room, while the backside of the
aerator is enclosed in a ventilated cabinet. Steam and water from the
sterilizers are emptied into closed drains.

The aerator 16 a Sybron~Castle Model 4041 with internal dimensions 2-feet by
4—feet by 5-feet, a volume of approgimately 40 cubic feet. All items are
aerated at 135°F for a minimm 12 hours. Implanta are aerated for 30 hours.

Sterilizer Cycle Features

The cycle 13 five and ene-half hours duration, and consists of several
phases: initial vacuum, humidification, and temperature adjustment to 140°F
(about 30 minutes); Etd charging of the chamber and dwell period {about 4
hours); evacuation and pulse—purge (about 30 minutes).

The pulse—purge phage was added to the sterilizer cyecle in 1982. This
modification was purchased from the manufacturer. This phase 13 designed to
reduce the amount of Bt remaining Iin the chamber ged the sterile load after
the evacuation phase. This may greatly reduce the potential exposure of the
operator during the transfer of the load to the aerator. A pulse of fresh,
filtered air is injected into the chamber immediztely followed by a purging of
the chamber through a vacuum of epproximately 5 inches water. Each
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pulse-purge takes about 1 minute. This process continues for approximately 30
minutes,

Local Exhaust Ventilation

Local exhaust of Et0Q emissions is provided by exhaust hoods above the
sterilizer, at the drain, at the safety relief valve, aud ground the EtO
cylinders.

The recess room gerves ag a ventllated enclosure For the gas sterilizer,
aerator, two steam sterilizers, aand the cylinders of EtQ. The recess room ig
exhausted by a dedicated system through cwo open duct vents located in the
wall near the ceiling. This spring, the fan exhausting the reoom was
replaced. Hospital records indicate the new fan increased the exhaust
capacity by 75 percent.

Hospital maintenance designed and installed an exhaust hood aver the EtO
sterilizer jin 1984, This hood conslsts of a sheet metal canopy measuring

5 1/2 inches deep by 36 1/2 inches wide by 6 inches high. The vent is
connected to the dedicated gystem which exhausts the recess room and the
aerator. The hood ia located about 17 inches above the sterilizer door. The
hood is designed to capture EtQ laden air rising as the sterilizer doot is
opened after the completion of the cycle.

Local exhaust ventilation 1s also provided for the wventilated air gap
{purchased from Castle in 1982) at the attachment to the sterilizer drafn.
When the sterilizer chamber 1s evacuated, a mixzture of water and EtD passes
through the vacuum pump and 13 discharged to the drain. Et( is exhausted
through a duct connected to the dedicated system exhausting the recess room.

The sterllizer safety rellef valve 1s also exhausted through a duct connected
to the same dedicated system,

The backside of the serator located in the recess room is enclosed and vented
to the dedicated exhaust system. This control provides exhaust for the Et0
of f-gassing from the sterilized goods in the aerator.

Et0 supply cylinders are enclosed in a double-wall cabinet located behind the
agrator in the recesas room. Supplied alr is provided for the cablnet to keep
the cylinders cool in what may sometimes be a very hot enviromment.

The cablnet 1s vented to the dedicated system to remove any EtQ which might
egcape duting a cylinder change operationm or in the event of a leaky cyiinder
comnection.

General Ventllaticn

A constant~volume single—duet heating/air condirioning system gsupplies air to
the C5 department and adjacent hospital areas. The UOS Department was
remodeled during July and August, 1984. The clean roow and linen preparation
areas were separvated by a wall, and an additional reclrculated alr system was
installed in the decontamination room.



The clean room has two supply alr diffusers. Exhaust is provided by four
louvered vents over the sterilizers, the canopy hood above the gas sterilizer,
and four passive vents Into a ceiling plenum. Each of the four louvered wvents
measure 7 by 17 inches and are located about 27 inches above the tops of the
sterilizers and aerator along the wall. They serve to exhaust EtQ and very
hot air from the steam sterilizers into the recess room. These vents are open
to the recess room. The recess room functlons as an exhaust plenum: alr flows
from above the sterilizers into the recess room due to the negative pressure
of the recess room with regpect to the cleam room. Four passive vents are
open to the celling plenum. The linen preparation room was created during a
remodeling by erecting a wall to gseparate the grea from the clean room. The
doors to this room are closed at all times. There are twe supply air
diffusers, the alr return for the C3 department, and one passive ceiling vent
in this room.

PROCESS DESCRIPTION

The C3 Departmeant sterilizes medical supplies, surgical instruments and other
equipment. Metal instruments and other items which can be steam sterilized
are delivered to the decontamipation room in covered or enclosed carts or
through a dumbwaiter. These items are washed and enter the preparation and
packaging room by cart through the gown room or through a pass~thrcugh
washer. The items are dried, wrapped and packaged for terminal
sterilization. Wrapped items are loaded onto carts in the processing area of
the clean toom and steam sterilized. The sterile items are either stored or
delivered to the using depariment.

Heat— or molsture-sensitive items must be sterilized with EtD gas. These
items arrive In decontamination by three routes: by dumbwafiter, delivered to
the door by the using department, or plcked-up in the uwsing departmant by C5
personnel, The items are washed, dried, and either carted or carried through
the pown room inte the preparation and packaging roocm. The items may then be
wrapped or heat-sealed in a peel-pac and carried to a table in front of the
sterilizer bank. The sterilizer operator preparas the load for sterflization
by arranging the items in wire baskets, placing a biological indicator in the
load, and completing the necessary record forms. The wire baskets are placed
on the sterilizer shelves, and the cycle {s started at OBOQ daily except
Sunday.

