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ABSTEALT

Controls for ethylene oxide (Et0) emitted from the gas sterilization of
medical items were evaluated at Marion MedCenter Community Hospital, Mariom,
Okio. Et0 may have serious health effects, including carcinmogenicity, and
OSHA has established an 8~hour permisgsible exposurse limit of 1 ppm. Persomal
exposures and area concentrations were sempled with chareoal tubes, gas bags,
and/or an infrared analyzer., The full-shift ezposures for the sterilizer
operatoTr were controlled to a mean of 0.24 ppm with a comblnationm of local
exhaust ventilation, sterilzer cycle modificariona, and work practices.
Short-term exposures while transferring the load to the aerator had a mean
value of 2 ppm. The average concentration—time product of 34 ppom~min is less
than the 50 pprrmin recommended by NIOQSH, however, at the 953Z upper confidence
level it is 70 ppm—nin which 15 a cause for concern. Et0 emissions from the
EtQ sterilizer drain during the putrge caused elevated levels of EtQ in the
racess room and the slot hood abhave the door of the sterilizer was not
ventilated at the time of the survey. It was recommended that better drainm
controls and/or Improving the exhauat veantilation of the recese room should
lowar the chance of incidental! exposure of the stertflzer operator during the
purge cycele,
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INTRODUCTION
BACEGROUND FOR CONTROL TECHNDLOGY STUDIES

The Natilonal Institute for Occupational Safety and Health (NIOSH) 1z the
primary Federal agency engaged in occupational safety and health reseasrch,
Located in the Department of Health and Human Servicee (formerly DHEW), it was
eatablished by the Occupational Safety and Healch Act of 1970, This
legislation mandated NIOSH to conduct a8 number of research and education
programs separate from fhe standard setting and eonforcement functions carried
out by the Ozcupational Safety and Health Administration (OSHA) in the
Department of Labor. An important area of NIOSH research deals with methods
for controlling occupational expesure to pocential chemlcal and physical
hazards. The Engineering Control Technology Branch {(ECTB} of the Dlvision of
Physaical Sciences and Engineering has been given the lead within NIOBH to
study the engineering aspects of health hazard prevention and control,

Since 1976, ECTRB has conductad a number of assessments of health hazard
concrel teehnology on the basis of Industry, common industrial process, or
gpecific control cechnlques. Examples of these completed studies include the
foundry industry; various chemical manufacturing or processing operations;
spray paincing; and the recirculation of exhaust air, The objective of each
of these studies has been to document and evaluate effective control
techniques for potential health hazards in the industry or process oi
interest, and to create a more general awarenass of the ueed for or
avallabdlity of an effective system of hazard control measures,

These studies invelve & number of steps or phases. Infitially, a serles of
walk-through surveys 1is conducted to select plants or processes with effective
and potentially transferable control concept® or techniques. Next, in-depth
surveys are conducted to determine hoth the control parameters and the
effectiveness of these conttols. The reports from these in-depth surveys are
then used ag a basis for preparing technical reports and journmal articles on
effective hazard control measures, Ultimately, the information from these
research activities buflds the data base of publicly available informatfon on
hazard contrel techniques for use by health professionala who are respansihle
for preventing occupational illnesg and injury.

BACKGROUND FOR THIS STUDY

The present Control Technology Assessment of Ethylene Oxide Sterilization in
Hogpitals 1s the result of the research recommendations of the 1983
Feasibility Stwdy of Engineering Controls in Hospitals. During the
feasibility study, preliminary surveys were conducted at eight hospitals to
asgess the potential need for further regsearch in the control of anesthetic
gases, antineoplastic drug exposures, and ethylene oxide (Et0) sterilization
cperations, Based on the feasibility study, a need for the evaluation and

documentation of effective engineering controls for EtQ starilization was
identiiied.

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



Dermal eXpesure to aquecusg solutlons of Et0 may cause burns and allergic
sensitizaction. Animal texleity studies have shown EtQ to be a mutagen amd a
carcinogen. Studies of exposed workers have lndicated incteased mutagenic
activity in human cells, an increase in the incidence of leuvkemia, and adverse
reproductive effects, Many of these effects, both for exposed animals and
humans, were cbserved at concentration levels lower than the former OSHA
permissible exposuyre ldmit {PEL) of 30 parts Et0 per millfon parts air {ppm),
expresded as an 8-hour rtime-welghred average (THWA). As a result of these
studies and the urgings of workers™ groups, OSHA began the rulemaking process
to ilssue a new standard 1in early 1983. On June 15, 1984, OSHA issued =2 new
PEL of 1 ppr {B=hour TWA) for ethvlene oxzide based on its determination that
Etd {2 a potentiel human.carcinogen.l

In response to the hospitals’ need to contrel worker exposure to Etd to lewels
below 1 ppm, the Epngineering Control Technology Branch of NIOSH is studying
the control of Et0 emissions from sterilizers in the hoapital setting. The
goals of this study are to evaluate and document effective engineering
controle which selected hospitals have implemented, and then disseminate
uwseful information and practicable recommendations on effective methods for
contrelling occupational ethylene oxide exposure.

