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DANGER ..

Cancer Hazard and

Reproductive Hazard
Avoid Breathing this Gas

Cbntains Ethylene Oxide

Distributed by:

ARC CHEMICAL Div.of Baichem Corporation

P.O. Box 180, Slate HHI, N.Y. 10973

EPA No. J6738-2
EPA Est. 38738-NY-01
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DO NOT D"""H THIS TAG

ETHYLENE OXIDE
ACTIVE INGREDIENT 100%

DANGER: EXTREMELY FLAMMABLE
BREATHING OF VAPOR
HARMFUL
CONTACT WITH EYES OR
SKIN HARMFUL

"USE ONLY IN ACCORDANCE WITH DIRECTIONS ON THIS TAG.

.1“

4y N;'

. adequately ventilated area, - .
- THIS CONTAINER IS DESIGNED TO DISCHARGE
- ONLY LIQUID ETHYLENE .OXIDE. IF ETHYLENE
- OXIDE GAS
_EQUIPMENT.

-PIPING AND CON

KEEP THIS CONTAINER AND ITS CONTENTS AWAY
FAOM HEAT, LIGHTS. FLAMES. FIRES AND SPARK.
PRODUCING DEVICES. Ethylene Oxide is exiremely
flammable and its vapors will explode i ignited.

Ethylene Oxide vapor decomposes explosively
whén heated ahove 550°C.

IS HEOUIRED USE VAPORIZING

USE ONLY SPARKPHOOF TOO].S IJSE ONLY STEEL

NECTIONS WHEN USING

ETHYLENE OXiDE WITH AN INERT GAS. IT MAY
CONTAIN . ACET

- T USE COPPER
: iMA NESIUM OR Sllt:\’li,Y MATEFIIALS SINCE Tgi'EY

MAVH LENE AND AN EX
MAY RESULT. NEVER USE HUBBFR GROUND ALL

B .ECIJIPMENT INCLUDING THIS CONTAINER to avoid

static sparks. Only expiosion-proof electrical
equipment shoufd be used where Ethylene (xide

" may be present,

Keep drum upright. for discharge see 2 above).

Connect “Y" valve marked “VENT™ {(number 7200)
through ‘pressure requlator and check-valve lu
source of iner! gas. such as nitrogen

The working pressure of this drum is 50 psi gauge,

D0 NOT USE COMPRESSED AIR. DO NOT APPLY HEAT TD

.. THIS CONTAINER BY ANY MEANS.

Always install check-valve in line from this drum tc
processing equipment to prevert backfiow -inlo
drum, Then open valve marked “LIQUID™ (number
7201) which is connected te an eductor tube for
liquid discharge. THIS VALVE HAS LEFT-HAND
THREADS.

Keep valve nos. 7200 and 7201 closed when not in

use.
(OVER)

tore and use in :
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Observe all local laws, regulahons - ordinances.
and insurance regulallons covering the slorage
and use of flammable material, . -1 .-

To delay detorioration store out ol sun and away
from heat. Use within 120 days. -

8 5§§nlmmk Use Ethylene Oxide :mly in stenhzers

d ’sleﬂhzer mmanufacturer,
ssure influence bothy exposure time and Ethylene .

Fac e e .0 L S
ccordance with directions

Sterilizer -lemperature and

: and

toncenirafion, The 'variation. of .

quanmy of matenal to besienhzed hO\Vpac ed, size

of sterilizer, types of bacteria 1o be kiled,:and
chamber relauve humidily also affect the exposure
time required ior stenhzanon Gas sterilizer cycle
e R T i
manufacturer, if applica ra-
melers are used, the effi P oi Ihe alte%le &Iz

. must be validated and lsthe responsibility - ot
-user, Aerate sterilized materials bafore use, ;-

" FUMMBATION: Fumlganon with Ethylene Oxide must be

periormed with only vacuum_or gas-tight chambers
eaned for use vulh Elhylene ide. Aerate turru
materials before use.- -,-y:: T ze
rmn TREATMENT:2)-CFR mmu kit
Oxide, may be safely used'as’ a furmgant
for t mmrol ol microorganisms and insect infesta-
tion in ground spices or ofher precessed natural sea-
soning materials, except mmum lo whv:.h sau has
been added, .~
“Ethylene Oxide, either alone or admlxed with carbon
dioxide or dnch!orod:ﬂuorurnexham shall be used in
amounts nol to exceed that requcred lo accomplish
the intended techmical effects.”

11 THIS TAG MUST REMAIN FIXED TO nnun AT ALL

TIMES. WHEN EMPTY. THIS DRUM SNOULD BE RE-
TURNED TO ORIGINAL SHIPPING POINT WITH A
NITROGEN PRESSURE OF 50 PSIG AT 70°F OR
EQUIVALENT AT AMBIENT TEMPERATURE IT S THE
PROPERTY OF:
ARC CHEMICAL DIVISION
BALCHEM CCRP.

(This Tag for Irsulated Drums Only)
EPA Reqistrahion No 367362
AR ESt 36736 HY-D

11089

ACCEPTED

OEC 15 1009
Under tha Fed. .
Pungi-ide, n‘::d H. ‘ "{:;-3_

Qs amend- 4, for th
Iagistered upder !
EPA Hag No.

?b%f}
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ARC Chemical Division Balchem Corporation began operation in 1970 {0 service
drummed ethylene oxide users at a time when the sterilization of plastic medical devices
was accelerating geometrically. Offering a personalized alternative to an industry
-dominated by ver} large corporations, ARC was able to expand and thereby provide

service to fumigauon and specialized synthesis manufacturers.

ARC originally produced a line of monomers and ethoxylates, utilizing novel
esterification, transterification and ethosylation techniques. Market needs have enabled

u3 to expand our business to include drummed ethylene oxide.

» ¥
LI SRR Y
L ¥

The professional staff at ARC has been associated with the handling of ethylene (S_)!idg: .

for 25 years. To service our customers with quality products at reasonable :prices w’e,

LR ] P 2Dy

have assemhled a team of research, engineering, production and marketing ‘persannel,

LIS 25 3 B I )
LN IS N ) L]

equipped with modern laboratory and plant facilities, careful and precice ,ciqa,\:hy control

vs v
]

know-how and modern process tech-ology. ey

[

) SR
Although a relatively young company, we were 20 years old in January 1987, ARC

is well capitalized and is staffed with experienced professionals. The acquisition of a

large number of drums has enabled ARC to expand rapidly in a capitat and technologically
intensive business. ARC purchases about 100 new drums per year and has an active

drum refurbishment program. ARC's plant is using the latest drum waslhing techniques

and ultrafiltration apparalus; its facility conforms to the OSHA 1PPM 8HR (WA.
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The laboratory is fully equipped including sophisticated instrumentation for in

process and finished quality control.

Interstate highways and major trucking firms are close by ARC's plant and there is

a railroad siding on the property; both insure prompt and efficient delivery schedules,

_ utilizing its own trucks to key delivery locations, or contract carriers to more remote

locations.
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AL PROPERTI F YLENE OXI

