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DO NOT O::T!':::'H THIS TAG 

ETHYLENE OXIDE 
ACTIVE INGREDIENT 1000l0 

DANGER: EXTREMELY FLAMMABLE 
BREATHING OF VAPOR 

HARMFUL 
CONTACT WITH EYES OR 

• SKIN HARMFUL ._ 
USE ONLY IN ACCDROAIICfWlTH DIRECTIONS ON THIS TAG. 

. 'I. KEEP THIS CONTAINER ANO ITS CONTENTS AWAY 
, FROM HEAT. LIGHTS. FlAMES. FIRES AND SPARK· 

'- PRODUCING DEVICES. Ethyle~ Oxide is ,e~tremely 
lIarnrnable an~ its vapors Will, explode :f Igmted. 
Ethylene, Oxide vapor decomposes explosively 
when heated ahove 55O"C. Store and use '" 

" ' adequately ventilated area. " 
". 2:' THIS CONTAINER IS DESIGNED TO DISCHARGE 

, ONLY lI0UID ETHYLENE, OXIDE. IF ETHYLENE 
OXIDE GAS IS REQUIRED .. ·USE VAPORIZING 

: ,EOUIPMENT. • 
3, USE ONLY SPARKPROOF TOOLS. USE ONLY STEEL 
- _ PIPING AND CONNECTIONS WHEN USING 

ETHYLEN[ OXIDE WITH AN .INERT GAS. IT MAY 

, :~ - ~~~1~~lu~C8~Y},t~~iI ~Tr~llM~~Nt~~m~ 
- 'MAYREACTWITHACETYlENE ANOANEXPlOSION 
, MAY RESULT. NEVER USE ,RUBBER. GROUND All 
, _ EOUIPMENT INCWDlNG THIS CONTAINER to avoid 

static sparks_ Only explosion-proof electrical 
equipmenl should be used where Ethylene (Jxide 

"- may be present. ' ' . 
~, Keep drum upright, for 'dischar@ (see 2 above), 

Connect "Y" valve marked "VENT" (number 72001 
through pressure regulator and check-valve IQ 
source of inert gas, such as nitrogen. • 
The working pressure of this drum is 50 psi gauge. 
00 NOT USE COMPRESSED AIR. 00 NOT APPlY HEAT TO 
THIS CO~TAINER BY ANY MEANS. 

5, Always install check-valve in line from this1rum te 
'processing equipment to preve"t backllow'inlo 
drum. Then open valve marked "liOUIO" (number 
7201) which is connected to an educlor tube 'or 
liquid discharge. THIS VALVE HAS LEFT·HANO 
THREADS, . 
Keep valve nos. 7200 and 7201 closed when nol '" 
use. ' ' 

(OVER) 

, 
/ 

6 Observe all local laws. regulations.' o;dinances. 
and insurance regulations covering the storage 
and use oillammable material. '_ '., .. ,', ' 

7 To delay deferioralion store out of sun and away 
from heal. Use within 120 days. ",,',:, '. ' 

• ,8" STERlIlATION: Use Ethylene Oxide ~nIy in sterilizers 
I • ,r'designed tor use with Ethylene o,,;m .. Use Ethylene 
• . . " Ox~:;' accordance with dir~tions SllppIied bY the 
I .' -steniller:manufaclurer. Stenhzer.lernper,lIure and 
, IJIessure influence both- exposure time and Ethylene • 

OXide concemration. The 'variation 01 ,1YDe: and ' 
cwantilY. of materialt~ be sterilized, how p;l!;lCed. size • 
of sterl~zer, fYpes of bacteria to 'be killed.:and 
chamber relative humidity also afleet the e~re 
time required :or sterilization. Ga~ sterilizer, cycle 
parameters should be those prescribed by tilt slen
~zer rranufacture~~i! applicable. II other cycle para
meters are use~, me efficacy of the alternate ~Ie 

, rnu:;t be validale!!, and is the, responsibility;ol the 
__ user_Aerate sterilIZed matenats Mfore use. A:-" 

9 FUMIGATION: Fumigation wilh Ethylene Oxide must be 
performed with only vacuum:or gas-tight chambers 

:'!3'::~a'l;t:,: ~~~,~~,~~!~.~~. 
10_ FIIOD TREATMalT:21'CfR 193111O"!"<',:" ''''j,'" 
, : "Ethylene Oxide may be safely used'as a fumigant 

lor the controt 01 microorganisms and insect infesta· 
tion in grouild spiCeS or olher precessed natural sea
soning materials. except mixtures to which satl has 
been added._· - .. ~ ..... - .- ~ : 
"Ethylene Oxide. either alone or admixed with carbon 
dioxide or dichlorodilluoromethane, shalt be used in 
amounts not to exceed that r~uired to accomplish 
the intended technicat effects: ' 

~u...r 11 THIS TAS MUST REMAtN FIXED TO DRUM AT ALL 
TIMES. WHEN EMPTY. THIS ORUM SHOULD 8E RE· 
TURNED TO ORlGtNAl SIIIPP .. ' PO.T WtTH A 
NITROGEN PRESSURE OF 50 PSIG AT 70· F OR 
EOUtVAlENJ AT AMBINT nMPERATURE. IT IS TIlE 
PROPERTY OF: 

ARC CHEMICAL DIVISION 
BALCHEM CCRP. 

(Thl. Tag for ',sul.'ed Drum. Only) 
fPA RtOISII.illlon No 36136·2 
v~ ht 36136 ~l"'-Ol 

ACCEPTED 
DEc 1 5 J988 

Under tho l-'aJ__ "~iri@. 
Fungi-::-ido. and Ii. • .\~ 
CU aDlend·1. 101 thL' . . 
registered u.cdor -'. 
EPA 11011, No, 3" ,,3f, - if-

., 
i-. 
~' 
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ARC Chemical Division Balchem Corporation began operation in 1970 to 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 very large corporations, ARC was able to expand and thereby provide 

service to fumigatIon and specialized synthesis manufacturers. 

ARC originally produced a line of monomers and ethoxylates, utilizing novel 

esterification, transterification and ethosylation techniques. Market needs have enabled 

u~ to expand our business to i'lclude drummed ethylene oxide. 

'" • I. • • 

The professional staff at ARC has been associated with the handling o! .t;t~y!ene ~llig~: • · ,. 
for 25 year~. To service our customers with quality products at reasoliabre price!i we, 

• I •••• 

• • 
, , , ... 
• 

have assemhled a team of research. engineering, production and marketi'no 'persMne~ 
I • I I I • 

• I , I I I 

equipped with modern laboratory and plant facilities, careful and precie~ .qy~:lty contral ... 
know-how and modem process tech-ology. . .. 

" . " 
" 'I' 

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

is well capitalized and is staffed with experienc2d professionals. The acquisition of a 

large number of drums has enabled ARC to expand rapidly in a capital and technologically 

intensive business. ARC purchases about 100 new drums per year and has an aclivp. 

drum refurbishment program. ARC's plant is using the latest drum wast.ing tt'chnique~ 

and ultrafiltration apparatus; its facility conforms to the OSHA 1PPM 8HR rWA. 
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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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PHYSICAL PROPERTIES OF ETHYLENE OXIPE 

3 

Molecular Weight........................................................................................ 44.05 

Apparent Specific Gravity at 20/20·C (68/68·F ..................................... 0.8711 

~Sp.Gr J ~t. at 20 to 30·C (68 to 86·F) .................................................... 0.001 40 

Coefficient of &,Jansion at 20·C (68·F) ..................................................... 0.001 61 

. Water Solubility ....... ....... ... ... .... .... .... ..... .... ........ ..... ....... ..... .... ..... ........ .... ... Complete 

Heat of Vaporization at 1 atm....................................................................... 6.1 k kcaVq.mole 

Surface Tension........................................................................................... 28.0 dynes per cm. 

, Viscosity at 1 O·C (50·F)............................................................................ 0.28 cps. 

Vapor Pressure at 20·C (68·F) ................................................................ . 

Boiling Point at 760mm ........................................................................... . 

1095 mm.Hg 

10A·C (50.7"F) 

at300mm ........................................................................... -11.0·C (-12.2·F) .. 
at 10mm ........................................................................... -66·C (-86.8·F) 

~B.pJ~p. at 740 to 760mm.Hg ............................................................. .. O.033·C P,Elr. ror;n. 
, , 

Freezing Point ........................................................................................ .. -112.6·C •• (-170. 7·F) ,. , 
Refractive Index, no at 7·C (44.6·F) .................................................... . ; ".:;'!J97 ' , , 

• •• • 
Heat of Fusion ........................................................................................ .. : ,,?~~ k~q .• fllole 

" , 
SpecifIC Heat at 20·C (68·F) ................................................................ . CI.ff' cal. r;>er g.per"C 

) .. , , , 
Explosive Umits in Air at 760mm.Hg................. Upper..................... ' HlU% by \tolume .. , 

lower..................... . 3°/0' by volumE> . ,. 
Flash Point, Tag open cup (ASTM Method D 1310)............................... <-18·C (~p'.~). .. , . VAf'CH ..... 

Critical Temperature.............................................................................. 196.0·C (384.8·F) 

Critical Pressure ................................................................................... .. 

Auto-ignition Temperature in Air at 1 atm ........................................... . 

Decomposition Temperature of Pure Vapor at 1 atm ........................... .. 

Heat of Combustion of Gas, gross .......................................................... .. 

Heat of Formation .................................................................................. .. 