BACKGROUND FOR THIS SURVEY

To Identify hospitals which meet the design criteria of the study, ECTE hasg
worked closely with the American Hospltal Asscciation and the Chie Hospital
Aszociation, who have publicized and promoted the study to their member
hospitals, Community MedCenter Hospltal expressed an Interest in
participating in the study and supplied Informaticn abeui the Supply,
Procegsing, and Distribution (SPD) Department to NIOSH. Based on this
information, it was determined that the hospital might fulfill the

reqif rements of the category specifying: a sterilizer uelng a 12:83 Et0 and
Freon 12 mixture, no extra evacuation phases at the end of the sterilizer
cycle, and no local exhaust ventilation above the sterilizer door. The
hospital way add cyele modifications and local exhaust ventilation at two key
locattons, potentially making this a candidate for a before/after study.

A prelimfnary survey was conducted in the SPD Departmeant on July 26, 1984,
This report documents the information pathered during the in—depth evaluation
of the department, October 29 — November 2, 1984



POTENTIAL HAZARDS AND EXPOSURE GUIDELINES

Workers exposed to EtC may experience both acute and long~term health
affecta, EtO ix a central nervous system depressant, and in air can cause
acute irritatiom to the eyes, uppet respiratory tract, and skin at
concentrations of several hundred to 1,000 ppm. Exposure to high
concentrations may also cause headache, dizziness, nausea, and vomiting.
Dilute {1 petcent) aquecus solutlonms can cause blistering of human skin after
prolonged contact, and aillerplc sensitlzatlon can also occur in some
tndividuals.?

NIOSH has cenducted animal toxiecity studies to determine the possible
long-term health effeces of EtD exposure. The resulrs of the NIDSH studles
support the conclusions ¢of other researchers that Etd is a mutagen and a
carcinopen in znimals. The studles showed an increase in gister chromatid
exchanges and 1in chromoscmal aberrations, evidence of mutagenic activity. The
studies also showed an dincrezse in the frequency of leukemia, peritoneal
mesotheliomas, and cerebral gliomas. Adverse reproductive effects were slso
observed.3

The potential of EtQ to cause mutagenic getiviry in humans has been examined
¥y a number of investigators. The studies were conducted by examining bloeod
1ymphocyte cultures obtained from workers exposed to EtC in a variety of
occupational settings. The results clearly demonstrate that EtO adversely
effects human genetic materiel,%

Epidemicloglic studies of humans occupationally exposed to EtO, show an
increase in the frequency of leukemia and other malignanr tumors. Taken along

with the results Zf the animal studies, Et0 must be cons:idered a potential
human carcinogen.

In addition te the OSHA PEL of 1 ppm, the standard mentions an action level of
Q.3 ppm, above which semi-annual monitoring is required. The American
Conference of Govermmental Industrial Hygienists has alse adopted 1 ppm as an
8-hour time-weighted average Threshold Limit Value {TLV); however, they had
allowed for an eXcursion limit guch that shori—term expoaures should exceed

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

5 ppm.5 In its testimony to OSHA on the new standard, NIOSH recogmended

that a ceiling limwit of 5 ppit not be achieved for wmore than 10 minutes inm a
workday, and that the 8-hr PEL be set lower than 0.l ppm to reduce the risk of
oceupational mortality fo the greatest extent possible.

PRIMARY EXPOSURE SQURCES
Hospital central service persounel may be exposed to Bt from several

soutces. Each source comtributes to the ambient concentration of Et0 but
three may be directly respomsible for most of the exposuxe on a daily basis.



Uncentrolled Drain

During the evacuation phase of the sterllization cycle, mosk of the EtQ in the
sterilization chamber 1s removed through the vacuum pump and drain. For
gterilizers which evacuate to an uncontrelled drain, much of the EtD used in
sterilization may be released iInto the recess room and/or perhaps to the
workroom atmosphere.

Cpening of the Sterilizer Dooy

In some situations, the most significant E¥0 emission seource on a dally basis
is the opening of the sterilizer door at rhe end of the sterilizatien cycle.
It an uncontrelled system, warm, molst, Et0-laden alr escapes from the
sterilizer when the door is opened and may diffuse throughout the room. This
source of Et0 may release a significant quantity of Ec0 into the workroom air
as a2 background concencration, and, depending on the work praecices, may or
may not provide a peak exposure for the sterilizer operator.

Transferring the Sterilized Load

Some of the Et0 used In sterilization remains pn the sterile items and
wrapping materfal and inside the package after the sterilization c¢ycle is
complete, This EtD will be given off exponentially until equilibrium is
reached with the surrcounding air; and, depending on the composition of the
items and thelr packaging, these off-gassing items can provide an Et0 exposure
source for the operater transferring the load to the aerator and contribute to
the background levels of Et0 in the workplace. EEt0 laden air my also be drawn
ocint of the chamber when the lozd ie pulled from the arerilizer.

SECONDARY EXPOSURE SOURCES

Other exposure sources may not be as readily apparent neor be encountered
daily, but may also have the potential to cause sigriflcant exposures and/or
contribute to the background concentration of EtO. Some of these sources may
releacse Et0 only when an accldent occurs.

Aeration

Post—sterilization aeration i3 essential for protection of the patrients who
will use the items and for controlling cccupatrional exposure to ET0., While in
the aerator, the sterlle {tems continue to cif-gas. If the aerator cabiner is
not vented out of the buildipg or to a dedicared exhaust, 1t can contribute to
the background EtQ concentration.

Et0 Gas Cylinders

Ethylere oxide gas 18 supplied to many sterllizers from presgurized gas
cylionders. When replacing empty EtQ cylinders, the worker may be exposad to
Et0 wvapors from residual liquid or gasecus Et0 in the supply linea. Depending
on the location and ventilatfion around the cylinders, the release of this
trapped Et0 may contribute to bhackground EtO concentration for the sterilizer
opetrator and other workers.