LIQUID
Molecular WeIGhT..... e rrceene e ss s ssssasssssssssstaessonses 44.05
Apparent Specific Gravity at 20/20°C (68/68°F.......cccovvreerirrrerenrecnnaene 0.8711
ASp.GrJ/At. at 20 to 30°C (68 t0 BO°F) ... reeecmerecccnrsrennsiesssens 0.00140
Coefficient of Ex.ansion at 20°C (68°F)......cvvivivinvinnnrisisisessscneesesnrsnenansens 0.00161
* WALEE SOIUBIIMY..vucerermmsescesrmssemsenrsorsessssssssssssoseaseassssosseserssasssmnssmmserasesssssonnes Complete
Heat of Vaporization at 1 atm.........ccueeriinieniiieniniesinsssmesmestissessennan 6.1k kcal/g.mole
SUMACE TeNSION.. .. ccrrrretrreret st s ssanarsastssse s ssnssssss e ensasesen s snoman e 28.0 dynes per cm.
ViscoSity @t 10°C (S0°F ) et rerer e s s e sess s s snsanssseesssnenes 0.28 cps.
Vapor Pressure at 20°C [B8°F).......coo et enanee 1095 mm.Hg
Boiling Point at 780MM..........cccveeeeereererianiiecieerieesessssnssnsnscrmrrsarsmsnnssnsssesses 10.4°C (50.7°F)
) A B00MM <o ceesere e seeseassensssssbebstsssssssssenmamenans -11.0°C  ({-12.2°F)
A AU TOMIT oeorreeeeeeeeseess oo eeeseeseeeesmeese s s sesemesesemssseseensesseas -66°C  (-86.8°F)
AB.pJAp. at 740 10 760MMLHG.......coaeeeeee e crreseretratnnte e s aeeannns 0.033°C per, mm.
Freezing PoOiNt........covuiiin ittt reer e sss s sasn s sasessassessassne -112. 6°C:. (-'170.7°F)
Refractive Index, np at 7°C (44 B ) e se s e en e esaer e s e nnaan .'I .:"597 DY
Heat of FUSION....ccemitieite s sttt et o ,23?5 kcqllq. mole
Specific Heat at 20°C (B8°F)....cicicireericricicecrccccreeceesmrnerssensesssesensesens G‘.“'cal. per g.per’C
Explosive Limits in Air at 760mm.Hg................. Upper...cneanenne... ‘IDU% by ;v'c;h's;r;e
' LOWEN....oecmeucrrnsenas " 3% by vol_um:e _
Flash Point, Tag cpen cup (ASTM Method D 1310)....veueueeeeecemercencnnes <-18°C (<0°F),
VAPOR T
Critical TeMPEIAtUTA...........vrererrrrciererriscsisseccnrsirersssersnsssasssesssasvossonrons 196.0°C (384.8°F)
Critical PreSsUre.. e ieiiiiiiiiciiiii e cenee s s eeeae s st sssss s sbasbr s e e anes 1043 psia
Auto-ignition Temperature in Air at 1 atm........cccecieeereecmrrmrrrenrresesseeenss 429°C (804°F)
Decomposition Temperature of Pure Vapor at 1 atm......cceveecvvecerannnn.e 560°C (1040°F)
Heat of Combustion of Gas, Qross.........ccceveeecrvecereeccesmmeessnssssssssscsnesanas 312.15 kcai/g.mole
Heat of FOrmation........ccccveieeinerieriercrrcrerr e e se s cssesranessessssennsene 12.2 kcal’g.moie
Thermal Conductivity at 25°C (77°F).eeurrurcerenrireirrieeseseeeeeeeseeesssnnsses 0.C0202961 cal-cm

pet sec. per cm.2 per °C.
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PHYSICAL PROPERTIES OF ETHYLENE OXIDE continued
SHIPPING DATA
Weight per Gallon at 20°C (68°F)....uueiciiiiieiiiiennrc e cenenee 7.251b.

At15.56%{60°%F ). e 7.30tb.
Coefficient of Expansion at 50°C {122°F) ... rieeciiccccciemicieceaieane 0.00177
"Flash Point, Tag open cup (ASTM method D 1310)....ccieviiceccncrscnnene <18°C (<0°F)
Freight DeSCrplioN........cciicviiiriiieermiisesmiscsnierssssiesorssosssossssssssssresssasssses Ethylene Oxide
Dangerous Article Description on Comainers.........coveveninienscsnssasesnsas Ethylene Oxide

- DOT Label ReQUITEd.........uciveeivenirecisscnnessicsrsnsssosonsssssansssssnsnssssnasasssnsas Flammable Liquid

NN
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mCHEMICAL DIVISION )

BALCHEM CORPORAT|°N P.O.BOX 180 - SLATEHILL - NEW YORK 10973 - TEL. 914 / 355-2891

TWX 510 7 260-1725
FAX 914 / 355-6314

SPECIFICATIONS

ETHYLENE OXIDE
ificati

J 1. Acidity 0.002 per cent by weight,
maximum, calculated as
~ acetic acid. This is
equivalent to 0.019 mg
KOH per gm sample.

2. Aldehydes 0.0050 per cent by ey
weight, maximum, e
calculated as acetaldehyde::  ;°***

3.  Acetylene Nil AT
4, Water 0.03 per cent by weight,
) maximum
] 5. Residue 0.005 gm per 100 ml,
maximum
6. Color 10 platinum-colbalt,
maximum
7. Suspended Matter Substantially free
Revised

March 27, 1989

South Carolina Pacility P.0. Box 37 . Greenpond, §. C. 20448 ) TEL. 803-844-8511 . TWX 810/881-1720 L
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CONTAINER INFORMATION

Ethylene oxide is transported in a D.O.T. specified 5P drum. It is a double wailed

pressure of the drum is 50 psig and it is equipped with both a pressure valve set al 75

psig and four fusible metal plugs that melt at 157-170°F. A straight dip tube is also
provided. A drawing of the drum showing the details and dimensions is illustrated in the

figures.

e Rl s TR
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insulated shell drum with a tare weight of approximately 260 pounds. The working'
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Ethylene oxide is an important chemical in industry today with many uses as an
intermediate in the manufacture of a variely of compounds also as a fumigant and
sterilant. It is highly reactive due to its strained 3-membered oxirane ring structure

making the C-O bonds easy to cleave. In most reactions it is this opening of the ring that

" takes place. Ethylene oxide is reacted either by introducing the hydroxyethyl group into

compounds containing one or more labile hydrogen atoms or by combining with iiself via
condensation polymerization to form varying chain lengths of water soluble polymers.
Both reaclions may be combined to form polyethoxylated derivatives of variaL.. surface

activity.

~

STERILIZATION AND FUMIGATION _

Prra2y
L) -

In systems where heat cannot be used to kill bacteria, fungi and insects, ethylepe

Fr3an» » L ]
¥ »

oxide is highly effective as a sterilizing agent. It is used alone or in mixtures with inett

diluents such as carbon idoxide and fluorocarbons serving as a fumigant, fungicide, and

[N EN]
¥y ) [

sterilizing agent. v )

Use ethylene oxide only in sterilizers designed for use with ethylene oxide. '

Use ethylene oxide in accordance with directions supplied by the sterilizer

manufacturer.

Sterilizer temperature and pressure influence both exposure time and ethylene
oxide concentration. The variation of type and quantity of material to be sterilized, how
packed, size of sterilizer, types of bacteria to be killed, and chamber relative humidity
also affect the exposure time required for sterilization. Gas sterilizer cycle parameters

should be those prescribed by the sterilizer manufacturer, if applicable. If other cycle




parameters are used , the efficacy of the alternate cycle must be validated and is the

responsibility of the user.

Aerate sterilized materials before use.

. FUMIGATION

Fumigation with ethylene oxide must be performed with only vacuum or gas-tight

chambers designed for use with ethylene oxide.

Aerate fumigated materials before use.

“~

"Ethylene oxide may be safely used as a fumigant for the control of mlcroorgamsrps-
and insect infestation in ground spices or other processed natural seasdmnb materlals.

¥ »

except mixtures to which salt has been added...” o
pt
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“Ethylene oxide, either alone or admixed with carbon dioxide . or '

dichlorodifiuoromethane, shall be used in amounts not to exceed that requirec &

accomplish the intended technical :ffects.”

SURFACE ACTIVE AGENTS

Hydrophobic material such as fatty acids, fatty alcohols, fatty amines, fatty
amides, alkyl phenols etc. are reacted with ethylene oxide to form surface aclive adducts
which are employed as wetling agents, emulsmers. delergents. penetrants. solubilizers,
foamers and degreasers These propertles are useful to the ooalmg. paper delergenl

agricultural, chemical, textile and other industries.
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AR Y PROTEIN MODIFICATI
Ethylene oxide is used to prepare modified starches and cellulose by
hydroxyethylation. Depending on the degree of substitution these cellulose ethers formed
may be soluble in water, alkali or organics. As water soluble compounds they are used

in various products as thickeners, binders and protective colloids. Modified proteins are

.useful as adhesion promoters in latex paint and adhesive formulations.

HGH MOLECULAR WEIGHT PROTEINS

Polymers and copolymers having properties useful as viscosity control agents are
made wilh ethylene oxide. In addition, it is also an intermediate in the formation of

resing with controlled solubility characteristics.

Toxicological Considerations : °

b}
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PERSONNEL SAFETY Lo
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Ethylene oxide is a relatively toxic liquid and gas. As a gas it can cause’ eye. '
iritation and as the liquid, could cause severe eye injury. Contact with either one:r’n'a:si
produce delayed skin burns as evidenced by large blisters. It is, therefore,
recommended that personnel working with EO wear air-supplied positive-pressure
full-‘acepiece respirators or other NIOSH/MSHA-approved self-contained breathing
apparatus, close fitting chemical goggles or full-face shield, PVC gloves impermeable to

EO, rubber safety shoes, rubber aprons, and use spark-proof tools. Persona: protective

clothing and equipment must be in accordance with 29 CFR 1910.133.