Thermal Conductivity at 25·C (77·F) ................................................. . 

", 

104 3 psia 

429·C (804·F) 

560·C (1040·F) 

312.15 kcal/g.mole 

12.2 kcal:g.mo:e 

O.CO:l02961 cal·cm 

J.lt'l S~. p<-r cm.2 per ·C. 

.' . 
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PHYSICAL PROPERTIES OF ETHYLENE OXIDE continued 

SHIppING DATA 

Weight per Gallon at 20·C (68·F) ..•..............................................•.... 

at15.56·(60·F} .................................................. . 

Coefficient of Expansion at 50·C (122·F} ......................•............•...•.• 

'Flash Point. Tali open cup (ASTM method D 1310} ..•....••...••.....••..•.•.• 

Freight Description .•.•..•.......................••.•.•...••.....•••..••••••••••••••••••••••••••• 

Dangerous Article Description on Containers •...•••...•............•••.••••••.•••• 

.- DOT Label Required ...•.•••••...•••..••......•.........................................•......... 

) 

... 

') 

. ' 
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7.25Ib. 

7.30Ib. 

0.00177 

<18·C «O·F) 

Ethylene Oxide 

Ethylene Oxide 

Flammable Uquid 

• • · . .. . . • 
•• • • , · ) .... • • · • • • , • • , • • • · ... , . • ••••• • • • • • • • • • 
• •• J ... · . • .. · • • · . . . · . 

, , 
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CHEMICAL DIVISION 
BALCHEM CORPORATION P. O. BOX 110 _ 

) -' 

SLATE HILL - NEW YORK 10973 • TEL. 914/355-21111 
TWX 510 1 260-1725 
FAX 914 1 355-6314 

SPECIFICATIONS 

ETIIYLENE OXIDE 

SU~!<ifi!<ilti!;m Limits , 

) 1 Acidity 0.002 per cent by weight, 
maximum, calculated as 

... acetic acid . This is 
equivalent to 0.019 mo 

'" KOH per gm sample. • • 
I • J • ) • 

• • 
•• • 

0.0050 by • • . 2. Aldehydes per cent · .. , .. • .. 
• • • 

weight, maximum, • • • • • • • 
calculated as acetaldehYde: : • ••• .I • • • • .. • • 

I ••• I » 

Nil • J I I ) • 3. Acetylene • • • • J ••• , 

•• · • • 4. Water 0.03 per cent by weight, .. • · . . .. ) maximum ., I • 

, . .. . 
5. Residue 0.005 gm per 100 ml, 

maximum 

6. Color 10 platinum-colbalt, 
maximum 

7. Suspended Matter Substantially free 

Revised 
March 27, 1989 

.' 
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CC~'TAINER INFORMATION 

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

insulated shell drum with a tare weight of approximately 260 pounds. The working 

pressure of the drum is 50 psig and it is equipped with both a pressure valve set at 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. 

.' 'io" $' 

1liiI_lUll .. .... 
CIUIIlI ...... 

~ . 

...... IIl'l'lo,... ... -...... , .. 
, , • f , J 

• •• • • • 

• • , , . , . , , . 
0, 0 

• • • •• 
• 

• • 
J • I ••• 

Ct J 7 I 
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APPUCATION AND USES 

Ethylene oxide is an important chemical in industry today with many uses as an 

intermediate in the manufacture of a variety of compounds also as a fumigant aild 

sterilant. It is highly reactive due to its strained 3-membered oxirane ring structure 

making the CoO 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 reactions may be combined to form polyethoxylated derivatives of variaL,~ surface 

activity. 

STERIUZATION AND FUMIGATION , . , ) ) . , , 
• • 

In systems where heat cannot be used to kill bacteria, fungi and insects, eth)!lBfl& • 
• , •• ,. J I. , .. 

oxide is highly effective a'> a sterilizing agent. It is used alone or in mHturts with inetl 
• • J J • • • • J ••••• 

diluents such as carbon idoxide and fluorocarbons serving as a fumigant, ~ungicicle' and 
J , ., 

sterilizing agent. 
• J J , I 

• 
"" I 

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

I • J • , • 

• 

... .. . .. ", 
, I •• 

'J '" 

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 

, ~ I?. /' 
) 
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parameters are used • the efficacy of the alternate cycle must be validated and is the 

responsibility of the user. 

Aerate sterilized materials before use . 

. FUMIGAJJQN 

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 . 

.. 
FOOD TREATMENT: 21 CFR 193.200 • • 

• , I • I I 

• • 
"Ethylene oxide may be safely used as a fumigant for the control of microorgan~s- • 

II'.,. I I. 
-, • J 

and insect infestation in ground spices or other processed natural seasoninb tnaterial~. 

except mixtures to which sah has been added .. ." 
, ! 

J I J ) ) , 

• • 
J I • ) • 

• • II,." 
• 
• • 
I I • J I J · 
... 

"Ethylene oxide. either alone or admixed with carbon dioxide'. or, . 
I I J' I 

, J • , 

dichlorodifluoromethane. shall be used in amounts not to exceed that requireu te;' . 

accomplish the intended technical Jffects." 

SlJ8EACEACTIyEAGENIS 

Hydrophobic material such as fatty acids. fatty alcohols. fatty amines. fatty 

amides. alkyl phenols etc. are reacted with ethylene oxide to form surface active adducts 

which are employed as wetting agents. emulSifiers. detergents. penetrants. solubilizers. 

foarners and degreasers. These properties' are useful to the coaling. paper. detergent: 

agricultural, chemical. textile and other industries. 

/ i I 
" ( 
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CARBOHYDRATE AND PROTEIN MODIFICATION 

9 

Ethylene oxide i<; used to prepare modified starches and cellulose by 

hydroxyethylation. Depending on the degree of substitution ti'ese 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 adhesiori promoters in latex paint and adhesive formulations. 

HIGH MOLECUlAR WEIGHT PROTEINS 

Polymers and copolymers having properties useful as viscosity control agents are 

made with ethylene oxide. In addition, it is also an intermediate in the formation of 

r8sin~ with controlled solubility characteristics. 

Toxicological Considerations 
I I ) , J » , .. , .. , . 
) • I I , J , 

• .. 
) , I I • , , 

· , )",., , , 
•• • 
• > · .. 

• 
• • 
• J •••• • 
, , 
I I I I I I , 

.. , 
Ethylene oxide is a relatively toxic liquid and gas. As a gas it can cause' £,¥p, ' 

" J" 

irritation and as the liquid, could cause severe eye injury. Contact with either 009' :n'ri~i : 

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 that such a program be 

documented. 

, 

, , 
, • I •• 11 , • 
•• ~ , • • J •• , , • .. 

• • • • • • • • • ) I •• , J , , , ... 
• • • • • .. · • • • • • • • • • ... • • • · . ... .. • • . 

• · • 
· · . • •• · • • 
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:~ CHEMICAL OIVISION 
BALCHEM CORPORATION 80.Iao SI ... HIII Na. Yorl< 11»73 Tel 914 1355·289\ 

TWX 510 1260 -\725 
FAX 91~,)",6)1~ 

M.terl., S.fety 0 ... Sheet Approved by U.S. Dept of ubor e. Esaentlelly similar to Form OSHA 20 

Jare: August, ~9BB 

Chemical Name: CAS No. 75-21-B 
1,2-Epoxyethane 

Trade Name and Synonyms: Ethylene Oxide, ETO, 
EO, Oxirane, Dimethylene Oxide 

C~emical Family: Epoxide Formula: C.H.O 

0,)1 Shipping Name: Ethylene Oxide DOT Hazard Class: Flammable Liquid 

'. SECTION 1 e PHYSICAL DATA 
B·~i Hng Point @ 760 mmHg: Vapor Density(Air-I): Specific Gravity (H2 O ~ 1) : pH of Solutior. 

5L IF (Io.4°C) 1.49 @ 40~C O.B71 Neutral 

Freezing/Melting foint: Solubility Density: 20/20oC Volume % Volatile 
-111. 7°C" (Weight ~ in Water) 100% 7.25 lbs./gal. 100 

Vapor Pressure: Evaporation Rate: Appearance and Odor: Colorles!> G:lS or 
, I I I , • 

1095 JIIIIlHg @ 200 C Rapid Liquid; ether-like odor. , , 
, • • 

_________ -----------S-E-C-T_IO_N __ 2_e 
__ H_AZA ___ R_DO __ U_S_I_N_G_R_E_D_1E_N_T_S.--~'~~:_--~.~.---------

, , 
% I) )~aza~4,PfFa .. : , , 

100 • 'r:xtr"n~ lY. flaJlllllable =E~t~hY~l~e~n~e~Ox~i~d=e~ ________________________________________________ ~ ____ •• '~.-. __ ~' ____________ ___ 
" , .. 'j' , Toxic,; ln~alation 

----------------------------------------------------------------J-----L-----~,7."7 
SECTION 3 e FIRE AND EXPLOSION HAZARD DATA ..... 

r 
Hasn Point 

':( 0° F (tag closed cup) 
Flammable Limits in Air 
(: by Volume) LEL: 3 UEL: 100 

.) I I I 

Extinguishing Media: Carbon 
dioxide,dry chemicals or alcohol 
base foam 

Special Fire Fighting Procedures: Wear NIOSH/MSHA-approved self-contained breathing appartus. 
E:~osed equipment should be cooled with water to prevent overheating. After fire burns out, flush 
area with water; re-ignition may occur, 

Unusual Fire and Explosion Hazards: Vapors are heavier than air and may travel to source of 
ignition and flash back. May be explosive, 

SECTION4 • HEALTHHAZARDDATA 

'~rmissible Exposure Li.mits: 1 ppm - TWA(B):· 29 CFR ·1910.1047; IARe _ AND N'):P .- Noted as probable 
lrcinogen, OSHA - Nored as carcinogen; ACGIH II,V - ] ppm; 0SHA-FI-5ppm . I 

S:'-ALLOWING A highly unlikely route of exposure. Will cause severe irritation 
and ulceration of the mouth and throat, abdominal pain, nausea, 
vomiting, collapse and coma. 