Transferring +he Load

At the end of the pulse~purge phase a huzzer sounds alerting the operator that
the eyele 1s complete and the door may be opened. The gperator turns the door
bandle so that the door will swing open when the pressure is released. Next
the aerator docr is opened with a key, the door labeled with the times for the
load, apd the cperator puts on cotton gloves, The sterilizer door 1s swung
fully open, and the operator traensfers the wire baskets cue-by-one from the
sterilizer to the aerator. The sterilizer door is closed, and the operator
remaves the biological {ndicator from the load. The aerator door is closed
while the indicator is removed from the encasing syringe and placed in the
incubater. The operator then reopens the aerator door and disposes the
syringe in a waste container in the aerator. Tape labels of acration times
are placed on the appreopriate shelves, and the door is closed.
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Replacing an Et0O Supply Cylinder

The EtO aterilizer is supplied with gas from a compressed gas cylinder. If a
eylinder empties during a cycle and an Insufficient amount of Et0 1s supplied
to the sterilizer, the dual=load system will switch to a full tank and
continue the cycle uninterrupted. At the time of the survey, the dual-load
system was not working properly, and a cylinder emptyiog during a cycle would
have cauged the c¢cycle to abort. To avoid an aborted e¢yele, the sterilizer
operator kept a count of how many lvads had been processed from the cylinder
before atarting the load. About 26 to 32 loads can be processed on one
eylinder. 1If a new cylinder is needed, the stock room brings one to the
department, and a plumber from maintenance connects the new cylinder.

Preventative Malntenance

The CS Department has a preventive maintenance contract with the sterilizer
manufdcturer with routine quarterly evaluations. The maintenance protocol
specifies the evaluation of the Et0 sterllizer and aerator for mechanical
funcrion and leak testing. The service person alsc lnspects the sterilizer
door gasket and replaces it as needed. The EtQ cylinders, supply lines, drain
pipes, and floor drain are regularly leak—tested. Any necessary repairs are
wade impediately. Hospital malntenance personnel also check for leaks or
provide minor service as requested by the €5 Director.

Monitoring

The CS monitoring program has three cemponents: continuous monitering with an
alarm system, envirommental area monitoring performed by a contractor, and
medical momitoring.

In 1983, two wmonitoring sensora were installed in the department, oue in the
recess room between the sterilizer and the aerator and the other on the wall
over the sterilizer, The sensors and alarm system are manufactured by Gas
Tech® (model 1565-6}. The alarm station is mounted on a wall at the end of
the bank of sterllizers, about 12 feet from the Et) unit. Each ¢f the sensors
is on a separate alarm ind{icator so that the worker can identify which
location has eriggered the alarm. Pllot lights indicate that each sensor is
operating. When Et0 concentration levels reach 20 ppm an audible (beeping
tone) and visual alarm (a light at the alarm station 1s 1it) are triggerad.

If levels reach 30 ppm a second light 1s activated. During the pulse-purge
phagse of the sterilizer c¢ycle, the sensor in the recess rcom is routinely
triggered at the 20 ppm level. Workers have beenr Instructed to evacuate the
area and to netify maintenance if the sengors indicate 50 ppm in the work room.

In 1984 a flow switch was fnstalled in the exhaust duct leading from the
receag room. If the exhaust flow decreases or stopa, an alarm Located next to
the GasTech® monitor will be triggered.

Environmental area monitoring has been performed by Medical Instrumentation

Systems - Hospital Shared Engineering Services, Inc. (MIS) four times gince
August 1981l. Presently, MIS is scheduled to monitor the department every six
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months., MLS monitors using an infrared analyzer and makes air flow
measurements. The most recent report indicates Etd levels are low. The
measurements are net in a form which can be directly compared with the 0SHA
gtandard.

Upon empleyment, each person receives a bloed work-up and physiecal
avaluation. Employees fn the CS Department are monitored through bi—annual
blood tests. The purposs of these tests 19 to detect early warning signs of
leukemia.

Work practices

Work practices may have an important effect on the potential eXposure an
employee may receive. Work practices for every facet of Et0 handling and
aterilizer operation are specified in a procedure/policy manuwal. Hazard
information and sterilizer operation Imstructions are posted beside the
sterilizer,

A work practice which may limit the operator's exposure to Et0O, is the rempval
of the load from the sterilizer immediately upon completion of the ecycle.
With the pulse-purge phase, the Et0 in the chamber is theoretically at its
lowest when the buzezer sounds at the end of the cycle., Any delay in opening
the door and transferring the load allows the items to off-gas causing EtD
concentration levels to build up in the chamber.

Employee education on the hazards of Et0 exposure and its proper handling is
an important part of the department’'a control program. New employees are
given on the job traiming. The CS Director provides an in-service program
every 3 months uwaing commercially available slides and tapes. The plumber
assigned to change Et0 cylinders for the department is also provided with
instruction on EtD hazards and safe handling.

Workers are alse separated from the sterilizer by distance. The load
processing work station is located at leagt 25 feet away from the sterflizer,
and the operator assigned to that task is mobile, so that approximately 30 per
cent of the work day is spent at that staticn. Only the sterilizer operator
routinely moves Into the sterilizer area and then only for two to three
minutes at a time., Other workers in the department are stationed in rooms
other than the clean room and have no contact with the sterilizer,

Workers on the evening and night shifts do not rourtinely process an EtO load.
Department policy prohibits the processing of an EtQ load on the aight shift
and on Sundays and holidays. These time constraints serve to isolate gome of
the workers from potential Et0 exposure.

Employees are encouraged to wear cotton gloves when transferring items from

the sterilizer to the aerator. After being worn for one transfer procedure,
the gloves are also placed in the aerator with the load.
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METHODOLOGY

To evaluate the effectiveness of the engineering control measyres, both short—
and long-term concentrations of ethylene oxide were determined and centrol
parameters {mainly air velocity and volumetric flowrate) were meagured. The
najor pleces of equipment used in this evaluyation are listed in the Appendix
(Table A=-1).

