This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports.

IN-DEPTH SUBVEY REPCRT

CONTRQL TECHNOLOGY 1FOR ETHYLENE COXIDE STERILIZATION
IN HGSPTTALS

AT

Bronson Methodist Hospatal
Kalasmazoo, Michigan

KREPORT WR1ITTEN BY
Vincent D Morkimer, Jr
Sharon . Kercher

REPORT DATE.
Hovember 1985

REPORT NC.
ECTB 146-13b

NATLONAL TINMSTITUTE FOR OCCUPATLIONAL SAFETY AND HEALTH
Division of Physical Sclences and Engineering
Engineering Cantrol Technology Branch
4674 Golunblra Parkway
Cincainnati, Ohioc 45226


http://www.cdc.gov/niosh/surveyreports

HOSPITAL SURVEYED:

SIC CODE:

SURVEY DATE:

SURVEY CONDUCTED BY:

EMPLOYER REPRESENTATIVES CONTACTED:

EMPLOYEE REPRESENTATIVES CONTACTED:

ANALYTICAL WORK PERFQRMED BY:

Bronson Methedlst Heoaplial
252 East Lovall Street
Kalamazoo, Michigan 49007

8062 {Geperal Medical and Surglcal
Hospicals)

February 25 - March I, 1985

Sharon L, Kercher
Vincent D. Mortimer
Dennis O'Brien
William Todd

Edward Spartz, Asslstant Vice
Pregident, Materials Mapagement
John MacDougall, Manager,

Central Services

James Stevens, fAsslstant Manager
Malntenance

Jacquetta Starr, Supervisor, Central
Services

Berrick Clayton, Supervisor, Central
Eervices

Vivian Smith, Central Sexvice
Techpician

David Prudden, Central Disgtribution
Manager

Jack Bastilanse, Safety Coordipator

No employee organlzation

Arthur . Little, Inc.



Disclaimer
Mention of company names or products deoes not constlitute endorsement
by the National Institute for Occupational Safety and Health



INTRODUCTION

The Waticnal Institute for Occupational Safety and Health {NIOSH) is the
primary Faderal agency engaged in occupational safety and health research.
Located in the Department of Health and Human Services (Fformerly DHEW), It was
established by the Occupational Safety and Health Act of 1970. This
legislation mandated NIOSH to conduct a number of regearch and education
programs separate from the standard seteting and enforcement functlons carried
out hy the Occupational Safety and Health Admindstration (OSHAY 1o the
Department of Labor. An important area of NIOSH research deals with methads
for controlling occupational exposure to potential chemical and physical
hazards. The Enpgineering Control Technology Branch (ECTIB) of the Divigion of
Physical Sciences and Engineering has been given the lead within NIOSH to
study the engineering aspects of health hazard prevention and conttol.

Since 197¢, ECTB has conducted a number of assessmente of health hazard
control technology on the basls of i1ndustry, common industrial process, or
specific control techniques. Exanmples of these cowmpleted studies include the
foundry industry; various chemical manufacturing or processlng operations;
spray painting; and the recirculation of exhaust air. The objective of each
of these studies has been to daocument and evaluate effective control
technigques for potential health hazards in the industry or process of
interest, and to create a more general awareness of the need for or
avallability of an effective system of hazard control measures.

These studies Invelve a number of steps or phases. Initizlly, a series of
walk—through =surveys is conducted to select plants or proceeses with effective
and potentlally transferahle control concepts or techniques. Next, in—depth
gurveys are conducted to determine both the control parameters and the
effectiveness af theee controlg. The reports from these in-depth gurveys are
then used as a basis for praeparing technical reports and journal articles on
effective hazard control measures, Ultimately, the information from these
research activities builds the data base of publicly available informaticon on
hazard control techniques for use by health professionals who are responsihie
for preventing occupatioconal illnesgs and injury.

BACKGROUND FOR THIS PROJECT

The present Control Technology Asssssment of Ethylene Oxide Sterilizatien
in Hespitals is the result of the research recommendations of the 1983
Feasibility Study of Engineering Controls in Hospitals., During the
feasibllity study, prelimfnary surveys were conducted at elght hospitals to
assess the potential need for further research In the control of anesthetic
gases, antineoplastic drug exposures, and ethylene oxide (EtO)
sterilization operatlons. Based on the feasibility study, a need for the
evaluation and documentation of effective engineering contrels for EtQ
sterilization was identified.

The health ¢ffects of ethylene oxide have been under inteanse study for
several years. ET0O exposure may cause irritacion of the eyes, noge, and



throat. Dermal exposure to aqueous solutions of Et0 may cause burne and
allergic sensitization. Animal toxielty studies have shown Etd to be a
mutagen and a carcinogen, Studies of exposed workers have indicated increased
nmutagenic activity in human cells, an increase In the incideace of leukemia,
and adverse reproductlve effects. Many of these effects, both for exposead
animals and humans, were observed at concentration levels lower than the
former OSHA permissible exposure limir {PEL) of 50 partse Ec0 per million parts
aiy {ppm), expressed as an B8-hour time-weighted average (TWA). As a result of
these studies and the urgipngs of workers' groups, 0SHA began the rulemaking
process fo issue a new standard in early 1933, On Jupne 15, 1984 0OSHA issued a
new PEL of 1 ppm (8—hour TWA) for ethylene oxide bazsed on its determination
that Et0 is a potential human carcinugEn.(l) NIGOSH recommends exposure be
lipited to less than 0,1 ppm (B-hour TWA) with a celling limit of 5 ppm for a
period not to exceed 10 minutes in an 8- hour shift.

In response to the hospitals' need to contrel worker exposure to Et0Q to levels
below 1 ppm, the Engineering Control Technology Branch of NIOSH 18 studying
the control of EtD emissions from sterilizers in rhe hoapital setting. The
goala of this study are to evaluate and document effective engineering
controls which select hospltals have implemented, and then to disseminate
useful information and practicable recommendations on effective methods for
controlling occupational ethylene oxide exposure.

BACKGROUND FOR THIS SURVEY

Bronson Methedist Hospital expressed an interest i participating in the atudy
and supplied information about the Cantral Service (GS) Department to NIOSH.
Based on this information, it was determined that the hospital might fulfill
the requirements of the category specifying: & sterilizer using a 12:88 €¢0
and Freon 12 mixture, no extra evacuation phases at the end of the sterilizer
cyele, vanted evacuation drain controls, and local exhaust wventilakion other
than above the sterilizer door,

A preliminary survey(j} wag conducted in the C8 Department on

July 31, 1284. Findinga of this preliminary survey indicatad the Central
Service Department had instituted engineering control technology for
minimizing employee exposure to EtD and had developed a comprehensive program
to protect its employees. Local exhaust ventilatlion had been provided in the
drain area and over the sterilizer. An auxiliary exhaust system activated by
an EtQ sensor had also been installed. Proper work practices for employees
ware clearly outlived in a procedure and policy wmanuval, and based on
obse¥vation of the transfer of a load from the sterilizer to the aerator, the
operator followed thase procedures. The C3 manager provided an in—service
program every 3 months on the hazavds and safe use of EtQ. 1In additiomn, the
hospital staff weras very consclentious about EtQ control and had made every
effort to follow the guldelines of the American Hospital Asscciation and the
Health Industry Manufacturers Association for the safe and controlled use of
Et® in sterilization operations.