--------------------------
E::-tERGE~;CY TELEPlIm;E ~L-:-IBER: CIIP.!TREC 800-424 9300 
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:XHALATIO!' 

SKIN CONTACT 

EYE CONTACT 

Sustaine~ co~!act with the skin is unlikely. bilt can caus~ 
headache, d!:=iness, naUSea and vomi~ing. A dilt;re solC:~()!l 

may penetrate skin, producing a chemical burn. 

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, 
weJkness, drowsiness, cyanosis, loss of ~oordination, convulsions 
and coma. Delayed onset pulmonary edema may occur. 

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. 

Severe irritation with corneal injury from liquid. Moderate 
irritation from high cor.centrations of vapor. 

SECTION 5 • EFFECTS OF OVEREXPOSURE 

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

\CVTE 'Anima1 studies has shown that exposure has also been associated with the q~~~F~nce of 
:ancer, reproductive effects. mutagenic changes, neurotoxicity and sensitization! ~o con-
:lusive human studies. :4 l ' J 

INHALATION: Ethylene oxide is primarily a central nervous systen depressant: Mim,a stuuies and 
- .. I •• I 

human experience have revealed that acute inhalation exposure .- -" progressi'¥ely cause mucous • • membrane irritation, CNS depression, lachrymation. nasal discharge, and·~l~vati~l·to gasping, 
labor.ed breathing, with delayed effects including nausea, diarrhea, edema' .'Ii thl', lll'~gs. para1ysi~ 
convulsions, and death. Deaths are usually due to lung edema; delayed c!c.a~hs fr:equ'ent1y result 
from secondary infection of the lungs, but general systemic intoxicatiof', ~~.; also ,be a 
contributing factor. " , .. ' 

~ " , 

EY" )ONTACT: Ethylene oxide liquid and diluted aqueous solutions splashed in th'e' ''';i~s can cause 
se\_~e irritatiun and may result in perrn~nent eye damage. Ethylene uxide vapors' 'can'also cause 
eyoe irritation. 

S~IN CONTACT: Liquid ethylene oxide in contact with the skin will evaporate and may cause 
sufficient cooling to result in frostbite. <colonged contact of liquid or aqueous solutions 
of ethylene oxide with the skin can cause sever~ irritation, blistering and edema. Such contact 
~ay occur from wearing contaminated clothing or m.y arise from ethylene oxide becoming er.trapp£d 
under a ring or watchband. The reaction may not appear for several hou~s after exposure. 

CHRONIC: 

Kespiratory irri'at10n and chromosomal aberrations. Skin sensitization has been 

reporteo in some volunteer subjects. 

EMERGENCY ANI) FIRST AID PROCEDURES: 

r:;;lALATIO!': Remove to fresh air. If not treathins,;, give 
ccuth to mouth. If breathing is difficult. give oxygen. 

artificial respiration. preferably 
Call a phvsici3n. 

,,'E Oil SKI!' CONTACT': Immediately flush eyes and skin with plenty of water (soap and water for 
:.~-:..n) f~r at least 15 minutes. If irr~t.3tion o.ccurs, consult a physician. t{ash contar.:inated 
clothing before reuse. Shoes should be discard~d. 

IIIIII .............................................................. ----------------------~~~~*.L~~·~~ 
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!~'CESTION : Give at least two glas ses of water. Do not induce vomiting. Call a physician. 

:; )T£:S TO ?SYSICIA." (including :-\. ... 1 t 

Thr0ugh unpublished re 
vomiting from inhalati 
phenoDarDital (L grain 

idotes): 
ports it has been found that, for persistent ~Iusea and 
o~ of ethylene oxide, an intramuscular injection of 
s) is very helpful in controlling such symptoms. 

SE CTION 6 • REACTIVITY DATA 

Stability: Conditions to Avoid: 
Stable Contamination with polymerization initiators 

Hazardous Polymerization: Conditions ~o Avoid: 
May Occur High temperatures (400° C - Autoignition temperature) 

Incompatibility (Materials to Avo id): 
C.}pper, silver, magnesium, mercur y and their salts and oxidizers of all types 

Hazardous Decompositi~n Products: Ethylene oxide may decompose or polymerize when in contact 
wi " )active catalytic surfaces su 
alL .num and iron, metallic potas 

ch as anhydrous chlorides of aluminum, iron + tin, oxid~s of 
sium, alkali metal hydroxides, acids, organic bases and ammonia 
rization generates heat and may be violent. Reactions are !;,e ~apid decomposition or polyme 

accelerated a~ hi.gher temperature 

SECTION 

Seeps to be Taken if Material is 
Evacuate area. Remove ignition s 
'/ithout proper protective equipme 
large quahtities of water. Place 
for disposal. 

~';.lS te Disposal Method: Suggested 
t.;aste incinerator. Small quantit 
hazardous waste landfill. Contac 
be taken when using or disposing 

s and may react explosively, above 85° F. 

7 e SPILL OR LEAl:< PROCEDURES 

Spilled or Released: ;' '~' , 
ources. Provide maximum ventilation. Do not 1~en2er area " , nt. Shut off source of gas, if possib]~'.· :'i,ilul'e llquid with 

diluted ethylene oxi~e in vented stairle~s:steel ~ontainer , 
')1)'. ~.'.JJ 

------------------------------------------~'~.--~'--------------
J I " 

method is by incineration in approved ),:i,q'lid b'1 .. 'ul.\~ hazardous 
ies in diluted water solution might be h~ndled in .pproved 
t witll local pollution control agency 1's' 'sliggestP,-t., Care must 
of chemical materials and/or their containers t'C'p-:event 

er")rorunental contamination. It 
t. .r containers in accordance w 

is your duty to ~ispose of tte chemical materi~!s.3~d/or 
ith the Clean Air Act, the Clean Water Act, the r.ejj~rce 

Cc.nsen"atlon and R"cuv"ry Act dn d all state or local laws!r"gulations regarding disposal. 

SECTION 8 • 
Respiratory Protection: Wear air-
other NIOSH/M~HA - approved respi 

Ventilation(type): Local exhau!:. 
e:-:tra attention should be given t 

Eye Protection: Clo,;e-fitting che 
goggles or full fa~e shield. 

It~er Pr0tective Equipment: Rubber 
fountain and safety shower in irnm 
ar.d equipment must be in accordan 

SPECIAL PROTECTION INFORMATION 

supplied. positive-pressure full-facepiece respirators or 
rators for ethylene oxide in eniironme~ts exceeding the PEL. , 

where handling ethylene oxide indoors cannot be avoided, 
o avoiding leaks and providing adequate ventilation. 

mical safety Gloves: Gloves impermeable to Ethylene oxide. 
OSHA recommends PVC. 

safety shoes, rubber aprons, long·sleeve shirt; ey~ wash 
ediate area; spark-proof tools. Personal protective clothing 
ce with 29 CFR 1910.133. 

.......... 
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SECTION 9 • SPECIAL PRECAUTIONS 

?=ecautio~s to be Taken During Handling and Storing: 
'Extre:::ely Flamnable. 
'Before unloading, purge air from unloading system. 
'Container and system must be electrically grounded before unloading. 

} 

'Vapor" can form explosive mixtures with air over a wide range of concentrations 
'Adequate vent1lation must be maintained in storage areas to reduce fire hazara in tne event 

of a ,1 eak. 
'00 not store in open, unlabeled, or mislabeled containers. 
·Store in tightly closed container. 
"Do not reuse conta1ner for any purpose. 
"wear protective safety equipment as nutlined 1n Sect10n vIII wnen nandling ethylene oxide. 

Other Precaptions: 
"Keep a~ay from heat, sparks and flame. 
·00 not inhale vapors. 
·Use only with ventilation suff1cient to limit employee exposure to ethylene oxide in work 

area below estab~isned l1mits. 
°Do not get in eyes, on skin, on clothing. 

Liquid absorbed 1nto cloth1ng, particularly shoes, causes de~ayed burns. Water so~ut10ns 

) 
of ~iquid or gas cause immediate burns. 
not take intp.rnally. 

"Wash thoroughly after using. 

'. 

• 

NOTE: THIS DATA IS FURNISHED GRATUITOUSLY INDEPENDENT OF ANY SALE OF THE 
PRODUCT, ONLY FOR YOUR INVESTIGATION AND INDEPENDENT VERIFICATION.~'WHttE 
TF£ INFORMATION IS BELIEVED TO BE CORRECT, ARC HAKES NO REPRESENTA~29N'~S 
TO THE ACCURACY OF THE INFORMATION CONTAINED HEREIN. ARC :::;il.llJ. IN 'NO' , 
EVENT BE RESPONSIBLE FOR ANY DAMAGES OF WHATSOEVER NATURE uIAEtTLY OR' 
INDIRECTLY RESULTING FROM THE PUBLICATION OR USE OF OR REL::.'l:Il:E upd!l .. :, 
DATA CONTAINED HEREIN. NO WARRANTY, EITHER EXPRESSED OR lMP~IED OF 'MER-

. ). I I 

CHANTABILITY OR FITNESS OR OF ANY NATURE WITH RESPECT TO THF., 1'RODUt~'I' , , , 
,OR TO THE DATA HEREIN IS ~lADE HEREUNDER'~ 

ACCEPTED 
DEC 15 1989 

Unri .... r th ..... r~ C""f " •. 