MEASUREMENT OF CONTROL PARAMETERS

Sampling was conducted during two shifts for three days. Some samples were
taken for each sterilizer load. An attempt was made to sample aimilar events
(aterllizer to aerator transfer, ete¢.) during each shift to aid the comparisom
of sampling results,

Charcoal Tuhe Sampling

To determine personal exposures and average concentratiens of Et0Q at selactad
locations in the clean room, personal and area samples were collected using
coconut shell charcoal tubes according to NIOSH Methed 1607. The samples were
collected on 400 mg and 200 mg charcoal tubes connected in series, and the
sampling traln was contalned I{n a plastic holder., Samples were collected in
duplicate via a dual-train sempling manifold connected to a single sampling
puntp. MDA pumps were calibrated at approximately 10 and 20 milliliters of air
per minute {ml/min) for long-term (8 hours) samples and 50 ml/min for
short-term (15 minutes) samplas.

Parsonal lonmg-term samples were used to estimate time-weipghted average
expagures for the sterilizer operator and an instrument wrapper, Area samples
indicate the effectiveness of the englneering controlz by meaguring the Et0
which 18 in the workplace air near potential exposure areas, Long-term area
samples were collected at a fixed locatlon approximating the gperator's
breathing zone in front of the sterilizer and at a work table pear the sampled
instrument wrapper,

Short—term samples provided an estimate of the peak concentrations of Et0Q
released when the sterilizer door was opened and the load was transferred to
the aerator, Samples were collected both for the sterilizer operator and at
the area sampling location in front of the sterilizer from the time the
operator walked up to the sterilizer to ctack the door at the end of the
pulse-purge phase until she had finished transferring the load ta the aerator
and walked away from the sterilizeaer.

In additlon to the above sampling, area samples were collected in the
sterilizer recess room for the purpose of gampling and analytical method
comparison. Three methods were evaluated: NIOSH Method 1607, OSHA Method 50,
and the 3M passive monlter. Three sets of samples were taken in triplicate
each day; samples were collected for a four hour period which included the
pulse-purge phase of the sterilizer cycle,
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Gas Bag Sampling

Short—term personal and area samples were c¢ollected in gas bags (Fisher
Sclentific) uslng DuFont pumps calibrated at approximately 1 and 5 liters per
minute {L/min) during certain events: load transfer from sterilizer to
aerator, sterilizer chamber concentration at the end of the cyele, cvlinder
change operatfon, and others. These bag samples were analyzed lmmediately
uaing a portable gas chromatograph.

Infrared Analyzer Monitoring

Due to the sporadic nature of Et0 release during the day, 1t seemad desirable
to have a continupus record of the Et0 concentrations in the breathing zone in
front of the sterilizer, An Infrared analyzer was used to monitor the Et0
concentration at the area location in front of the sterilizer. This
identified any significant emissions of EtQ inte the breathing zone in front
of the sterilizer agsociated with certain events.

Shert concentration pesks cannot be accurately measured with an fnfrared (IR)
analyzer. The sensing cell of the Instrument has a volume of about 5 liters
and the sampling pump a flowrate of 5 L/min. This results ip an lnstrument
response time—constant of 1 minute and a 90-percent response time of
approximately 3 minutes, Thus, short cencentration peaks (such as those
assoclated with the load transfer) may be underestimated by the IR analyzer,
although the concentration-time preoduct {ppm-min.) may be closely approximated.

Since the Et0 sterilizer 1s adjacent to steam sterilizers, this location was
subject to high humidity levels. Laboratory experiments showad the infrared
analyzer responded tuv an increase in the humidity of the sampled air by
indicating a higher concentration of Et) than was pregent, The gensitivicy of
the respomse at the 3.3 um wavelength waa approximately 3 ppm Et0 for a 10
paercent rise in relative humidity. To compensate for this effect, the IR
analyzer was connected in series with a hygrothermcgraph. These instruments
were attached to a strip chart recorder to provide a continuwous graphic record
of changing humidity levels and EtQ councentrations. This arrangement allowed
differentlation of the rasponse of the infrared analyzer to Et0 from relative
humidity.

Adr FPlow Meagsurements

The air flow velocities in the duct exhausting air from the hood above the
sterilizer door and recess room were meagured using a hot-wire anemometer.
Alr velpocity was measured at eight points in the rectangular duct and the
results averaged. The avarapge velocity was used to calculate the exhaust air
volumetric flow rate from the recess room. Within the depattment, supply alr
and exhaust flow volumes were measured st the ceiling and wall diffusers and
exhaust vents using a velometer flow hood.

Work Practice Qbservations
The weork practices of the sterilizer operator may have a very important effect

on the amount of EtD released into the workplace air and on the operator's own
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exposure, To evaluate this effect, observaticuns of the operators' work
practices during thelr Et0 sterilizer activities were made. An activities
data sheet was completed for each sterilizer load processed including
estimates of the time spent on each activity. Notes were made to ald the
agsoclation of the sampling results with specifie activities, particularly for
alr bag sgmples. Each step of the sterilizer activities was videotaped to
make additional analyses available,

Processing the Challenge Load

In designing this study, it became obvious that conditions in each hoapital
participating in the study would be so wariable as to preclude any meaningful
comparisons between hospitals unless some of the variables could he
eliminated. Therefore, & challenge test load was provided for processing at
each hospital. The load conslsta of packapges of rubber surgical tubing, an
B—inch length contalned in e=ach "peel-pac™. The number of packages is

gd justed to the volume of the sterilizer of interest, corresponding to a 30
percent load level. For the 9-ft3 volume sterilizer, 66 packages were

used. The rubber materials of this test lead were chosen hecause Et0 1s
abasorbed inte rubber during sterilization and off-gages more slowly than some
other materials. This fncreased retention of EtO, provides a challenge to the
control system and may aid in evaluating the effectlvevess of the controis.