If the contents of an Etd cylinder were accldently discharged, a large quanity
of EtQ would be released. This could result in higher concentrations in the
vicinity ot the ¢ylinders and in the surrounding work area than possible from
any other source.

Preggure Relief Valve

Another possible source of Et0 ie the sterilizer safety valve, If the
sterilizer becomes overpressurized during the cyele, this emergency relief
valve releaseg Et0Q gas. If not controlled or remotely veated, this release
may contribute a significant quantity of Et0 to the workplace atmasphere,

Maintenance

Sterilizer part failures, malntenance operatlions, and repair work can also
regult in significant exposures to personnel. Of particular concerm are
plastic and rubber components which will absoxrb Et0 and may even react with
the gas; these paris can deterlerate over time. Valwves, connections, and the
front door gasket are potential sourcer of leaks, and accasional sxXposure.
Maintenance personnel may he exposed by unknowingly entering the recess room
to work on equipment when Et0 concentrations are high during or followlng a
purge cycle,



HOSPLTAL AND PROCESS DESCRIPTION
HOSPLITAL AND SUPPLY, PROCESSING AND DISTRIBUTION DEPARTMENT DESCRIPTION

Community MedCenter Hospltal is a not-for-profit, acute care facllity with 153
beds, Services which the hospital provides include: general surgery,
orthopedic surgery, mneurosurgery, cardiovascular cathererization, and
obstetrics, The hospital has been Femodeled and new wings added within the
last few years. The SPD Department is located on the ground fleox im a
section of the hcapital which was completed In September 1981,

Ethylene oxide gas sterilization operations for the hospltal are conducted
only in the S5PD Department. This department performs Et0 sterilization for
surpery, obstetrics, anesthesiolagy, the catheterization laboratory, x—-ray,
and emergency. A clinic, associated with the hospital, also sends some
equipment to be gas sterilized In SPD.

The layout of the SPD Department is diagrammed in Figure 1. Of particular
interest in this study is the clean room which serves threa functlons. One
end of the Yoom is used to store sterile supplies and Le prepare case carts
for surgery. The opposite end of the room serves as a procesaing area where
clean items are received from decontamination and prepared for sterilization.
A third area of the room is occupled by & bank of sterilizers (twoe steam and
one Et0), an aerator, and a pass—through washer that are recessed in the wall
space between the decontamination room and the clegan room.

The SPD Department employe six persons distributed over three shifts. The day
shift amploys three persons, one of whom 1s assigned to operate the
sterilizers and process loads 1n the sterilization room (referred to as the
clean room). The sterilizer operator and one other worker may spend thelr
time in the following areas: 1in the instrument room, in the linen reom, at
work counters in the clean rcom, and at the wrapping table in front of the
sterilizers. The third petson working the day shift 1s assigned to
decontamination. During the evening shift, one person ia assilgned to
decontamination, and cne person is =sssigned to work in the clean area which
may Include duties in the instrument rcom, in the linen room, at work counters
in the clean room, at the wrapping table in fromt of the sterilizers, and
aperation of the sterilizers. The night shift employs ome person in the clean
room whose dutles are stocking supplies and operating the steam sterilizers.

EQUIFMENT AND PHYSICAL DESCRIPTION

The Et0 gas sterilizer is an American Sterilizer Company (AMSCQ), Medallion
Cryotherm double-door medel, purchased in 1982. Its internal chamber size is
20 inches by 20 inches by 33 inches, and the volume is 8.8 cubic feet or
approximately 250 liters,

The aerator is manufactured by AMSCO with an approximate volume of 12 cubic
feet. All items are amerated at 120°F for s minimum 12 hours. Implants and
other speclaliy items are aerated as specified by the manufacturer. Normally,
the aerator is cart loaded. However, when a second sterilizer load is rum on
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the evening shiff, the items from the second load must be placed in the
sarator manually, Items are rearranged on the cart to accommodate the second
load.

The sterilizers are recessed into a room constructed between fhe clean roon
and the decontamination room to enclogse the drain and mechanical components of
the sterilizers. The recess reom has a 9-foot celllng and two sections
measuring 20" x 3' and 14' x 6. (See Figure 1,} The sterilizers may be
accessed for malintenance by entering the recess room through door panels
located between the sterilizers from either the decontamination room or the
clean room. The door panels are nermally loecked to restriet access of
unauthorized personnel. The backs of the sterilizers and aerator are open to
the recess room. Steam and water from the sterilizets are emptied into
ungsealed drains located beneath each unit,

The B0 sterilizer is supplied with a gas mixture of Et0 {12 percent by
weight) and Freon 12 from a cylinder. The cylinder 1s located in the recess
room between the sterilizer and the aerator,

Sterilizer Cycle Features

The cycle is approximately three hours duration, and consists of several
phases: initial vacuum and humidification (about 30 minutes), Et0 charging of
the chamber, dwell period (about 2 hours), and evacuation (about 20 minutes).

