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INTRODUCTION
BACKGROUND FOR CONTROL TECHNOLOGY STUDIES

The National Institute for Occupational Safety and Health (NIOSH) is the
primary Federal agency engaged in occupational safety and health research.
Located in the Department of Healeh and Human Services (formerly DHEW), it was
eatablished by the Occupational Safety and Health Act of 1970, This
legislation mandated NI0SH to conduct a number of research and education
Programs separate from the standard eetting and enforcement functionse carried
out by the Qccupational Safety and Healech Administration (OS5HA)Y in the
Department of Labor. A4n important area of NIOSH research deals with merhods
for controlling occupational exposure to potential chemical and physical
hazards. The Engineering Control Technology Branch {ECTB} of the Division of
Physical Sciences and Engineering has been given the lead within NIOSH to
study the englpeering aspects of health hazard preventfon and control.

Since 1976, ECTB has conducted g number of asseesments of health hazard
contrel technology on the basia of industry, common industrial process, or
specific control techniques. Examples of these completed studies include the
foundry industry; various chemical manufacturing or processing operatlons;
spray painting} and the recirculation of exhaust air. The objective of each
of these studles has been to document and evaluate effective control
techniques for potential health hazards In the Industry or process of
interest, and to create 2 more general awareness of the nead for or
availability of an effective system of hazard control measures.

These studies involve a number of steps or phasea. Initially, a series of
walk-through surveys is canducted ta select plants or processes with effective
and potent{ally transferable control concepts or techniques. Next, in-depth
surveys are conducted to determine both the ¢ontrol parameters and the
effectiveness of these controls, The reports from these in~depth surveys are
then used as a basis for preparing techmical reports and journal articles on
effective hazard control measures. Ultimately, the information from these
reseatch activities builds the data base of publicly avatlable information on
hazard control techniques for use by health professicnals who are responsible
for preventing occupational 1llness and injury,

BACKGROUND FOR CGONTROL TECHNOLOGY STUDIES

The present Conkrol Technology Assessment of Ethylene Oxide Sterilization in
Hospitals 1s the result of the research recommendations of the 1983
Feasgibility Study of Engineering Controle in Hospitals. During the
feasibility study, preliminary surveys were conducted at eight hospitals to
asgess the potential need for further research in the contrel of anesthetlc
gases, antineoplastic drug exposures, and ethylene oxlde sterilization
cperations. Based on the feasibility study, a need for the evaluatlon and
documentation of effective engineering contrels for Et0 sterilization was
identified.

The health effects of ethylene oxide have been under intense study for several
years. EtQ exposure may cause irritation of the eyes, nose, and throat.
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Dermal exposure to aqueous solutlons of Et0 may cause burns and allergic
gensitization. Animal toxicity studies have shown EtQ to be a mutagen and a
carcinogen, Srtudies of exposed workers have indicated increased muragenic
activity in human cells, an increase in the incidence of leukemia, and adverse
reproductive effects. Many of these effects, both for exposed animala and
humans, were observed at concentration levels lower than the former QS5HA
permissible exposure limit (PEL) of 530 parts Et0 per million parts atir (ppm),
8 hour time-weighted average (twe). Ag 4 result of these studies and the
urgings of workers' groups, O5HA began the rulemaking process to issue a new
standard in early 1983, On June 15, 1984 QSHA issued o new PEL of I ppm (8
hr. twa) for ethylene oxlde based on its determination that EtD is a potential
human carcinogen.

In response to the hospitals' need to contrel worker expoaure to Et0 to levels
below 1 ppm, the Engineering Control Technology Branch (ECTB) of NIDSH is
studylng the control of EtQ emissions from sterilizers in che hospital
setting. The goals of this study are to evaluate and document effective
engineering controls which select hospitals have implemented, and then to
disseminate useful informacion and practicable recommendations on effective
methods for gontrolling occupational ethylene oxide exposure.

BACKGROUND FOR THIS SURVEY

A preliminary survey was canducted in the Supply, Processing, and Distribution
(SPD) Department of St. Fraucis/St. George Hospital on May 11, 1983, This
preliminary survey indiceted that the SPD Department had instituted
engineering centrol technology for minimizing employee exposure to Etd and had
developed a comprehensive program to protect itg employees. The sterilizer,
an AMSCO Moadel 2025, ig equipped with AMSCO's Envirogard® system for worker
exposure protection, This system includes a post—sterilization purge cycle
and local exhaust of the drain, and sterilizer doors. Additional exhaust
ventilation was provided above the aerator door and over the EtD cylinders.

Based on this information, it was determined that the hespital might fulffll
the requirements of the study category specifying: a free-standing {not
enclosed ia a recess room) eterilizer using & 12:88 EtQ and Freon 12 mixture,
extra evacuation phases at the end of the sterilizer cycle, vented evacuation
drain controls, and local exhaust ventilation other than just above the
sterilizer door,

This in~depth survey of the Supply, Proceesing, and Distribution (SPD)
Department of 5t. Francls/St. Ceorge Hospital was conducted on Januvary 21-25,
1985 to evaluate 1ts operations and associated contrels for Et0Q exposure.
This report documents the information pertinent to that evaluation.

POTENTIAL HAZARDS AND EXPOSURE GUIDELINES

Workers exposed to Et0 may experlence both acute and long—term health
effects. Et0 1s a central nervous system depressant, and in air ean cause
acute irritatiom to the eyes, upper respiratory tract, and skin ar
concentrations of several hundred to 1,000 ppm. Exposure to high
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concentrations may alsg cause headache, dizziness, navsea, and vomiting.
Dilute (1 percent) aquecus solutiens can cause blistering of human skin after
prolenged contact, and allergic sensitization can also pecur 1o some
individuals.l

NIOSH hag conducted animal toxicity studies ta determine the possible
long=term health effects of EtC exposure. The results of the NIOSH studies
suppori the conclusions of other researchers that EtQ 1s a mutagen and a
carcincgen in animals. The studies showed an increasse in sister chromatid
exchanges and In chromeosomal aberrations, evidepnce of mutagenic activity. The
studles also showed an increase in the frequency of leukemla, peritoneal
nesotheliomas, and cerebral gliomas. Adverse reproductive effeqcts were alao
observed, 2

The potential of EtD to cause mutagenic activity in humans has been examined
by a number of invemstigators, The studies were conducted by examining blood
lymphocyte cultureg obralned from workers exposed to Et) in a variety of
occupational settings. The results clearly demonstrate that EtQ adversely
effects human genetic material.?

Epidemiologic studies of humans cccupationally exposed to EtD, show an
inctease in the frequency of leukemia and other malignant tumors., Taken along
with the results of the animal studles, Et0 must be considered a potential
buman carcinogen.

In addition to the OSHA PEL of 1 ppm, the standard mentions an action level of
0.5 ppm, above which gemi-annual monitoring is required. The American
Conference of Govermmental Industrial Hygienists has alsc adopted 1 ppm as an
8=hour time-weighted average Threzhold Limir Value (ILV); however, they had
aliowed for am excursion limit such that short—term exposures should exceed

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

5 ppr. In its testimony to 0SHA on rhe 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 thag 0.1 ppm to reduce the risk of
occupational mortality to the preatest extent possible.