The test load was sterilized on the second (evening)} shift for three days. No
other loads were processed through the EtO sterilizer during this ahift,

MEASUREMENT RESULTS
ATR SAMPLING

The resvlts of the analysis of the charcoal tube samples are reported in
Table A-2 in the Appendix. The majority of the charccecal tube samples (70 of
72) were below the limit of detection for the analytical procedure, 1.4 ug per
sample. The remaining twe samples were both balow the limit of quantitstion
of the procedurs, 4.7 ug per sample. This means that the 8~hour time weighted
average {TWA) exposgure of the sterillzer operator was less than about (.2 ppm,
and that of the equipment wrapper was less than 0,1 ppm. (The differance iz
due to different sampling conditions rather than to a difference in exposure.)

The air sampling location in front of the sterilizer was alsc monitored
continuously with an infrared analyzer, whose cutput was vecorded om a strip
chart recorder simultaneously with that of a hygrothermograph. The average
regponse Lo 4 load Cransfer operation generated a peak of approximately

2-3 ppm lasting for about 2 minutes, followed by an additional 2 minute period
with a relatively constant concentration of about 1 ppm. An average 15 minute
TWA exposure of 0.5 ppm with a relative standard deviationm of about 100
percent was calculated from the tracings (See Table 1). The highest peak
measured was approximately 3 ppm.
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Table 1 Average Peak Ethylene Oxide Concentration as Determined
with the MIRAN infrared Apnalyzer.

Load Peak Duration Total Average
pPpm minutes ppo-minutes ppo

09/25 - Normal 2.4 3.0 3.3 1.1
09725 - Test 3.0 2.0 4.4 2.2
09/26 — Normal 2.0 2.8 2.8 1.0
09/26 — Tesat 2.0 15.0 27.5 1.8
09/27 - Normal 1.0 2.5 1.3 0.5
09/27 - Test 2.0 4.0 4.0 1.0

4 oumber of samples were taken in pas collection bags and analyzed with a
poertable gas chromatograph. The results of all the useable samples are given
in Table 2. Charcoal tube, gas chromatograph, and MIRAN sampling data for
load transfer aperations are compared 1n Table 3, The MIRAN infrared analyzer
measurements are lower than those obtained with the GC by as much as an order
of magnitude. This discrepancy is expected, due to the slow response of the
MIRAN described earlier,

Table 2 Ethylene Oxide Concentration as Determined by Gas Chromatography,

Location/Activicy Ethylene Oxide Concentration (ppm)
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Norm Test Norm Test Norm Test
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Table 3 Comparison of Charcoal Tube, GG, and MIRAN Sampling Data.

Sample Date Shift Ethylane Oxlde Concentratlon {ppm)
Charcoal GC MIRAN
Operator 09/25 1 Z,6% 2,2 -
09/25 2 1.3% 1.8 —
09/26 1 1.4% 3.7 —_
09/26 2 1.1* 2.3 ——
09/27 1 1.3% g.4 -
09/27 2 1.3* 0.2 -
Average: NA 1.8 -
Standard Deviation: NA . 1.3 —
Sample Time: (15 min) (2 min} (15 min)
Over Door 09/25 1 1,3% 10.1 1.1
09/25 2 1.3 5.4 2.2
09/26 1 1.4% 3.1 1.0
09/26 2 1.8% 2.2 1.8
09/27 i 1.3% 4,1 g.5
09/27 2 1.3* 0.4 1.0
Average: NA 4.6 1.3
Standard Deviation: NA 3.3 0.6
Sample Time: (15 ain) (15 min) {5 min)

#indicates less than stated concentratciom.

The results of the analysis of the NIOSH/OSHA/3M comparison samples (charcoal
tubes and passive monitors) is reported in Table A-3 in the Appendix and
summarized Iin Table 4. The OSHA and 3M samples were in very clese agreement.
The NIOGSH samples were consistently higher though well within 2 atandard
deviations of the other methods.

Table 4 OSHA/NIOSH/3M Comparison Summary.

(PPM EtQ)
DATE OSHA NIOSH 3M Badge
AVG  sD AVG 5D a6 8
9/25 304,020 493 106 L1853 025
9/26 224 003 - - d42 000
/27 L2501 (004 2334 001 141 .01

AVG = Average
S0 = Standard Devliation
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VENTILATION MEASUREMENTS

Measurements of volumerric flow rate for the supply air and exhaust of the

CS department are presented in Table 5. These meaburements indicate that
within the IlnatTumental zccuracy the exhaust and supply flows of the C3
department are balanced. Withino the €S department, the general flow of air is
from the peripheral rocms inte the recess rocm or linen preparation area,
through the clean room.

The airx return vent located in the Linen preparation room provides a very
strong negative pressure with respect to the clean room. Since ceiling plemum
is common t¢o both the linen preparation and clean rooms, there 1s a net flow
of alr through this plenum fromw the clean room tc linen preparation.

The primcipal wentilation controls studied were the canopy hood above the
sterflizer door 4and the sterilizer enclosure.(recess toom). A volumetric
flowrate of 150 cfm was measured for the canopy hood, while a flowrate of 1000
cfm was measured for the recess room,.

Table 5 Volumetric Flow Rate Measurements (Supply and Exhaust)
Central Service Department
Euclid General Hospital
Euclid, Ohic

Lacation Supply Exhaust
(CFM) (GFM)
Glean room 640 1350 #
Decontamination 725 1210
Linen preparation 17585 * 1765
Preparation and packaging 765 ?
Cart nolding 190 110
Wet room o 515 *
Inhalation starage 200
Qffice area 2758 a
Orthopedic supplies 75 Q
Total:* 4635 4830

* includes coatribution of "passive wvents"

WORY, PRACTICE OBSERVATIONS

The exposure times are relatively short (less than 2 minutes) for both
operators, considering that the items had to be transferrted manually to the

aerator. The sterilizer door was fully open less than a minute to pull the
load from the chamber.
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The biological indicator pack was pulled from the load as the ftems were
tranaferred from the cart to the aerator. The pack was opened soon after and
the pack disposed of in a waste contalper kept in the aerator. The average
total time for pulling the pack and opening it was approximately 1 minute.

