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I. SUMMARY

In early April 1985, the National Institute for Occupational Safety and
Health received a request from Clark County Hospital, Jeffersonville,
Indiana, to evaluate employee exposures while working in the central
supply (CS) area. Employees were experiencing multiple symptoms
including headaches, dizziness, mucous membrane irritation, and
vomiting. Ethylene oxide (EtO), a chemical used to sterilize hospital
supplies, was not believed to be the cause, based on previous
environmental surveys.

NIOSH investigators visited the hospital on April 10-11, April 19, May
6-7, July 5, and December 11, 1985. During these visits EtO air
samples were collected using MIRAN infrared analyzers, a portable gas
chromatograph, and charcoal tubes. Air samples were also obtained for
organics using charcoal tubes, for aldehydes using Orbo-22® tubes,

and for hydrochloric acid (HCl), chlorine (Cl,), carbon monoxide (CO)
and carbon dioxide (COy) using gas detector tubes. An evaluation was
made of the air exhaust systems as well as the possibility that EtO may
leak from floor drains. Questionnaires were administered to 12
employees who worked in the CS area.

Time-weighted average (TWA) personal exposure concentrations for EtO
ranged from 0.23 to 0.56 parts per million (ppm) among CS employees.
These concentrations are below the OSHA standard of 1 ppm, but above
the NIOSH recommended criterion of 0.1 ppm. Short term area
concentrations of up to 77 ppm were detected in the cart storage area.
The combined effects of lack of a dedicated EtO exhaust and the volume
of exhaust air, which overloaded the exhaust system, resulted in a
general room return grill being temporarily converted into a supply.

Area air concentrations of < 1.0 ppm for HCl, < 0.2 ppm for Cl,y, <
5.0 ppm for CO and up to 700 ppm for CO, were measured using gas
detector tubes.

Symptoms reported by the employees included headache, respiratory
problems, diarrhea, nose bleeds, fatigue, nausea, nervous problems, and
dizziness. Additionally, employees reported smelling a 'sweet" odor
during some of the leaks. Most of these symptoms and the sweet odor
are consistent with exposure to very high levels of EtO.
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II.

III.

INTRODUCTION

On_ April 4, 1985, NIOSH received a request from the medical director of
Clark County Hospital, Jeffersonville, Indiana, for an assessment of
employee exposures in the central supply (CS) area where employees had
periodically experienced adverse health effects. Reported symptoms
included: eye, nose and throat irritation, respiratory symptoms,
headache, face flushing or swelling, nose bleeds, and nausea. The
requestor believed EtO was not the problem based on findings of
previous environmental investigations. NIOSH investigators conducted
site visits on April 10-11, May 6-7, May 13, July 5, and December 11,
1985, and February 27, 1987

Preliminary recommendations were presented in a meeting with hospital
personnel on April 11, 1985. Subsequently findings, recommendations,
and or project status updates were distributed to interested parties
via letters on April 19, May 28, and August 20, 1985; January 23, 1986;
February 6, April 20, and July 8, 1987.

BACKGROUND

Clark County Hospital was built circa 1940. At the time of the NIOSH
investigation, the hospital had a capacity of 230 beds. The sterilizer
operation had been moved from its original location to the CS area in
1980. At that time an AMSCO EtO sterilizer was installed. In October
1984 a second larger AMSCO EtO sterilizer was installed. The second
sterilizer came complete with an exhaust system to remove EtO. The
small sterilizer was retrofitted with an Envirogard® exhaust in
February of 1985. Employees began complaining of a variety of symptoms
shortly after installation of the second sterilizer.

The CS area included sterilization (clean room), decontamination,
material handling (linen folding), sterile and miscellaneous storage,
change rooms, and a supervisor's office (figure 1). The CS staff
included 10 people on the day shift and 4 on the second shift. Two of
these individuals ran the sterilizer operations and a third worked in
the decontamination room. The other members spent most of their time
in material handling where they wrapped supplies to be sterilized,
worked in the stock room, etc. Sterilizer operators assisted with the
other duties as time permitted.