PRIMARY EXFOSURE SOURCES

Hespital central service personnel may be exposed ta Et0 from several
sources, Eaech source contributes to the ambient coocentration of Et0 but
three may he directly responsible for most of the exposure on a daily basis,

Uncontrolled Drain

During the evacuation phase of the sterilization cycle, most of the Et0) 4in the
sterilizastion chamber 1s removed through the vacuum pump anrd drain. For
sterilizers which gvacuate to an uncontrolled drain, much of the EtO uged in
sterilization may be released into the workroom atmosphere.
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Opening of the Sterilizer Daor

In some eiltuations, the most significant EtD emission source on a daily basis
is the opening of the sterilizer door af the end of the sterilizarion cyele.
In an uncontrolled system, warm, moist, Et0-laden air eacapes from the
sterilizer when the door is opened and may diffuse throughout the room., This
gsource of EtD may release a significant quantity of Et0 into the workroom air
as a background concentration, and, depending on the work practices, may or
may not provide a peak exposure for the sterilizer operator.

Transferving the Sterilized Load

Some of the Et0 used in sterilization remafns on the sterile items and
wrapping material and inside the package after the sterilization cycle is
complete. This EtO0 will be given off exponentially until equilibrium is
reached with the surrounding air; and, depending on the composition of the
items and their packaging, these cff-gaseing i{tema can provide an EtQ exposure
gource for the operator transferring the load to the aerator gnd contribute to
the background levels of EtO in the workplace. Et0 laden alr my alseo be drawn
out of the chamber when the load is pulled from the sterilizer.

SECONDARY EXPOSURE SOURCES

Other exposure sources may not be as readily apparent nor be encountered
daily, but may alsc have the potential to cause significant exposures and/or
contribute to the background concentration of Et0. Some of these sources may
Telegzge Et0 only when an accident occurs,

Asration

Popt—-sterilization aeraticn ie essential for protection of the patients who
will use the items and for controlling oceccupational exposure to Etd., While in
the aerator the sterlle items continue to off-gas, If the aerator cablnet is
not vented out of the building or to a dedicated exhaust, it can contribute to
the backpround Et0 concentration,

Et0 Gas Cylinders

Ethylene coxide gas is supplled to many sterilizers from pressurized gas
cylinders. When replaciug empty EtQ cylinders, the worker may be exposed to
EtQ vapors from residual liquid or paseous EtQ in the supply lines. Depending
on the location and ventilation around the cylinders, the release of this
trapped Et0 may centribute to background Et(} concentration for the sterilizer
operator and other workers,

If the contents of an Et0 cylinder were accidently discharged, a large guanity
of Etd would be released. This could result in danperous concentrations in
the vieinity of the ecylinders and in the surrounding work area.
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Pressure Relief Valvye

Another possible source of Et0 1s the sterilizer safety valve, If the
sterilizer becomes overpressurized during the cycle, this emergency relief
valve releases EtQ pas. If not controlied or remotely vented, this release
may contrripurte a significant quantity of EtQ to the workplace atmosphere,

Maintenance

Sterilizer part failures, maintenance operations, and repair work can also
Tesult in signiflcant exposures to personnel. Of particular concern are
plastic and ruhber components which will absorb Et0 and may even react with
the gas; these parts can deteriorate over time. Valves, connections, and the
front door gasket are potentlal sources of leaks, and occasional exposure.
Maintenance personnel may be expozed by unknowingly enterdng the recess room
te work on equipment when Et0 concentrations are high during or following a
purge cycle.

HOSPITAL, EQUIPMENT, AND PRQCESS DESCRIPTLON
HOSPITAL AND SUPPLY, FROCESSING, AND DISTRIBUTION DEPARTIMENT DESCRIPTION

St. Francis/8t. George iz a three-year-old hospital located in Western
Cincinnati, which was bullt to comsolidate two older facilities. The 6-story
hospital occuples about 300,000 gquare feet of area and employs approximacely
1,200 persons. St. Francis/St. George Hospital is a not~for=profit, acute
care facility with 290 beds. Services which the hospital provides fnclude.
general surgery, orthopedic surgery, and neurosurgery.

Ethylene oxide gas sterilization operations for the hospital are conducted
only in the Supply, Processing, and Distribution {SFI}) Department, located on
the first level, This department performs Et0 sterilization for surgery,
anesthesiology, respiratory therapy, the catbeterizatien laboratory, x-ray,
and emergency.

S8teriliearion 18 conducted to decontamipate medical esupplies, surgical
instrunents, and other equipment. Most items are subjected to steam
sterilization. However, heat sensitive items {e.g., telescopic instruments,
plastic, and rubber gocds) for which steawm sterilization is lopractical, are
sterilized using Et0. This gas sterllant 1s capable of killing viable
micTroorganisme, thug decreaging the incidence of bacterial infections.
BEthylene oxide gas sterilizarion is conducted within the Supply, Processing,
and Distribution (SPD) Department located on the first level. There are 4l
persons employed in the sterilization area, distributed over 3 ghifts. Abeut
one half of these employees are working In areag of potential E¢0 exposure
{clean room and decontamination area). The layout of the SPD Department is
disgramed in Pigure 1. Of particular interest in this study are the clean
room and the decontamipation area which share a common wall. The pas
sterilizer and the aerator are recessed in this wall, flush on the clean room
gide. The techanical components of the sterilizer and aerator extend into the
decontamination area and are enclosed in metal cabinets.

7



P o R Y o)

[T L] ¢
' DECoMn TAM AIATION
CLEAN RoaH
ROoM e Ero FTRRtLtTEL

o HERATIR,

0 T A

JOTTROM BT T ‘g::a,w —
L oaM
CASE CALT FTTORAGE
s
Figure 1. Layout of the Supply, Processing, and Distribution (SPD) Department.
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EQUIPMENT AND PHYSICAL DESCRIPTION

The gas sterilizer, an American Sterilizer Company (AMSCO)} Eagle Model 20253,
hag a chambet size of 20 x 20 x 38 inches. This uwnit is of the pass-through
variety, and 15 equipped with a microcomputer-programmed control feature chat
carries sequential instructions for each cycle, This feature ie designed to
aggure sterilizatlon cycle accuracy and alerts the operator in the event of a
malfunction. An illuminated front control panel provides the following
information for the operator:

1. Status of the sterllizer cperation: conditioning, sterilization,
exhausting, or complete; visual and/or sudible alert in the event of an
unlocked door, temperature drop, gas leak, ¢r power fajllure.

2. Seerilizer TIME: digital readout and countdown in bours and miputes.

3, CYCLE Selector: gctivates and visually displays the cycle for each
load-type.