Fun~1 ;il.!u. 0;:.1 I.'.. .~ . 
as orn()nded. bI t1:3;t .;:',,-1.:.' 
reJi~;ltlled uDdel J b "l]J, -
EPA f1~J. No. .. 

., , 

~ 
., 

., , 
., I I • 

• 1 •• 

-z~,PG. ~~ 
Robert G. Reynolds 
Process Engineer 
Arc Chemical 
Division of BalcheT:l Corporation 

",SII' _________________________ ~ ...... __ ,~_ ........... '_,._~~' ..• "., 
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It '.",Quld be Imccssi:::!e to c::;mC~e~:!'I c:;ver :r:e su::ec: :n :hs ~;~::ec S:2ce. :~! "':e '.'/:'! ;~cc:!y 
SU;;;;IV aCCIUonai ,nlcrmatlen or c:::r.ter ;:ers;::nally en spec:;;c preclems uccn :equest. 

~-,- Samples of the various A TI ethylene OXlce sterilization indicater pr,oducts mentlonec In the 
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booklet, and acdllional COPIt,S of the bookiet Itself, are avallacle without cost by wntlng: 

ATI Deseret Medical, Inc. 
Parke. Davis & Company 
11471 Vanowen Street (P.O, Box 9338) 
North Hollywood. CA 91605·6269 

Introduction 
The use of heat for ejfectlve stenlizatlon has a long history. Althou£h steam is stili the most 

Widely emoioyed and practiced method of stenlizatlon. the reqUIred high temperature and 
mOisture c?n camage certain matenals. Many items made of plastic. rubber and metal can 
not tclerale exposure to the high temoeratures of 250°F. (121°C.) and 270°F. (132°C.). This 
problem led to the aevelopment oj a sterrlizrng agent: gaseous ethyiene oxide. It proved to 
have a high penetrating ability and could be used a! ambient temperatures. The wide-spread 
use of ethylene oxide todc:.y is based on its ability to destroy microorganisms. such as bacteria 
and viruses. without damaging senSItive materials. Ethylene oxide is not a substitute lor steam steril· 
ization, but is an alternative method lor temperature-sensitive items. 

IMPORTANCE OF STERIUZAT:ON """ • •• 
Definition : .: 

, 
•• , ) I • 

• • 
, , 
, .. 

The terms sterile. sterilize and sterilization are only accurate when there is trE'> "ibs~nce Mq/p! 
destruction of aU microorganisms. This includes bacteria. their spores. lungi a:!1d -iiruse's. The 
process 01 sterilization must destroy aU microorganisms, including those whi!=t1 ~~use C'~<;'iit~ 
or infection (pathogens). There can be no compromise in the use 01 these I~m}s. An Object 
is either sterile or not sterile. There is no such thing as "almost" or "partially SI.!/ile." '" 

, . 
" , 

Role of Infection Control " ", 
The increasing problem of hospital related injections (nosocomial idections) has II)-::utt>tI 

attention on the vital importance 01 correct sterilization procedures. Modern hospitals have In· 
-'ecllon Control Committees. which both monitor and assure item sterilizalion procedures. Joint 
CommiSSion on Ac;::reaitallon of Hosoltais (JCAH) gUidelines state that " ... There shall be an 
effective injection control program Within the hospital." These gUidelines affect numerous ;,os;)ltal 
departments (Central Service. Operating Room. Emergency Room. Obstetnc Service. In'1aidiiun 
Therapy. etc.). . . 

The Central Service Department has an important role in the decontamlnatl;)r.~ procesSlhg. 
paCkaging and storage 01 Items which require stenlizatlon. The success 01 a,'y inj~ctlon control 
program ultimately lies With well-trained CS and other technlc:ans who have thd ('Cil;-,.: resp';,1s.tl:ity 
01 assuring sterilization quality control. 

The JCAH has recommended sterilization assurance procedures In p.:r:. :'5 follow!'; 
There stlalll:e wrinen poiicies and procedures for the decontarrnnatlon -and ~lcr!li,:auon act'Ylt1eS 

performed In central services and elsewhere in hoseltal. and I-,r related requirements. Trese 
polic:es and orocecures should relate. but are not hmlted to. the lollowlng: 
• The recS'lvlr:g. cecor\lomn'aticn C!ean1r.g. pre~ar~ng. ~ISH-:tec:lng. and steriliZing or r~· 

uS<l::lle 'tems . 
• The assemCly. ' .... raco'ng. storage. dlstnbutlon. anc cuahty c:Jntrol of s{e~lle eqUipment 

and rneclcal Sl,;coaes. 

1 

. ,. . 
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• C-es;gnai:Ci1 C: ~ne sr:elt hfe ~or e.3C~ nCS::::1121·wrac::ec·cnc·s;:erl1:zec meC:C21 :ter:1 ane. to 
t~e maXlrl:L;r.1 ce~~ee ~csslble. fer eac~ commerc:ally·creoarec Item. by a spec::,\: explrat:cn 
cate that sets a lirT]lt on the number of days an Ilem · .... liI be conslcered safe for use. Where 
~css;ble. load conlrol numbers s:1cu!d be used to cesignate the hcspltal sterilizaticn equipment 
used item. including the stenlizatlon date and cyc:e. 

• The recall and dlsoosal or reprocesSing 01 out-oated stenle supplies. 
• Specific aeralion requirements lor eac:'! category of gas·s:enlized lIems to eliminate the hazard 

01 toxic reSIDues. Chemical inoicators s:'!ould be used wltn eac:'! pacKage s:enhzec as reqUired. 
The use of other sterilization monitorS should be defined. In loads undergoing gas sterilizatIOn. a 
live spore control should be usej at least weekly and is recommended for incorporation 
into each steriliZing cycle. When implantable or intra-vascular matenal undergoes gas stenli· 
zation, live spore :ontrols shOuld be used with each load. Where feasible, the results of the 
spore test should be ascertained prior to use of gas-sterilized items. 

Sterilization Methods 
Scientific sterilization is less than 200 years Old. In its earliest stages. dry heat was the primary 

method, and is still used for certain materials (e.g., powders). LaTer, in the 19th century, steam 
sterilization techniques evolved. Even today, steam sterilization is unquestionably the most 
effective and economical method of microorganisms destruction. However, heat-sensitive 
materials are not well-suited for this method. 

The introduction of ethylene oxide's sterilizing ability overcame the problems of material 
damage by heat. The Division of Hospital and Medical Facilities 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 methods now in use include the higJ.l,,; •• 
energy electron beam and gamma radiation. :. •• 

• • 
'. """ .-, 
The Army Chemical Corps was responsible for the d.evelopment of the ethylene ':'xlde gas • 

sterilization pr?cess as used in hospitals. They sought and found a bactericidal ar.q iip'oriciqal ••• 
gas that was effective at lower temperatures, penetrated porous substances, and did \~ot Forrocile •• 
or damage metal, paper, plastic, rubber, leather, wood or wool. It was also requirE:tJ that t~e • 

• .• t 11'lll' 

gas be easily removed by aeration, act rapidly, store easily, have low human toXic'ly: be nCll'l-
flammable, easily-handled and readily available_ The problem of pure ethylene OXid3'.!; extreme' 
flammabi~ty and explosivity was overcome by mixing it with an inert gas such as carbon dioxide.dl' , ' , 
Freon_ " , 

PRINCIPLES OF ETHYLEtlE OXIDE STERILIZATION 
Bacteria, Spores and Viruses 

, '_ I ~ , 
-.i ' • 

Bacteria. their spC"~s and viruses are a major cause of iniectlon and disease. Bacteria and 
viruses are caoa:,le of reproducing by the millions at very rapid rates. 8acterla eXist in what 
is termed an active or vegetative state, reoroduc:ng at ;egu:c.r In:erva!s. They are also caca~l," 
of survival vlcer extremely adverse conditions by gOing into a protected cormant state. known ?s 
a spore. These soores can survive for extended periods. even under conCltlons ()' "eat. cC'lrJ 
or deSiccation which would kill vegetative bacteria. Spores become active when a~a:n placed. 
in a favorable environment. It is for thiS reason that sterilization must be an absolute process. 
With complete pathogen destruction. 

Certain surgically-critical bacteria (notaoly anthrax and c!cstnd:um) can severely compllc;;,/:, 
the health of a nOspltalized patient If not destroyed. For example. any surg:cal In!.{ru1'lent that 
has only a 'few survivlrig bacteria or sc'oiescould become greatly contamlna\~J: due to the' 
raOIO recrocuc::on oi trle oac:erla. An oceratlve WOL;nc excosea ~o enese oa!~Cc;;ens c::.":,i:: . 
result In ce'avec oallent recovery. Inlec::on. ana even ceatn. The le!nal e!;ec:s oi e!n'fiene Ox· 
Ice on oac:e'la. socres. vlfuses anc lung I have ceen excerl~en,ally es:a:::,snec. The C'E":'<E' 

mec:""·anlsm of ac::cn ~s Silll 'Jncer~aln HtJwe'/er.;t is :nct.:;:::: \!iat :he ;~S :;ene~ra{es :!"'e 
rr"c~con;ar.ls~s anc C:"":em~C3Iiy 'e.=c:s ","/I[h Its :rcte,rs '7":-::5 :~::~2SS ::::~~~:::s :~e life t~~:: ::"'s 
(me!abo!ls~' rec~cct.;c:!cn) SO ~~at ~he ceH can no lor:g~' s\,;r'/I'le. 