Local Exhaust Ventilation

A sleot hood is bullt inte the front panel of the sterilizer a few iaches above
the deor to allow air escaping from the open sterilizer door to flow into the
recess rocm. Thls slot is approximately 1 inch by 24 inches. At the time of
the survey, no ventilation was provided for thls slot other thapn the recess
room exhaust,

General Exhaust Ventilation

In additien to the glot above the sterilizer door, there are twelve vents in
the recesg troom wall less than 1 £t above the top of the gterilizer control
panels. These vents are intended to allow the recess roow exhaust to remove
some of the EtO-laden afr from the gas starilizer as well as the hot, molst
alr from the steam sterilizers and pass—through wagher, Seven vents are on
the clean reoon side——one of these Is above the EtQ asterilizar; the other flve
vents are open to the decontamination room. These vents measure approximately
6 in by 18 in, with about half this area cpen to air flow.

The recess room is exhausted by a dedicated system through two venta in the
¢eiling. One vent is hetween the Et0 sterilizer and the aevator; the other is
near the pass~through washer, The aerator igs vented tg the same dedicated
exhaust system that exhausts the reecess room.



Heating/cooling air is supplied to the department by a recirculating system
with both central conditloning and terminal reheat/cooling unita. Each
terminal unit at the head of a distribution branch has 1ts own fan. Air
handler #2 veptilates the SPD department in addition to other areas of the
hospital, The entirs hospltal system Is monitored by a computer system and
cycled on and off to conserve energy. Air handler #2 runs for 36 wminutes and
is eoff for 12 minutes each cycle.

In addition to the recess raom exhaust, there are two other dedicated exhaust
systems which remcve aiy from the department. One of these provides exhaust
through vents in the celling close to the EtD gterilizer and the pass—through
washer 1o both the clean room and the decontamination room. This same systen
exhaugts the cart wash room. The other system exhauats the lounge, the reat
room, and the shower,

The locations of all the vents are shown in Fipure 2. Those designated ae
recirculating exhaust vents remove alr from the room and return 1t to the air
handlar to be recirculated. The direction of air¥fiow through the venta
designated as pasaive vents depende cn the alrflow balance between the rooms
on each side the vents.

PROCESS DESCRIPTION

The SPD Department sterllizes medical supplies, surgical instruments, and
other equipment, Heat— or wolsture—sensitive items must be sterilized with
Et0 gas. These items arrive in decontamination via a "dirty” elevator {from
surgery) or may be delivered to the door by the using department. The items
ate washed, dried, and are passed through the window to the clean room. The
items may then be wrapped in lipen or hsat-sealed io a peel-pak. The
catheterization laboratory prepares items for EtQ sterllization except for the
saaling of peel-paks and delivers these items to SFD.

Tha sterilizer operator prepares the logd for sterilizatrion by arranging the
ltems oo & cart Tack, placing a blological indicator im the load, and
completing the pecessary record forms. Demand for certain EtO sterilized
items sometimes Tequires that a second load be run durlng the evening shift,
A1l these activities take place on the clean-rcom side,

The sterflizer was purchased with doors on both ends so that items coming to
decontaminaticn from an 1sclation case could be initially gas sterilized from
the decontamination side of the double—door sterilizer and then reprocessed,
On a routine basis, the EtQ sterilizer is not opened on the decontamination
slde.

Tranaferring the lcad

At the end of the evacuation phase of the sterilization cycle a buzzer sounds
alerting the opetator that the cycle is complete and the daor may be opened.
The operator opens the door a few inches and leaves the area. After 10 to 15
minutes have alapsed the operakor returns to the sterilizer and fully opens
the door. The rack is attached to the cart and the load is pulled from the
sterilizer. The operator remaoves the biolagiecal indicators from the load.
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Next the aerator door 1s opened and the cart is pushed to the aerator. The
tack 1s disengaged and pushed into the aerator. The cart is then moved away
from the aerator and the door is closed. Aeration times are recorded ou the
door. Finally, the blological indicator is opened and prepared for the
laboratory at the wrapping table.

Replacing the Et0 Supply Cylinder

If a supply eylinder empties during a cycle, the cycle is iloterrupted. The
eperator must then manually Init{ate the chamber evacuation phase and call
maintenance to replace the cylinder, To aveld an aborted cycle, the
sterilizer operator routinely checks a cylinder pressure gauge located beneath
the lower fromt panel of the sterllizer, If the pressure is belew 30 psi, the
opetator calls maintenance to replace the cylinder before starting the cycle.
The cylinder is replaced about every two menths.

11



METHODOLOGY

Aflr movement and airborne erhylene oxide concentrations were measured to

evaluate the effectiveness of the engineering centrols, Table 1 lists some of
the major pileces of equipment usad.

Tahble 1, Equipment Used an Field Surveys.

P

Item Model Uged for

Infrared spectromster Miran 1A continuous area saupling
RH and Temp. Monitor Gen'l Eastern 400 C/D RH and temperature

Sctrip chart recorder Varian Et0 conc. and RH

Hot—wire anemometer Rurz 441 air velocity

Velcmeter Flow Hood Alpor Balometer air flow

Gas Chromatograph Photovac GC 10ALD analysis of bag samples
Peracnal sampling pump MBA 808 personal and area TWA saopl
Persconal sampling pump DuPont P-4000 collection of bag samples
Spoke tubea Draegsar alr flow patterns

MEASUREMENT OF CONTROL PARAMETERS

Sampling was conducted during the day and evening shifts for three cansecutive
days. Tha same sets of samples were taken for all shifts.