An effective educational, training and industrial hygiene program should be

instituted for the benefit of all persons working with or in the vicinity of ethylene oxide.
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The program should include the following: (1) the nature and hazards of the gas; (2)
proper handling and usage procedures; (3) first aid measures to be followed in the event

of an exposure; (4) emergency procedures. It is preferable thal such a program be

documented.
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CHEMICAL DIVISION
BALCHEM CORPORATION 50150 - SateHil - NewvYork10973 - TEL 9147355 - 2891

TWX 5107260 -172%
FAX 914-355-6314

Material Safety Data Sheet ,.coved by u.s. Dept of Labor as Essentlaily similar to Form OSHA 20

Jate: August, 1988

Chemical Name: CAS No. 75-21-8 Trade Name and Synonyms: Ethylene Oxide, ETO,
1,2-Epoxyethane . EO, Oxirane, Dimethylene Oxide
~ Chemical Family: Epoxide Formula: C2;H.O
0OT Shipping Name: Ethylene Oxide DOT Hazard Class: Flammable Liquid
- SECTION 1 = PHYSICAL DATA
B>i'ing Point @ 760 mmHg: | Vapor Density(Air=1): |Specific Gravicy (H:0 = 1): pH of Solutier
30 PF (10.4°C) 1.49 @ 40°C 0.871 Neutral
Freezing/Melting Point: Solubility Density: 20/20°C Volume Z Volatile
-1, 7°0C™ (Weight Z in Water)100Z 7.25 lbs./gal. 100
Vapor Pressure: Evaporation Rate: Appearance and Odor: Colorlesq’q?§'or
1095 mmHg @ 20° C Rapid Liquid; ether-like odor. o

» »
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SECTION 2 « HAZARDOUS INGREDIENTS  ;**3

»
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Extran2ly, flammable

Echylene Oxide

N
1P Toxd c<Jnhalation

SECTION 3 ¢ FIRE AND EXPLOSION HAZARD DATA

» ]

- \ 3ok »ror
' -).:-:_:
FlfsnoPoinc Flammable Limits in Air Extinguishing Media: Carbon
€0° F (rtag closed cup) % by Volume) LEL: 3  UEL: 100 { dioxide,dry chemicals or alcohol
base foam

Special Fire Fighting Procedures: Wear NIOSH/MSHA-approved self-contained breathing appartus.

Exposed equipment should be cooled with water to prevent overheating. After fire burns out, flush
area with water; re-ignition may occur.

Qnu§u§1 Fire and Explosion Hazards: Vapors are heavier than air and may travel to source of
ignition and flash back. May be explosive.

SECTION 4 » HEALTH HAZARD DATA

zrmissible Exposure Limits: 1 ppm - TWA(8): 29 CFR-1910.1047; IARC - AND NTP - Noted as probable
ircinogen, . OSHA - MNored &MM:MW - . ’
SwALLOWING A highly unlikely route of exposure. Will cause severe irritation

and ulceration of the mouth and throat, abdominal pain, nausea,
vomiting, collapse and coma.

EMERGENCY TELEPHONE NUMBER: CHEMTREC 800-424 9300
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ShTN AZSORPTION Sustained contact with the skin is unlikely, bur can cause
headache, dizziness, nausea and vomiting, A dilure solutlan

mav penerrate skin, producing a chemical Surn.

INHALATION Causes irritation of the respiratory tract. Depending on the
degree of exposure, there may be stinging of the nose and throat,
coughing, chest tightness, headache, nausea, vomiting, diarrhea,
weukness, drowsiness, cyanosis, loss of coordination, convulsions
and coma, Delayed onset pulmonary edema may occur.

SKIN CONTACT With liquid or solution in water, there may occur a local erythema,
edema, and formation of vesicles. There may be a latent period
of several hours prior to the onset of these signs. Large volumes
of ethylene oxide spilled onto the skin may produce a frostbite-
like effect.

EYE CONTACT Severe irritation with corneal injury from liquid. Moderate
i irritation Ifrem high corcentrations of vapor.

SECTION S « EFFECTS OF OVEREXPOSURE

)
This section covers effects of overexposure for inhalation, eve/skin contact, ingestion and
other types of overexposure information in the order of the most hazardous and the most likely
route to overexposure.

ACUTE -Animal studies has shown that exposure has also been associated with the ggcurence of
:ancer, reproductive effects, mutagenic changes, neurotoxicity and sensitization. #o con-
e >

:lusive human studies. s s
INHALATION: Ethylene oxide is primarilvy a central nervous systen depressant. Anlmal studies and

human experience have revealed that acute inhalation exposure - -n progre551tely cause mucous
membrane irritation, CNS depression, lachrymation, nasal discharge, and’\dilvatlun'co gasping,
labored breathing, with delayed effects including nausea, diarrhea, edemd ,nf the, lungs, paralysis
convulsions, and death. Deaths are usually due to lung edema; delayed deashs friéqi'dntly result
from secondary infection of the lungs, but general systemic intoxication ma} also be a
contributing factor. E
EY® SONTACT: Ethylene oxide liquid and diluted aqueous solutions splashed in the¢.d7és can cause
sev_re irritation and may result in permanent eye damage. Ethylene oxide vapors can also cause
eye irritation.

»
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SKIN CONTACT: Liquid ethylene oxide in contact with the skin will evaporate and may cause
suificient cooling to result in frostbite. Frolonged contact of liquid or aqueous solutions

of ethylene oxide with the skin can cause severe irritation, blistering and edema. Such contact
may occur from wearing contaminated clothing or m:y arise from ethylene oxide becoming ertrapped
under a ring or watchband. The reaction may not appear for several hou-s after exposure.

CHRONTC:

Respiratory irritataon and chromosomal aberrations. Skin sensitization has been

Teported in some volunteer subjects.

EMERGENCY AND FIRST AID PROCEDURES:

IZHALATION: Remove to fresh air. If not treathing, give artificial respiration, preferably
=cuth to mouth. If breathing is difficult, give oxvgen. Call a phyvsician.

SYE OR SKIN CONTACT: Tmmediately flush eves and skin with plenty of water (soap and water for
s<1n) {or at least 15 minutes. 1If irr:tation vrcurs, consult a phbvsician. Wash contaminated
clothing before reuse. Shoes should be discarded.

s - SRR Y 30 7 S
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IYCESTION: Give at least two glasses of water. Do not induce vomiting. Call a physician.

VITES TO PHYSICIAN (including Antidotes):
Through unpublished reports it has been found that, for persistent nwusea and
vomiting from inhalatior of ethylene oxide, an intramuscular injection of
phenobarbital {Z grains) is very helpful in controlling such symptoms.

SECTION 6 ¢ REACTIVITY DATA

Stability: Conditions to Avoid:
Stable Contamination with polymerization initiators
Hazardous Polymerization: Conditions to Avoid:
May Occur High temperatures (400° C — Autoignition temperature)

Incompatibility (Materials to Avoid):
Copper, silver, magnesium, mercury and their salts and oxidizers of all types

dazardous Decompositinon Products: Ethylene oxide may decompose or polymerize when in contact
wir' active catalytic surfaces such as anhydrous chlorides of aluminum, iron + tin, oxides of
al. /num and iron, metallic potassium, alkali metal hydroxides, acids, organic bases and ammonia
The rapid decomposition or polymerization generates heat and may be violent. Reactions are
accelerated at higher temperatures and may react explosively, above 85° F

SECTION 7 « SPILL OR LEAK PROCEDURES

Steps to be Taken if Material is Spilled or Released: . »
Evacuate area. Remove ignition sources. Provide maximum ventilation. Do not 1yenler area
vithout proper protective equipment. Shut off source of gas, if possib]h"'@ilutﬂ 11qu1d with
large quantities of water. Place diluted ethylene oxi‘e in vented stairledsisteel dontainer

fOI’.‘ disposal. IR PEEDIDPS
] * »
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vaste Disposal Method: Suggested method is by incineration in approved liiﬁid béruiig hazardous
waste incinerator. Small quantities in diluted water solution might be hAndled in approved
hazardous waste landfill. Contact with local pellution control agency 1s ‘diggested., Care must
te taken when using or disposing of chemical materials and/or their containers tc¢ pTevent
er~ironmental contamination. It is your duty to cispose of thLe chemical materizls:aad/or
t. .r containers in accordance with the Clean Air Act, the Clean Water Act, the Resource
onservatlon and Recovery Act and all state or local ldws’regu;ations regarding disposal.

SECTION 8 » SPECIAL PROTECTION INFORMATION

Respiratory Protection: Wear air-supplied, positive-pressure full-facepiece respirators or
other NIOSH/MSHA - approved respirators for ethylene oxide in é&n.ironments exceeding the PEL.

Ventilation(type): Local exhau-._ where handling ethylene oxide indoors cannot be avoided,
extra attention should be given to avoiding leaks and providing adequate ventilation.

Eye Protection: Close-fitting chemical safety Gloves: Gloves impermeable to Ethylene oxide.
goggles or full face shield. OSHA recommends PVC.