2 

,,-
'-

.. 

• , 



) 

"') 
/ 

• 

i 

::::;'Iie~e G:\lce s~er,~I~:::'::::i.s ~ c:~:·~ .. · :~c:~:::; ~ :~::::~ .. :~ :~:):e,:::: ,.:.;"-::::: 'J~ ::~~':;'::':': 
a~ent. there mus, be tne orc~er re!a::cr.s:-::c cet',',e"2!""i :~2 ~~S ::::--:cer.::G:IC:--:. :-;:c·s::...re. :;;"7',t'; 

ane :emcerature. Alteration at anyone ci tr-,ese iour Var12c:es ::;n at:ect the oti'.ers ar.c c~2nc;;e 
tne SienliZatlcn process. Thoug:1 tnese c:;",:c:t;or.~ uSvcliy './a~y. ::asec en tne sceC::IC3i;Q:1S ai 
eifferent s:enlizer manuiacturers. the basic prlnc.:ples can ce outlineo as follows: 

'. 

, 
Gas Concentraiion: In its pressurized con:alne'. ethylene oXide IS a liquid a~d 
must be vaporized to effectively permeate a,'11 :.terllize the !oae. P\Jre e!hylene Olode 
gas IS extremely explosive. flammacle and toxic. It IS. thereiore. oilen mixed with an 
in en gas to be rendered non-flammacle. Gas concentration IS measured in milligrams 
per liter (mgiL) oi chamber space. ThiS can be mathematically calculated (if needed) 

. by using readings from the stenlizer pressure gauge. The range of effective concen
trations IS usually 450mg/L to lS00 mg/l. The higher concentrations usually result 
in a shorter sterilization time. This however. is based on chamber 
temperature. and other factors. The sterilizer manufacturer's instruction should 
be carefully followed_ 
Moisture and Humidity: Moisture is measured in terms of relative humidity. ThiS 
is the ratio oi the amount of water actually present in the air to 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 (1 ()()OlD relative humidity) level of steam sterilization. The relative humidity should 
be at least 300/0. Too much moisture however. can cause the formation of ethylene 
glycol. This is a toxic compound which can remain as a residue in sterilized items 
and slow the lethal action of ethylene oxide. Ory cells and spores are much more 
resistant to ethylene oxide sterilization. With some sterilizers the recommended pro-, , 

~>}_I}1 

cedure is to "pre-condition" the load by allowing the chamber to be filled with a high-· • 
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 sierili:fers.' , • 
moisture is added during the cyde. It is theorized that the water "carries" the eth7~ene 
oxide into the microorganism, where it can chemically react. Close atterUh),nflust : ••• :. 
be patd to proper humidification. It is probably the most common cause of norl·!'terility, • 
in gas-sterilized items_ • , , , • : ' , , •• 
Time: Exposure times can vary greatly. This is because each load is afl~st~li 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 should be carefully followed. ,. , .. 
Temperature: Ethylene oxide vaporizes (from liquid to gas) at 51°F. (10.SoC.). It· 

. can. thereiore. be an effective sterilizing agent at temperatures as low as 70°F, (21°C.). 
Higher temperatures, however, allow shorler cycles by enhancing the gas diffusion 
rate. The usuai ooerating temperature for ethylene oxiee stenlizers varies from 70° F. 
(21°C.) to 140°F. (60°C.). Temperature also affects the pressure of the gas. If the 
temperature drops after filling. it would cause a reduction in the gas diffUSion rate. 
A preheated chamber will allow the gas to stay In a gaseous state. Careiul attention .. 
must be paid to the chamber temperature and gas pressure. 

Of the four c::!lcal variable essential to EO gas sterilization. only exposur'l Ii'ne Cc-i; l;~ 
accurately measured by the technician. Gas concentrauon IS deoendent on hew :t IS SUCr.I'CrJ 
and in/9Cted into the sterdizer, Temperature IS usually read at only one pOint. an~ I" r.qt InClc:a:lv:? 
of temoerature in various parts of the load. In most sterililers: mOISture is nut me?'iII[,P,U. A chanlle 
In anyone oi these '1anacles changes the other three. Thereiore. always follow the exaOJu,e 
conditions set by the sterilizer manufacturer, 

Limitations 
Ethylene OXloe has orOvlded the hea>t:1 care Incus:ry With "n Irr.cortant s:er::lzalicn rr.e!~oC 

:or ::1ose matenals wnlC:1 are adversely ar:ec:ec oy s,eam or dry heat s:enllz"Hlcn. Ne'ler;~e,eS3. 
:hlS rr.e:nac has scme IIml:atlons. E!hylene oXlce s,enh;:a,:c~ ;s a SlOW crcc:!ss (mucn S:C'N?' 
:r.an s:eam). !t also re'=~Jlres relatlve!y ex:;er"lSlve ec:.;;c:r.er.: anc ;. s:<rne~ :::e";.:cr SCr.":~ -::i.~" 
common proOlems Inc!ude: 
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2) tr:e · .... eaKer.::.g c: anclcr surfcce ca~Gge :0 certain aC~li:c 2.r.:::: :::c!ys~lrene ;tems. :ne 
c:az:r.g ci s:;me Instrument lenses anc cissolving 01 lens cement. 

3) the formation oi tOXIC compound by·proouc:s. 
4) the retarding 01 gas penetration by protein matler and 5011. 
5) the inability to stenlize solutions. 

Most importantly, recent research indicates that exposure to ethylene oxide is in
Jurious to humans. These health·related problems will be oiscussed in detad (See page 10: 
Precautionary Measures Using Ethylene OXide). 

PRACTICE OF ETHYLENE OXIDE STERILIZATION 
Sterilizing Equipment 

Variouc. kinds of ethylene oxide sterilizers are in use today. These include fully automatic. 
semi·automatic and manual control systems. They range in size from small table-top room tem· 
perature models to large fully-automatic built· in units. The following discussions will compare 
the small table·top modef to the fully-automatic unit: 

) Tab!e-Top Room Temperature Model 
These models were originally designed for sterilizing small objects. They operate 

for a standardized time cycle. at the ambient rGom 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 old· style 
table-top models do. 
Automatic Models 

'. A variety' of models and operational procedures exist for these sterilizers. Scrne. 
models incorporate the injection of steam into the sterilizing chamber. This ijllows: 
more rapid sterilization, because the materials are heated and moistened by the !',I'i!iltT,l. 

After sterilization. the ethylene oxide gas is evacuated from the chamber anc: re~ 
placed with filtered air. The load is then removed for aeration. In general, a cycfe 
conSists of: conditioning (pre-humidification). gas charging, sterilization period, va'cyu~ 

, , .. . ., ..... 
• • .. ., . · . , 

• 
• • •••••• • 

phase and filtered air replacement ' , , •• .. , , . 
" , 

) Sterilizing Procedures " '" 
Always follow the sterdizer manufacturer's operating procedures. The most commonly used ste~s' . : . , 
of operation incorporate the following procedures: -= 
1) Preparation: Materials should be surgically ciean, free from soil or protein matter 

(e.g., blood tissue. or fluids), must be towel· dry. and Iree from water droolets to mini
mize the formation of ethylene glycol. All caps. plugs. valves should be removed 10 
allow gas penetration. Needles and tubing should be open at both ends. SyringE<s 
should be disassembled. . 

2) Loading: Load similar to steam sterilizer. Gas should be allowed to circulate: freely. 
Avoid overloading and dense packs. 

3) Temperature: Pre-heat to operaling temperature. This speeds up the lethal E<iI>-!<';. of ga". 
4) First Vacuum: Draw a vacuum. Drawing time vanes With c:-ramber size. A"oid reo 

ductlon of pressure within the chamber can cause bursting of sealed bagE. "'rappin~ , 
materials ·shoufd· "breathe" and adjust to.~hange. . . : " ; . 

5) Moisture: A minimum relative humidity of 30% IS needed for standard gas sterilization· 
cyc!es. Some s.enlizer mace's reculre the accltlcn of water or we! scor.ges to suc::;i/ 
minimum mOisture reauirec. Automatic models InJect mOISt\;re Into the enamcer to malntc-in 
the procer relatIVe humidity. A condlllOnlng pen ad of 30·60 minutes snould !ollow mOlsturt:! 
InJection ThiS time allows for humidification of dry bac:enal scores ar.c thus cermlts 
rapid lemaJ ac::on oi gas. Some cnemlcal InClcatcrs have been cevelooec :0 reiiec: ,no 
suttic:ent mOisture. 
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6; Gas Injection: ~ec:;,"',r.-:er:ca~:cr.s c:rc~r:"'.:r.; e:~":':e:;e ::X,:2 ::~e5.sure cie c:ncentrc.~lcn 
va'!l · .... Iin steniizer: :::;;i:C'."' r..Gra.:fac:ure~ 5 T,S:~~:::Cr.s. S::;::;;e s~erlilzers :::::; :-:c: crOWeX.;:2f1S;Cr: 

and preneat:ng ~r:or to C:1arr.oer entry, Preheallng the gas eiim,nates exoar.s.on COOling 
ertec:s anc concensa,lcn oi gas IntO liquid (wnlC:l can cause mat,"r:a! carnage), E!nylene 
oXldeJcarcan dloxlce mixtures ,end to s:ratlly In large storage cylincers cue to their c:t:erent 
atomic weights. Therefcre. under cenaln conditions. the final 20% of the remaining cylinder 
contents may not contain sufficient ethylene OXide to be a sterilizing c.gent. Ethylene oxidel 
Freon mixtures avoid this problem. 