The sterilization area included both sterilizers and an aeration
cabinet; all of which were exhausted into a general ventilation system
(figures 1,2). The hospital was using a mixture of 12% EtO and 88%
dichlorodifluoromethane (freon-12@).
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VII.

B. December Survey (1985)

During the previous visits, EtO exposure problems were identified
and possible source of EtO emissions were characterized. The
suspected sources were the drains in the cart wash room and the
ventilation system serving the sterilizers and decontamination
areas of the department.

During the December visit, the drain system was evaluated using a
capture box and infrared analyzers. A capture box was sealed over
a floor drain, which was suspected of having a dry trap, in the
cart wash area. The air inside the capture box was continuously
monitored for EtO using a MIRAN model 1-A infrared analyzer and for
water vapor concentration with a relative humidity instrument. A
MIRAN model 103 infrared analyzer was used to detect EtO at various
points in the cart wash area outside the capture box.

No increased response of the infrared analyzer attached to the
capture box, was observed during the purge cycles for either of the
gas sterilizers. An infrared analyzer response not associated with
any events related to EtO emission was observed and attributed to
an unknown contaminant.

The MIRAN 103 did not detect any EtO coming from the ventilation
grilles in the cart wash area during the purge cycle of the large
sterilizer with the small sterilizer Envirogard® fan off, a
procedure which had been previously recommended to the hospital.

DISCUSSION AND CONCLUSIONS

Based on these results, the NIOSH investigators believe that a health
hazard existed in the CS area due to employee exposure to ethylene
oxide. While the highest breathing zone air concentrations measured
during this study were approximately 77 ppm, the severity of reported
health effects and the "sweet" odor detected by several employees
suggest much higher exposures were present during some of the earlier
leaks.

These results emphasize two important factors concerning EtO
sterilization operations. First, the importance of short term criteria
for EtO exposures. It is possible to have very high exposures to EtO
for a short period, but have a relatively low TWA. For example, an
exposure of 200 ppm for a 2-minute period (e.g:. during the initial
stages of an EtO sterilizer exhaust cycle) combined with an exposure of
0.1 ppm for the remaining 7.93 hours. of an 8-hour shift would result in
an 8-hour TWA of 0.52 ppm. Second, in evaluating this type of problem,
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10.

When the sterilizer exhaust cycle is initiated, employees should
leave the area for at least 15 minutes.

When employees crack the door on the small sterilizer it should be
not more than 1 inch at the widest point.

Doors to the various rooms should be kept closed. This should aid
the containment of possible emission sources and the elimination of
Et0 through the exhaust ventilation system.

When gas cylinders are changed, a soap solution should be used to
check for leaks.

The tape should be removed from the openings of the ventilated air
gap in the discharge line under each sterilizer. With tape
covering the openings the ventilation won't work effectively and it
is no longer an air gap as required by plumbing code. The tape
does not help reduce EtO emissions.

Inspections of the entire system (sterilizers and exhaust system)
should be made at least once a week, to check for EtO leaks and/or
equipment malfunctions (i.e., defective fan belts).

The seal located on the top of the door on the large gas sterilizer
is deteriorated and should be replaced.

The exhaust pipe on the Envirogard® for the small gas sterilizer
needs more caulking.

A warning device should be installed on the exhaust system to
signal if it is not working properly. One such device is a sail
switch.

The second set of recommendations were designed to provide permanent
improvements in the working conditions that were observed. Central to
these improvements is the intent to reduce the potential for exposure
to excessive levels of EtO.

1.

A dedicated exhaust system should be installed for the two EtO
sterilizers and the aerator. It might be possible to utilize the
existing system to some degree. However, it might be more
practical to install a new system for the sterilizers and the
aerator so that the room exhaust vents of the existing system are
retained separately from the sterilizer/aerator exhaust. The most
important factor is to separate the sterilizer/aerator exhaust from
the general room exhaust through which the NIOSH investigators
believe most of the leaks have occurred.
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