An in-depth survey of the Central Service Department of Bronson Methodist
Hogpital was conducted on February 25 = HMarch 1, 1985 to evaluate its
operations and assoclated contrels for Etl exposure,

This report documents
the information pertinent to that evaluation.



POTENTIAL HAZARDS, EXPOSURE GUIDELINES, AND EXPOSURE SOURCES

Workers exposed to Et( may experilence both acute and long-term health
effectg. Et0 i3 a central nervous system depresgant, and 1o ai® can cause
acute irritation to the eyes, upper resplratory tract, and skin at
concentrations of geveral hundred to 1,000 ppm. Expoaure to high
concentrations may also czuse headache, dizziness, nausea, and vomiting.
Dilute (1 percent) aqueous solutions can cause blistering of human skin after
prolonged contact, and allergic sensitization can also cccur io some
individuals, (4]

NIOSA bhas conducted animal toxicity studies to derermine the poassible
lonp-term health effects of EtO exposure. The results of the NIOSH studies
support the conclusions of ofher researchers that Et0 is a2 mutagea and a
carcinogen fn animals. The studies showed an increase In sister chromatid
exchanges and in chromcsomal aberrations, evidence of mutagenic activity. The
studies alsoc showed an increase in the frequency of mononuclear cell leukemia,
peritonenl mesothellomas, and cerebral gliomas. Adverse reproductive effects
were also cbeerved.

The potential of EtO to cause mutagenic activity im humans has been examined
by a number of investipators, The studies were conducted by examining blood
lymphocyte cultures obtained from workers exposed to EtD in a variety of
occupational settings. The results clearly demonstrate that Et( adversely
effects human genetic material, (@

Epldemiologic studies of humans oeccupationally exposed to Et0, show an
increase in the fraquency of leukemia and other malignant tumors. Taken alaong
with the results of the animal studies, Et(} must be considered a potential
human carcinogen.

In addition to the OSHA PEL of 1 ppm, the standard mentions aa action level af
0,5 ppn, above which semlannual menitoring 1s required.(IJ The American
Conference of Govermmental Industrial Hygienfists has alsco adopted 1 ppm as an
8-hour time-weighted average Threshold Limit Value (TLV); however, it has
allowed for an excursion Iimit such that short—term expasures should exceed

3 ppn no more than 30 minutes durfng a workshift and should never exceed

5 ppm.(?) In its testimony te OSHA 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 tham 0.1 ppm to reduce the risk of
occupational mortality to the greatest extent possible. (

PRIMARY EXPOSURE SOQURCES

Hospital central service petsonnel may he edposed to EtQ from several
gources, BRach source contributes to the ambient concentration of Et0 but
three may be directly responsible for wost of the eifposure on a daeily basis,

Uncontrolled Drain

Puring the evacuation phase of the sterilization cycle, most of the EtD in



the sterilization chamber is removed through the vacuum pump and drain. For
sterilizers which evacuate to an uncontrolled drain, much of the Et0 used in
gterilization may bhe released into the recess room and/or pethaps to the
workroom atmosphere.

Opening of the Sterilizer Door

In some situations, the most significant Et0 emission source on 4 daily basis
is the opening of the sterilizer door at the end of the sterilization cycle.
In an uncontrolled system, warm, modist, Et0~laden air escapes from Lhe
sterilizer when the door is opened and may diffuse throughout the room. This
source of Et0 may relesse a significant quantity of EtC into the workroom air
as a background conceatration, and, depending on the work practices, may or
may not provide a peak exposure for the sterilizer gperator,

Transferring the Sterilized Load

Some of the Etd used in sterilizatlon remains on the sterlle items and
wrapping material and inside the package after the sterilization cycle 1is
complate. This EtQ will be given off exponentially untill equilibrium is
reached with the surrounding air; and, depeunding on the compasition of the
items and their packaging, these off-gasing items can provide an Et0 exposure
dource for the operator transferring the load to the aerator and may
contribute to the background levels of Et0 in the woerkplace. EtO-laden air
may also be drawn out of the chamber as the operator pulls the load from the
chamber.

SECONDARY EXPOSURE SQURCES

Other exposure sources may not be as readily apparent, but may also provide
important contributions to the background levels of Et0 in the workrcom air.
Some of these sources may only intermittently release Et0.

Aeration

Post—sterilization aeraticn i3 essential for protection of the patients whe
will use the items and for controlling accupational exposure to Et0. While in
the aerator the sterile items continue to off-pas. If the aerator cabinet is
not vented out of the building or to a dedicated exhaust, it can become a
major coutributor to the background Et0 levels.

Replacement af Et0 Gas Cylinders

Ethylene oxide gas is supplied to many sterilizers from preasurized gas
cylinders. When replacing empty EtQ cylinders, the worker may be exposed to
Et0 vapors from residual liquid or gasecus EtQ in the supply lines. This may
permit worker exposure teo the Et0 and may contribute to background Etd
concentration levels, however, cylinder changes are not usually performed on a
daily basis.



Pressure Relief Valve

Anether possible source of EtD ls the sterilizer safety valve, 1If the
sterilizer becomes aoverpressurized during the cycle, this emergency relilef
valve releases EtD gas, If not controlled or remotely vented, thias release
may contribute a significant quantity of Et0O to the workplace stmosphetre.

Maintenance

Sterilizer part failures, malntenance operations, and repalr work can also
result in aignificant exposurea to persoanel. 0Of particular concern are
plastic and rubber components which will absorb EtQ and may even react with
the gas; these parts can deteriorate over time. Valves, connections, and the
front door gasket are potential sources of lemks, and occasional exposure.
Maintenance personnel may be exposed by unknowingly entering the recess room
to work on equipment when Et) concentrations are high during or folleowing a
purge cycle.



HOSPITAL, EQUIPMENT, AND PROCESS DESCRIPTION
HOSPITAL AND CEWTRAL BERVICE DEPARTMENT DESCRIPTION

Bronson Methodist Hospiral is a not~for-profit, acute cars facility with 464
beds. Services which the hospital provides include: gensral surgery,
oncology, aeye surgery, cardiovascular catheterization, burn treatment, a
trauma center, obstetrics, and neonatal care. The Central Service Department
1s located on the fourth floor of the bulilding. The department is near the
Labor and Delivery Departwment,

Ethylene oxide gas sterilization operations for the hospital are conducted in
the Central Service Department and in the Surgery Department. The CS
Department performs EitD sterilization for obstetrics, neonatal care,
resplratory therapy, the catheterization laboratory, isclaticn cases, x-ray,
and emergency, The Surgery Department sterilizes its own instruments and
equipment. Et0 sterilization operations conducted in the Surgery Department
wera not evaluated durting the survey.

The C5 Departwent employs 13 persons distributed over 3 shifts, The number of
employees working on the day (1st) shift varies from four to six depending on
the product volume to be processed on a particular day., Typically, one person
works in the decontamination room and three to fiwve others work in the
sterilization and packing room (hereafter referred to as the clean room).

Only one persan 18 asgsigned to operate the sterilizers and process the loads.
The department manager and one of the supervisors apend most of their time in
offices or moving between the different areas of the department. Duting the
evening (2nd) shift, four persons are in the department., One or two persons
are asaigned to decontamination, and two or three persons work in the clean
room. The night (3rd) shifr employs one or two persons as needed rotating
betwzen decontamination and the clean room.