7} Exposure Time: It is imperative to operate sterilizer for the time recommended in the manu
facturer's instructions. 

8} Second Vacuum: At end 01 exposure time. ethylene oxide is removed from chamber by 
drawing a second vacuum. 

9} Atmospheric Restoration: At end 01 cycle. filtered air is admitted to cham ber to restore 
atmospheric pressure. Sterilizer door should be opened and inhalation 01 any escaping 
gas must be avoided. Items should not be removed lor at least 5 rrunutes. 

J O} Aeration: Items must be properly 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. Although ethylene oxide 
has potential to sterilize most hospital items. a number oj disadvantages 6mat its use. These include 
toxicity to personnel, higher costs. longer exposure and aeration time. It is not recomrQ~ 
that ethylene oxide replace steam or dry heat sterilization when the latter methods are apQlicctble. 

'. But availability 01 all three methods offer a complete sterilization system feT, ~y~ry h~sj!)ital. 
Ethylene oxide can be used to sterilize plastics. rubber. metal. leather ...... pod. INool. raypns. 

nylon. glass and virtually every other material. Table 1 shows the more com~q~!x used artil;les 
which are compatible with ethylene oxide sterilization. Pure ethylene oxide: dqes nd( l:~tJ!le 
damage to most materials. However. it can have adverse effects on some'items NIlen it ::> qiluted 
with Freon (see Precautionary Measures). ' , : ' , • ," , , , . .. , 

•• •• • 
Instruments and Equipment 

Cautery Sets • Dental Instruments • Eye Knives • Lamps • Needles 
., ". 

'" . 
• Neurosurgical Instruments • Scalpel Blaces • Speculae 
• Lensed Instrumfi!nts • Microsurgery Instruments 

, Plastic Goods " 
Catheters • Heart Pacemakers • Infant Incubators • Nebulizers • Test Tubes 

• VialS • Prosthesis • Implants 

Rubber Goods 
Catheters • Drain and Feed Sets • Sheeting • T ubang • Res01r<'t0r:r TubeS 

Teh"sc;:o,pic Instruments 
BroncnosC::opes'· Cystosco'pes • Arthroscopes • Endoscopes.~: ~;sophagotcopes 

• OcthaJmoscoces • Otoscooes • Pharyngoscooes • Proc:oscopes 
• Resec:oscooes • S'gmOldoscopes • Thoracoscopes • Uretnrcscopes 

Miscellaneous 
sranke~s • Seoks • Dilators • E:ec:nc CordS • Hair C!lcoers • MeclClr.e orcccers 

• Miller,,':'Cbc;'( Tuoes • Motors • Pot:ery • Pumas • Se3le-: ~rr.oules • TC'IS 
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AERATION 
A::~cl,;<;~ emylene oXlce gas provlces an e~ec::ve rr:eir.:::c Ci s'erlilzaUOri ror heat ana mCISlure

serS;'lve procuc:s. excessive reslaual arr:cun.s 01 ::0 cr ItS by·crccuc:s (ethylene £;Iycol and 
e:r.ylene c:-:icrcnydr:n) may be harmful to patlerns ane hcspltal personnel. Expo!;ure to ilems 
suc~ as prcs:heliC devices. sur£;,cal instruments. catneters. etc .. whiCh pave not been properly 
aerated subsequent to sterilization could result In senous chemical burns as well as skin and 
mucous membrane irritation. Therefore. adequate aerat;cn lime must be allowed following steril· 
izalion In order to ensure that any ethylene OXide and its by·products remaining in or on the 
stenlized devices have been reduced to a safe level. 

Medical devices. commercially gas·sterilized before marketing. are usually free of any harmful 
levels of reSidual EO or its by-products by the time they reach the hospital. 

Suggested aeration times are as follows: 

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

(Request specific instructions from the aerator manuf2cturer). 

) All steruized items should be stored in a well ventilated area which protects them from extremes 
of temperature and humidity. 

ROLE OF WRAPPING MATERIALS 
Introduction 

The use of ethylene oxide as a sterilant has enabled the marketing of many new pre-sterilized 
plastic hospital articles. These items were previously not availabe due to the manufacturer~.; •• 
inability to sterilze many types of plastics. This development has created a need for special • . , ) , 
p~ckaging materials in which such a product can be sterilized and safely storelj.IJrlij use~ .•••• 
Similar types of packaging materials are also available to hospitals. : :: 

Muslin wrappers. non-woven paper wrappers. and paper bags are acceptabl~.as ethylene • 
oxide wrapping materials. They are limited. however. by their lack of visility and higp i;prosity: •••• 
Transparent pouches and tubing are preferable because they allow the use: easy kJentificA- •• :. 
tlon of the contents. • • : • • • • 

Not all packaging materials are acceptable for ethylene oxide sterilization. A great· deal of • 
testing is oiten necessary to determine which materials. or combilation of materials. is satisfacto-;y'.· ••• 
Wrapping materials nol to be used because of inadequate permeability include: •• • 

• I '" 1) Nylon film •.•. 
2) Foil 
3) Saran 
4) Polyvinylchloride (PVC) film 

Avord comb,nalions of materials which make a non· permeable package since gas penetration 
to the product is essential. 

An acceptable ethylene oxide wrapping material must meet the following requirements' .. 
• Readily available in a variety of sizes. . 
• Permeable to ethylene oxide gas and water vapor. 
• Must allow air inside the package to escape so that the pacl<age will not bvr<;( cturin9 

the vacuum cycle. 
• Must protect sterile items from recontamination during storage. 

If you are uncertai~ as to :he suitability of a pi:lrticular packaging material. you shollKi c.ontac! the: 
manuiac:urer of the matenal for Information and gUidance concerning the apcrccnate EO st!:!nl.· 
lZatlon and aeratlOfT procedures :0 be used. 

8eiore uSing a new packaging matenal. it should be tested In the sterilizer In which It ... '''1 
run. Biological Indicators shouid oe placed inSide the matenal and stenlized accoromg to In· 
s:ruc::ons. The biological IndiCators snould then be c~itl,;red. If the resuits are neganve (no groWlhl. 
the paCkaging matenal is safe to use. 
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Prccecures For Use 

i~ ail directions. ThereferE:. the pOSition cf paCks and packages is not as c:lilcal when U31r.g 

e,r.ier.e oXlce gas. Ne'lerlne!ess. care s;~cu!d ce ta~en not to overload the s:eniizer. Cemc:ess;on 
ef c~astlc·wrapped packs against one anether will hinder the evacuation of alf. ThiS may Increase 
the cnance of haVing the packages burst open ,,"hen the chamber pressure decreases as the 
vacuum is drawn. Compression of the packages may also prevent sufficient penetration of 
e!hyiere oxide gas. To reduce the poSSibility of bursting. remove most 01 the air from the package 
berore sealing. II bursting still occurs. contact the manufac:urer of the packaging matenal for 
special instrucnons to eliminate this problem. Materials which protect items from recontamination 
during storage inherently. have a low air permeability and therefore. have more of a tendency 
to burst during vacuum cycles. Not all available materials are acceptable lor every type of stelll· 
izer; what may be adequate in one will sometimes be unsatisfactory in another. 

A recommended procedure is to place a chemical steritization indicator (such as an ATt STER· 
ILOMETER·PLUS/EO or an ATI ETHYLENE OXIDE STERILIZATION INDICATCR) inSide each 
sealed package. These provide immediate visual evidence that suffICient sterilization conditions 
are met inside the packages. It is also recommended that a biological sterilization indicator 
(SUCh as an ATI SPORE-O-CHEX) be used with each load. 

An Pouches and Tubing 
ATI Pouches and Tubing were developed to permit the penetration 01 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 hc:s an indicator which changes color from 
yellow to rusUred during ethylene oxide gas sterilizat:on. ' , •••••• . , 

,. , 
Storage ute I J ) , • • : ..... 