'ther Protective Equipment: Rubber safety shoes, rubber aprons, long-sleeve shirt; ey: wash
fountain and safety shower in immediate area; spark- proof tools. Personal protecrive clothing
ard equipment must be in accordance with 29 CFR 1910.132.
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SECTION 9 ¢ SPECIAL PRECAUTIONS ’

2vecautiorns to be Taken During Handling and Storing:
*Extremely Flammable.
sBefore unloading, purge air from unloading system.
*Container and system must be electrically grounded before unloading.
sVapors can form explosive mixtures with air over a wide range of corncentrations
*adequate ventilation must be maintained in storage areas to reduce fire hazara in the event
of a leak.
*Do not store in open, unlabeled, or mislabeled contalners.
*Store in tightly ctosed container. ;
*Do not reuse container for any purpose. ]
*Wear protective safety equipment as nuytlined in Sectlon vIII wnen nandling ethylene oxide.

Other Precautions:

*Keep away from heat, sparks and flame.

*Do not inhale vapors.

*Use only with ventilation sufficient to limit employee exposure to ethylene oxide in work
area below establisned limits.

*Do not get in eyes, on skin, on clothing.
Liquid absorbed into clothing, particularly shoes, causes deiayed burns. Water solutions
of liquid or gas cause immediate burns.

) not take internally.
*Wash thoroughly after using.

NOTE: THIS DATA IS FURNISHED GRATUITOUSLY INDEPENDENT OF ANY SALE NF THE

PRODUCT, ONLY FOR YOUR INVESTIGATION AND INDEPENDENT VERIFICATION. e WHILE

THE INFORMATION IS BELIEVED TO BE CORRECT, ARC MAKES NO REPRESENTATIQN’ AS

TO THE ACCURACY OF THE INFORMATION CONTAINED HEREIN. ARC SHALL IN°NO*’ :
EVENT BE RESPONSIBLE FOR ANY DAMAGES OF WHATSOEVER NATURE DIRELTLY OR’ :
INDIRECTLY RESULTING FROM THE PUBLICATION OR USE OF OR RELIANCE UPGN.»i»

DATA CONTAINED HEREIN. NO WARRANTY,EITHER EXPRESSED OR 1MPLIED OF MER-
CHANTABILITY OR FITNESS OR OF ANY NATURE WITH RESPECT TO THE, PRODUP"'”

OR TO THE DATA HEREIN IS MADE HEREUNDER. Lo ,

~Zakedl G. 44

Robert G. Reynolds

D Process Engineer
ACCEPTED Arc Chemical
Division of Balchem Corporation

DEc 15 HMQ
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AT! Desarst Meadlcal, Inc.

Parke. Davis & Company

11471 Vanowen Street (P.QO. Box 9338)
North Hollywood. CA 91605-62683

Introduction

The use of heat for eftective sterilization has a long history. Although steam is stll the most
widely empioyed and practiced method of steniization, the required high temperature and
maoisture can damage certain materals. Many items made of plasiic. ruober and metal can
not tclerate exposure 1@ the high temperatures of 250°F. (121°C.) and 270°F. (132°C.). Trus
problem led to the gevelopment of a stenlizang agent: gasaous ethyiene oxide. It provec (o
have a high penetraing abiity and could be used at ambient temperatures. The wde-spread
use of ethylene oxide todzy is based on its ability to destroy micrcorganisms, such as bacteria
and viruses. without damaging sansitive matenals. Ethylene oxide is not a substitute for steam steril-
ization, but is an alternative method {or temperature-sensitive items.

Definition >3 ’
The terms sterile. sterilize and sterilization are only accurate when there is thes sbsence ang/pr
destruction of all microorganisms. This includes bacteria. their spores. fungi a’ld viruses. The
process of sterilization must destroy all microorganisms. including those which ¢ cause ciseade
or infection (pathogens). There can be no compromise in the use of these terms An oh;ect

is either stesile or not sterile. There is no such thing as *‘almost’ or *‘partially stezile.”

e
3 »
LI ] »

Role of Infection Control o
The increasing problem of hospital related infections (nosocomial ifections) has focutbd
attention on the vital importance of correct sterilization procedures. Modern hospitals have In-

‘tection Control Committees. which both monitor and assure item sterilizaiion procedures. Joint

Commussion on Accreaitation of Hosoutals (JCAH) guidelines state that **. . .There shall be an
effective infection control program within the hospital.” These guidelines affect numerous hosoual
departments (Central Service. Operaung Room. Emergency Room, Obsietric Service. Innaidiion
Therapy. etc.). o

The Centrat Service Department has an important role in the decontammatiar; process:hg
packaging and storage of items which require stenlizaton. The success of any ini acuon control
prcgram ultimately lies with well-trained CS and other techmic:ans wno have the ('dll\r respaastity
of assuring steriizaton quality control.

The JCAH has recommended sterilization assurance procedures in part, 2s follows:

There stalt te written poiicies and procedures for the decontarminauon and $tenh..auon acuhwtes
performed in central services and elsewhere in hosoital. and 1 related requirements. These
colicies and crccecures should retate. but are not bmited 2. the following:

e The recawving. Ceconiamnzicn cCleaming. grecarng. Sisintecung. anc sienhaing of re-
ysaotle 1ems.

e Tne assemCly. wrzgoing, sicrage. disinbution, anc cualty contret of sterile equiprment
and megical succues.

DNeY

Mo S

L




e o mpe = -~ - - e
CooTtern s C PO ROIECI IR SR N
-

‘rec:;er*.::'_.' ot tooldototdicit- atat-lanlale RN A
. D:s CﬂcuC ot the shait e for 2a3cn nesodalwracoec-anc-sientZec meaical (lam ang. o
ne maxmum cegree pessitle, Ior eacn commercialy-crenarec item. Dy 2 spec:i.s expiralen
c'ate that sets a lm):t on the number of days an item wil te consicared safe for use. Where
pessitle, load control numeers snculd te used to casignate the hespital sienlizaticn equipment
used #em, including the sterlization cate and cycie.
» The recall and disposal or reprocessing ot out-cated sterile supplies.
= Specific geraiicn requirements for eacn category of gas-sienltized 1tems 1o efiminate the hazard
of toxic resicues. Chemical ingicators snould be used witn eacn package sierihizeg as reguired.
The use of other steniization monitors should be defined. In loads undergoing gas sterilization. a
live spore control should be used at least weekly and s recommended for incorporation
into each sterilizing cycle. When implantable or intra-vascular materal undergoes gas sterili-
zation, live spore controls should be used with each load. Where teasible. the results of the
spore test should be ascertained prior to use of gas-sieriized items.

Sterilization Methods

Scientific sterilization is less than 200 years old. In its earliest stages, dry heat was the primary
method, and is stil! used for certain materials (e.g., powders). Later, in the 18th century, steam
sterilization techniques evolved. Even today, steam sterilizauon is unquestionably the most
effective and economical method of microorganisms destruction. However, heat-sensitive
materials are not well-suited for this method.

The introducton of ethylene oxide's sterilizing ability overcame the problems of material
damage by heat. The Division of Hospital and Medical Faciiities of the U.S. Public Health Service
recommends that steam under pressure, dry heat and ethylene oxide be the main sterilization
methods used by hospital facilities. Other commercial metheds now in use include the hng'\, s200
energy electron beam and gamma radiation, L

ll »
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The Army Chemical Corps was responsible for the development of the ethylene dxlde gas .
sterilization process as used in hospitals. They sought and found a bactericidal apd sponc:dat .
gas that was effective at lower temperatures, penetrated porous substances, and did yot corrode”**”
or damage meta', paper, plastic, rubber, leather, wood or wool. It was also requnred that tae
gas be easily removed by aeration, act rapidly, store easily, have low human toxi¢xy: be non-

. flammable, easily-handled and readily available. The problem of pure ethylene oxid2's éxtreme °
flammability and explosivity was overcome by mmng it with an inert gas such as carbon dioxide. dr.
Freon
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PRINCIPLES OF ETHYLEME OXIDE STERILIZATION
Bacteria, Spores and Viruses

Bacteria, ther sporas and viruses are @ major cause of infection and disease. Bacteria and
viruses are capable of reproducing by the miilions at very rapid rates. Bactena exist in what
IS termed an aclive or vegetatve state, reproducing at reguiarintervals, They are also cacacla
ot survival uncer extremely adverse conditions by going into a protected cormant siate. known as
a spore. These spores can survive for extended periods. even under congitions n* heat. cold
or desiccation which would kill vegetative bactena. Spores become actve when again placed.
in a favorable environment, It is for this reason that sterlization must be an atsclute prc::f‘ss
with compiete pathogen destruclion.