The layout of the CS Department is diagrammed in Figure 1, Of particular
interest 1in this study is the ¢lean room which serves three functions. One
end of the room Is used to store clean supplies. Another part of the room
serves a3 a processing area where cart loads are prepared for sterilization
and where sterile loads cool before storage ol distvibutfon. A third area of
the room 1s occupled by a bank of sterilizers {one steam, and one Et0) and Ewo
aerators that are recessed along one wall.

The sterilizers may be accessed for maintenance through a small recess roonm
located hehind the sterilizers. This room i3 entered through a doorway ofi
the sterile storage room and is marked as a hezard arem and restricted to
authorized persomnel only. The backs of the sterilizers and aerators are open
to the room. 3team and water from the sterilizers are emptied into closed
drains,
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Figure 1. Central Service Department, Bronson Methodist Ht;e-.pital.
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EQUIFMENT AND PHYSICAL DESCRIPTION

The Etd gas sterilizer 1s an AMSCO (American Sterilizer Company) Medallion,
Cryotherm. Its internzl chamber slze is 24 inches by 36 inches by 60 inches,
a volume of approximately 30 cubic feet. The two acrators are AMSCO models
each with an internal chamber sfize of approximately 30 cubic feer.

The sterilizer is supplied with an E£Q/Freon 12 pas mixture in a 12:88 ragio
by weight from gas cylinders. The cylinders are located in the recess room
between the Ee0 and steam sterilizers.

Sterilizer and Aerator Cycle Features

The sterilizatlon cycle is approximately 3 hours 30 minutes in length and
consists of several phases: initial vacuum and humidification {(about

30 minutes), EtO charging of the chamber and sterilization (about 2 hours
40 minutes), and two chamber evacuations (about 20 minutes). The sterilizer
operates at 130°F,

Items are aerated for a winfmum of 12 hours., Certain items may require up to
72 hours aeration time and are processed as specified by the manufacturer of
the item, The two aerators are operated at 120°F.

Local Exhaust Ventilatlon

An architectural firm designed and installed an exhaust hood over the EtO
gterilizer in 1981. This hood 1ls conatructed of sheet metal and measures

14 inches by 40 inches by 14 inches, Exhaust i1s provided by a rectangular
vent in the wall, located inside the hood and measuring 6 1/2 inches by

22 inches. The vent is connected to the dedicated system which exhausts the
recess room. The hoed is lecated about 18 inches abowe the sterilizer door.

Local exhaust ventllatilon is also provided for the sterilizer drain. When the
sterilizer chamber is evacuated, a mixture of water and Et0O passes through the
vacuun pump and into a drain. There the water and gas may separate, amd the
gases may ascape to the recess room atmosphere. The hospital designed and
installed & drain enclosure and connected the enclosure to the dedicated
exhauet syetem. The sterilizer safety relief wvalve 1s also covered and vented
through a duct connected to the same dedicated aystem.

General Exhaust Ventilation

The decontaminacion room iz supplied by five air diffusers. Exhaust grilles
are located over the pasa—through washers, inside a canopy hood. Fassive
exhaust vents in the wall between the decontamination room and the clean room
are also located over the pass—through washers. Doors between the
decontamination room and the preparation/packaging area of the clean room are
cloged at all times.
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The clean room has six supply ailr diffusers. Exhaust Is provided by twao
louvered wvents located above the tops of the pteam gterilizer and the second
gerator along the wall. These vents are passive and ¢open to the recess room.
Air flows from above the sterilizers intc the recess room due to the negative
preassure developed in the recess room by exhaust ventilation,

The €S Department recess room is exhausted by a dedicatred system which was
installed in 19746, During the exhaust phase of the sterilizer cycle, EtD
levels in the recess room may become elevated, An auxiliary dedicated exhaust
system {Installed {im 1984%4) i{s activated by an EtO sensor when the
concentration exceeds 20 ppm. Vents for this exhaust system are located at
the floor near fhe sterilizer drain, at the floor near the Et0 supply
cylindars, and near the celling of the room.

EtQ supply cylinders are chained to the wall alongeide the sterilizer in the
recess racm. Exhaust ventilation provided at this lecatlon 1g designed to
exhaust any Et0Q which might escape during & cylinder change operation or in
the event of a leaky cvlinder comnection. The architect's plan specified an
enclosed cabinet exhsusted at the fleor at the back of the cabinet. The
cabinet was vot installed, however, the exhaust vent at the floar iIs part of
the auxlliary exhaust syatem and may be manually acrivated during a eylinder
change operation.

PROCESS DESCRIPTION

Heat~ or moisture-sensitive items are sterilized with Et0) gas. These iltems
arrive in decontamination 1a enclosed carts delivered to the door by the ueing
department, ¢r picked up in the using department by CS personnel. The items
are washed, dried, and either carted or carrled into thes preparation/packaging
area of the clean room. Very small items are hand cleaned and treated with
ultrasonics before passing into the clean room., The items may then be wrapped
or heat-sealed in a peel-pak and carrled to a table in froont of the zterilizar
bank. The sterilizer operator prepares the load for sterilization by
arranging the items on a cart-rack, placing a biological indicater in the
load, and completing the necessary record forms, The cart-Tack is placed in
the sterilizer, and the cycle is started at approximately 5:00 p.m. daily, If
there are only a few items for Et0O sterilization or in the event of an
equipment malfunction (in either CS or Surgery), the CS Department may
consolidate its load with Surgery's load, and only ome load is run between the
two departments,

Transferring the Load

At the end of the second evacuation, a buzzer sounds slerting the operator
that the cycle 1s complete and the door may be cpened. The operator turns the
door handle so that the door will swing open when the presgsure i1s released,
Next the aetrator deor is opened, and the operstor uses a heavy towel to
protect the hand during contact with the cart. The sterilizer deor 1is swung
fully open, and the operator pushes the cart inte the chamber, engages the
cart-rack, and withdraws the cart-rack and cart. The sterilizer door i1s
¢loged as the cart 1s pulled to the aerator. The operator then removes the
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biclegical indicator from the load, and pushes the cart inside the aerator
chamber, The cart-rack is disengaged and the cart withdrawn. The aerater
door is closed and aeration times are taped to the outside of the docr. The
biological indletors are opened at the work table, then taken to the
microbielogy laboratory for incubation and analysis.

Cylinder Changes

The Et0O sterilizer {fs suppiied with gas from a compressed gas cylinder., If a
cylinder empties during a cycle and an insuffirient amount of EtO is supplied
to the sterilizer, the cycle is interrupted. A new cylinder is needed about
every 3 weeks. When a new cylinder is needed, the Central Distributlion
delivers one to the department, and a person from maintenance connecta the new
cylinder.

Preventative Malntenance

The CS Department has a preventive maintenance contract with MidWest Medical
Company for routine quarterly evaluations. The maintenance protocol specifies
the evaluarion of the Et0 sterilizer and aerators for mechanical function and
leak testing. The sarvice person also ipspects the sterilizer deor gasketr and
replaces it as needed. The Et0 cylinders, supply lines, drain pipes, and
floor drailn are regularly leak-tested. Any necessary repalrs are made
immediately. Hospital maintenance personnel are also trained to provide some
gervice functiong for the sterlilizer and are the first cnes notified if the
equipment malfunctions or leaks are suspected.