The Et0 sterilizer is enclosed in a metal cabinet; draim and mechanieal
components of the sterllizer are separated from the clean room by a concrete
wall, Only the door and conttel panel! of the sterilizer are in the clean
toom. The sterilizer 18 equipped with AMSCO's "Envirogard” system for worker
exposure protection. This system includes a post—sterilization purge cycle
and a local exhaust ventilation system, The sterilizer cycle fncledes two
deep vacuums {26 in. Hg) and a 20 mimute air flush to minimize the
concentration remaining io the chamber at the end of the cycle,

The zerator 1s an AMSCO Model 171GAl with a chamber measuring 24 x 36 x 30
inches. 1t is located next tp the gas sterillzer. Like cthe sterilizer, the
aerator ig enclosed 1n a metal cabinet; mechanical components of the aerator
are separated from the clean room by a concrete wall. Only the docor and
control panel are in the elean room.

Ethylene oxide is gupplied by two gas cylinders located in the decontamination
area. Et0O is supplied premixed with a halocarbon, dichloredifluoromethane
(Frteou 12) to render it nomexplosive, The two cy¥linders are located under a
canopy bood next te the aerator cabinet.

Sterilizer Cycle Features:

The sterilizer provides for both "hot™ (140°F) and "cold” (1059F)
sterilization cycles. The "hot"™ cycle lasts about 2 hours and 45 minutes; 1t
includes an initial vacuum (26 fn. Hg), humidification, EtQ charging (8 psig
for 1 hour and 45 minutes), 2 post vacuums (26 in. Hg), and a repeating
20-pinute chamber air flush, The “"cold" cycle lasts about 7 hours; it
includes an initial vacuum (26 in. Hg), humidification, Et0 charging (8 psig
for 6 hours), 2 post vacuums (20 in. Hg), and a repeating 20-minute chamber
air flush. The Et0 sterilizer is supplied with gas from a compressed gas
cylinder. If g cylinder empties during a eyele and an inaufficient amount af
Et0 18 supplied to the sterilizer, the dual-load system will switch to a full
tank and continue the cycle uninterrupted.
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Local Exhaust Ventilation

The Envirogard® system provides local exhaust at twe points: above the
sterilizer door and at the exit drain, A 3/4 x 24 inch slot hood is located
above the deor on each side of the sterilizer., Hot Et0D~laden air #from the
chamber is drawn by a blower (located in an enclosure above the sterilizer)
through two, two—Iinch flexible exhaust ducts to a dedicated exhazust vent
(shared with the aerator, aerator door hood, and tank canopy) to the outside
of the bujilding. The measured airflow 1s approximately 50 - 60 ofm for each
door.

The drain area beneath the sterilizer unit is exhauwsted via the same blower
aggembly. Ventilation 13 required here to callect Et0 removed from the
teriijzer chamber. At the end of tfhe sterilization cycle Et0 gas is drawn by
vacuum from the chamber by & water sesled vacuum pump which discharges to the
exit drain., An enclosing hood surrounds the drain air break except for two 2
inch x 2 inch vent holes. Indraft through these openings measured 400 fpm,
for an exhaust rate of about 22 c¢fm., The metal cabinet serves as a ventilated
enclogure for the gas sterilizer. Exhaust ventilation for thia cabinet is
provided by the drain hood, located within thiz enclosure.

Hospital personnel designed and imstalled an exhaust hood over the aerator
door. This hond consists of a Plexiglas® and sheet metal canopy measuring 10
inches deep by 30 inches wide. The vent is connected to the dedicated system
which exhausts the Envirogard® system, the tank hood, and the aerator
¢abinet. The hood is designed to capture Et0 laden air rising when the
aerator door is gpened.

Since leaks or gas c¢ylinder changing operatioas can result ion & gignificant
EtQ release, the gas c¢ylinders are ventilated with a 13 inch deep by 30 inch
wide canopy hood. Alirflow for this hood measured 330 cfm.

General Ventilation

A constaat-volume dual~duct heatring/air conditioning system supplies air to
all hespital departments. At the time of the survey (heating season), supply
air was comprised of approximately 25 percent fresh (outdoor) air, and 75
percent recirculated air,

PROCESS DESCRIPTION

The sterilization process is conducted as follows: contaminated materials are
plastic—bagged at the site of use and placed on metal carts in "soil rooms™ on
each of the five hospital floors. These items are delivered to the
decontamination area of SPD via a small lift designed for this purpose.
Heat—-sensitive items are ptocessed by hand or wachine washing. Nomheat
gsensitive items are initially decontaminated by washing and steam
gterilization,

Prior to sterilization, the materials are properly wrapped or packaged and
labeled. Non-heat-sensitive items are terminally sterfilized im srteam
sterilizers. Heat-sensitive items are cleaned in the decontamination area and
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transferred to the clean room. There they are packaged, labeled, and loaded
into wire baskets. The wire baskets are loaded into the EtO sterilizer from
the clean room side and are gas sterllized. The door on the decontamination
Bide of the "pass~through” sterllizer is not utilized.

Transferring the load

At the end of the sterilization c¢yvele a buzzer sounds alerting the operator
that the door may be opened. The operator firat opens the aerator, remgven
and puts on a palr of cotton gleves, cpens the sterilizer door and transfers
the wire baskets one~by-one from the sterilizer to the aerator. The operator
takes off the gloves, placing them in the aerator, then closes both the
aerator and sterllizer doors. Last, the aerator door is labeled with the time
of the lcad. After aeration for 12 hours, sterile items are stored or
deliverad as needed to surgery or other hospltal departments.

Typically, the SPD Department runs two or three "cold” sterilization cycles
per day. Sterilization cycles are only started if space will be available in
the aerator at cyele completion. The "hot” eycle {5 not routinely used.

Replacing an Et0 Supply Cylinder

Ethylene oxide gas 1s supplled by two gas cylinders located in the
decontamination area. & dual-load system is used where the second tank acts
as a reserve gas supply when the first is empty. This system automatically
switches from an empty tank to a full one without requiring operator
intervention, The maintenance department is responsible for changing Et0D
cylinders.

Preventive Maintenance

The SPD Department has a preventive maintenance contract with the sterilizer
manufacturer with routine evaluations. The maintenance protocol specifies the
evaluation of the EtD sterllizer and aerator foTr mechanical function and leak
testing. The service person alsc inspecte the sterilizer door gasket and
replaces it a8 needed. The EtQ cylinders, supply lines, drain pipes, and
floor drain are regularly leak-tested. Any necessary repairs are made
immediately. Hespital maintenance persomnel also check for leaks or provide
minor service as requested by the SPD Supervisor.

Menltoring

The SPD Department has twice requested evaluatlon by the Iudustrial Commission
of Ohio (ICO)}, On their ipitial visit Et0 was detected coming out of the
canopy hood located above the aerator door while the sterilizer was in the
exhaust {purge) cycle. Hospital maintenance persconel were able to determine
that the main exhaust fan was not operating due to a brokem belt. A exhaust
fan mounted on the sterilizer (part of the Enviropard®) vented to the same
duct sharad with this hood, the canopy above the tanks, and the aerator.
Therefote, the ICO concluded that Et0 cauld enter the SPD department via the
exhaust duct system, If the maln exhaust fan was inoperative. They
recommendsd the installation of a flow mopitor and aslarm in the main exhaust
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duct. The hospltal followed these recommendations, installing a saill switch
1n the main exhaust duct connected to an alarm. The hoapital also has both a
monitoring and malntenance contract with AMSCO. Personal exposure monitering
le done on & semi—annual basis by AMSCO.