Certain surgically-criucal bactena {(notanty anthrax and ¢csincium) can saverely comphcaie
the health of a hospralized patient it not destroyed. For example, any surg:cai uns.{w'nem that
has only a few surviving bactena or scores could become greatly contamnaieti. due 1o the'
raoi¢ recrocuctcn Gi ihe saciena. An ogerative wounc excosed o fhese D2negens couc
result in cgavec oatent recovery. iNigclion. ang even ca2ath. Tne lethal etiec:s cf ethyiene 2x-
108 0N DaCiena, socres. viruses anc fung: have teen @xcenmenially esiacusnes. The creces
mecramsm ¢t acicn s sull uncariain However. i s incugnt hat the $2s cenetraias e
MICTCOrganisms &NC Cremicsiiy ~2acis wmth s Srolens “nis Zrogess oisresisine ferungiors
(meracaism - recicocucion) ¢ that the celt ¢can no 1onger survive.
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TNyiens CxiCe SISTWIGUCN 8 3 COMISx SICISES M IrCer TIr TIQCE IN Il LiErngng
ageni, there must De the Dregcer relgiCnsniC Setwesn N C28 Jongenrauch. me.siure. ume
anc iemperature. Alterancn ct any cne cf trese four vanac:es czn aflect the gthers arc cnange
the sienizzlicn Rrocess. Thougn ihese conaitions usualy vary, Tasaec cntne sgecic3ions i
Cifizrent sienlizer manuiacturers, the basic crnnc:pies can ce ou lhnec as {ollows:

Gas Concentration: In its pressunzed con.ainer, ethylene oxide 1s a ligud and
must be vaperized to effectively permeate ard stenlize the loac. Pure ethylene oxide
gas 1s extremely explosive, flammacle and toxic. It s, thereiore, often mixed with an
inen gas o be rendered non-tlammaole. Gas concentration 1s measured in milligrams
per liter (mgiL) of chamber space. Thus can be mathematically calculated (if nesded)

" by using readings from the sterilizer pressure gauge. The range of etfective concen-
trations i1s ysually 450mg/L to 1500 mg/L. The higher concentrations usually resul?
in a shorter sterilization tme. This however. is based on chamber
temperature, and other faciors. The sterilizer manufacturer’'s instruction should
be carefully followed.

Moisture and Humidily: Moisture is measured in terms of relative hurmidity. This
i1$ the ratio of the amount of water ac~uaily present in the air 10 the greatest amount
the air can hold at the same temperature. Ethylene oxice gas is generally considered a
dry sterilization process. However, water vapor must be present, but not at the sat-
urated (100% relative humidity) level of steam steriizaton. The relative humidity should
be at least 30%. Too much moisture however, can cause the formaton of ethylene
glycol. This is a toxic compound which can remain 2s a residue in steriized items
and slow the lethal action of ethylene oxide. Dry cells and spores are much more
resistant to ethylene oxide sterilization. With some sterilizers the recommended pro- »
cedure is to **pre-condition” the load by allowing the chamber 1o be filled with ahigh- ¢ e
humidity atmosphere for at least 30 minutes. This softens the surface of the spores
and thus allows easier and faster penetration of ethylene oxide. With other stériliders, *
moisture is added during the cycle. 1t is theorized that the water “carries” the ethylene
oxide into the microorganism, where it can chemically react. Close atteriti)a’imust - s
be pad to proper hurnidification. It is probably the most common cause of norl-sterility |

»
L)

in gas-sterilized items. e Yivaas

Time: Exposure times can vary greatly. This is because each load is affec'ed by .

the relative contamination, density, contents and permeability to ethylene oxide gas. »»

As a result, the sterilization time must be adjusted accordingly. The sterilizer manu- - -

facturer's instructions shouid be carefully followed. Tt

Temperature: Ethylene oxide vaponzes (from liquid to gas) at 51°F. (10.5°C). It
.can, thereiore, be an effective sterilizing agent at temperatures as low as 70°F. (21°C.).
Higher temperatures, however, allow shorter cycles by enhancing the gas ditfusion
rate. The usuai ogerating ternperature for ethylene oxice sterilizers varies from 70°F.
{21°C.) to 140°F. (60°C.). Temperature aiso affects the pressure of the gas. if the
temperature drops after filling, it would cause a reduction in the gas diffusion rate.

A preheated chamoer will allow the gas !0 stay in a gaseous state. Careiul attontlor- '
must be paid to the chamber temperature and gas pressura.

Ot the four cntical variable essential to EO gas sterlization, only exposure e car: Le
accurately measured Dy the technician. Gas concantraton 1s dependent on how 'L is sucphed
and injected into the sterllizer. Temperature s usually read at only one point, ang i3 not INCiC2iuv 2
of terngerature in various parts of the load. In most sterilizers. moisture is nut meastijted. A change
N any one of these vanacles changes the other three. Therefore. always foilow the exnojuse
condilions set by the sterilizer manufacturer.

Limitations
E'hylene oxige has grovided the heaith care mcusity with 3n imesrtant sieriizaticn mensg
Jor those mateniais whicn are adversely arteciec Dy sieam or Qry neat siennzzucn. Nevenneass,
s mencd has scre imuations. SZthylene oxice sianhZzicn (s a Slow Crecass (Much sicwer
{nan sieam). 1t also recuires relaiively excensive ecuicmen: 3N 2 skiled s2erzicr Soma niner
common problems include;
3
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ACr lEmIergiure. CE5 CCnIenTrlon ang humicly en &

2) the weaxening ci ancl/cr suriece damage 0 cernamn scryic ang cclysiyrene iiems. ine
razing cf sgme insttument lenses ang aissclving of lens cament.

3) the formaticn ¢f ioxic compound by-prcaucts.

4) the retarcing of gas penetration by protein matter and soil, s

5) the inability to stenlize solutions.

Most importantly, recent research indicates that exposure to ethylene oxide is in-
Jurious to humans. These health-reiated probtems will be aiscussed in detal (See page 10:
Precautionary Measures Using Ethylene Oxide).

PRACTICE OF ETHYLENE OXIDE STERILIZATION
Sterilizing Equipment
Various kinds of ethyiene oxide sterilizers are in use today. These include fully automatic,
semi-automatic and manual contro!l systems. They range in size from small table-top room tem-
perature models 10 large tully-automatic built-in units, The following discussions will compare
the smail tabie-top model to the fully-automatic unit:
Tab'e-Top Room Temperature Model
These models were originally designed for sterilizing smali objects. They operate
for a standardzed time cycle, at the ambient rcom temperature and humidity. In order
to compensate for the lower room temperature and humidity, they required a higher
gas concentration and the addition of moisture. Because r* the hazardous nature
of ethylene oxide, a sterilizer should never vent directly into a room as some oid-style .
table-top models do. Pt
Automatic Models ’ ,

. A variety of models and operationai procedures exist for these sterilizers. Scma- H
models incorporate the injection of steamn into the sterilizing chamber. This 4llows- .
more rapid sterilization, because the materials are heated and moistened by the q,am, teed?

After sterilization, the ethylene oxide gas is evacuated from the chamber anc;re4 *
ptaced with filtered air. The load is then removed for aeration. In general, a cyél’e 23vens
consists of: conditioning (pre-humidification). gas charging, steriization period, vacuum
phase and filtered air replacement. trra

Sterilizing Procedures e
Always follow the steriizer manufacturer’s operating procegures. The most commonly used steps
of operation incorporate the following procedures:

1) Preparation: Materials shouid be surgically ciean, free from soil or protein matter
(e.g., blood tissue, or fluids), must be towel-dry. and free from water droolets to mini-
mize the formation of ethylene glycol. All capcs. plugs, valves should be removed io
allow gas penetration. Needles and tubing should te open at both ends. Synnges
should be disassembled. o

2) Loading: Load similar to steam sterilizer. Gas should te allowed to circulzie. frenly
Avoid overipading and dense packs.

3) Temperature: Pre-heat to operating temperature. This speeds up the lethal eifre, of Qes

4) First Vacuum: Draw a vacuum. Drawing lime varies with chamber size. Rzpid re-
duction of pressure within the chamber can cause bursting of sealed bags. ‘“rapping .
materials should “breathe™ and adjust to.change. L :

5) Moisture: A minimum relative humidity of 30% 1s needed for standard gas ‘sterilization -
cycles. Some sieniizer moce:!s recuire the acciicn of water or wet sconges o succly
minimum maoisture requirec. Automauc modeis inject moisture iNto the cnameer 1o maintein
the procer reiative hurmidity. A conditioning period of 30-60 minutes shouid !oilow maoisiure
inection This time allows for humidification of dry bacterial scores anc thus cermus
rapid lethal action of gas. Some cnermical incicalcrs have been develcoec (o reflec: «n-
suffic:ent mossture.