Charceoal Tube Sampling

To determine persomal exposures and average concentrations of Etl at selected
locatfons in the clean room, perscnal and area samples were collected using
coconut shell echarcoal tubes zccording to NIOSH Method 1607, The samples were
collected on 400 mg and 200 mg charcpal tubes counected in series, and the
sampling train was contained {n a plastic holder, MDA pumps, fitted with
limiting orifaces, were calibrated at nominal air sampling rates of 10
milliliters per winute (mL/min) for long term (4-hour) samples and 50 mL/min
for ghort—term (li-minute) samples.

Personal lopg~term samples were used to estimate time—welghted average
exposures for the sterilizer operator and an lanstrument wrapper. Area samples
indicate the effectiveness of the engineering controls by measuring the EtO
which is in the amblent air, Long-term area samples were located at a fixed
location approximating the operator's breathing zooe in front of the
aterilizer and at z wWork bench near the sampled instrument wrapper.

Short-term samples provided an eetimate of the peak concentrations of Ef0
released when the sterilizer door was opened and the load was transferred to
the aerator. Samples were collected both for the aterilizer operator and at
the area sampling location in front of the sterilizer from the time the
cperator walked up to the sterilizer to crack the door at the end of the alr
flugh cvcle until he had finished transferring the lead to the aerator aand
walked away from the sterilizer.

12



Gas Bag Sampling

Air samples were collected in Tedlar® (SKC #231) at the sterilizer during

the same sample periods es the short-term charcoazl tubes., Persopal and area
bag samples ware collected, during certain events, using DuPont pumps.
Samples were taken at the area lecation in front of the asterilizer and on the
operator during load transfer from sterllizer to acrator at the same point as
the charcoal tubes. The concentration in the sterilizer chamber was also
sampled both when the door was first opened at the end of the cycle and
approximately 15 minutes later, Jjust before the load was transferred.

These bag samples were analyzed on sire using a Photo Vac Portable Gas
Chromatograph using a 4" x 1/8” Teflon® Carbopak BHT 40/100 mesh column. The
carrler gas was ultra pure air with a nominal flow rate of 15 ml per minute,
which gives an Et0 retention time of approximately 2 minutes, The attenuation
used for these particular analyses were x1Q and x100, and the GC was
czlibrated in both these ranges.

Infrared Analyzar Sampling

Due to the incoastant nature of Et0 release during the day, it 1s desirable to
have a coantinuous record of Et( peak concentaticns in the breathing zone in
front of the sterilizer. To accomplish this purpose an infrared (IR) analyzer
was used to monitor the area location in front of the sterilizer. Since the
EtO sterilizer is adjacent to steam sterilizers, thls location was potentially
subject te high humidity lewvels. Laboratory experiments showed the instrument
responded to humldity in the alr by indicating a higher concentration of EtO
than was present, In the ranga of 10 to 70 percent relative humidity, a 10
percent increase in the relative humidity produced a 3-ppm increase in the
neasured B0 councentration. Therefore, the relative humidity of the sampled
air was simultanecusly measured, and both the Et0 concentratlion and the
relative humidity of the air were continuously recorded by a strip chart
recorder,

Air Flow Measurements

The airflow in the duct exhausting alr from the recess room was measured using
a hot-wire anemometer. The duct was traversed at zn accesaible location above
the ceiling in the hallway. The low velocities encountered precluded the use

of the pitot=tube traverse technique.

Wirhin the depariment, the exhaust airfliow through the ceiling vents was
measured using an Alnor Balometer® flow hood. The airflow through the slot
hood above the sterilizer door was measured using an eight point traverse of
alr velocity with a hot-wire anemometer. The air supplied by the wmain
recirculating ventilation eystem was memsured at the ceiling diffusers using
the Balometer®,

Smoke tubes were used to qualitatively evaluate the supply and exhaust
ventilation system. Air flow patterns ar selected locations were observed and
gketched. Adr flow patterns above the sterilizer door were visualized with
smoke tubes and recorded on video tape.

13



Work BEractice Observatlions

The wotk practices ¢of the sterilizer operator may have a very important effect
on the amount of Et0 relsaged into the workplace alxy and on persoomal

exposure. Te¢ evaluate thig effect, cbservations of the operator’s work
practices during EtC sterilizer activities were made using a video
camera/recarder.

Processing the Test Load

In designing this study, it became obvious that conditions in each hospital
participating in the study would be so variable z& to preclude any meaningful
comparisons hetween hospitals unless some of the variables could be
eliminated. Therefore, a challenge test load 1s provided for processing at
each hospital. The test load consists of Peel-Pac® packages containing an
15~inch length of surgical rubber tubing. The number of packapes is adjusted
to the volume of the sterilizer; for the 8.8ft3 volume AMSCO sterilizer, 66
packages were used. The rubber matarials of this test load were chosen
because EtO is absorbed into rubber during stevilization and off-gases more
s8lowly than zome other materizls, This increased retentlon of EtQ, provides a
challenge to the control system and may ald in evaluating the effectiveness of
the contcrols.

A teat load was sterilizsd each of three mornings. No other loads were
processed through the Et) sterilizer during the day shift, Sanpling data from
this test load provides the basis for compatiscn with the load processed
during the evening shift as well as with other hospitals.