Monitoring

The CS monitoring program has three components: continuous monitoring with an
alarm system, environmental area monitoring performed by maintensnce, and
personal monlioring.

In 1984, three monltoring sensors were installed in the department: one in
the recess room near the sterilizer, one over the sterilizer door, and one
over the work table in front of the sterilizers. The seusors and alarm system
are manufactured by Gas Tech (model 1565-6). The alarm station i1s mounted on
the wall at the end of the bank of sterilizers, about 10 feet from the Ec0
unit. When Et(Q concentration levels teasch 20 ppm an audible and visual alarm
is triggered. If levels reach 50 ppm the audible alarm becomes continuous.
Each of the sensors 1s on & separate alarm indicator so that the warker can
vigually identify which lecation has triggered the alarm. During the exhaust
phase of the sterilizer c¢ycle, the sensor in the recess room is routinely
triggered at the 20 ppm level. The depattment policy manwal instructs workers
to leave the department if the alarms remain activated for an "unreasonable”
length of time.

Environmentsl area monitoring was performed by the €8 mamager initially in
1981, Maintenance perscnnel have been trained and now perform monitoring for
the department every six months., Monitoring i1s alse performed whenever there
is a change in the system or if any leaks are suspected. Monitoring is
performed with an infrared analyzer, Personal monltoring is performed €or the
sterilizer operator semiannually usiog IM Company passive diffusion badges.

13



METHODOLOGY

To evaluate the effectiveness of the englneering control measures, both short-
and long—cert concentrations of ethylene oxide were determined and ventilation
contral parsmeters (mainly air velocity and wolumetric flowrate) were
measured, The major pileces of equipment used in this evalvaticn are listed in
Table A=1 of the Appendix.

MEASUREMENT OF CONTRQL PARAMETERS
Charcoal Tube Sampling

To determine personal exposures and average concentratlons of Et0 at selected
locations in the clean rocm, personal and ares samples were cgllected u=ing
coconut shall charcoal tubes according to NEOSH Method 1607(8), The samples
were collected on 400 mg and 200 mg charcoal tubes (SKC Ho, 226-37) connected
in series, and the sampling train was contained in a plastic holder. MDA
punps with limiting orifices of approximately 10 milliliters of air per mipute
{aL/min) and 20 mL/min were used to collect duplicate samples for the
gsterilizer operator and the area over the sterilizer de¢or for long—term
{8-hour) samples, and with limiting crifices of approximately 100 mL/min to
collect duplicate samples for the same perscnal and atea locatlons durlng the
load trensfer procedure (short—term, 3-6 minutes). MDA pumps (limitiog
orifices of approximately 20 mL/min) were used to collect long-term samples
for an instrument wrapper and the wrapplng area location. Day and evening
shifts were sampled for three days.

Pergonal lonmg-term samples weTe used to estimate time-weighted average
exposures for the sterllizer operator and an Instrument wrapper. Avrea samples
estimate the Et0 which 1s in the workplace air near peotentlal exposure
sources. Given that the aterilizer is the primary source for Et(C release,
long—term atea sapmples were collected at a fixed location approximating the
operator's breathiring zone in front of the sterilizer. To estimate the
effectiveness of isolation of the sterilizer in preventiog Et0O contamination
cf the general workroom air, 2 long-term ares Bample was collected at a work
table near the sempled lnstrument wrapper.

Short—term samples provided an estimate of the peak concentrations of EtO
released when the sterllizer door was opened and the load was {ransferred to
the azerator. Samples were collected both for the sterilizer operator and at
the area sampling location in front of the sterilizer from the time the
operater walked up to the sterilizer to open the door at the end of the cycle
until the load transfer to the aerator was completed, and the operator left
the sterilizer area.

Gas Bag Sampling

BuPont pumps were used to collect air samples in Tedlar* gas sampling bags
{SKC No. 231}, A short-term area sample over the sterilizer door was
collected for 3-7 minutes durlng the load transfer procedure. A 2=b minute
sample was collected for the sterilizer operator while transferring the
sterile load to the aerateor. To estimate the potential concentration of Et0
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to which the operator might he exposed a sample was collected from inside the
gterllizer chamber prior to removal of the load. This sample was collected
for 15 secconds. & series of three samples were collected in the recesa room
during the final vacuum phase of each cycle to estimate the Et0 lavels and the
rate of purging for the receas room., All gas bag samples were analyzed
on—glte with a portable gas chromatograph.

Infrared Analyzer Monitering

Bue to the cyclic nature of EtC release during the day, it was desirable ta
have a ceontinucus record of the estimated Et0Q concentrations in the breathing
zgone in front of the sterilizer, A continuous monitor provided a measure of
the background EtQ levels ag well as indicating higher comcentraticns which
could be agscciated with certain ewvents.

Peak conceatrations way not be accurately measured with an infrared (IR}
analyzer. The sensing cell of the instrument has a volume of about 3 liters
and the sampling pump a flowrate of 5 L/min. Thils results in an instrument
response time of approximately 3 = 5 minutes, Thus, short concentration peaks
{such as thoae associated with the load transfer) may be underestimated by the
IR analyzer.

Laboratory expetriments showed the instrument regponded te a known
councentration of Et0 and humidity by indicating 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 Et0 for a 10 percent rise in
relative hupidity. To compensate for this effect, the IR analyzer was
connected in series with a hygtothermograph. These Instruments were attached
to & strip chart recorder to provide a contlauous graphic record of changing
humidity levels and EtD concentrations. This arrangement allowed
differentiation of the response of the infrared analvzer to EtQ from relative
humidity.

The infrared analyzer sampling probe was located over the sterilizer door
along sirde the charcoal tube area gamples for three of the sampled cycles.
Burlng the other three cycles, the sampling probe was placed at wvarlous
locations in the recess Toom.

Air Flow Measurements

The air flow velociiies were measured for the hood above the Et0 sterilizer
using a hot-wire apnemometer. The average veleocity was used to calculate the
exhaust air velumetric flow rate for the hoed, Within the department, supply
air and exhaust flow volumes were measured at the celling and wall diffusers
and at the cefling exhaust vents using a velometer flow hood. Smoke tubes
were used to qualitatively assess air movement patterns in the workroom and
nea¥ local axhaust hoods, and the results were recorded on videotape.

15



During the preliminary survey, the Et0 Bensor alarm was activated in the
recess room during the evacuatlon eycle, The drain was the suspected source
pf Et0. It was hypothesized that the exhaust rate of the wventilation duct
over the drain was less than the exhaust rate of the vacuum pump as it
releaged EtO/water to the drain. To test this hypothesias, a magnehelic
pressure gage was inaerted into the duct, and the pressure readings during the
evacuation of the chamber were recordad,

Work Practice Observations

The work practiceas of the sterilizer operatar may have a very iwmportant effect
on the amount of RtO released inte the workplace aly and personal exposure.