)
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5y Gas Injestion: —~""**"‘~r‘ca SRS CONCEIming enyeng Cx.lz :r-essx;re ar c conceantizicn
vary wan sienizer: isicw manciacurer s nsi Uouens. Soma stenizers 3 RSl 210w exsansicn

and prenezling prior to cnameer entry. Preheaung the gas eummatos eXDcﬁS CN C3Cing
effec!s anc cocncansaucn cf gas into liguid (wmch can Cause maienst camage). Einylene
oxicescarpon dioxice mixtures iend 1o siratify in large storage cylinders cue 10 ther cifierent
ztomic weights. Therefcre. uncer cenain conditions. the finzl 20% of the remaining cylinder
contents may not contain suffic:ent ethylene oxide to be a sterilizing agent. Ethylene oxide/
Fregn mixtures avoid this problem.

7) Exposure Time: ltis imperative (o operate sterilizer for the time recommended in the manu-
facturer’'s instructions.

8) Second Vacuum: At end of exposure time, elhyiene oxide is removed from chamber by

" drawing a second vacuum.

9) Atmospheric Restoration: At end of cycle, filtered air is admitted to chamber to restore
atmospheric pressure. Sterilizer door should be opened and inhalation of any escaping
gas must be avoided. tems should not be removed for at least 5 munutes.

_10) Aeration: tems must be oroperly areated to remove residual gas. (For detailed discussion,

see below: Aeration).

ADVANTAGES AND DISADVANTAGES

As previously discussed, the main advantage of ethylene oxide sterilization is its ability to
sterilize those items which are adversely affected by steam or dry heat. Atthough ethylene oxice
has potentiai to sterilize most hospitaf items, a number of disadvantages fimitits use. These incluce
toxicity to personnel, higher costs, longer exposure and aeration time. It is not recomndentied
that ethylene oxide replace steamn or dry heat sterilization when the latter methods are appllce!‘ole
But availability of all three methods offer a complete sterilization system for,gyery hgsp:tal

Ethylene oxide can be used to sterilize plastics, rubber, metal, leather. wood, Ivool. raypns,
nylon, glass and virtually every other material. Table 1 shows the more cornt;nqnlg used artigles
which are compatible with ethylene oxide sterilization. Pure ethylene oxide; dges not talte
damage to most materials. However, it can have adverse effects on someitems when & .5 Giluted
with Freon (see Precautionary Measures). SR

Py,

Instruments and Equipment e
Cautery Sets * Dental Instruments Eye Knives * Lamps « Needles
+ Neurosurgical Instruments * Scalpel Blades ¢ Speculae

» Lensed Instruments * Microsurgery Instruments

Plastic Goods

Catheters * Heart Pacemakers « infant Incubators ¢ Nebulizers * Test Tubes
s Vials ¢ Prosthesis * Implants

Rubber Goods :
Catheters * Drain and Feed Sets » Sheeting * Tubing ¢ Resoiwratont Tubes

Telescopic Instruments
Broncnoscopes ¢ Cystoscopes * Arthroscopes * Encascopes "E§Oph890£0095
¢ Octhalmosccees * QOtoscopes * Pharyngoscooes ¢ Procioscopes
* Resecicsccoes » Sigmaidoscopes ¢ Thoracoscopes ® Urethroscopes

Miscellaneous

Blankers * Scoks « Odalors ¢ Elecinc Corgs » HairCucners « Mecicirne Drecrers
¢ Mifler-Aboc Tubes » Motors = Patiery * Pumgos  Sealec Ampules © Tcvs
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AERATION

ALNCUGN eNylene oxice gas orovicas an enecive meihsc Cf siertiZalion 1or heat ana meisiure-

sersitive procucts. excessive resigual amcunis of 20 ¢r its Sy-crecucts (ethylene gives! and

ainylene chicrenygrin) may e harmiul (o patients anc hesprial personnel. Exposure to tems
suCn s presihelic devices, surgical instruments, catneters, elc., which have not teen property
aerated subsequerid to sterilization could result in senous chemical burns as well as skin and
mucous membrane iritation, Therefore. adequaie seraticn ime must be allowed following steril-
1zation in order to ensure that any ethylene oxide and its by-products remaining in or on the
sterilized devices have been reduced o a saie level.

Medicat devices, commercially gas-sterilized beiore marketing, are usually free of any harmful
levels of residual EO or its by-products by the tme they reach the hospital.

Suggested aeration times are as follows:

Recommended
Product Aeration Time
All materials aerated at room temperature . . .............. 7 days
All matenals aerated in an aerator . ...... 8 - 12 hrs. at 122°F. (50°C.) to 140°F. (60°C).

(Request specific instructions from the aerator manufacturer).

All steriiized items should be stored in a well ventilated area which protec!s them from extremes
of temperature and humidity.

ROLE OF WRAPPING MATERIALS
Introduction

The use of ethylene oxide as a sterilant has enabied the marketing of many new pre-sterilized
plastic hospital articles. These items were previously not availabe due to the manufacturer-s.a.o
inability to sterilze many types of plastics. This development has created a need for SpEClal *
packaging materials in which such a product can be sterilized and safely stored,un:ll useql
Similar types of packaging materials are also available to hospitals. [ R

Muslin wraopers, non-woven paper wrappers, and paper bags are acceptablg as elhylene »
oxide wrapping materials. They are limited. however, by their lack of visility and high gorosity’ " "’
Transparent pouches and tubing are preferable because they allow the use: easy ldenuhcq
tion of the contents. L

Not alt packaging materials are acceptable for ethylene oxide sterilization. A great dea! of *
testing is oiten necessary to determine which matesials, or combination of materials, is sausfacto'y '
Wrapping materials not to be used because of inadequate permeability include: o
1) Nylon film - il
2) Foil h
3) Saran
4) Polyvinylchloride (PVC) film

Avoid combinations of materials which make a non-permeable package since gas penetration
to the product is essential.
An acceptable ethylene oxide wrapping materiai must meet the following requarements
Readily availabie in a variety of sizes. -
Permeable to ethylene oxide gas and water vapor.
Must allow air inside the package lo escape 50 that the package will not burse dunno
the vacuum cycle.
Must protect stenle |tems from recontamination dunng storage.

it you are uncertain as to he su:tabuhty of a particular packaging material, you shouid contact the-
manufaciurer of the matenal for inicrmation and guicanrce concerning the apcreenate EO steril--
1zaton and aerationy procedures 0 te used.

Beiore using a new packaging material, it should be tesied n the sterilizer 1N which it vl
run. Biological indicators shouid be placed inside the matenai and steriized accorging to n-
siructons. The biolcgical indicators snoulc then te cuitured. If the resuits are negauve (ro growtn),
the packaging material is safe 10 use.
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Procecures For Use

VWherazs sigam iengs l0 descend verulzily i g cteam stenizer, ethylera cxica gas Ccifuses
in zil directions. Theraicre. the pesiticn ¢f packs and packages is not as coiical wnen using
enyiene oxice gas. Nevertneiess, care siiculC B taxen not to overoad the sieniizer. Comeressicn
cf clasuc-wrapped packs agains: one ancther will hinder the evacuauon of ar. This may increasa
the cnance of having the packages burst open when the chamber pressure decreases as the

- vacuum is drawn. Compression of the packages may also prevent sufficient penetration of

¢) atmospheric conditions (temperature, humidity)

ethyviere oxide gas. To reduce the possibility of bursting, remove most of the air from the package
teiore sealing. If bursting still occurs, contact the manufacturer of the packaging materal for
special instructions to eliminate this problem. Materials which protect tems from recontamination
during storage inherently have a low air permeability and therefore, have more ot a tendency
to burst during vacuum cycles. Not all available materials are acceptable for every type of steril-
izer; what may be adequate in one will sometimes be unsatisfactory in another.

A recommended procedure is 10 place a chemical sterilization indicator (such as an AT! STER-
ILOMETER-PLUS/EO or an AT ETHYLENE OXIDE STERILIZATION INDICATCR) inside each
sealed package. These pravide immediiate visual evidence that sufficient sterilization conditions
ar2 met inside the packages. It is also recommended that a biological sterilization indicator
(such as an ATl SPORE-O-CHEX) be used with each load.

ATl Pouches and Tubing '

ATl Pouches and Tubing were developed to permit the penetration of ethylene oxide gas
and moisture. They are available in a variety of sizes, and have an ethylene oxide indicator
printed on them.