The storage lile 01 any sterilized item depends on a number of factors: ::: • 
a) type and uniformity of wrap packaging material , , , •• : • • 
b) storage conditions (open or closed shelves. frequency of handling. cleanlirjes!j of t~e"" 

storage area. use of dust covers) • • : , •• : • 
c) atmospheric conditions (temperature, humidity) •• : ' • • ' 

Numerous studies have been conducted on the shelf life of in-hospital sterilized itsf:IIS (packs • 
and packages), but the test results apply only to the materials and storage c.onditions under •.. 
which the tests were conducted. •• , 

Sterile shelf lile ffi'Jst be con~idered an event·related condition (such as lactors. a. b "n'c.J : : : 
c described above) rather than only a time-related condition. 
- However. since the number of the event·related conditions prohibits setting reasonable event

related guideline, the following time·related shell life limits suggest some guidelines which may 
be used as a starting point for further investigation: 

mUSlin. nonwoven fabric and paper 
wraps (all double wrapped) ............................... 21 to 30 days 
paper bags ............................................ 21 te' 3(· c;ays 
paper/plastic pouches ................................... 21 te 3U (tays 
plastic pouches (heat sealed) .................................. ~ :no':lths 
any of the above immediately placed . 
inside of a heat· sealed dust cover .............................. 6 ITJQnths 

It is recommended that all hosoltal·sterilized materials be used Within a 48 hnur penod.lf 
thiS IS not pOSSible. then over-wraOPlng with a dust cover should be conSldereo.· 

STERILIZATION INDICATORS 
The preceding tOCICS have shown that a nurr.cer of imcortant vanables must Interact in or=<:: 

to assure ethylene oxide sterilization. The matenals must be exposed to a scec:iic 
gas concentration which is critically deoendent on tne Integrated erfect of humlolty. temperature 
and time. On r.1(l5t sterilizers. recorde~s and gauges Indicate temcerature and pressure canOl' 
!ions In the cnamcer. However. tney 00 not momtor the C::;(lClt:ons within :he packs. 
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Biological Sterillzatio'1 Indicators 
7hc Ie" LJ , ......... os °'"'0 •• :: ~ rf ~ 1.,'1" "'~c',erl~1 o~cr=- ',oe' ~', :':='-::5', · .. ,e.oKhl ~r:""" ~o'-""'~:i'c'1rs "ho," ",_ oJ f""\.r. _' ~_ I' __ • __ .... '-~... '-..... - --'.... ......... -' , .... ~ _........ ._. - • -" 

use In each ~as sterilizlr,q cycle. The!r eifecliveness IS casec: on :~e tr.e.ory that Ii stenlizer c::;n· 
c,tions are suffiCient '0 Kill the soeclfied s~ores. then nothing else wiit survive. The reSistant 
s::;on:!s 01 Bacillus sroliiis (niger) are the most commonly used or~anlsn;s for monitoring ethylene 
OXide stenlizatlon. Althougn these biological tests are an integral part of quality control. they 
do have prac:cal limltalion: 

Delayed Results: Test results are usuatty not available for at least 24 hours (and up to 7 
days). This makes it impracllcal to quarantine aft goads for that length oi time. 
Statistical Sampling !'rob!~ms: The number and frequency of tests required 10 assure detection 

·of sterilizer failure is not economlcafty feaSible. Many more tests would be required to ob
tain a safe statistical level oi coniidence. 
False Positives: Culturing techriique is important so as to avoid contamination of the test 
which would cause growth from a foreign organism. As a result. a certain number of tests 
give false positives. 

c- Lack of Standardization: Many commerclafty-available spore preparations appear to show 
variations in resistance. This may occur in difierent lots from the same manuiacturer . 

. However. biological sterilization indicators represent an important method of monitoring steriliza
tion for infection control. 
ATI Disposable EO Gas Biological Test Pack 

The 'recommended method for testing an ethylene oxide cycle with biologicals is to place 
the biological indicator inside a syringe whose tip is open but with the rest of the barrel closed. 
This syringe is wrapped in a towel and placed in a paperlfilm pouch. The pouch is placed 
in the sterilizer with the rest of the load. ' • 

ATI has developed a package that simulates this recommended test paok.lt includes a sE!!r:~·· 
contained biological indicator inside a package that gives the same resistance characteristi.;s, " 
c:s the standard package. Use of this disposable package eliminates the tabor needlec:ttlassem- " 
ble the pack every day. and results in consistent. reliable results from day to oay'. : • 

• • -ATI Spore-O-Chex,!) .. : .. : : ..... 
For those hospitals wishing to make up their own test packages. spore strips are, 'i~ailable. , 

A TI Spore-O-Chex contain both B. stearothermophilus for testing steam cycles ar.o B. subtlilll ' , • 
(niger) ior lesting ethylene oxide and dry heat cycles. The live spores of B. subtili~ .I~iqor) which. 
survive ailS minutes in 600 mglL of ethylene oxide at 130°F. (54°C.) and at least 30% relati,\"o •• 
humidity are kitted after 120 minutes of direct exposure to these conditions. As previously state.!!: " 
JCAH recommends the use of a live bacterial spore test. ' , • : : : 

-Each Spore-O-Chex Biological Sterilization Indicator test set consists of an envelope witli '2 ' . ' 
test strips on one side and a oontrol strip on the other. Simple and 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 stnps are also avaiiable in bulk. . 

There are other methods available. chemical indicators for example. that offer the pract:c.<.1 
advantage of immediate results and the economy of use In each pack. 
Chemical Indicators .. , , • 
, The JCAH recommends that chemical indicators be used wilh each packa~e de!ilized. A. 

chemical indicator is a chemical system whi:h, by a Visible change. indicates that certain I=herr.;cal 
and/or physical conditions have occurred. These indicators are available In various :orn)s. S0me 
react only when exposed to ethylene oxide gas. These are considered "processing Indicato':," 
Others react when exposed to sufficient gas concentration. moisture. time ana ;err~erature 
required fori!lhylene oxidestenlizing conditions. This laner type are "SlerilizatIO:l 11ld.icators::. 
However. both lorms offer' a Simple and economical method of checking each load and e'.er'r 
pack or paCkage. 
-Ethylene Oxide Indicator Tape 

Ethylene oXloe sterilization does not change the aocearance of packs or packaging. It !S 
thereiore des:racle iO oitferentlale oelween orocessea ana unorocessed oblec:s by means of 
Identification !aoe usee to seal the oacks. The InOlcalor on the etnylene oXloe tace cnanges 
cclCJr wnen exccse~ to ethylene oXlce gas. ThiS orovlces 'IIsl'al eVidence that a pack nas ::een 
processed. It cces not. however. ven:y stenlizatlon or ;~e C::Jnlents. 
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'A TI Steam and Gas Labels 
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posure to ethylene oXlce gas. ThiS lacel prc'Jlces an Immeclate vlsuallnc:catlon an anlc:e :.as 
been prccessed through a stenlizer. 
ATI Sterilometer·Plus ' lEO Sterilization Indicators 

A lack 01 proper hU;Tlldificauon IS procaoly the Single most cammon mallunctlon occunng 
in hospital EO sterftizers. Without adequate humlcity. the ethylene oXide has dlHiculty penetraung 
the cell wall of the spores and its effectiveness is greatly reduced. 

The A TI Sterilometer·PluslEO is an indicator designed to relay as much information as possi· 
~.... ble about the conditions during a sterilize cycle. including the presence of adequate moisture. 

-"".,';;'.".'.- The Sterilometer·PluslEO 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 exposure to EO gas. and the other spot turns green to 
indicate that the atmosphere was properly humidified and the correct time and temperature 
conditions are met II any of the four essential parameters necessary for EO sterilization are 
not present. the Sterilometer·Plus/EO shows it immediately. In addition. Sterilometer·Plus/EO 
is coverej with a clear plastic overlay. preventing the indicator ink from coming in contact with 
items being sterilized. 

) ATI Ethylene Oxide Sterilization Indicators 
. These are paper strips with a chemical indicator bar which changes calor from ye:low to 

blue when all four conditions for EO gas sterilization (sterilization time. EO gas concentration. 
moisture and temperature) have been obtained. They should be used inside a pack or package. 

The A TI Ethylene Oxide Indicator changes color from yellow to blue in ::'0 to 45 minutes when 
exposed to at least 30% relative humidity in 140°F. at 600 mg/l. At less than 30% relative 
humidity. the indi::ator 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 m~"'~I1~ 
have been met •• 
Important Note • • • • .. : •••• . " 

When the ATI Ethylene Oxide Indicators fail to r..:act. it is often due to tPe fact that some 
sterilizers depend upon the humidity in the air for moisture. This may be insufflCi~r\lJor st~tiliH· 
tion. To overcome this lack of moisture. some sterilizer manufacturers recommdnd~hat cl small 
sponge or gauze pad saturated with water be placed on the bottom of the st~r,il~~r at tM.rf'i'r. 
The use of a "conditioning cycle" (as outlined an page 4) is also a recommen~el~ prOCedure 
for overcoming this lack of moisture, ••• , • • ••• 

) ATI Product Performance , .... 
All ATI Sterilization Indicators meet rigid quality control specifications before being rpl~a5p.d 

for sale. These specifications are available Irom AT! upon request. Random samples cf fNflry 
An Sterilization I ndic:at'1r production lot are tested by an independent clinical .. ' bora!ory against 
i standard biological -:onlrol. All A TI Sterilization Indicators meet (or exceed) the performance 
soec:fications of the bl\110glcallndicators. and copies of the laboratory reOOrl are available for 
any lot on request. Eacn indicater strip carries a lot number. by which the history 01 the (.,0· 
duct can be traced. Figure 1 shows the performance characteristics 01 the ATI Ethylene OXloe 
Stenlzalton Indicator. ATI Elhylene OXide Indicate: ro'ormanc" CMiI'!. 
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PRECAUTIONARY MEASURES IN USING ETHYLENE OXIDE 

The EHect of Ethylene Oxide Exposure on Personnel 
It 15 we!1 it.ncwn lhat e~n'~lIene ox:ce ~s a s::cng. e!!ec::ve ~tef';cnt. Comrr.on sense t€!IS us 

:~c.t d It can ces:roy mIGoorganls;ns. It COUIC be narmrul :0 Olner living things as weil, Users 
of erhylene oXide have long been cautioned to be careful when in areas that could be potential 
exposure areas. bui only within Ine last few years have the eilee!s of ethylene oxide on humans 
been stud:ed. and these studies snow that exposure to EO should be severely limited. 