To evaleate this effect, observatlons of the operatora' work practices during
their EtO sterilizer activities were made. An activities data sheef was
completed for each gterilizer load processed including eatimates of the time
spent on each activity., Notes were made to aid the association of the
sampling results with specific activities, particularly for air bag samples.
Fach step of the sterilizer activities was videotaped to make additfonal
analyses avallable,

Processing the Test Load

In designing this study, it became obvious that conditions 1a each hospital
particlipating 1o the study would be go warlable ss to preclude any meaningful
comparisons between hospitals unless some of the variables could be
elimingred. Therefore, a challenge test load was provided for processing at
each hospital. The lead consists of packages of rubber surgical tublng, an
8-inch length contained in each “peel-pak”. The number of packages is
adjusted to the volume of the sterilizer of interest, corresponding to a 30
percent load level. For the 30-ft° volume sterflizer, 225 packages were
used. The rubber materials of this test load were chosen because Et0 1s
absorbed into rubber during sterilization and off-gases more slowly than some
other materials. This inctreased retention of EtD, provides a challenge to the
contrel gystem and may ald in evaluating the effectiveness of the controls.

Test loads were sterilized during the 1st shift for each of the three days of
sampling. The department processed fts normal load durimg the 2nd shift for
the three days. Sampling data from these test loads provide the basia for
comparison with similar loads processed in other hospitals.
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RESULTS

The test leoad was run during the morning of the three days on which samples
were taken. It was the only load run during the lat shift. A pormal load was
run during the 2nd shift on each of the three days. No cther loads were run
during the survey; however, a cycle abort occurred during the 2nd shift of the
Jrd day because the Et0 supply cylinder eould only charge the chamber to 5 pai
(gauge pressure). After the cylinder was changed, the cycle wag restarted,
and approximacely 20 percent of the Et0 originally charged in the chamber was
evacuated by the initial vacuunm draw of the new cycle,

AIR SAMPLING RESULT3

All full-shift personal exposures and selected area concentratlons sampled
with charcoal tubes were less than 0,5 ppm, The ladividual short—term samples
for the operator ranged from approximately (.4 to 6 ppm, and those for the
area in front of the sterilizer, 0.8 to 14 ppm. Two samples (393 and 397)
were Invalidated because of a pump failure. The results are presented in
Table A-2,

Approximately half of the valid samples (31 of 38) were below the limit of
detection for the analytical procedure, which ranged from 0.29 to (.50 ug per
sample. Most of rhe results below detectable limits {25 of 31) were long-term
samples with an avergge detection limit of 0.027 ppm.

Iwe side—by—side samples wers taken for the operator exposures and for the
concentrations in the area in front of the srterillizer, The average of each
pair of full-shift samples is presented in Table 1; the short—-term samples, in
Table Z.

Table 1. Full=-ghift average concentrations.

Sample Date Shifc Load Duraticn  Concentration
Description mo/dy/yr minutes ppm
Sterilizer Qperator 2/26/85 1st Test 464 0,037
2/26/85 2nd Norm 497 0,027
2/27/85 1ist Test 473 0.035
2/27/85 2nd Norm 489 0,031
2/28/85 1st Test 492 0.038
2/28/85 2nd Ngrm 469 0,041
In front of Sterilizer 2/26/85 1ist Test 489 0.02%
2/26/85 2nd Norm 497 0,052
2727785 1st Teat 495 0.112
2/27/85 Ind Horm 493 0,026
2/28/85 lst Tast 313 0,007
2/28/85 Znd Norm 471 0.133
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Table 2, Short—term average concentratlons.

Sample Date Shift Load Duration Concentration
Description mo /dy/yr minutes ppum
Sterilizer Operator 2/26/85 1st Test 5 1.273
2/26/85 2nd Norm 5 0.460
2/27/85 1st Test 4 1.7%%6
2/27/85 2nd Norm 3 0.675
2/28/85  1st Test 4 1.766
2/28/85 Znd Norm 3 3.562
In front of Sterilizer 2/26/85 1st Test 5 3.715
2/26/85 2nd Norm 6 1.299
2/27/85 lst Test 0 0, 000
2/27/85 2nd Notrm 5 1.410
2/28/85  1st Test 5 9,819
2/28/85% 2nd Norm & 1.970

4 summary of the charcoal tube results, averaged over the 3 days of the
survey, 1s presented In Table 3. Note that the full-shift resulis for the
test loads do not differ significantly from those for the normal loads,
However, for the short-term samples, especially those for the areaz in front of
the sterilizer, the average for the test leads is substantially highar.

Table 3. Average charcoal tube results for survey.

Degeription Load Number of Average EtO Standard
Samples Concentration, ppm Deviation

Sterilizer Operator Test 3 0.037 0. 0042
full=ghift Norm 3 0.033 0,007
Wrapper Test 3 0,021 0.4a035
full-ghift Norm 3 0.0240 0. 006
In front of Sterilizer Teat 3 Q. 069 0.042
full-ghift Norm 3 0.070 0.056
Wrapping Table YTest 3 0,032 0,028
full-ghift Norm 3 0.0L9 0. 006
Sterilizer Qperator Test 3 l.61 0.29
load transfer {approx 4 min.} Nomm 3 1.57 1.73
In froot of Steriliger Test 2 6.8 &.3
load transfer (approx 5 min.,} HNorm 3 1.6 0.35
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Gas Bag Sampling

The rasults of the samples collected in gas bags and analyzed on site with the
portable gas chromatograph are given in Table A-3; selected results, averaged
over the 3 dayes of the survey, are presented in Table 4, 41l persgconal samples
werg approximately equal to or less tham 5 ppm for periode ranglag from

2 - 5 ninutes.

Table 4. Aversge gas bag tesults for survey,

Degcription Load Number of Average EtO Standard
Samples Concentratlon, ppm Deviation

Staerilizer Operator Test 3 4,63 0. 80
load transfer (2-4,5 min.)
Norm 3 1.03 0.68
In front of Sterilizer Teat 2 15.7 11.3
load transfer {3.5-6.5 min.}
Horn 3 11.53 13.77
Inside sterilizer chamber Test 3 3400 588.8
door first opened following
final purge cycle Rorimn 3 2522 667

Infrared Analyzer Monitoring

Et0 was not detected with the IR analyzer during the purge, only during the
load transfer. A typical putput curve of the IR analyzer is illustrated in
Figure 2. ©Selected values which characterize the output of the IR analyzer
{also showm on Figure 2} are presented in Table A-4. The time of the peak
represents the time that the concentration of Et0 at the sampling locatiaon
started to decrease. Siunce the response of the instrument isg slower than the
time course of the translent presence of Et0Q, the more accurate councentration
value ia the integrated output or concentration—time product, pprruin,
represented by the area umder the curve. The actual peak concentration may be
as much as 50 percent greater than the measured value.

Representative concentratrions measured with the IR apalyzer at the area
location {n fromt of the sterilizer, averaged over the 3 days of the survey,
are presented in Table 5., Two different sets of results have been
calculated: ome for the duration of the short-term charceal tube pamples and
oneé for the duration of the IR response peak.
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Figure 2, Typical response of infrared apalyzer in front of EtQ
sterilizer during the end=of-cyele azerivities.
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Table 5. Average infrared analyzer results for survey.