CONTROL EVALUATION

Control of the full-shift exposures, as measured with charcoal tubes, fis
excellent, All values are less than 0.2 ppm, including the area locatiocna.
Likewise, short-term expesures are well-contrelled. All short-term charcoal
tube regults were less than the limit of detection of the analytical method,
which corresponds to a concentration of 1.3 ppm. Peak eXposures measured in
the breathing zone of the eperator with a sampling bag/gas chromatograph did
not exceed 3 ppm. The peak exposures were not only low, but the dyrations
were short, lasting no more than a few minutes. Concentrationa meagured in
the sterilizer chamber at the conclusion of the pulse purge cycle averaged
about 250 ppm.

DRAIN GONTROLS

Worker exposures from the drain are controlled primerily by isclating all of
the sterilizer except the front panel in a ventilated recess room, The EtO
gsterilizer is recessed into a room and the drain and mechanical compounents of
the sterilizer are separated from the clean room by a concrete wall. Only the
door and control panel of the sterilizer are ian the clean room. The recess
room 1is under negative pressure with respect o the clean room and acts as an
exhaust plenum for gases and vapore escaping at the drain and any release of
Et0 from the aterilizer safety wvalve. The recess room is locked and only
personsg authorized by the CS supervisor or malntenance may entet. No Et0 was
detected by the Iinfrared analyzer at the area location in front of the
sterilizer door during the evacuation period, indicating that the ventllation
of the recesds room was effective.

Et0 levels can get relatively high in the recess room during the purge

cycles., This room 1s clearly an area to be avolded during and for some time
afrer the Et0 evacuation cyclea. The hospital has posted a sign on the door
of the recess rocm stating: "Danger Ethylene Oxide/Authorlized Personnel
Oniv/Dc Not Enter During Ethylene Oxide Operation Or Servicing™. There iz no
mechanism to alert workers when the sterilizer i3 In the exhaust phase and the
room ncot must be entered, although a monitor was present which could measure
the EtC concentration and signal when it was above 20 ppm.

It can be shown that the ventilation for the recess room met three independent
design criteria. Firet, the ventilation rate was adequate to overcome the
thermal air currenta produced by heat generating equipment lecated within the
recess room. Second, the volume of air drawn into the room was sufficient to
limit the temperature rise to an acceptable level, Third, sufficient dilution
ventllation was provided to purge the room of EtO within 30 winutes £ellowing
a sudden release,
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Alr Veloeity Through Enclosure Openings

Alr does not always flow into a room with the same velocity at all cpenings.
In facr, when heated processes are present in the room, alr may actually flow
out of vents and cracks 1n the walls near the top of the room 1f the
ventilaticn system does not exhaust enough air to handle the gquantity of air
riging to the ceiling due to thermal effects. Hemeon? gives an equatfon to
calculate the velocity of this airflow through an orifice at the top of an
enclosure, From this, the minimum flow rate to assure that air does not leak
out of the room can be calculated. Far room temperatures not exceeding 200°F
thiz flow 1s given by:
Q= 20(L B')1/3()2/3

where!

Q = Minimum flow rate, cfm;

L = Height of the hot air column, £ft;

H'= Senalble heat released tc the alr stream, Btu/uin;

A = Total area of vents, openings, and cracks, £,

In this situation, the hefpght of the hot alr column is taken to be the height
pf the recess room. The area of the vents was measured during the survey.
Eatimetes pf the heat released in the room were obtained from the
manufacturers of the equiprent and summed to obtain a value for §',

Using a height of 11 ft, and total vent agrea of 3.3 ft2, and estimated heat
10000 Btu/hr for each of the two steam sterilizers (neglecting the heat
released by the aerator and gas sterilizer) yilelds a design flow rate of
approximately 690 cfm. T

Teuperaturs Rise

Exhaust ventilation may be used to remove excessgive heat 1f a source of cooler
air is available (from surrounding areae). The volume of air required for a
predetermined temperature rise is given by the followlng equation adapted from
references 4 and 5:
Q=56 H'Y/ T

where:

Q = the requited air volume, cfm;

E'= Sensible heat released to the air stream, Btu per min;

T = the acceptable temperature rize, °F.

Assuping that the recess room temperature should not exceed about 100°F, the
acceptable temperature rise would be approximately 30°F. Using the estimates
of the heat velease from the previous galculation, approximately 625 cfm would
be regquired to limit the temperature rise in the recess room to 30°F.
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Rate of Purging

The rate of decrease of concentration of a contaminant once further generatiom
has ceaged is given by Mutchler®:

Inf = -9 (t; - )
C1 v
where:
Cz 1e the concentration at time tg;
C; 1s the concentration at time ty;
Q" is the effective ventilation rate;
¥ 15 the volume of the epnclosed space.

Q', the effective ventilation rate, i3 equal to the actual ventilation rate,
Q, divided by a design distribution constant, K, 2 value between 3 and 19 o
correct for incomplete mixing. Since sterilizer recess rooms are small and
typically uncccupied, K will be asaumed to be 3, The above eguation can be

solved for Q: 3y
Q=1=z &1 -
Gz (f2 =~ t1)

In this equation, the desired time period for purging must be specified. The
initial concentration, Cj, can be estimated by assuming the entire

sterilizer coantents escape into the recess room. Assumilag that a nipe cubic
foot sterilizer chamber charged with 160 grams Et0 suddenly released its
copcents to the room, the initial recess room concentration would be
approximately 2500 ppm. (For this hospital, the volume of the recess room was
approximately 1325 ft*.) To Teduce the recess room concentration to 1 ppm

in 30 minutes would require 1040 cfm.