Work Practices

Work practices may have an important effect on the potential exposure an
employee may receive, Work practices for Et0 handling and sterilizer
operation are specified in a procedure/policy manual, Hazard information and
sterilizer operation instructions are posted beside the sterilizer.

Employee education on the hazards of Et0 exposure and {ts proper handling is
an lmportant part of the department's control program. New employess are
given on the job training. Department perscnnel are provided with in—service
training from the sterilizer manufacture¢, Selected personnel have also
attended seminars on ethylene oxide.

METHODOLOGY

To evaluate the effectivensss of the engineering contrel measures, boch shore—
and long—term concentrations of ethylene oxide were determined and control
parapeters {mainly air velocity and volumetric flowrate)} were measured, The
major pleces of equipment used in thiz evaluation are listed fo Table A-1 in
the Appendix.

MEASUREMENT OF CONTROL PARAMETERS

Samplinﬁ was conducted during two shifts for 3 days. Some samples were taken
for each sterilizer load. An attempt was made to sample similar events

(gterilizer to aerator transfer, etc.) to a2id the comparison of gampling
results. For this survey, some samples wWere taken only once or twice.

Charcoal Tube Sawpling

To determine personal exposures and average concentrations of Et0 at smelected
locations in the clean room, personal and area samples were collected using
coconut shell charcoal tubes according to NIOSE Methed 1607, The samples were
collected on 400 mg and 200 mg charcoal tubes connected in aeries, and the
sampling traln was contained in a plastic holder, MDA pumps were calibrated
at approximately 10 or 20 milliliters of air per minute {ml/min) for long~temm
{8 hours} air samples and 30 or 100 ml/min for short-term {15 minutes) samples.

Personal long-term samples were used to estimate time—weighted average
exposures for the sterilizer operator and an instrument wrapper. Area samples
indicate the effectiveness of the engineering controls by measuring the Et0
which is 1n the workplace ailr near potential exposure areas. Long—term ares
samples were located at a fixed location approximating the Operator’s
breathing zone in front of the sterilizer and at a work table near the sampled
inatrument wrapper.

12
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Short—term samples provided an estimate of the peak concentratiocns of Ez0
releagsed when the aterilizer door was opened and the load was transferred to
the aerator, Samples were collected both for the sterilizer operator amd at
the area sampling lecation in front of the sterilizer from the time the
cperator walked up to the sterilizer at the sound of the buzzer until she had
finished transferring the load to the aerator and walked away from the
aterilizer.

Gas Bag Sampling

Personal and area bag samples were collected using DuPont pumps calibrated at
approximately onme or five liters per minvte (L/min) during certaln events:
load transfer from sterilizer to aerator, sterilizer chamber concentration &t
the end of the cycle, drain area, and atop the sterilizer cabinet
(decontamination side) during chamber purge, and others. Each event was not
sanpled every cycle, and there were some differences In the way the scuples
were collected from cyecle to cycle to help answer some other questions about
the emission of EtD other than how much is present at some polnt and time.
For the same Teason, other specific samples were collected once oxr twice.
These bag samples were analyzed on site using a portable gas chromatograph.

Infrared Analyzer Monitering

Due to the sporadie mature of Et0 release during the day, it seemed desirable
to have a continucus reccrd of the EtD concentrations in the breathing zone in
front of the sterilizer, An infrared analyzer was used to manitor the EtQ
concentration at the area location in front of the sterilizer. This
identified any significant emissions of EtO into the breathing zone in front
¢f the sterilizer assoclated with certain events,

Peak concentrations cannot be accurately measurad with an infrared (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 in an instrument
response time—constant of ! minute and a 90-percent response time of
approximately 3 minutes. Thus, short concentration peaks {such as those
assoclated with the load transfer) may be underestimated by the IR analyzer,
although the concentraticn—time product (ppmmin.) may be clesely approximated.

S§ince the clean room alse contains steam sterilizers, the potential exists for
fluctuating humidity. Laboratory experiments showed the infrared analyzer
responded to an increase in the humidity of the sampled alr by indicating a
higher concentration of EtQ than was present, The sensitivity of the response
at the 3.3 um wavelength was approximately 3 ppm EtD for a 10 percent rise in
relative humidity., To compensate for this effect, the IR analyzer was
jintegrated with a humidity-temperature monitor. The IR analyzer and the
humidity-temperature monitor were attached to a dual-pen strip chart racorder
to provide a continuous graphic record of changing humidity levels and
measured EcQ concemtrations,
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Alr Flow Measurements

The volumetric air flow for exhaust hoods was determined by measuring air
velocitles across hood (or slot) faces and multiply{ng the average result by
the bood (slot) mrea. General veatilation supply air and exhaust flow volumes
were measured at the cefling diffusers/exhaust vents using a velometer flow
hood. Smoke tubes were used to qualitarively assess airflow patterns and the
results recorded pn videotape.

Work Practice Observations

The work practices of the scerilizer operator may have a very Important effect
on the amount of EtD released into the workplace air and on his own exposure.
To evaluate this effect, observatlons of the operatora' work practices during
thelir Bt0 sterilizer activities were made, An activities data sheet was
completed for each sterilizer load processed including emtimates of the time
spent on each activity, Notes were made to ald the association of the
sampling results with specific activitiles, particularly for air bag samples.
Each step of the sterllizer activities was videotaped to make additiomal
analyses available.

Processing the Test Load

In designing this atudy, it became obvious that conditiens in esach hespitsl
parricipating in the study would be so varlable as to preclude any meaningful
comparisons between hospitals unless some of the variables could be
eliminated. Therefore, a challenge test load was provided for processing at
each hospital. The load consists of packages of rubber surgical tubing, an
8-{nch length contained in each "peel~pac”. The number of packages is
adjusted to the volume of the sterilizer of interest, corresponding to a 30
percent load level. For the 9-fr3 volume sterilizer, b6 packages ware

used. The rubber materials of this test load were chosen because EtD is
absorbed into rubber during sterilization and off-gases more slowly than gome
other materials. This increased retention of Et0O, provides a challenge to the
control system and may ald In evaluating the effectiveness of the controls.

The test load wag sterilized on the first shift (day) on the first day of the
study and on the second {evening) shift for remaining twe days. One normal
lead was also processzd through the Et0O sterilizer during these shiftrs.
Sampling data from this test load provides the basis for comparison with
eimilar loeds processed in ather hospitals.