Description Load HNumber of Average Et0 Standard
Samples Concentration, ppm Deviation

In front of Sterilizer Test p 5.54 2.03
leoad transfer {epprox 5 min.)
Narm 1 2.24
In front of Sterilizer Teat 2 2.82 0.37
load transfer (duration of
IR response peak) Horm 1 1.88

VENTILATION MEASUREMENTS

Generally, more alr was supplied to the rooms of the Central Service
Department than was exhausted; and air was observed, using smoke tubes, to
flow out of the doorways of the department. The doorway alrflow 1s shown in
Figure 3 along with the 1ldentification of the venrilation inlets and outlets.
A full table of the design values and measured values i1s presented in

Table A-5,

All alrx exhausted from the department ig exhausted directly out of the
buildinpg. The return air duct amd fan servicing this area also exhausts
directly out of the bullding, rather than returning air to a supply air
handlexr as implied by the labels,

The azirflow into the hood above the sterilizer was measured to be
approximately 550 cfm, sufficient to extend the capture distance of this hood
out to over 1 ft from the sterilizer door. The measurements and observations
were made with the door closed——with the door open and the hot load pulled out
in front of the sterilizer, this capture distance would probably be leas due
fo the momentum of the thermal rise.

The two vents of the auxlliaty recess room ventilation system were measured to
exhaust approximately 1500 cfm, salmost twice as much as the main systenm
exhausted from the recess room. The exhaust rates for the two vents in the
recess room wall above the bank of aterilizers and aeratora averaged about

70 cfm each, increasing to about 150 cfm when the auxliliary ventilation system
came OIn.
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CONTROL TECHNOLOGY

At this hospital, coatrols were 1n place to deal with the three major socurces
of Et0 during each sterilization cycle: the drain during evacuation, the doot
after opeaning at the end of the cycle, and the load during transfer to tie
aerator.

DRAIN CONTROLS

Worker exposure from the drain was coantrolled primarily by isolating all of
the stevilizer except the front pamel in a ventilated recess room, IR
monitoring at the area location in front of the sterilizer door showed no
increaged response {Er0 concentratiomn) during the evacuation peried,
indicating that the wventilation of the recess room was effective in containing
the Et0.

Drain Ventilation

Within the recess room the drain is somewhat controlled by a ventilated air
gap; however, encugh EtD is emltted during the purge to trigger the sensor 1in
the recess room at the 50-ppm level. IR monftoring underneath the sterilizer
during the purge peaked at over 100 ppm, One source is the drain exhaust duct
itself. Pressure peasurements in the drain exhaust duct revealed that during
the purge phase, the duct becomes pressurized Iinstead of exhausted. The
exhaust capacity of this duct 18 not suffiecient to accommodate the forced
input From the wvacuum pump as 1t evacuatee the sterilizer chamber. Another
contributory source may be a line to drain leskage from the input shaft of the
water-gealed vacuum pump.

The auxiliary ventilation system, which comes on when the sensor in the recess
room detects an EtO concentration greater than 20 ppm, exhausts a total of
1500 cfm from the recess room. This additlonal ventilation is capable of
reducing the Et0 concentration in the recess room to less than 1 ppm within 30
minutes following the end of the purge cycle, The plans called for a system
continuously exhausting 1100 cfm, but the aystem functions well as inatalled.

BOOR CONTROLS

The control of emissions when the sterilizer door is cpensd involves reducing
the quantity of Et0 remaining in the chamber, and capturing as much of the air
escaping from the sterilizer as possible. The vacuum purges removed
approximately 99 percent of the EtO that was in the chamber during the
gsterilization period. However, the concentrations in the chamber of
approximately 3000 ppm indicate that as much as 3 grams of Et0 remained in the
chamber at the end of the evacuation ecycle, enough to ralse the concentration
in the department te aver 3 ppm 1f all this Et0 were allowed to escape and
disperse.

This department follows the work practice of unloadiog the sterilizer
immediately after the end of the evacuation cycle. With tihds practice, the
distance which the door is opened 1s not an important factor im contrelling
the Et0 released from the chamber through the open dcor.
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The hood over the sterilizer door provided good control of the area in froant
of the sterilizer. Making the airflow visible with a smoke tube showed that
when the deor was closad, air was captured by the hoed out as far as 20 inches
from the front of the sterilizer. With the hat alr rising from the load of
sterile items being temoved from the sterilizer, this capture distance woald
be scmewhat less. Such an arrangement can not be expectad to contrel
emissions from the cart of sterilfzad ftems as it is pulled from the
sterilizer and moved to the asrator.

CONTROLS DURING LOAD TRANSFER

The primary controls are reducing the quantity of Et0 remaining in the load
apd keeping the workex's breatching zone away from areas of high concentrations
of Et0, Keeping the load in the sterllizer with vacuum purges reduces the
quantity of EtQ in the load. AMSCO has reported that the twe vacuum cycles
remove 97 percent of the Et0 in the chamber at the end of sterilization.(®)
The measured concentration im the chamber when the door was f£irst opened at
the end of the ¢yele agree with this estimate. However, a ceonsiderable amgunt
of Et0 still remains in the chamber and on the sterilized ftems.

The sterilizer operatore were unable to pull the load, rather than push it.
Because of the room ¢onfiguration and the way the aerator doors were hinged,
the load had to be pushed to the amerators, The locatlon of the work table in
the ¢lean room made it difficult to mansuver the cart. This may have caused
the operation to take longer and brought the operator inte closer contact with
the load than If there were fewer obstacles, The ghort-term exposures for the
sterilizer operator averaged approximately I ppm: for the approximately

4 minutes it took to transfer the normal load. Thus, despite the hindered
transfer procedure, the short—term exposure levels wera within NIOSH
recommended limits.

GENERAL VENTILATION

Not much air is exhausted through the vents in the racess room wall abgve the
sterilizers and aerators. The average flow rate through the recess room wall
vents from the clean room is usually 70 cfm, although it does double when the
auxiliary recegs room ventilation system comes on.

The velume of nonracirculated alr exhausted per hour relative to the room
volume, usuvally referred to as "room air changes per hour,” i1s not very
fmportant in controlling routfine emissions of Et0 in a situation auch as this
where there are effective engineering controls. For an emergency situation
Involving the release of a large quantity of Et0, a high rate of
nonrecirculated ventilation would be helpful in clearing the room. In this
case, increased "room ailr changes per hour" would be desirable, provided that
the air was exhausted directly from the building az it s at this hospital,
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CONCLUSIONS AND RECOMMENDATIONS

Control of the full-shift exposures, as measured with charcoal tubes, is
excellent. All wvalues are less than 0.2 ppm, Including the area locationsg.
Likewlse, short—term exposures are well controlled, not exceeding 5 ppm for

the short period (less than 4 minutes) during which the normal load is
transferred to the aerator. Et0 emissions from the drala during the purge are
controlled so as Lo not creaté an exposure problem in front the the sterilizer.

Although the exposures to the sterilizer operators are lew, it should be
poseible to reduce them aven more by removing some of the Impediments to the
lead transfer. If the work table were moved and the aerator deoors were hinged
on the other side, the operacor could have the aerator door open and pull the
load from the sterilizer directly to a position in front of the aerator; and
then, with ome mapeuver, push the cart into the aerator.