DOOR CONTROLS

The control of emisalons when the sterilizer door is opened involvea reducing
the quantity of EtQ remaining in the chamber, and capturing as much as
posgible the alr escaping from the sterilizer with an exhauat hood. The
pulse~-purge phase seemed effective in minimizing the amount of Et0 remaining
iIn the sterilizer. Measurements of the chamber concentration lmmediately
after the doaor was opened, indicated that only about 250 gpm of Et0 remalned.

The american Counference of Govertmental Industrial Hyglenists publishes a
handbook entitled: Industrial Ventilation - A Manual of Recommended Practice
(1ly. This manual discusses contltol velocltles and capture distances with
specific criteria and equations to aid in evaluyation znd design. For the case
of a canopy hood, the required exhaust volume {3 given by

Q= 1.4 PDV
where: the wvolumetric air flow, cfm,
Perimeter of the work, ft.,
veloeity of the alr stream, fpm,
hefght above the sterilizer, ft,

o< 0o
nuna

20



For thie particular process, the minimum control velocity {V) should be 50
feet per minute (ft/min). In this case the perimeter of the work area 1s
about 3 feet, and the hood 1z located 1.5 feet above the sterilizer door.
Thug the recommended flowrate would be 315 efm., Even thaugh the nmeasured
flowrate was only 150 cfm, observations of chemical smoke indicated that the
cancpy hood located above the sterilizer door wam capable of capturing
contamlnants released as far away from the door as 11 inches,

RECOMMENDATIONS AND CONCLUSLONS

Findings of thils survey indicate the Cenktral Service Department has instituted
engineering conttol technology for minlmlzing employee exposure Lo Et0 and has
developed a comprehensive program to protect 1ts emploveea. Logal exhaust
ventilation haa beeti provided in critical areas. Sampling results and
ventilation measurements, verified the effectiveness of these controls. The
sterilizer medification to include a pulse-purge phage limits the end-of-cycle
concentratioan to about 230 ppm.

Proper work practices for employees are elearly outlined io a procedure and
policy manuwal, and based on observation of the {ransfer of a load from the
sterilizer to the aerator, the operator follows those procedures, The C3
Department Director provides educatfion and treining on proper work practices
and the hazards of exposure to EtD,.

Although the DSHA standard doee not include a short term exposure limit
{STEL), the use of the contiouous EtQ monitor and alarm system can provide a
valuable warning for the workers if a severe leak or emergency situation
should arise.

Envirommental wonltoring of the department is an Important part of the ©Bt0
control strategy and is suggested, even though the Et0 levels are below the
action level. Perlodie personal sampling should be performed for the
stetrilizer operator over the full shift. Additional wonitoring may be
required to comply with the OSHA standard. Without this data it is impoesseible
to fudge the continuing effectiveness of the control program.

Although a cylinder change operation was not observed during this survey,
regpiratory, hand, and face protection are recommended for maintenance
pergonnel during cylinder changes or other activities in the recess room,

Based on this survey, the CS Department should be commended for a very scund
program for Et0 control.
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APPENDIX

Table A-1 Equipment Used on Field Survey.

Item Model Used for

Infrared spectrometer Miran 14 gontinucus area sampling
Hygrothermograph General Eastern relative humidity and temperature
Strip chart recorder Varian record of Et0 conc. and rel. hum.
Hot—wire anemometer ¥urz air velocity

Velometer Flow Hood Alnor volumetric air flow

Gas Chromatograph Photovac GG analysis of hag samples

Personal sampling pump MDA 808 persenal and area TWA gamples

Personal sampling pump
Smoke tubes

DuFont P-4000Q

Draeger

eollection of bag samples
alr flow patterns
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Table A-2.

Repulta of Charcoal Tube Alr Samples for Ethylene Oxide
Euclid General Hospital
Euclid, Ohio

SAMPLE DESCRIPTION DAY SHIFT FLOW TIME VOL. ANAL EtD Et0 EtQ
NO. ol/m win., L CODE ug “ppmn ppomin
#154 Operator (L-T) 09/25 day (10) 471 4.62% B [ 1.40 [ 0,168 [ 79.1
#163 Operator (L-T) 09/25 day (17) 471 8,061 B [ 1,40 [ 0,096 [ 45.4
#179 Operator (L-T) 09/25 eve (8) 463 3,838 B [ 1.40 [ 0,200 [ 93.2
#189 Operatar {L~T} 09/25 eve (24) 463 11,193 B [ 1.40 [ 0.069 [ 32.1
#218 Operator (L~T) 09/26 day (10) 487 4.756 B [ 1.40 [ C.163 [ 79.5
#214 Operator (L~T) 09/26 day (17) 487 8,285 B [ 1,40 [ 0,094 [ 45,7
#235 Operator (L-T) 09/26 eve (8) 475 3,935 B [ 1.40 [ 0.197 [ 93.8
#200 oOperator (1~T) 09/26 ave (24) 475 11.417 B [ 1.40 [ 0.068 [ 32.3
#2462 Operator (L-T) 09/27 day (10) 489 4,752 B [ 1,40 [ 0,184 [ 80,0
#237 Operator (L~-T) 09/27 day (17) 489 8,274 B [ 1.40 [ 0.094 ([ 45.9
#252 Operator {L-T} 09/27 eve (8) 467 3.815 B [ 1.40 [ 0.204 [ 95.1
#2539 Operator (L~T) 09/27 eve (24) 467 11.069 B [ 1.40 [ 0,070 [ 232.8
#181 Operator (S~T) 09/25 day (43) 6 0.258 B [ 1.40 [ 3.012 [ 18.1
#188 Operator (S-T) 09/25 day (45) 6 0.267 B [ 1.40 [ 2.910 [ 17.5
#211 Operator (S-T) 09/25 eve (41) 14 0,577 B [ 1.40 { 1,347 [ 18.9
#217 Operator (S-T) 09/25 eve (43) 14 0,598 B [ L.40 [ 1.299 [ 18.2
#206 Operator (S-T) 09/26 day (36) 15 0.540 B [ 1.40 [ 1.439 [ 21.6
#230 Operator (S5-T) 09/26 day (37) 15 0,560 ® [ 1,40 { 1,388 | 20.8
#236 Operator (5-T) 09/26 eve (52) 16 0.832 B [ 1.40 [ 0.934 [ 14.9
#238 Operator (S-T) 09/26 eve (54) 16 0,862 B [ 1.40 { 0,901 [ 14.4
#250 Operator (5-T) 049/27 day (38) 15 0.574 B [ 1.40 [ 1,354 [ 20.3
#251 Operator {5-T) 09/27 day (40) 15 0.595 B [ lL.a0 [ 1.306 [ 19.6
#239 Operator (S-T) 09/27 eve (38) 15 0.568 B [ 1.40 [ 1.368 [ 20,5
#225 Operator (5-T) 09/27 eve (3% 15 0,588 B [ l.,40 { 1.321 | 19.8