MEASUREMENT RESULIS
AIR SAMPLING

The results of the analysis of the charcoal tube samples is reported in
Table &2 in the Appendix and summarized in Table 1. All 8 hour rwa samples
collected in the clean room were balow 0.03 ppm. Samples collected atop the
sterilizer cabinet in the decontamination area were about an order of
magnitude greater, averaging 0.J ppm. Even in thie area all samples were

14



Table 1 Reaults of Charcoal Tube Alr Samples for
Ethylene Oxide (Summarized).
St. Francis/St. Gecrge Hospital
Cincinnati, Ohlo

Worker/Location Ethylene Oxide Concentration (ppm)
Average Standard
Deviation

Sterilizer operator

{full shift) 0, 04 G.0
Above sterilizer door

{clean side — full shift} 0,05 0.02
Wrapper {full shift) 0.02 0.01
Work table (full shifg)} 0,02 0,01

Decontaminaticn area (full
shift on sterilizer cabinet) 0.30 0.07

Sterilizer operzter
{load transfer canly) 1.9 0. %6

Above sterilizer door
{load transfer only) 2.4% 1.5

13



below the 0SHA action level of 0,5 ppm. Short temm charcoal tubs samples
¢collected during load transfer operations averaged 1.9 and 2.4 ppm, for the
opeTator and a location above the sterillzer door, respectively. The limit of
detection for these analyses was 0,1 ug Et0/sample.

The alr sampling location in front of the stetrilizer was also moniterad
coatlnuously with an infrared analygzer, whose output was recorded on a strip
chart recorder simultaneously with that of a hygrothermograph. Results of
these measurements are reported in Table 2. Responses to ordinary load
transfer pperations generated peak concentrations ranging from 1 to B.5 ppm,
lasting from 1 to about & minutes. A single peak concentration of 23 ppm Was
recotded during the load tramsfer operation on the final day of the survey.
This value was the resulr of a temporary baffle (discussed later in this
report) installed above the sterilizer.

A anumber of gamples were taken in gas collection bags and analyzed with &
portable gas chromatograph {(GC). The results of all the useable gamples are
given in Table 3. Average expogura of the operator during load transfer was
0.9 ppm as determined by the GC. Average concentration above the sterilizer
door was slightly higher, 1.3 ppm. The lower exposure of the operator
relative to Lthe above the door concentration can be attributed to the
operator's activities! unioading the sterilizer does not require the operator
to remain directly in front of the sterilizer during load transfer. The
concentration of EtD remalning in the sterillzer at the cycle end raecged from
320 to 1240 ppm. The pperater’s exposure was not correlated with the Et0
remaining in the sterilizer. The operator's exposure may be related to
poEltional or load factors not fdentified in thie study. Ethylene oxide
concentrations within the sterilizer cabinet at the drain area during the
sterilizer purge averaged 2.5 ppm, iadicating sucgessful containment of the
Et0 by the drain hood. Concentrations atop the sterilizer cabinet in the

decontamination area averaged 1.3 ppm during the purge.

Charcoal tube, pas chromatograph, and MIRAN sampling data for load tranafer
operations are compared in Table 4, The MIRAN infrared analyzer measurements
are higher than those obtalned with the GU by as much as ap order of
magnitude. This discrepancy is unexpected. The sensing cell of the MIRAN has
a volume of about 5 liters and the MIRAN sampling pump a flowrate of 5 lpm.
This results in an instrument response time of approximately 3 — 5 minutes.
Thus, short concentratlon peaks (as those assoclated with the lnad transfer)
may be underestimated by the MIRAN,

16



Table 2. Average Peak Ethylene Oxlide Concentration as Determined
with the MIRAN Infrared Analvyzer.

Load Peak Duration Total Average
ppm ninutes ppo—minutes ppm

01/22 — Day - Normal 5.0 4.5 11.3 2.3
01/22 - Day - Test 3.5 4,0 7.0 1.8
01/22 - Evening - Normal 1.0 0.0 .0 1,0%
01/23 - Day - Normal 4,0 4.0 8.0 4.0
01/23 - Eveping — Normal 1.0 6.0 3.0 O3
01/23 — Evening ~ Test 7.0 2.5 8.8 3.5
01/24 - Day - Normal 8,5 5,0 21,3 4.3
01/24 - Evening - Normal 1.0 1.5 1.5 1.0
01/24 - Evening ~ Test 23.0 2.0 23.0 12.0

*indicates less than stated concentration.

7



50 - £'Q - - - - - - - (B3IE 1SBA 1€D) VIRBI(
L= 0 - 10 - - - - - - (12F8UR3I]1) A00p JAZF[TA2815 Moy
70 - =7'Q - - - - - - - (afand zazje) nouwayy uyesq
£°T - T A ek | - 21 60 T'0 1°1 - {831nd) mooa uCTIFOTOEILODAQ
"7 - T Ty €Y Sy LT T0 10 T (e8and Bupanp) eaie ureaq
07T - - - - 0zt - - - - (BuTpeCT) JIOTIRIUT ISZTTTIFIG
069 oT¢ Q2 OYTT 00% OT%¥ 019 O%lT 06L - (pua 27042} A0TIVIUT 1PZTTLIIG
£z L7 - - - - - - - - (3urpeor) 200p JRZTTIA236 da0qY
£ 6°Z #°0 8t LT L0 »T 6°0 «I'0 T°0 (Suypeorun) I00p ISZT[IASIF IA0QY
9D G0 - - - - - - - - (1azT1raaie FOTpEOT) 1o0leiwdq
670 "7 1’0 0T 2T &0 60 S0 6°0 2Z°0 (1938UR1] PEOT) 103eadg

1697 WIOW @mION JI63] WAQN WAON WION 152 UWWION L PpEOT]

[ [4 T 7 T T [4 T T 23ITYsS

a§ea3ay ¥Z /10 €2/10 72/10

———t e

(wdd) UOTIBIIUSOUOY FPTR( FUSTAGIF

£3TATIOY/UCTIEI0T

*AydeaBolewody) SE9 4Q PIUTWISLRQ ST UOTILAILSIUC) IPIX) BUSTANRT “C STqEL

18



Table 4 Comparison of Charcosl Tube, GC, and MIRAN Sampling Data
During Load Transfer,

Sample Date Shift Lead Ethylene Oxide Concentration {ppm)
Charceal GC MLERAN

Dperator Otr/22 1 Normal 1.3 0.2 -
01/22 1 Test 1.3 0.9 —_
01/22 2 Nprmal 2.7 0,5 —_—
01/23 1 Normal 1.3 0.9 ——
01L/23 2 Normal - 0.5 -
01/23 2 Test 1.8 1.2 —
a1/ 24 1 Notrmal 2.5 L.0 .
01/24 2 Normal 3.5 2.6 -
01/24 2 Test 0.47 0.1% -—
Average! 1.8 0.9 -
Standard Deviation: 1.0 0.7 -~

Over Dcor 01/22 1 Normal 2.0 0.1 2,5
01/22 1 Teskt 2.3 0.1+ 1.8
01/22 2 Normal 1.6 0.9 1.0%
01723 1 Normal 1.9 L.4 4.0
/23 2 Normal 0. 84 0.7 0.5
01/23 2 Test 2.3 1.7 3.5
01/24 1l Normal 3.3 3.8 4.3
01/24 2 Normal 1.1 0.4 1.0%
01/24 b Test 5.9 2.9 12.0
Average: 2.4 1.3 3.4
Standard Deviation: 1.5 1.3 3.5

*indicates less than stated concentration.
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VENTILATION MEASUREMENTS

The priwcipal ventilation controls studied were the enclosing hood arpund the
drain alr break, the slet hoods above the sterilizer doors, and the canopy
hoods above the aerator deor and the Etd supply tanks. MHeasurements of
volumetric flaw rate and face welocity for the exhaust hoods are presented in
Table 3. Measurements of volumetric flow rate for the supply air and exhaust
of the 5PD department are presented im Table 6. These measurements indicate
that within the fnstrumental accuracy {+/- 5Z), the exhaust and supply flows
of the SPD} department are balanced, Within the S5PD departoment, the sterile
areas {clean, Iinstrument, znd case cart rooms) have supply air slightly in
excees of exhaust, while in the decontamination area the situation is
reversed, This results in a peneral fiow of air from the peripheral rooms
into the decontamination area. Since the mechanical components of the
aterilizer are located in the decontamination area, any failurea likely to
rtelease large quantitiea of sthylene oxide would initially confinme the hazgrd
to this area.