EtQ levels can get relatively high in the recess rovom during the purge

cycles., Owver 100 ppm was measured down near the fleoer drain with the IE
analyzer. This room is clearly an area te be avolded durdng and for some time
aftet the EtQ evacuwation cycles. Yet, there is no clear warning for people to
leave or not to enter the recess room when the EtO levels are high. A sensor
was Io place which measured the EtQ concentration and signaled when 1t was
above preset limlte; however, the lowest level for which there was an alamm
was 20 ppm, and the alarm indicaror waa visible only in front of the
sterilizer, Lights should be installed which would come on at or before the
gtart of the first wacuum purge cycle and remair on until such time that the
Ee0 concentration Iin the room 1s sure to have returned to a safe level. With
the auxiliary system operating, 30 minutes should be sufficient time. These
lights should be installed both inside and ocutside the room to warn those who
may already be In the recess room as well ag those who may want to enter it.

It is desirable to add the drain exhaust te the auxlliary exhaust systenm.

This system should be set to operate during the evacuation phase of the cycle
and when activated by the Etd sensor in the recess room. With the exhaust
volume supplied by the auxiliary system, routine activation of the EtD sensors
should bhe eliminated.

A differential pressure sensor has been installed on the main exhaust system
(EF-/) servicing the Central Service Dapartment. A4 similar davice should be
installed on the auxiliary vemtilation system exhausting alr from the recess
roon to warn if this gystem malfunciions. The indicators for borh systems
should be visible to the sterilizer operator in the clean room, and the EtO
sterilizer should not be runm unless the EF—7 system 18 working.

An emergency evacuatlon gnd response plan should be developed and rehsarsed.

To insute the continued gquality and effectiveness of the engineering comrrols,
personal exposure monitoring ghould be continued. At a minimum, the
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sterilizer operator should be monitored for a full shift at leest once per

vear. Additional monitering would be desirable and may be required by the
0SHA standard.

To protect the maintenance worker changing the Et0 supply cylinders, face
shields and glowves should be required for protectlon in case of an accident,
Respirators should be available to handle emergency situations and may be
desirable for routine cylinder changes. For situations where the worker
encounters an unknown (but expected high) concentration of Et® or in an
emergency gltuation, NIOSH recommends a compressed ailr open circuit
gelf-contained breathing apparatus {S5CBA) with full facepiece.(lo)
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Table A-1

Bquipment used on field survey

SURVEY- Bronson Methodist Hospitel, Kalemazoo, Michigan, February 26-28, 1985

Item

Madel

Used for

Infrared speckrometer
RH and Temp Monitor
Strlp chart recorder

Hot-wire anemometer
Velometer Flow Hood
Gas Chramatograph
Personal gampling pump
Personal sampling pump

Smoke tubes

Miran 1A

Ganeral Eastern 400-C/D

Varian 9176

Kurz 44l

Alnor Balomeber®

Photovac 10410

MDA 808

DuPont P-4000

Draeger 4351

continuous area sampling
BH and temperature

record of continsuous ELO
conc and EBH

air velocity

airflow

enalysis of bag samples
personal and area TWA smpl
collection of bapg samples

airflow patterns
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Tabhle A-2

Charcoal tube pample results

SURVEY Bronson Methodist Hospital, Kalamazoo, Michigan, February 26-28, 1983
SAMPLE SAMPLE TIME YOI EtO EkD EtD
DESCRIPTION TERM DAY SHIFT NQ min L UE ppm __ ppm-min
Bterilizer Operator Long 2/26 1Ist 550 464 &4 616 < 0 33 < O D40 < 18 4
Sterilizer Operator Long 2/26 1st 541 464 9 390 0 &0 0 035 16.5
Sterilizer QOperator Long 2/26 2nd 546 497 4 675 < 0 33 < 0 039 <« 19 5
Sterilizer Operator Long 2/26 2Znd 589 497 10 218 <« 0 259 < 0 016 <« 7.8
Sterilizer Operator Long 2/27 1st 599 473 4 680 < 0 29 « 0 034 < 16.3
Sterilizer Operator Long 2/27 1st 603 473 9 520 © 62 0 036 17 1
Sterilizer Operator Long 2/27 2Znd 591 489 4 597 < 0 29 < 0 035 < 17.1
Sterilizer Operator Long 2727 Znd 615 489 10 145 < 0 50 < 0 027 < 11 4
Sterilizar Operator Lang 2/28 1lst &a7 492 4.946 < 0.29 ¢ 0.033 < 16 O
Sterilizer Operator Long 2/28 1ist 619 452 10 060 O 80 O 044 21.7
Sterilizer Operator Long 2/28B 2nd 624 469 4 418 < O 50 < 0 063 « 29 5
Sterilizer Operator Long 2728 2nd 496 4569 9 750 < 0.33 < 0 019 <« 8 8
Inztrument Wrapper Long 2/%6 1st 547 456 10 389 « 0 33 « 0 018 « 8.0
Instrumenkt Wrapper Long 2/26 2nd S8 349 8 001 < 0 29 < 0 020 < 7.0
Instrument Wrspper Long @/27 1st 582 467 10 430 < 0 33 < 0 018 <« 8.2
Instrument Wrapper Long 2/27 2nd 604 482 11 338 < 0 29 < 0 0l4 <« &6 8
Instrument Wrapper Long 2/28 1st €17 477 10 772 < O 50 < O 026 <« 12 3
Instrument Wrepper Lang 2728 2nd 648 480 11 1235 < O S0 < @ 025 < 12.0
Sterilizer Operator Short 2/26 1st 539 52 0 319 0.70 1 218 6 3
8terilizer Operator Short 2/26 15t 541 52 0 33a 0 80 1 3129 6.9
Sterilizer Operator Short 2726 2nd 586 59 0369 <0 29 < 0 4381 « 2 &
Sterilizer Operator Short 2/26 2nd 552 5% 0387 = 033 <0 479 ¢« 272 8
Sterilizer Dperator Short 2727 1st 584 4 4 0 270 0O 20 1 644 72
3terilizer Operator Short 2727 1st 592 4 4 O 282 o 99 1 948 8.6
Sterilizer Dperator Shork 2727 2nd &05 38 D233 <« 029 2 06%) < 26
Sterilizer Operator Short 2727 2nd 598 3 8 D 245 <« 0 29 < 0660 <« 2.5
Sterilizer Operator Short 2728 1st &Z20 4§ 7 0 289 < 0 50 < 0 980 <« 4.5
Sterillzer Dpersator Short 2728 1st 626 4.7 0O 302 1 40 2 573 12 1
Sterilizer Operator Short 2/28 2Znd 6359 31 0193 2 00 5.751 17 &
Bterilizer Operator Short 2728 2nd 633 31 0 202 = 050 < 1 374 <« 4 3
Above Sterilizer Door Long 2726 1st %719 889 4 710 < © 33 <« 0 03% < 16 O
Above Sterilizer Door Long 2/26 1st 548 489 9 858 <« 033 <0019 < 91
Above Sterilizer Door Long 2/26 2nd 551 497 S 230 0 S0 O 053 26 4
Above Sterllizer Door Long £/26 2nd S&7 497 9 1827 0 85 0 0351 5.5
Above Sterilizer Door Long 2727 1lst 608 495 & 729 100 O 118 58 2
Above Stetilizer Door Long 2/27 1st 557 495 9,878 1 90 0 107 52 8
Above Sterilizer Door Long 2/27 2Znd 583 493 5 191 <« 0 33 < 0 035 « 17.4
Above Sterilizer Door Long 2727 Znd 594 493 9 114 < 0 29 < 0,018 « 8 7
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Table A-7. Charcosl tube sample results, continued