[ = None detected, reported omumber corresponds to limit of detection;
{ = Reported pumber is belaow limit of quantiration.

ANALYSIS CODE=A: 6 Dec 84/L0D=0,4ug.

ANALYSIS CODE=B: 6 Dec 84/L0OD=1.4ug.

ANALYSIS CODE=C: 1st analysis (A), scaled by 0.85
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Table A—2 {(continued).

Results of Charcoal Tube Air Samples for Ethylene Oxide
Euclid General Hospltal
Euclid, Chio

SAMPLE DESCRIFTION

DAY SHIFT FLOW

TIME VOL. ANAL Et0

Ec0

Ec0

NO. mh/m min. L CODE ug ppm  ppr-min
#175 Wurapper 09/25 day (19) 465 8,889 B [ 1.40 [ 0.087 [ 40.6
#180 Wrapper 09/25 day (17) 465 8.094 B [ 1.40 [ 0.096 [ 44.6
#196 Wrapper 09/25 eve (9) 462 4,275 B [ 1.40 [ 0.1B2 | 84.0
#192 Wrapper 09/25 eve (21) 462 9.483 B [ 1.40 ] 0.082 | 37.9
#197 Wrapper 09/26 day (19) 483 9,140 B ( 1.40 [ 0,085 [ 41.1
#229 Wrapper 09/26 day (17) 483 8,322 B [ 1.40 [ 0,093 | 45,1
#219 Wrapper 09/26 eve {9) 469 4,066 B [ 1.40 { 0,191 [ 89.¢6
#246 Wrapper 09/26 eve (19} 469 8,020 B [ 1.40 { 0,086 { 40.4
#232 Wrapper 09/27 day (19) 499 9.393 B [ 1.40 [ 0.083 [ 41.3
#226 Wrapper 09/27 day (17) 499 8,553 B [ 1.40 { 0,091 [ 45.3
#258 Wrapper 09/27 eve (%) 461 4,153 B [ 1.40 [ 0,187 [ 86.3
#254 Wrapper 09/27 eve (20) 461 9,212 B ( 1.40 [ 0,084 [ 38,9
#1172 Sterilizer (L-T) 09/25 day (%) 490 4,473 B [ 1.40 [ 0.174 [ 85.1
#164 Sterilizer (L-T) 09/25 day (20 430 9.977 8 [ 1.40 { 0.078 { 38.2
#195 Sterilizer (L-T) 09/25 eve (19) 459 8,617 B [ 1.40 [ 0,090 [ 41.4
#209 Srerilizer (L-T) 09/25 eve (20) 459 9,057 B [ 1.40 [ 0,086 [ 39.4
#203 Sterilizer (L-T) 09/26 day (9 495 4,445 B [ 1.40 [ 0.173 { Bo.S5
#199 Sterilizer (L-T) 09/26 day (20) 4% 9.913 B [ 1.40 { 0,078 [ 38.8
#216 Sterilizer (L-T) 09/26 eve (20) 464 9,503 C ( 1.90 ( 0.111 ( 51.5
#212 Sterilizer (L-T) 09/26 eve (22) 464 9,983 B [ 1.40 [ 0.078 | 36.1
223 Sterilizer (L-T) 09/27 day (9) 502 4,582 B [ L.40 [ 0,170 ([ 85,1
#193 Sterilizer {(L-T) 09/27 day (20) 502 10.219 B [ 1.40 [ 0.076 [ 38.2
#224 Sterilizer (L-T) 09/27 eve (21) 462 9,822 B [ 1.40 [ 0,079 [ 36.3
#257 Stezilizer (L-T) 09/27 eve (22) 462 10,324 B [ 1,40 [ 0,075 [ 34.8
[ = None detected, reported number corresponds teo limit of detection;

{ = Reported number is bvelow linmit

of quantitation.

ANALYSIS CODE=A: 6 Dec 84/LOD=0.4ug.
ANALYSIS CODE=B: & Dec 84/L0D=1.4ug.
ANALYSIS CODE=C: 1st analysis (A), scaled by 0.85
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Table A-2 (continoued),

Resulrs of Charcoal Tube Alr Samples for Ethylene Oxide
Euclid General Hospitsal
Euclid, Ohio