WORK FPRACTICE QBSERVATIONS

The exposure times are relatively short (less than 2 minutes) fer both
operators, considering that the baskets had to be transferred manvally to the
aerator. The cperators wera observed to turn thelr faces away from the
gterilizer while unloading, increasing the distance of thelr breathing zone
from the sterilizer. Work practices were not observed during a cylinder
change operation, because no cylinder changee took place during this survey,

CONTROL EVALUATION

Control of the full-shift exposures, as measured with charcoal tubes, fs
excellent., No & hour twa exposure of the sterilizer operator and the
instrument wrappetr exceeded (.05 ppm; average exposures measured were 0,04 ppm
for the sterilizer operater and 9.92 ppm for the instrument wrapper. Long-
ternm area samples averaged (.02 ppm at the work table, 0.04 ppm at the
ptarilizer doar, and 0.3 ppm atop the sterilizer cabinet in the
decontamination area. Likewise, short-terw exposures are well-contralled,
Short—term charcoal tube results averaged 1.% ppm for the sterilizer operator
and 2.4 ppm for the sterilizer door locatien, Peak exposures measured in the
breathing zone of the operator with a sampling bag/gas chromatograph did not
exceed 2.6 ppm, The peak exposures were not only low, but the durations were
shert, lasting no more than a few minutes.

DRAIKN CONTROLS

An enclosing hood surrounded the air break with two 2 1inch x 2 inch vent holes
and the drain line was sealed at the floot. The velocity through these holes
must be sufficient to overcome any transient room alr currents, typlcally on
the order of 25 to 50 fpm. An air velocity of 400 fpm was measured through
these openings, which is more than adequate to meet this criteria., 4s a
minimum, the velumetric exhaust flow rate of this hood must exceed the vacuum
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Table 5. Local Exhaust Flow Rate Measurements {(Gas sterilizer system)
Supply, Processing, and Distribution (SPD) Department
8t. Francis/st. Gecrge Hospital
Cincionati, Ohio

Exhaust hood S1lot or face Flowrate
velocity (fpm) (cfm)

Slot (3/4" x 24") above
sterilizer door {eclean
side) 375 50

Slot {3/4" x 24") above
eterilizer door {decontam
ination side) 460 &0

Enclosing hood araund
drain air break (2 2" x 2"
openlings} 400 20

Canopy hood (10" x 30™) above
aerater door 240 440

Canopy hood (13" x 20")
8" above B0 cylinders 120 330

Table 6. Volumetric Flow Rate Measurements (Supply and Exhaust)
Supply, Processing, and Distribution (SPD} Department
St. Francis/St. George Hospital
Cincinnati, Ghio

Location Supply Exhaust

{cfm} {cfm)}
Case cart room 610 540
Clean room 1800 1900
Decontanination area 3700 4100
Instrument room 550 470
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punp discharge rate if spillage is to be avoided. Examination of the slope of
the chanbar pressure curve on the sterilizer chart allowed estimation of the
pump discharge rate at abour 2 or 3 cfm. Measured exhaust flow rate was about
22 ¢fnm, which exceeded this mlninum reguirement.

DOOR CONTROLS — STERILIZER

The control of emissions when the sterilizer door is opened involves reducing
the quantity of Ec0 remaining ip the chamber, and capturing as much as
possible the air escaping from the sterilizer., The air flush period seemed
effective 1n reducing the smount of Et0Q remaining io the sterilizer by an
otder of magnitude. Measurements of the chamber concentration immediately
after the door was opened ranged from approximately 300 to 1200 ppm.

This department removes the load from the sterllizer immediately at the end of
the cyele. Based on the air flow patterns obgerved with smoke tubes, the slot
hood over the sterilizer door seesmed to control emissions from the door out to
a distance of about 3 inches. Measured air flow was 120 cubic feet per minute
{cfm),

The American Conference of Govermmental Industrial Hygienists publishes a
handbook entitled: Industrial Ventilation — A Manual of Recommended
Practice®. This manual discusses control velocities and captutre distances
with specific criteria and equations to ald in evaluation and design, Fot the
case of a slot hood, the required exhaust volume iz given by

Q= 2.8 LVX

where:
Q = the volumetric air flow, ¢fm,
L = length of the slot, ft.,
V = velocity of the air stream, fpm
¥= digtance from the sterilizer , ft,

For this particular process, the contral velocity should be berween 3C and 100
feet/min —— with the upper limit of the range Tecomwended, In this case the
valumetric flowrate 1s known {50 cfm). Solving the above equation for X, the
capture distance, yielded 2 inches. Observation of chemical smoke indicated
the slot hood was able to capture to a distance of abour 3 inches. Smoke
released at distances greater than 3 Iinches from the slot moved in a downward
direction in front ef the sterilizer due to the supply air diffuser. 1t was
lnitially felt that this supply &ir may have Interfered with the effectiveness
of the siot hood lecated above the sterilizer door. To test thie hypothesis a
10 inch By 30 inch wide cardboard baffle was temporarily lnsecalled immediately
above the sterilizer to block the flow from the diffuser (day 3, test load
only). This baffle increased the capture distance of the slot hood to about 6
inches; however, ghort term measurements of EtQ were higher for this lead
transfer than for those withput the baffle. Apparently the bgneficial effect
of the downward flow of ¢lean alr across the breaching zone of the operator
more than compensates for the reduced capture distapce of the slot hood.
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STERILIZER CABINET EXHAUST

The drain exhavst coanstitutes the only ventilation of the sterilizer cabinet.
Both leng and short term samples indicate levels of EtQ atop the sterilizer
cabiner an order of magnitude greater than in the clean room. Although these
levels are below the sction level of (.5 ppm, 1t does Indicate that the drain
exhaust, while mere than adequate to contaln drain emfssions, may not be
pufficient teo contaln other leaks which may occur within the cabinet, such as
a major reiease at the safety valve.

ET{ TANEK HOOD
For the case pof a canopy hood, the required exhaust volume is given by
G = 1.4 PV

whaera: the volumetric ailr flow, cfm,
Perimeter of the work, ft.,
veloceley of the alr stream, fpm,

height above the Et0 tanks, fc.