They can be used in all ethylene sterilizers. Each hes an indicator which changes color from

yellow to rust/red during ethylene oxide gas sterilizat'on. :";“
Storage Life SRETE AN
The storage life of any sterilized item depends on a number of factors: ro : .
a) type and uniformity of wrap packaging material 311 .
b) storage conditions (open or closed shelves, frequency of handling, cleanlfirjesg of t5g"***
storage area, use of dust covers) " L

ll!); »

Numerous studies have been conducted on the shelf life of in-hospital sterilized atrrns (packs
and packages), but the test results apply only to the materials and storage conditions under v
which the tests were conducted. o

Sterile shelf life must be considered an event-related condition (such as factors, a. b and o
¢ described above) rather than only a time-related condition.

- However, since the number of the event-related conditions prohibits setting reasonable event-
related guide'ine, the following time-related shelf life limits suggest some guidelines which may
be used as a starting point for further investigation:

muslin, nonwoven fabric and paper

wraps (all double wragped) ...... ... ... ... .. 21 to 30 days
=T L] o F- o - 21 tc 30 ays
paper/plastC pouches . ... ... ... e 21 tc 30U days
plastic pouches (heatsealed). . ......... ... .. . i rinnnn . € months
any of the above immediately p'aced '

inside of a heat-sealed dust caver . .. ... .............. i, & months

It is recommended that all hosoual-sterilized materials be used within a 48 hour period. It
this 15 not possible, then over-wrapping with a dust cover should be considereq.’

STERILIZATION INDICATORS

The preceding tocics have shown that a number of important vanables must interactin orSz:
10 assure ethylene oxide sterlizaton. The matenals must be exposed to a sgeciic
gas concentration which is critically dependent on the integrated effect of humiaity, temperature
and hme. On most sierlizers. recorders and gauges indicate temperature ang pressure cona-
tions in the cnameer. However, they G0 not monuior the ccnations within the packs.

7
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Biological Stenllzation Indicators
The JCAH urges ire wsacf 2 e baclenal 32Cre test at:ezst weskly anc reccmmencs ther
use in each gas sterilizingg cycle. Thewr effecuveness s tasec on the theory that  sienhzer con-
c.tions are suificient ro xill the spec:fied scores. then ncthing n!se wiil survive. The resisiant
scores of Bacillus sutilis (niger) are the meost commonly usad crganisnis for monitering ethylene
oxice sterilizanon. Althougn these biological tests are an integral part ol qualty control. they
do have prackcal limitatron
Delayed Results: Test results are usuzlly not available for at least 24 hours (and up to 7
days). This makes it impractical lo quarantine all goods for that length of ime.
Statistical Sampling Problems: The number and frequency of tests required to assure detection
.of stenlizer failure i1s not economically feasible. Many more tests would be required to ob-
tain a safe stauistical levet of confidence.
Faise Positives: Culturing technique is important so as to avoid contamination of the test
which would cause growth from a foreign organism. As a resuit, a cenain number of tests
give false positives.
* Lack of Standardization: Many commercially-available spore preparations appear to show
variations in resistance. This may occur in difierent lots from the same manuiacturer.
) _However, biclogical sterilization indicators represant an impertant method of monitoring stenliza-
tion for infection control.
. ATI Disposable EQ Gas Biolagical Test Pack
The recommended method for testing an ethylene oxide cycle with biologicals is 1o place
the biological indicator inside a syringe whose lip is open but with the rest of the barrei closed.
This syringe is wrapped in a towel and placed in a paper/flm pouch. The pouch is ptaced
in the steniizer with the rest of the load. .
ATl has developed a package that simulates this recommended test pack. It includes a self «*
contained biological indicator inside a package that gives the same resistance characterust:;:s ’,
&s the standard package. Use of this disposable packzage eliminates the labor neade&: tH assefn-
ble the pack every day, and results in consistent, reliable results from day to day. » ,
ATl Spare-0-Chex @ 1 peesis
For those hospitals wishing to make up their own test packages, spore strips arb. a@aslabje :
ATi Spore-O-Chex contain both  B. stearothermophilus ior testing steam cycles and B subtlily '
(niger) for testing ethylene oxide and dry heat cycles. The live spores of B. subtilig (:;llqor) which ,
survive at 15 minutes in 600 mg/L of ethylene oxide at 130°F. (54°C.) and at least 30% relan\o '
humidity are killed after 120 minutes of direct exposure to these conditions. As previously stated:
) JCAH recommends the use of a live bacterial spore test. ‘. S
. -Each Spore-O-Chex Biological Sterilization Indicator test set consists of an envelope wit'2’
test strips on one side and a control strip on the other. Simple ang specific instructions to the
Supervisor and the Bacteriologist are printed on the envelope. There is also space to record
the test data and results. Spore-O-Chex strips are 2iso avaiiable in bulk.
There are other methods available. chemica!l indicators for example, that offer the pract. el
advantage of immegiate results and the economy of use In each pack.
Chemical Indicators
- The JCAH recommends that chemical indicators be used with each packace t‘te:nhz==d A
chemical indicator is a chemical system whizh, by a visiole change. indicates that certain gherm.ical
and/or physical conditions have occurred. These indicators are available in various ‘ornjs. Scme
react only wnen exposed to ethylene oxide gas. These are considered "'processing ingdicators’
Others react when exposed to sufficient gas concentraton, moisture, ime and ',e‘r‘r-.perature
required for ethylene oxide stenlizing conditions. This latter type are “'sierilization mdtcators
However. both forms offer a simple and economical method of checking each load and every
pack or package.
=Ethylene Oxide Indicator Tape
Ethylene oxice sierllizanon does nat change the acozarance of packs or packaging. It:s
thereiore desiracte 0 aifferentiale cetween prccessed ang unorocessed objec:s Dy means of
idenuficauon {aoe usea lo seal the packs. The ingicaior on the ethylene oxide lace changes
cclor wnen 2xcesed 10 ethylene oxice gas. This orovices visual evidence that a pack has ceen
processed. It cces not. however. verily sterlization af (ne contents.
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«AT! Steam and Gas tabeis

Thess zre oressura-sanglive '2T2'S WU CTaT Cal NSRS They 230 T2 arhxec tCozny
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been prccessed through a sienlizer,

ATl Sterilometer-Plus ® JEQ Sterilization Indicators

A lack of proper humidificaton 1s probaoly the singie most common maltunction accunng
in hospital EQ sterflizers. Without agequate humicity, the ethylene oxide has difliculty penetraing -
the cell wall of the spores and its effectiveness is grealtly reduced.

The ATl Sterilometer-Plus/EQ is an indicator designed to relay as much information as possi-
ble about the conditions during a sterilize cycle, inciuqing the presence of adeqguate moisture.
The Steriiometer-Plus/EQ is a paper strip indicator with two indicator spots. Both spots are in-
itially orange: when exposed in a properly functioning sterilizer and run through a normal cy-
cle. the left spot turns brown to show expaosure to EQ gas. and the other spot turns green to
indicate that the atmosphere was properly humidified ang the correct ime and temperature
conditions are met. It any of the four essential parameters necessary for EO sterilization are
not present, the Sterilometer-Plus/EC shows it immediately. In addition, Sterilometer-Plus/EO
is covered with a clear plastic overlay, preventing the indicator ink from coming in cantact with
items being sterilized.

AT! Ethylene Oxide Sterilization Indicators

These are paper strips with a chemical indicator bar which changes color from yellow to
blue when all four conditions for EQ Qas sterilization (sterilization time, EO gas concentration,
moisture and temperature) have been obtained. They should be used inside a pack or package.

The ATI Ethylene Oxide Indicator changes color from yellow to blue in 50 to 45 minutes when
exposed to at least 30% relative hurnidity in 140°F, at 600 mg/L. At less than 30% relative
humidity, the indicator will require additional time to change color. A partial color change to
yellowish green or to a green color indicates that the required sterilization conditions mgyons'.
have been met. ya
" important Note SEESY LN

When the ATl Ethylene Oxide Indicators fail to ruact, it is often due to thla fAC; that some
sterilizers depend upon the humidity in the air for moisture. This may be insufficient for stefifiza-
tion. To overcome this lack of moisture, some sterilizer manufacturers recomrnondithat d smal
sponge or gauze pad saturated with water be placed on the bottom of the stenh;;e;r at thé,rer)'.
The use of a "“conditioning cycie” (as outlined on page 4} is also a recommengiey procedure
for overcoming this lack of moisture. T .
ATl Product Performance L

All ATI Sterilization Indicators meet rigid quality control specifications before being reloaspd
for sale. These specifications are available from AT! upon request. Random samples cf every
ATI Sterilization Indicatr production lot are tested by an independent clinical » boratory against
a standard biological <ontroi. All AT Steriiization indicators meet (or exceed) the performance
specifications of the binlogical indicators. and capies of the laboratory report are available for
any lot on request. Eacn indicater strip carries a lot number, by which the history of the cio
duct can be traced. Figure 1 shows the performance characteristics of the ATl Ethylene Ox:oe

Sterizaton Indicator. ATl Ethylene Oxide Ingicatc: Fer! ormancq (‘ﬁa'rt
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‘have an accuracy level of +20.8%. The device can be used as a passive samping momtor
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PRECAUTIONARY MEASURES IN USING ETHYLENE OXIDE

The Effaect of Ethylene Oxide Exposure on Persannel

It s well xnCcwn hal etnyiene oxice 1S & sireng. eifecive sierant. Common ssnse teds us
ihat J it can casircy micrcorgamsims, f couc e narmiul 1o giner wving things as weil, Users
of ethylene oxide have iong been cautioned to be careful when in areas that could b2 pctential
exposure areas. bul only within ine 12si few yezrs have the eifects of ethylene oxide on humans
been studied. and these studies stiow that exposure to EO should be severely mited.