SURVEY* Bronson Methodist Heospital, Kelamazoo, Michigan, Fehruary 76-28, 1985

SAMPLE SAMPLE TIME YOL ELD EtLD Eto
DESCRIPTION TEEM DAY SHIFT H3d. wmin. L. BE ppm pp-min

Above Sterilizer Door Long 2728 1st &23 513 4 947 0 50 0 056 28 8
Above Sterilizer Door Long 27728 1st 606 513 10 353 1.45 Q0 078 39,9
Above Sterllizer Door Long 2728 2Znd 668 477 5 060 = O 50 < O 05% < 26 2
Above Sterilizer Door Long 2728 2Znd 610 477 8 885 340 0 212 101.3

Wrapping Table Long 2726 1st 253 489 10.735 < 0 33 < 0 017 < 8.3
Wrapping Teble Long 2726 2nd 595 492 11 055 < 0 29 « O 015 « 7.2
Wrapping Table Leng 2/27 1st 596 495 10.747 < 0 29 < 0 015 < 7.4
Wrapping Table Long 2/27 2nd 602 491 10.816 <« O 29 <« 0 D15 <« 7.3
Wrapping Table Leng 2/28 1st 412 512 11 254 1 30 0 064 iz 8
Wrapping Table Long 2/28 2Znd 651 48Z 10 709 < 0 50 < O 026 « 12.5
Above Sterilizer Door Short 2/26 1st 542 9.6 0 363 2 20 3 364 12 8
Above Sterilizer Door Short 2726 1st 585 56 0 346 2 61 4 187 23.4
Above Sterilizer Door Short 2/26 2ad 556 6.7 0 437 1.10 1.397 9 4
Above Sterilizer Door Short 2/26 2Znd 5355 6 7 0.416 0 90 1 201 3 a
Above Sterilizer Door Short 2/27 1st 597 0 D000 ¢« 029 « 9000 < 0.0
Above Sterilizer Door Short 2/27 1st 593 0 0000 ¢« 0 29 < 0.000 <« OO
Above Steriliger Door Short 2/27 2Znd 618 50 0 327 120 2 037 10 2
Above Sterilizer Door Short 2/27 2nd 600 50 0 312 0.44 0 733 3.9
Above Bterilizer Door Short 2/28 1st 634 53 0 343 8 7B 14.207 75 3
Above Sterilizer Door Short 2728  1st b6l4 53 0 327 3 20 S 431 28 8
Above Sterjlizer Door Short 2728 Znd 612 4 4 0O 286 1.60 2 7117 12 @
Above Bterilizer Door Short 2728 2nd 621 4 4 0.272 0 60 1 2724 5 4
Fleld Blank 2726 1st 549 < 0 33

Fleld Blank 2726 1st 581 < 0 33

Field Blank 2/26 2nd 532 80 < 0 33

Field Blank 2726 2nd 554 g0 < 0.33

Field Blank 2426 2nd SBO < 0 33

Field Elank 2/27 1st 590 < O 29

Field Elank 2/27 1st &01 < 0.29

Field Blank 2727 2nd 609 60 5.44

Fi1eld EBlank 2/27 2nd 632 < 0.5

Field Blank 2/28 1st 622 <05

Field Blank 2/28 2nd 645 310 < D5 -
Field Blank 2/28 Ind 649 < 0.5

Quality Assurance Q12462 630 11 2

Quality Assuramnce QX407 64l 5 37

Quality Assurance Qlald &7 14 2

Quality Assurance Q1417 630 34



Table &-2

EURVEY

Sample

g analyzed by gas chrommtography

Brongon Methodist Heospital, Ralemazoo, Michigen, Februery 26-78, 1985

Metiviky and Locption
I

¥/26/85 27185
Ethylens Oxlde Concentrutions in PPM

2713155

Test Normal Test Normal Test Mormal Average SD
Sterilizer Oparator-breathing ane 35 4 5 2 Q6 5%z 05 2 83 195
during losd trensfer
Over Starilizer Door-during load -— n 21 11 & 4 1% 13 2 13
transfer
Skerilizer Chamber Intarlar-befors 3200 3200 4200 21500 2800 1615 2960 767
load removal
Rocoss Boom—draln aree during 3st 430 a2 340 &6k 229 5 178
VA uun
Recedl Boop-uwnfety vilve during ist in i9 380 132 & 175
vacuwn
Rocasr Room-droin zres afker 2nd 25 oS -
vacuum complaka
Rocees Room-drain during load 54k 53 -
transfer
Ewcens Room—drern __ minutes after
load transfer complated
0 minukes 545 545 -—
1 7 7 -
& ] 5 _—
5 1 24 17 a7
7 12 32 —--
-] 25 25 =
29 017 g ? -
Recess Roon-Zafety valwve | madutes
after load btrmmafer completed
Q miputes 36 L _
5 59 IR —
a 165 16 -—
14 z 8 2 & -
Recees Room-floor near front of 302 302 -
gteri1lizer during 1st vecuum
mcesE Roan-Floor near back af ba a1 -—
| sterilizer durlhg lst vacuum
Sterilizer Chambar Interior-before 77 24 20 17 % 7 &
flaldins For stertlizakbion
grarilizer Chamber Interior~r hr sfter 37 32 -

dapr elosed upon complation of transfer

—

i
# During the avacuation of an ebarked cycle

** Bag valve nat Fully open

=*xL1ae pobk purged during semple collection

32 ?



Table A-4

Infrared results for area locatien in front of sterilizer

SURVEY. Bronson Methodist Hospital, Kalamazoo, Michigan, February 26-28, 1985

Tlate Shift Load Peak Time Duration Area
me/dy/yr ppm min min pPpm—min
02/26/85 A Tast 6 15 9 23

B Norm 5 1 8 15
02/28/85 A Tast 8 1.7 12 37
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Teble A-5.

Ventilation flow raetes, cfm

SURVEY- Bronson Methodlist Hospital, Kalamazoo, Michigan, February 2628, 1985
Desi1gn values Revised values Modification Measured values
1974 1976 1981 1985
5-1 22% 200 * 180
8-2 225 200 * 260
5-1 450 400 * 330
8-4 450 400 * 340
8-5 450 400 * 3N
5-6 450 400 * 350
-7 450 400 * 140
5-8 450 400 * 310
5-9 540 400 * 410
s-10 540 400 * 100
5-11 540 400 * 290
5-12 540 400 * 250
5-13 540 400 * 480
5-14 100 50 * 20
8-15 250 200 * 200
5-16 250 200 b 270
s-17 200 200 x 129
£-18 200 200 * 150
5-19% 200 200 * 240
8-20 335 300 * 260
5-21 335 300 * 275
-1 450 400 0 0
x-2 V-2 v-Z 550 570
X-3 1200 1200 430 350
-4 * * 150 190
X-5 * x® 150 60
-6 * * 150 75
-7 % x 150 x%
-8 * * 150 560
-9 »® * 1100 960
E-10 2800 2100 be 1420
x-11 100 50 * 20
E-12 400 400 m *hk
X-13 400 400 m *kk
V-1 A00 400 600 15
-2 400 ang k-2 x-2
V-3 400 400 600 0
V-4 400 400 & 1o -
V-5 400 400 * 15
Y- 400 400 * 10

* Value not specified on drawing

kX Not measured
*kx Yalue not documented
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