14



RESULTS

The test load was run durlng the day shift and the hospital's normal load was
processed during the evening shift. Malofenance wag performed on the
sterilizer by the manufacturers service representative om the third day of
sampling. During the evening load on the third day of sampling, the
sterilizer did not charge completely, and the cycle had to be manuvally
aborted. This lcad was sampled the same ag the athers,

AIR SAMPLING RESULIS

None of the charcoal tube samples was less than the analytical limit of
detection. The measured concentrations ranged from approximately 0.1 ppm to
1 ppm for the lopng-term samples and from 0.5 to & ppm for the short—term
samples., The concentration-time product for the short~term samples ranged
from 10 to 100 ppmmin. The results for all the charcoal tube samples are
tabulated in the Appendix, The atatistics for each sample group are shown in
Table 2,

The most impotrtant results in terms of exposure are those for the sterilizer
operator. The 10 long~term samples yileld an average Et0 exposure of (.24 ppm
and a 95-percent uppetr confidence level is 0,31 ppm. The 12 short—term
gamples, taken during the unloading of the EtO sterilizer, averaged 1.98 ppm
with a 95-percent upper confidence level of 4,1 ppm over a period averaging 17
minutes in duration,

The only other employee sampled was the wrapper, who worked in the sterillizer
area wrapping materials in preparation for the sterilizer operation and in the

decomtamination room cleaning items returned for sterilization., The 12
long-term samples on the wrapper indicate a mean Et0 concentraticn of 0,37 ppo

with a 95=percent upper confidence level of 0,73 ppn.

Sterilizer area leng—term and short—term samples were taken at a location in
front of the Et) sterilizer at a helght of about 62 Inches. The 12 long—term
samples had a mean value of 0.47 ppm with a 95—percent upper confidence level
of 0.82 ppm. The 12 short—term EtD samples have a mean of 4.0 ppm with a
95-parcent upper confidence lewvel of 7.69 ppn.

The complete set af GC resulte for the gas bag samples is shown in Table 3,
Ag was previously mentiomed, some of these samples are divectly comparable to
short—term charcoal tube samples.

An example of the TR analyzer peaks resulting from load transfer operations 1s
shown in Figure 3, The shaded area under the curve represent the time periocd
covered by the charcoal tube sample. To make a comparison of the IR results
to the charcoal tube and gas bag samples, the IR ahgsorption peaks on the
recorder chart needed to be integrated over the same time period as the short
term charcoal tube samples were taken, The integration was carried out
manually with 2 Gelman Integrator., The integral loop was traced three times

13



Table 2.

Statisties for charceal tube data.

SAMPLE LOCATION

STATISTICS (based on ppm Et0)

S5terilizer Qperator

long-term samples
{mean sample time

= 476 min, )}

Sterilizer Operator

short-term samples
{mean sample time

Sterilizer
long-term samples
{mean sample time

Sterilizer
short—term samples
{mean sample time

Wrapper
long-term samples
(mean sample time

Bench
long-term samples
(pean sample time

* [pper confldence

= 17 min.)

= 483 min.)

= 453 min.)

449 min,}

4

481 min.)

limit

16

Mcan

5D

VAR

95% UcL™®
N

Mean

5D

VAR

95% UCL

Mean

5D

VAR

93% UCL

Mean
5D

VAR

45% UCL

Hean
sh

VAR

95% UCL

Mezan
5D

VAR

95% UCL

b ooy ¥ LV T | 1 nan FI I I I O ba nny

LK s ¥

0,24
0.035
a,0011
0.31
1o
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and the readings averaged. The results of these analyses are compared with
the charcoal tube and gas bag samples in Table 4.

Table 4. Sterilizer short term samples comparing
charcoal tubes, MIRAN IR, and Photoe Vae GC.

DATE TIME CHARCOAL TUBE*  MIRAN IR PHOTO VAC GC
10/30 1114 4.5 ppm 5.3 ppm 4.8 ppn
10/30 1713 3.6 *© 5.0 " 4,8 ¢
10/31 1123 5.2 ™ 5.8 * 6.2 "
16/31 1900 6.1 " 3.8 " 5,5 "
11/1 1027 4.1 " 3,0 " 7,0 ~©
11/1 1840 0.5 * 3.3 ¢ 2.8 "

* Values are the average of two slde-by-side samples.
Statiaticg (all data in Table 3): N=18; Mean = 4,63, 5td. Deviation = 1.55
VERTILATION MEASUREMENTS

The ventilation system in the Supply, Processing and Distribution Department
{SFD} iz provided by one main supply duct which carries a total of aver

10,000 ¢fm {design value} to SPD and other areas of the hespital. The exhaust
alr is handled by four separate systems. The maln exhaust duct returns air to
the supply blower. The flow in this duet is about 8600 CFM (design value).
Additionally, three dedicated exhaust systems remove alr from the sterilizer
areas. These additional exhaust systems remove a total deaign flow of
approximately 1800 cfm.,

The recirculating ventilation system i1s also computer controlled for energy
conservatian. Every 48 minutes the air handler suppling SPD is shut ofif for a
12 minute pericd {(75% on and 25% off). Thus, the recirculating system may be
cff when the purge or the load transfer takes place. The dedicated exhaust
systems do not shutdown durfng this periocd sc that a measured exhaust flow of
1060 cfm iz always in effect.