[ =R W]
i 0 0@

For the hood above the Et0 tanks, the minimum contrel velacity (V) should
be between 50 and 100 feet per minute (fpw). In this caze the perimeter of
the work area is about 4.7 feet, and the hood is located 6 inches above the
tanks. Thus the recommended flowrate would be 330 ¢fm for a control
velocity of 100 fpm. The measured flowrate was exactly 330 cfm.

DOOR CONTROLS = AERATOR

The hood ahove the aerator is alse a canopy hood, which 1s modified by the
presence of a side baffle extending the height of the door on one side and
a wall perpendicular to the aerater on the other slde. The above equation
ne longer represents the flow situation. Observation of chemical smake
demonstrated capture at distances of 18 to 24 inches from the aerator door
at the measured volumetric flow rate of 440 cfm,

RECOMMENDATLIONS AND CONCLUSIONS

This survey indicated that the Supply, Processing, and Distribution (SPD)
Department has instituted engineering contrel technology for minimizing
employee exposure to Et0 and has developed a comprehensive program to
protect its employees. Local exhaust ventilation has been provided in
critical areas. Sampling results and ventilation weagurements, verified
the effectiveness of these countrols.

Proper work practices for employees are clearly outlined in a procedure and

policy manual, and based on obgservation of the tramsfer of loads from the
gterilizer to the aerator, the operatere follow those procedurses.

Decontamination Yoom personnel appear to be at potential risk in the case
of an inadvertent release of ethylene oxide from the sterilizer safety
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valve or other leaks occuring within the asterilizer cabinet, Fortunately,
this condition can be remedied at relatively little cost to the hospital.

Addition of sheer metal at the top of the sterilizer cabinet could provide
relatively complete enclosure. Simce the door on the decontamination side
is never used for loading/unloading rhe sterilizer, a portion of the slot

exhaust could be diverted for use at the safety wvalve,

While a eylinder change operatlon was not observed, the following polnts
are suggested to ensure safety during this procedure., Installation of a
bleed-off wvalve {leading to dedicated exhaust) iz sugpested to vent off any
gaseous or liguid Et0 remaining in the line. Gloves and a free shield
should be worn during the cylinder change ta pratect f£rom contact with
liquid Et0, When not in use these poods should be stored under the canopy
hood (above the tanks}. Malntenance personnel responsible for tank changes
should receive tralning similar to that of the SPD Department perscanel,

Environmental monitoring of the department is an important part of the Etd
control gtrategy and is suggested, even though the EtQ levels are below the
action level. It is recommended that periodic personal sampling be
continued for the sterilizer operacor over the full shift, amd that
representative decontamination room personnel alsc be included in the
monitoring program. Additional monitoring may be required in order to
comply with the 0SHA standard. Without this data it 1s impossible to judge
the continuing effectiveness of the contrel program.

Based on this survey, the 5PD Department should be commended for a very
sound program for Etd control.
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APPENDIX

Table A-1. Equipment Used onm Field Survey.
ltem Madel Used for
Infrared spectrumeter Miran 14 continuous area sampling
{abova stexrilizer door)}
Infrared spectrometer Miran 103 continwous area sampling
{decontamination area)
Hygrothermograph General Eastern relative humidity and temperature
Strip cherc recorder Varian record of EtQ conc, and rel. hum.
Hot-wire anemometer Kurz alr veloclity
Velometer Flow Hood Alnor volumetric air flow
Gaa Chromatograph Phorovac GC analysis of bag samples
Personal sampling pump MDA 808 personal and area TWA samples
Personal sampling pump DuPFont P-4000 collection of bag samples
Smoke tubes Drasger alr flow pattetas
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Table A-2.

Regults of Charcoal Tube Air Samples for Ethylene Oxide

Cinclionati, Chio

St, Francis/St. George Hospltal

SAMPLE DESCRIPTION DAY SHIFT FLOW TIME VOL. ANAL ErO EtD Etd
NO. mL/m min., T CODE ug ppu_ ppurmin
#3139 Operator {L-T) 1/22 day (10) 444 4,298 1 0,42 0,054  24.1
#370 QOperator {(L~T) 1/22 day (20) 444 B,891 J 0,67 0,042 i8.6
#385 Operator (L-T) 1722 eve (9) 682 4,364 J 034  0.043 20.8
#391 Operator (L~T) 1/22 eve (20) 482 9,755 K 0,53 0,030 14.5
#3382 Operator (L-T) 1/23 day (10) 424 4,099 J 0,27 0.037 15.5
#387 Operator (L-T) 1/23 dmy (20) 424 8,480 J 0,46 (. D34 12.8
#410 Operator (L~T) 1/23 eve {9) 494 4,440 K 0.34 0,042 21.0
#405 Operator (L-T) 1/23 eve (20} 494 9,926 X 0.78 0. 044 21.5
#4618 Operator (L-T) 1/24 day (100 419 4,068 K 0.30 0,041 17.1
#431 Operator (L-T) 1/24 day (20} 419 8,417 L .63 0.042 17.4
#454 Operator (L-T) 1/24 eve (9) 494 5_488 L 0.37 0,046 22,6
#432 Operator (L-T) 1/24 eve {20) 494 10,032 L 0,69 0,038 18,9
#331 Operator (S-T) 1/22 day (56) 2 0,111 J 0.2% 1.45%0 2,9
#345 Operatcr (5-T) 1/22 day {60) 3 0.181 J 0.46 1,410 4,2
#369 Operator (5-T) 1/22 day (57) 2 0,114 F 0.25 1.217 2.4
#362 Operator (S5-T) 1/22 day (62) 3 0,185 J 0,43 1,290 3.9
#398 Operator {5~T) 1/22 eve (74) 2 0.147 K 0,79 2.983 6.0
#393 Operator {5-T) 1/22 eve (786) 2 0,151 K 0,67 2,463 4.9
#380 Operator {S5-T)} 1/23 day (58} 3 0.17%5 J 0,44  1.395 4.2
#414 Qperator {5=T) 1723 day (6d) 3 0.17¢ ¥ 0,3%¢ 1,209 3.6
#40%3 Operator {5-T) 1/23 eve (0} 0 0,000 ¥ 0,104 0,000 0.0
#397 Operater {5-T}) 1/23 eve (62) 4 0,247 K 0.76 1.708 6.8
#319 Operator (5-T) 1/23 eve {(0) O 0.000 J 0,11 0,000 90,0
#4627 Operator (S-T) 1/23 eve (63) & 0,253 L 0.69 1.514 6.1
#437 Operator [5-T) 1/24 gday (73) 3 0,220 1L Q.93 2,346 7.0
$438 Qperator {5-T) 1/24 day (73) 3 0,226 L 1.10 2.701 8.1
#456 QOperator (5-T) 1724 eve (65) 2 0,129 L 0.12 0.516 1.0
#441 Operator {5-T) 1/24 eve (635) 2 0.129 L 0.8 3.700 7.4
#419 Operatoer (S~T) 1/24 eve (66) 2 0,133 K 0.10% (.417% 0,8%
#444 Operator (5-T) 1/24 eve (66) 2 0,133 L 0.79 3.297 6.6
*fodicates less than specified quantity
ANALYSIS CODE=J: February 12, 1985
ANALYSIS CODE=K: February 18, 1985
ANALYSIS CODE=L: February 22, 1985
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Table A=2. {continued)