The primary grouD responsible for establishing guideilnes to ensure a safe environment for 
workers is the Occupational Safety and Health Administration (OSHA). In late 1984. OSHA 
published a set of regulations stating exactly the limits of worker exposure to,EO. and how 
these exposures were to be monitored. Essentialy. the Permissible Exposure Limit (PEL) is 1.0 
part per million based on' an 8·hour Time Weighted Average (1WA). 

In order to determone the current worker exposure levels. hosp~als were required to perform 
initial mon~oring on all potentially exposed personnel by February 21.1985. If this initial monitor· 
ing shows that exposures exceeded the PEL. the hospitals are required to reduce EO in the 
aor. Also. monitOring must be repeated frequently to be sure EO levels are not increasing. Fur· 
thermore. a program of medical surveillance must be es;ablished to see if the personnel are 
showing any III effects from their exposure. and personnel must be educated about the poten· 

, tial hazards of EO exposure. . 
) If the monitoring shows EO concentrations below the PEL of 1.0 ppm but above ('I ') ppm. 

equipment modifications are not necessary but medical surveillance and education programs 
must stil. be continued. as wel' ~s periodic remonitoring to be sure EO levels have not increased. 

It the exposure levels are below 0.5 ppm. fewer step;; 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; Ions are designed to accomplish three things: to determine the extent of ex~ •• : •• 
posure of workers to ethylene oxide. to limit that exposure to a safe level. and for the employers .• 
and workers to be informed as to effects of EO exposure. • • • • • • : •• . '. • • • ATI EO Monitor . • •• , •• II" l" •• , 

The ATI EO Monitor is an analytical sampling device which can accurately measurf1 etl)ylen~ 
oxide down to less than 0.1 ppm in air. The device's chromatographic absorption sa'mplinU •.• : • 
method combined with the thermal desorption and gas chromatographic method crallalysi~ 

· have an accuracy level of ± 20.8010. The device can be used as a paSSive samp:i.," monitor ' 
or can be attached to a personal sampling pump for use in the active mode. . ' •.•. 

) The top (yellow) end cap is removed and discarded. allowing diffusion to begin. The other: •. : , 
end cap (red) should not be removed. When sampling is finished. the top end cap is rep!aced ' 
to' prevent further diffusion taking place. A replacement end cap (red in color) is provided to 
show that the monitor has been used. The exposure time must be carefully noted. The con· 
ceDt of paSSive sampling is to measure EO leve!s over an extended period of time. usually 
eight hours. but not less than 30 minutes. For shorter term sampling. the mOnitor C?n be used 
in active mode as deSCribed nex!. 

During active sampling. a known volume of air IS drawn through the tube uSing a calibrate':] 
samoling pump. Sample flowrates of 5·20 ml/mln are recommended. Acuve sam.:>ilr.g .~ ideal 
for short·term exposure measurements (10·30 minutes). Tube saturauon occurs Nhen 'an ex· 
cess of 50 mg of EO is trapped. , 

The ATI EO Monitor fulfills all of the requirements for ethylene OXide monitors Sf't lorth if' 
Title 29 part 1019 of the OSHA Code. ' 

SAFETY REQUIREMENTS 

Sterilization and aeration equipment shoufd be: 
• Installed correctly (In consultation · .... ,th the manufac:urer) 
• Placed properly (In '.Ve!! ventllarec are3sl. 
• Located remotely (r.ot aqacent ;0 work areas wnere em:::~oyees are normally reCUlred :: ~e 

statlonedl. . 
• Maintained adequately (by a preventative maln:enar.ce :,'cgram). 
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• Stuoie!l for modification ~::; :::~c.'.,c:: a (:.:::. -=:(;-·c~5~ :-==-:uro? "eer :~,e cccr '=: :;-.€: s:e~::~:~' '.; 

• Considered lor re;Jlacement :c.s newer ces:g~ec an::: 'T"rC!"e ef!;::en: ec~'=~en: :ec::;~es 
available). 

, 
Employees' work environment should be: 
• Well ventilated: 
• Away IrDm sterilizers. 
• Monitored periodically (10 de!ermlne employees' excosure to ethylene oXIde) 

Empie yees should be: 
• . c<'relully trained (in the proper rnethods for unloading sterdizers and loading aeration cabinets). 
• ConstanUy aware (that improper procedures can expose both the operator and other employees 

to ethylene oxide unnecessarily). 

Only Sterilize With Ethylene Oxide When An Alternate Method (Steam. Dry Heat) 
Does Not Exist 

SAFETY 
• For sterilizing in its pure form. pure ethylene oxide gas is extremely flammable. ExerCise 

caution. 
• Locate sterilizers in a restricted ar ea to limit unauthorized access. 
• Locate stenlize, s in a room that has between 6 and 10 air changes per hour. 
• Alwavs vent sterilizer exhaust to the outside. 
• After a complete cycle. open door with caution and do not remove articles for 5 mlnl!les~ 

leave a clear 10 foot t'ldius around ster~izer. ~ •• ~ •• 
• Vent aerator exhaust to the outside. • • 

• • • Keep records of sterilizer malfunction and repairs. : •• : • : •• • 
• Store tanks in special areas to meet building codes and temperature specilicalict'ls: tankJ 

should be chailed to an adequate support. • • • • • • : •• ,.: • 
•• • 

HEALTH. 
• Avoid breathing ethylene oxide vapors. 

.. • 
, • I I •• 

• 

• Avoid direct skin co"tact. '" J I .' , 
• Use protective gloves to take items out of sterilizer. 
• Minimize handling of sterilized items. 
• Report any aCCidents or prolonged exposure to SupervIsor. 
• f-ull. don't push. :oaded carts to the aerator. 

MATERIAL DAMAGE 
• Freon· diluted ethylene oxide can cause damage to cernin plastic materiars including: T~"'te. 

Styron. Lucite. and Plexiglas. 
• Can caUSE crazing of some plastic lenses and dissolve some lens glues. 

SUMMARY CHECK LIST 

Sterilization PrinCiples 
• Three main mett1ods: steam. ethylene "xlde. dry heat. 
• Must kill all m'croorgaOisms (bac:etla. spores. VIruses. fungi). 
• CCillcal ethylene oXICe vatlatles; 

1. Gas concentra(lon: 450·1 SOC mg!L 
2. Temperature: 70°F. (21°C.) 10 140°F (SocC.) 
3. Re!atlve humlcity: 300'0 minImum. 
4. Total cycle time: 2 to 12 hours cepenOlng upon the Olner tNee vatla(',es. 
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Practice of Ethylene Oxide Sterilization 
• Gener31 Processing Procedures: 

ALWAYS FOLLOW MANUfACTUERER'S INS,RUC710NS 
• Models: Tac:e :cp . operate with caulion . co :ec: ·,ent :cx:c gas :nto rcem Au:cm",!c. Serra· 

AutomatIc. 
• Wrapping materials: Several types "re cc,"",""erc.2:iy avallaOle. S",ec: Wlln care as each rr.a'enal 

has ac'/antages .3nd limJt:ltic~s. -
• Af..'3lion: An importaTil post·sterdizatton proceaure to reduce residual etnylene OXide and Its 

by·products to a safe ;e'lel. Mecnamcal aerators are availabte. to accelerate the aeral10n 
process. 

Ethylene Oxide Indicators 
• An important melhod of monitoring sterilization conJitions. 
• Biological sterilization indicators: spore culture test recommended with each load. 
• Chemcal sterilizatIOn indIcators: provide a cotor change lor immediate check of all four ethylene 

OXide stenlizJng parameters In each package. 
• Chemical process indicators: provide, color change when exposed to ethylene oxide gas. 

BIBLIOGRt-.PHY 
1 . Joint Commission on Accreditation of Hospitals. Accreditation Manual for Hospitals 1985. 
2. Pelkins. J.J .. Principles and Methods of Sterilization in Health Sciences, 2nd ed. C.T. Thomas 

. 1969. 
3. OSHA Regulations (Federal Register) 
4. AORN Recommended Practice for Inhospital Sterilization, Association of Operatin!,l Room 

Nurses, 1980. 
5. Central Service Technical Ma'lual, William H.L Domene, M.D .. J.D .. Editor, (2nd ed.) 

GLOSSARY 
• • •••••• , , 

Aseptic: Free from living microorganisms. ' • . , 
Ethylene chlorohydrin: Toxic by· product forme"" during ethylene oxide sterilizalic·t/.' : .: " • 
Ethylene glycol: Toxic by-product often formed during ethylene oxide sterilizatich un,'er wet • 
conditions. • J I ) • • ~ ) J • : • 

Chemical indicator: A chemical system. which, by a visible change, indicates u":~! .;erta;;' c~emicaJ 
and/or. physical conditions have occurred. • • : ••• : • 

') I I I 

Microorganisms: Microscopic organisms such as bacteria or viruses. .' , 
Relative Humidity: The ratio of the amount of w:-oter vapor actually present in the air'to the m2J<~, • 
imum amount of water the air can contain at the same temperature. • 
Spore: The dormant state of certain bacteria ec,abling them to survive adverse condition~. 
Sterile: Free from all living organisms. 
Thennal Death TIme: The shortest period of bme required to kill a known microorganism population 
at a specific tempera:ure. 

NOTE: A pamohlet. "Prlnc:ples and Practice 
of Steam Stenhz2uon". 
IS available on request. 
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