Ventilation alr flow measurements at each accessible supply or exhsuat louver
were made with an ALNOR Balomster, a hoocded instrument that allows a direct
reading of flow into or cut of a flush vent. The total balance of all supply
and exhanst vents ig shown in Table 5, Keep in mind that the air changes per
hour is not as Important to the effactiveness of the ventilation systew as is
the degree of containment in the recess room and the local ventilstion in the
ared directly in front of the sterlilizer and aarator.
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Table 5. Overall balance of ventilation system

SUPPLY VENT (S} EXHAUST VENT (X) &

C¥iM BETURN VENT {R) CFM
5=1 Inst. Pack Room 125 -1 Inst. Pack Room 370
g-2 " " " 145 R=2 Linen Pack Room 250
8=3 Linen Pack Room 100 R-3 Clean Room 140
G4 " " " 95 -3 " " 125
§~5 Clean Room 260 X-4 " " 530
S5-h " " 225 X-5 Decontan. Room 140
8~7 " " 235 X-6 " " 150
-8 " " 365 =7 Cart Wash Room 0
8- " " 270 X-142 Recess Room 300%
§-10 Dffice 120 X-10 Lounge 75
5-11 Decontam. Room 180 X-3 Rest Room a0
8-12 " " 140 x-9 Shower Room 50

R-4 Dffice 50

Totals 2260 CPM 2260 CFM

% Traverse of 10" x 17" duct in hallway (see Appendix, Table 4-2)

The use of asmoke tubes showed generally, that air was drawn into the
sterilizing area, The ¢lean room seemed to have an excess of supply air, and
alr flowed into the decontamlnatieon room through rhe open pass—through

window. More ifmpottantly, =2lr flowed from the recess room inte both the
decontamination room and the clean rcoom through the vents in cthe wall above
the equipment. The flow ocut of the recess room was motre evident into the
decontamination room, parhape because of the excegs gupply into the ¢lean room
from the recirculating wventllation system., However, there was some flow from
the recess room Into the clean room during the purge cyele. These observation
are illustrated in Figure 4.
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CONTROL EVALUATION

At this hospital, controls were in place to deal with the three major scurces
of Et0 during ezch sterilization cycle: the drain during evacuation, the door
after opening at the end of the cycle, and the load during transfer to the
aerator. Although these controls were adequate to limit exposures to less
than the 0SHA PEL, some defliclencles were noticed.

DRATN CONTROLS
Drain Ventilation

Worker exXposures from the drain are controliled primarily by isolating all of
the sterilizer except the front panel in a ventilated recess room. However,
the ventilation of the recess room was insufficlent to contain all the EtO
emitted during the chamber evacuation. BSamples collected at the area lecation
in front of the sterilizer door during the evacuation period averaged 4 ppm.
{See Table 2.)

Thera are three criteria which may be used to establish the ventilation
requirements for the recess room. First, the ventilation rate should be
adequate to overcome the thermal air currents produced by heat generated
within the recess room, 8econd, the volume of zir drawn intc the room should
be sufficient to limit the temperature rise to an acceptable level, Third,
sufficient dilution ventilation should be prowided to purge the rocom of Et0D
within an appropriate period of time followling a sudden release.

Air Velocity Through Enclosure Openings

Aidr doea not always flow into a room with the same velocity at all openings.
In fact, when heated processes are present 1o the toom, air may actually flow
ozt of vents and cracks In the walls near the top of the room if the
ventilation system does not exhaust encugh air te handle the quantity of air
rising to the ceiling due to thermal effects. Hemeon’ gives an equation to
calrulate the velocity of this alrflow through an orifice at the top of an
enclosure. From this equation, a minimum exhaust flow rate can be calculated
which assures that air does not leak out of the room. For room temperatures
not exceeding 200°F:

q = 20(L H,)1f3 (A)ZIB
where!: Q = Minimum flow rate, c¢im;
L = Height ¢f the hot air column, ft;

H'= sSensible heat released to the air, Btu/min;
A = Total area of vents, cpenings, and cracks, fri,

In this situation, the height of the hot air column is taken to be the height

of the vents above the floor. Estimates of the heat released in the room,
obtalned from the manufacturer of the equipment are as follows:
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AMSCO EtQ Sterilizer 108 BTU/Hr,

AMBCD  Aerator 1,500 "
AMS5C0 Medallion Washer 3,500 N
AMSCO Vac Mat 4 13,800 "
AMSCO Vac Mat § 13, BOO "

Total heat load in the Recess Room 32,700 BTUG/Hr.

The open area of the 12 venta was measured to be approximately 0.4 fr2
each. Using a height of 7 ft, and total vent area of 5 ft2, and a total
heat release rate of 550 Btu/min, the equation yields a design exhaust flow
rate of approximately 900 cfm.

The measured exhaust flow rate for the recess room was 300 ¢fm., The observed
flow of air out of the recess room through the vents in the wall above the
equipment supporte the assertion that this ventilation rate is Inadeguate to
overcome thermal effects.

Temperature Rise

Exhaust ventilation will remove excessive heat if the incoming air is cooler.
The volumé of air required to limit the tempetrature_rise in the hotter room is
piven by the following equation adapred from Hemeon’ and Mutchier8:

Q=56 H'/T
where! Q = the required exhaust alr flow, cfm;
H'= Sensible heat released to the air, Btu per min;
T = the acceptable temperature rise, °F,

Using the estimates of the heat release from the previous caleulation,
approximately 300 cfm would be required to limit the temperature rvise in the
recess room to 3°F. In this case, the temperatures measured in the recess
room near the EtQ sterilizer were only a few degrees higher than those Iln the
clean room, Ailr temperatures were not taken around the other equipment which
produced moat of the heat accountad for the the above calculation.