The pnmary group responsible for esiablishing guideines to ensure a safe environment for
warkers is the Qccupational Satety and Heaith Acministrziion (OSHA). In late 1984, OSHA
published a set of reguiations stating exactly the limits of worker exposure 10.EO, and how
these exposures were to be monitored. Essentialy, the Permissible Exposure Limit (PEL) is 1.0
part per miilion based on an 8-hour Time Weighted Averzge (TWA).

in order to determine the current worker exposure levels, hospials were required Lo periorm
inial montoring on all potentially exposed personnet by February 21, 1985. If this initial monitor-
ing shows that exposures exceeded the PEL, the hospitals are required to reduce EQO in the
air. Also, monitoring must be repeated frequently to be sure EQ levels are notincreasing. Fur-
thermore. a program of medical surveillance must be esiablished to see if the personnel are
showing any il effects from their exposure, and personnel must be educated about the poten-
tial hazards of EQ exposure.

it the monttanng shows EQ concentrations below the PEL of 1.0 pprm but above ™ 5 ppm.
equipment modifications are not necessary but medical surveillance and education programs
must stilt be continued, as wel! as periodic remonitoring to be sure EQ levels have nat increased.

if the expaosure levels are below 0.5 ppm, fewer steps must be taken. Medical surveillance
and remonitoring need not be done unless there is a change of equipment or procedures that
might cause EO levels to increase significantly.

These regul 1ons are designed to accomplish three things: to determine the extent of ex-ie ....
posure of workers 10 ethylene oxide, to limit that exposure to a safe level, and for the emptoyers \
and workers to be informed as to effects of EO exposure. viiaas St

ATl EC Monitor nu,: baass
The ATI EO Monitor is an analytacal sampling device which can accurately measure ell:ylene.

oxide down to less than 0.1 ppm in air. The device's chromatographic absorption s‘a‘mphng. N

method combined with the thermal desorption and gas chromatographic method c? analysz:,

LA |

or can be atiached to a personal sampling pump for use in the active mode. L

The top (yelfow) end cap is removed and discarded. allownng diffusion to begm The other. .
end cap {red) should not be removed. When sampling is finished. the top end cap is replaced . ' !
to'prevent further ditfusion taking place. A replacement end cap (red in color) is provided to
show that the monitor has been used. The expcsure time must be carefully noted. The con-
cept of passive sampling is to measure EO leveis over an extended period of time, usually
eight hours. but not less than 30 minutes. For shorter term sampling, the moniter c2n be use:1
in active mode as described next.

Ouring actve sampling. a known volume of air 1s drawn through the tube using a calibrated
sampling pump. Sampie flowrates of 5-20 mi/min are recommended. Aclive samoiing . s ideal .
tor short-term exposure measurements (10-30 minutes). Tube saturation occurs when an ex-
cess of S0 mg of ED is trapped.

The ATI EO Monitor fullills all of the requirements for ethylene oxide monilors set |orm in
Tlue 29 part 1019 of the OSHA Code

SAFETY REQUIREMENTS

Sterilization and aeration equipment should be: BES? ‘VM.LaBlE CBP'

* Installed correctly (in consultation with the manufaciurer).

* Placed properly (in 've!l ventilateq areas).

* Located remaotely (not 2ciacent io work areas wnere emz'oyeas are normally required 10 te
siationed).

* Maintained adequately (by a preventauve mainienance crcgramy.

ik
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Empioyees’ work environment should be:

« Well ventilated.

« Away from sterilizers.

« Monitored periodically (to Ccetermine emglcvees excosure 0 ethylene oxide).

Emplcyees should be:

» Carefully trained (in the proper rnethods for unloading stenlizers and loading aeration cabinets).

» Constanily aware (that improper procedures can expose toth the operator and other employees
to ethyiene oxide unnecessarnily).

Onjy Sterilize With Ethylene Oxide When An Alternate Method (Steam, Dry Heat)
Daes Not Exist

SAFETY

e For sterilizing in its pure form. pure ethylene oxide gas is exiremely flammable. Exercise
caution.

Locate sterilizers in a restricted area to limit unauthorized access.

Locate sterlize:s in a room that has between 6 and 10 air changes per hour.

Always vent sterilizer exhaust to the outside.

Alter a complete cycle. open door with caution and do not remove articles for S minujes,
leave a clear 10 foot radius around sterilizer. et
* Vent aerator exhaust to the ouiside. ve
+ Keep records of sterilizer malfunction and repairs. 1 s et
+ Slore tanks in spectal areas to meet buiiding codes and temperature spec:hcathns tank3

» »

should be chaned t0 an adeqguate support. ‘ vrrvey sar s
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HEALTH .
Avoid breathing ethylene oxide vapors. v ,
Avoid direct skin contact. .
Use protective gloves to take items out of stenhzer
Minimize handling of sterilized items.

Report any accidents or prolonged exposure to Superwsor.
Pull, don’t push, (0aded carts to the aerator.

MATERIAL DAMAGE

* Freon - diluted ethylene oxide can cause damage to cenzin plastic materials including: T2nite.
Styron, Lucite, and Plexiglas.

« Can cause crazing of some plastic lenses and cissolve some lens glues.

SUMMARY CHECK LIST

Sterilizatian Principles
» Three main methods: steam. ethylene oxide. dry heal.
¢ Must kil all m-croorgamsms (bacterra. spores. viruses. fungi).
¢ Coatical ethylene oxice varnagles: e
1. Gas concentration: 450Q-150C mg/L
2. Temperature: 70°F. (21°C.) to 140°F (80°C))
3. Relative humictty: 30% minimum.
4. Total cycte ume: 2 10 12 hours cepenaing uoon the olrer three variat-es.

"W e iy e
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Practice of Sthylene Oxide Stenlization

» (General Processing Procedures:
ALWAYS FOLLOW MANUFACTUERER'S INSTRUCTIONS

» Maodels: Tzcie icp - operate with caulion - Co nCt vent iICxiC GaS$ N0 rECM  Aulcmeic, Semi-
Automaltic.

» Wrapping materials: Several lypes are commerc.aly avaiaole. Se:eCt wih care as esch meienal
has acvantages and limitaucns,

e Acsation: An importarnt post-sterilization procegure o reduce resigual ethylene oxice ang its
by-products to a safe .evel. Mechanical aerators are available 10 acceterate the aerauon
process.

Ethylene Oxide Indicators

e An important method of monitoring sterilization conuitions.

¢ Biological sterilization indicators: spore cullure test recommended with each load.

= Chemcal stenlization ind:cators: provide a cotor change for immediate check of all tour ethylene
oxide stenlizing parameters in each package.

* Chemical process indicators: provide 1 color change when exposed to ethylene oxide gas.
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GLOSSARY

Aseptic: Free from living microorganisms.

Ethylene chlorohydrin: Toxic by-product formed during ethylene oxide sterilizaticy?.” }*?

7
»
»
»

Ethylene glycol: Toxic by-product often formed during ethylene oxide sterilizatich uhder wet *

conditions. Yirane Yirans

Chemical indicator: A chemical system, which, by a visible change, indicates ihzt certal n c:nemacal

LI ]

and/or. physical conditions have occurred. s ST

¥

Microorganisms: Microscopic organisms such as bacteria or viruses. .
Relative Humidity: The ratio of the amount of water vapor actually oresent in the air td the max:,
imum amount of water the air can contain at the same temperature.

Spore: The dormant state of certain bacteria er.abiing them to survive adverse conditione.

Sterile: Free from ali living organisms.
Thermal Death Time: The shortest period of tme reguired to kill a known microorganism population
at a specific temperaiure.

NOTE: A pamghlel. "Pnnciples and Practice
of Steam Steniizanon™,
IS avallable on request.
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