Results of Charcoal Tube Air Samples for Ethylene Oxide

Cincinnati, Ohio

St. Francis/8t, George Hospital

SAMPLE DESCRIFTION DAY SHIFT FLOW TIME V(L. ANAL Et0 EtD Et0D
NO. olL/m min, L CODE ug pPpm_ ppm-min

#363 Wrapper 1/22 day (20) 436 8,887 J 0.73 0.046 13.9
#3806 Wrapper 1/22 egve (21 477 10,520 3 0,34 0,018 3.6
#361 Wrapper 1/23 day (20) 626 8,528 J 0.30 0.020 8.3
#420 Vrapper 1/23 eve €22y 4Bl 10.462 L 0,36 0,018 9,2
#434 Wrapper 1/24 day {20y 424 B.4B2 L 0.31 d,020 8.6
#423 Wrapper 1/24 eve (22) 493 10,643 L  0.37 0,019 .5
#344 Decontan. room 1/22 day (14) 449 6,392 J 4,00 0,347 155.9
#384 Decontam. room 1/22 eve (13) 492 6,168 J 2.60 0.234 115.1
#392 Decontam., room 1/23 day (15} 427 6,473 K 2,60 0,223 95,2
#404 Decontam. room 1/23 eve (13) 495 6,246 K 3,50 0.311 153.9
#435 Decontam. room 1/24 day (15) 443 6,639 L 4,70 0,389 172.5
#412 Decontam. room 1/24 eve (13) 482 6.078 K 3.40 J.310 149.6
#324 Work table 1/22 day (21) 4531 9,571 J 0,41 0,024 10.7
#3595 work table 1/22 eve (22) 477 10,307 K 0,18 {Q.010 4.6
#3%6 Work table 1/23 day (21) 434 9,254 X 0,18 0.011 4,7
#381 Work table 1/23 eve (22) 493 10.674 J 0.47 0,024 12,0
#432 Work table 1/24 day (21) 429 9,120 L 0,47 0,029 12.3
#424 Work table 1/24 eva (22) 493 10,838 L 0.33 0.017 3.3
#341 Sterilizer (L-T) 1/22 day (10) 448 4.358 J 0.51 0.065 29.1
#371 Sterilizer (L-T) 1/22 day (17) 448 7,677 J 0,75 0,054 24.3
#389 Sterilizer {L-T) 1/22 eve {9) 478 4,126 K 0,21 0.028 13.5
#390 Sterilizer (L-T) 1/22 eve (24) 478 11.606 K 0,65 0,031 14.9
401 Sterilizer {L-T) 1/23 day (10) 434 4.19 K 0.18 0,024 10.3
#383 Sterilizer (L-T) 1723 day (27) 434 7,392 7 0.46 0,035 15.0
#4123 sterilizer {1-T) 1/23 eve (9) 493 4,258 K 0.40 0,052 25,7
#39% 3rerilizer (L-T) 1/23 eve (24) 493 11.975 ¥ 0,94 0,044 21.5
#428 Sterilizer (L-T) 1/24 day {10) 430 4,142 L 0.58 0,078 33,4
#452 Sterilizer (L-T) 1/26 day (17) 430 7.296 L 0,85 0,072 31.1
#3%4 Sterilizer (L-T) 1/24 eve (9) 491 4.235 ¥ 0,37 0,048 23,8
#408 Sterilizer (L-T) 1/26 eve {24) 491 11.912 ¥ 0.99 0, 046 22.6
*indicates less than specified quantity

ANALYSIS CODE=J: February 12, 1985

ANALYSIS CODE=K: February 18, 1985

ANALYSIS CODE=L: February 22, 1985

28



Table 4=2, (contlaued)

Results of Charcoal Tube Alr Samples for Ethylene Oxide

Cipeinomaci, Ohio

$t. Francis/Sst. George Hospital

SAMPLE DESCRIPTION DAY SHIFT FLOW TIME VOL. ANAL EtQ EED Et0
NG, pL/m min. L GODE ug Ppm_ ppmrmin

#329 sSterilizer {S-T) 1/22 day (62) 2 0.124 3 0,46 2.0549 4.1
#318 Srterilizer {(5~T) 1/22 day (59} 3 0,177 J  0.77 2,414 7.2
#359 Sterilizer (5~T) 1/22 day (62) 2 0,124 J 0,42 1,880 3.8
#325 Sterilizer (S-T) 1/22 day (59) 3 0.177 J D, 81 2,540 7.6
#388 Srerilizer ($~T) 1/22 eve (70) 6 0,422 J 1,20 1,578 9.3
#346 Sterilizer {S-T) 1722 eve (70} 6 0,423 J 1,20 1,574 9.4
#400 Sterilizer (S-T} 1/23 day (62) 4 0.248 X 0.77 1.723 6.9
#357 Sterilizer (S-T) 1/23 day (62) 4 0,249 J 0.90 2,006 8.0
#421 Sterilizer (5~T) 1/23 eve (64) 3 0.205 L 0.33 0.893 2.7
#422 Sterilizer (5-T) 1/23 eve (b4) 4 0.257 L 0.99 2.138 8.6
#4606 Sterilizer (S-T) 1/23 eve (68) 3 0,205 K 0,29 ¢,785 2.4
#411 Sterilizer (5-T) 1/23 eve {65) 4 0,258 K 1.10 2.366 9.5
#436 Sterilizer {8~T) 1/24 day (73) 3 0.220 L 1.40 3,532 10,6
#426 Scerilizer {3-T) 1/24 day (74) 3 0.221 L 1.20 3.014 9.0
#4616 Sterilizer {(5-T) 1/24 eve (7)) 2 0,158 K 0.30 1,054 2.1
447 Srerilizer (5-T} 1724 eve {64) 2 0,127 L 1.5¢ 6.555 13,1
#403 Scerilizer (5-T) 1/24 eve (79) 2 0.159 K 0,34 1.187 2.4
#429 Sterilizer (5-T) 1/24 eve (64) 2 0,128 L 1.20 5,203 10.4
#4D02 Field blank 1/22 day ¥ D,10%

#407 ¥Field hlank 1/22 day K 0.10%

#350 Field blank 1/22 eve J 0,21

#417 Field blank 1/23 eve K 0,10

#415 Field blank 1/23 eve K 0.10%

#367 Field blank 1/24 day J 0,22

#440 Field hlank 1/24 eve L 0.10%

#349 Field blank 1/24 eave J  0.14

#446 Field blank 1/24 eve L 0.10+%

*indicates less than speclfied quantiry

ANALYSIS CODE=J:
ANALYS1S CODE=K:
ANALYSIS CODE=L:

February 12, 1985
February 18, 1985
February 22, 1985
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