Rate of Purging

The rate of decrease of concentration of a contaminaat once further generation
has ceased 13 given by MutchlerS:

2 Q"
' v

where: Cp = the concentration at time k3]
C1 = the concentration at time tq;
Q' = the effactive wventilation rate;
V = the volume of the enclosed space.

It

Q', the effective ventilation rate, is equal to the actual ventilation rate,
Q, divided by a design distribution constant, K, a value between 3 and 10 to
correct for incomplere mixing. The lower the walue of K, the batter the
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mixing. Since sterilizer recess rooms are small and typically unceccupied, K
will be agsumed to be 3. The above equation can be solved for (:

¢ 3y

Cz (t2 - tl)

Q= 1n

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

gterillzer contents escape into the recess room. The volume of this recess
room was approximately 1300 ft3, Aspsuming that the B,8~ft3 gterilizer
chamber chargad with 160 grams of Et0 suddenly released its coptents to the
room, the resulting recess toom concéntration would be approximately

130C ppm. To reduce the receas voom goncentration to 1 ppm in 30 minntes
would require 900 cfm.

Two sets of data (10/31 and 11/1) allow the calculation of Et0 concentration
deecay curves for the Recass Room. These curves, plotted on semilog paper are
shown in Figures 5 and 6. The semilog plofs indicate the linearity of the
purge rate equaticn. Thege data sets can not be combined because each begins
with a different concentration. However, one can determine a "half-1ife” for
the curve, which I the time regured to reduce the concentration to 30 percent
of the initial value. ¥From the graphs, the average half life fs 6 1/2 min,
which when ineserted into the previcws formulz for a concentration ratic of 2.0
{1/0.5) gives a value for Q of approximately 400 c¢fm.

The required Yecess room ventilation estimated by three different criteria is
approximately 300 cfm. This is three times the 300 cim exhaust flow presently
venting the racess room. It sheould be realized that the assumptions are that
the heat and the emitted Rel are uniformly distributed throughout the room znd
that all heat sources atre opetatiog at the same time, neither of which is
likely to be true. The method does, however, give some itngight into the
effect of heat induced wventilatiocm.

Another way to spply this equation 18 fo calculate the heat locad that the 300
cfim dedicated exhaust can accommodate. This turns out to be less than 1200
BTU/hr, which is exceeded by all but the Et0 sterilizer. These results are
confirmed by smoke tube studles, which showed that alr moved through the
louvers from the recess room into both the decontaminatiom ropm and the clean
room.
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CONCLUSIONS AND RECOMMENDATICHNS

The exposure levels of the workers in the sterilizing operation and in the
Immediate area are within the 0SHA PEL of 1 ppm ethylene oxide, This is true
at the 95% confidence level under normal operating conditions, which indicates
that the action level (50% PEL) is not routinely exceeded. Therefore, this
control system provides adequate protection for the workers based on a 8-hour
TWA exposure limit of 1 ppm.

The ghort term exposure levels representing the period for transferring the
sterilizer load to the aerator are bigher, averaging 2 ppm, with a 95%
confidence level of about 4 ppm, over an average period of 17 minutes. The
average concentration~time product of 34 ppwmin is less than the limir of
50 ppm—min recommended by NIOSH; however, the value calculated using the
95-percent upper confidence level, 70 ppmmin, would exceed the recommended
Iimit. OQ5HA has not adepted a short~term exposure limit.

Moreover, considering that most of this exposure occurred during the time 1t

took to transfer the load (less than a minute), it 18 highly 1ikely that peak
eXposures were greater than the 3 ppm celling limits recommended by NIOSH and
ACGIH.

Inatalling better drain controls and/or improving the ventilation of the
recess room should lower the chance of incldental exposure of the sterilizer
workers during the purge cycle. EtO being evacuated from the sterilizer
during the purge cyecle is emitted from the drain into the recess room. The
curtrent 300 cfm exhaust from the recess room is mot sufficlent to prevent the
flow of air through the wall leuvers from the recess room into the clean room
and the decontamination room.

The planned installation of an Envirogard® contrel system by the Community
MedCenter Hospital ghould lower the peak values of Et0 observed in the work
zone of the operator. If properly luastalled with a sealed drain and an
adequately ventilated air gap (referred to as the liguid/gms separatoer), the
purge cyele should no longer emit EtQ into the recess room. The ventilated
glot above the door should contaln most of the EtO escaping from the chanmber
during the 15-minute door—cracked peariod {(if used} before transferring the
load te the aerator, Chamber concentrations prior to transierring the load
should be lower due to the extra air flush cycle(s).
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Appendix, Table A-2

Ventilation traverse of 10" x 17" duct from Recess Room, 11-01-84

The duct measures 10" x 17" but ia lined with 1.25" of imsuletien which
reduces the duct to 7.5" x 14.5" and a cross sectional area of 0,755 Fe?, A
slx point traverse was made at polnts which divided the cross sectlon into slx
equal areas.

DATA POINT VENTILATION OR VENTILATIOR OFF
FEM FPM
1 350 425
2 325 400
3 350 400
4 400 425
5 500 500
& 450 450
Average 396 FPM 433 FPM
Flow 300 CFM 327 CFM

The difference 1n the values for the ventilation system on and off modes may
not be significant, It is lopical however that when the wventilation aystem is

Off, the system reslstance for the Recess Room dedicated exhzust blower will
be less and the flow will be slightly higher.
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