SAMFLE DESCRIPTION

DAY SHIFT FLOW TIME VOL. ANAL EcQ Et0

Et0

NQ. mL/m min. L CODE ug ppm_ pprrmin
#187 Sterilizer {S-T) 09/25 day (39 15 0.586 B [ 1.40 [ 1.326 [ 19.9
#190 Sterilizer (S-T} 09/25 day (41) 15 0,612 B [ 1.40 [ 1,270 [ 1%.0
#2001 Sterilizer (5~T) 09/25 eve (40) 14 0,563 B [ 1.40 [ 1.380 [ 19.3
#207 Sterilizer (S~T) 09/25 eve (42) 14 0.588 B [ 1.40 [ 1.32I [ 18.5
#215 Sterilizer (S-T) 09/26 day (36} 15 0,539 B [ 1.40 [ 1.442 [ 21.6
#198 Sterilizer (5-T) 09/26 day (38) 15 0.563 B [ Ll.40 [ l.380 [ 20,7
#2035 Sterilizer (5-T) 09/26 eve (40 16 0,639 B [ 1.40 [ 1,216 [ 19,5
#213 Sterilizer (8-T) 08/26 eve (42} 16 G.8667 C ( 3,20 ( 2.663 ( 42.6
#255 Sterilizer (S-T) 09/27 day (38) 15 0.574 B [ 1.40 [ 1.354 [ 20.3
#248 Scerilizer (5-T) 09/27 day (40) 15 G.,6Q0 B { L.40 [ 1L.295 [ 1%.4
#260 Sterilizer (S-T) 09/27 eve (38) 15 0,574 B [ 1.40 [ 1,354 [ 20,3
#233 Staerilizer {8-T) 09/27 eve (40) 15 0.600 B [ 1,40 [ 1,285 [ 1%.4
#177 Work table 09/25 day (21) 483 10,240 B [ 1,40 { 0,076 [ 36,0
#182 Work table 09/25 day (19) 483 9.371 B [ 1.40 [ 0,083 [ 40.0
#174 Work table 09/25 eve (19) 456 B,656 B | 1.40 [ 0,090 | 40,9
#183 Work table 09/25 eve (18) 456 8.351 B [ 1.40 [ 0,093 [ 42.4
#194 Work table 09/26 day {(21) 494 10,395 B [ 1.40 | 0.075 [ 36.9
#208 Work table 09/26 day (19) 494 9,513 B [ 1.40 [ 0,082 [ 40.3
#241 Work table 09/26 eve (51) 468 23.829 B [ 1.40 | 0,033 [ 15.3
#244 Work table 09/26 eve (49) 468 22,995 B [ 1.40 [ D.034 [ 15.8
#256 Work table 09/27 day (21) 504 10,375 B [ .40 { 0,073 [ 37.7
#240 Work table 09/27 day (19) 504 9.495 B [ 1.40 [ 0.082 [ 41.2
#253 Work table 09/27 eve (68) 461 31.36% B [ 1.40 | 0,025 [ 1l1.4
#261 Work table Q9/27 eve (66 461 30,270 B [ 1,40 | 0,02¢ [ 11.8
#171 Field blank 09/25 day B [ 1.40
#191 Field blank 09/25 eve B [ 1.40
#202 Fileld blank 09/26 day B [ 1.40
#228 Field blank 09/26 eve B [ 1.40
#247 Field blank 09/27 day B [ 1.40
#243 Fileld blank 09/27 eve B [ 1.40
#185 Fileld blank 09/27 ave B [ 1.40
[ = None detected, reported number corresponds te limit of detectlong

( = Reported numbeyr is bealow limit

of quantitation.

ANALYSIS CODE=A: & Dec 84/LOD=0, dug.
ANALYSIS CODE=B: 6 Dec 84/L0D=1.4ug.
ANALYSIS CODE=C: lst analysis (A), scaled by 0.85
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TABLE A3

Renults of OSHA/NIOSH/3M Comparisom Air Samples for Ethyleme Oxide
Sterilizer Recess Roon
Fuclid General Hospital
Zuclid, Ohio

SAMPLING SAMPLE PERIOD TIME RATE VOL. ETO ETO

PROCEDURE Wo. DATE START 3T0F (min) (lpm) (U (uz) _ _{ppm)
OSHA 100 09/25 1148 1613 265 0.101 26.8 14.0 0.2%0
OSHA ci08 09/25 1148 1613 265 0,099 26,2 15.0 0,318
0SHA €102 09/26 1147 1555 248 0,099 24.6 10.¢ 0,226
0SHA Cc103 09/26 1147 1555 248 0,101 25.0 10,0 0.222
OSHA C110 ©09/27 1141 1545 244 0,099 24.2 11.4¢ 0,253
0SHA cl04 09/27 1141 1545 244  0.101 24,6 11,0 0.248
OsSHASL c105 09/25 1148 1613 2653 0,101 26,8 4.0 0,083
0sHAG Ci06 09/26 1147 1555 248  Q,101 25.0 2.0 0.045
DSHAL C101 09727 1141 1545 244 0,101 24.6 0.0 0,300
NIOSH 210 09/25 1148 1613 265 g0.023 6.1 3.8 0,345
NIOSH 176 09/25 1148 1613 265 0,021 5.6 3.5 0.347
NIOQSH 18¢é 09/25 1148 1613 265 0,021 5.5 3.4 Q.345
NIOSH 245 09/27 1141 1545 244 0.021 5.0 2,6 0.286
NIQSH 249 09727 1141 1545 244 0,023 5.3 2.7 0,280
NIOSH 221 09727 1141 1545 244 0,021 5.0 2.6 0,236
3M Badge 1724 09725 1148 1633 265 049 12.9 5.0 0.214
3M Badge 0206 09725 1148 1612 265 L049 12.9 4,0 0.171
3M Badge 1149 09725 1148 1613 265 .049 12.9 4.0 0.171
34 Badge 0093 09/26 1150 1550 240 L0649 11.7 3.0 0.142
3H Badge 1165 0%/26 1150 1550 240 L.049 11.7 3,0 0,142
3M Badge 1176 0%/26 1150 1550 240 L0049 11,7 3.0 0.142
34 Badge 1860 09727 1139 1542 243 2049 11.9 3.0 0.140
3M Badge 0211 o09/27 1141 1542 241 L.049 11.8 3.0 0.141
3K Badge Q011 08/27 1143 1542 239 049 11,7 3.0 0.142
3M Badge 0509 Blank 0000 GO0 GoO 0.0 . Q49
IM Badge 1093 BRlank Q000 0000 Jg00 0.4 .049
3M Badge 1547 Blank 0000 0000 Q00 0.0 L.D49

& indicates sampling

pump failure
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