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ABSTRACT 

On August 27-,28, 1984, a 'ttallc-througb survey vaa conducted at B•cto·n 
Dlc1dn;son Labware,. Oxnard., CaUf.ornia. Thi• division of Be-cton. Dlckinson 
and Coaq>,.any pr,oduc•s a vat'iety of disposable labwar,e, including petd 
dishes, fla'lks, pipette• and roller bottle• . The c~pany st,erilbe-d th••• 
products in tvo chambers with 1001. 'RtO from 1969 until 1980 when they beg,an 
using .guaa radiation from a Cobalt60 source. The purpose of this trip 
wu to ,evaluate tbe industrial byglen• records, production pr,ocenea. and 
per,sonnel records to determine the auit:abUlty of including tbh faciUt.y in 
the 1DOl'tali'tylinduatrial hygiene stud:J of !tO being conducted b·y NIOSH 
researcher•. 

lndustrbl hygiene data was collected by corporate headquarters i ·n 1978 and 
1980. lthylen·e oxide levels verse non-detectable in 1978 and ran_g,ed froa 
0.6 - 5.0 ppm in 1980. After cor:porate r ·eviev. an:y additional industrial 
hyg'i·ene data will be aent to us. Per:so.nn,el records are i'n excellent 
condition and co•plete . In addition, the company baa records for com,pliance 
witb Equal Emplo,,-ent ·Opportunity regulations which give a Y·••rly br,eakdown. 
by departaent,. of all personnel fr-oa 1971 t ,o date . 

This plant meets all eUglbUity requir-.ements as defined by the protocol of 
th,• EtO 1110rtallty study and will be included. These requh:ements are: 1) 

the plant must contribute at least 400 per.son years, 2) the pla.nt. mu:st have 
adequate pera,onnel records or otber r•cords that can be uaed for identifying 
past and preaent vorters e:xposed to EtO. and 3) t 'be plant must not bave .any 
serlous confoun,ding exposure to a ·t.nown leu'kemogen. 

'.!tO baa not been used at t ,hia facility ·since 1982. tbere·fore, there .are no 
industrial hygiene surveys by NIOSH r11Harchers pl&nned a't this plant as 
pa·rt of the E't<) study. 
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Introduction 

'Ethylene ,oxide (BtO) h on• of the 25 cbeaic•ll of highest productlaon volWl:li 
in the United StatH,l The aajor porUon of !tO produced is used in the 
production of ethylene glycol (antlfreeie) and as• cheaical intermediate 
for polyHter film•, fibers, and bottlH. A ... 11 fraction of Ito, l••• 
than 0.24'1., tin been used by U1e health care and medical supply lndustriH 
over the ·put 35-40 years to sterilize heat-1enaitive aedlcal 1upplie•.l 

BtO, a colorless gu at standard tnperat,n·• and preuure or a liquid at 
higher presaurH, ls aisd.ble with water, ethanol, ,ether. and 110st coanon 
Ot'ganic solvents. In addition. it is hlghly ei:ploaive ·when in 
concentrations of 3 to 1001. .(ltO> in air. 2 The b1'ologlcal warning 
properties are -euentially uselHs since the (ether-like) odor thrHhold 
among individuals rang•• froa 300 to l,SOO part. per million Cppa) and 
adverse health effects uy be elicited at level.a much leu than thh. 3 

Due to the toxicity and possible carcinogenicity of ltO <••• section on 
Toxicity), HIOSH rHearchers inithted an investigation in 1982 to aneu 
tbe feaslbill'ty of conductlng a cohort mortality study and lndust·dal 
hygiene eval,u,atlol'l of writer, exposed to lt·O. Based on the data gathered 
during the feasibility study. it vu concluded that the cohort of workers in 
th• h•altb care and aedlcal supply l.idustry, specifically those workers 
exposed to ltO in industrial sterilh:,ation procenes. wu the most adequate 
group to support a cohort 11tOrt.lity study. 4 Thh decision was support·ed 
by the findings of• 1977 survey conducted bJ National Institute for 
Occupational Safety and Health (HIOSH) researchers which shoved that it ls 
in thh industr.J 1D01t of the employee exposures occur.5.6 Tbis :survey 
eat'lmated that ,approximately 75.000 health care 1i10rker1 wet'e employ,ed in !tO 
1terilization o~ratl,ons, with an additional 25,000 employ,ees which may have 
incidental exposure resulting from inade,quate engineering controls. 5 ,6 
lnorder to develop and refine aethods to be used for data collection and 
ex-poaure clauificat'lon of thh selected cohort. a pilot study of sh 
lndu.strial stel:'3.11:ution facilities was initiat,ed. The i ·nformatlon gathet'ed 
during the pilot study vas incorporat•d into the final study protocol. This 
facility wu not part of the pilot study. 

Thi:1 walk-·t'hrough survey was ,conducted to deteraine the sultabil ity ot 
including Becton Dickinson Labware in tbe indu1trywide mortality and 
industrial hygiene study of workers potentially exposed to EtO in industrial 
sterilization proceues. The suitability of including thh facility wu 
bued on data gatber:ed ln tbi.s walk- through and la d:ltcuned in the 
Conclusion and Recoaaendation section . In addition. the data gather,ed 
during the walk-through survey will be u1ed to develop, to the ext•nt 
ponlble. eatbnate, of ·exposure to EtO by deparbQent .and/or job category, 
bvel and duration of co·ntinuou1 and peak expo.aures, and calendar y,ea:r:· 
withl'n thh plant. thes,e e .xpoaure esthaates will then be compiled into an 
exposure •atrh which will be used to determine the existence of a doae 
re1pon1e relationship with any positive association obaerved in the 
mortality study. 



T°he ,authority and responsibilitJ" for conductia;g and reporting ·Oil ·fh;ld 
st'1di•• ln ind1utry vas given to 5IOSH under th• Occupation•l Saf•·ty and 
Health Aet o·f 1970 (set forth by th• 91st. Congress, S.9123. Publl;e t..v 
91-596). Section 20(a)7 st•te,s that Nros:H shall conduct and publ.hh 
i.ndustryvid·e studi·•• of the ,effects of chronic lov level expo.sure to 
lndustrial aaterials. processes • .and str••••• on the potential for Ulnesa,. 
dh•a••• or 1011 of functional capacity ln lh-1 agint adult. 

Oescrlption of Facility 

Becton. Dickinson and Company is c·oaposed of 6 01>41rating groups vbl•ch 
include a total of 25 divis:i.ons. Bach division operates froa on• to ·six 
plants with a total of 68 plant., worldwide. Fifty of tl•••• ar• doaest.ic 
vi.th other faciliti•e• located in It·elaisd. Spain. Friance, Bra~n. l!exh:o. and 
Canada. Tbls f .acility vu originally Falcon. Inc . • \hen 8 l oq'1est. then 
F&lco-n {again). and finally Becton Dickinson Lablfare . 

'Becton Dlc:kin:son Labware produces and steri li:es • variety af laboratory 
equipment, including petri dishe:1., pi:pettes, fla-.ts. and roller bottl·••·· 
the facility. originally located in lnglewod, C;aliforni.a., ,aoved to 01uard 
in October. 1'9•69. Ethylene ox:ide was not us•d at the I:nglewood locatioa. 
Th• ·p1'e1ent 11it,, includes •lo.ooo ft2 of undeveloped laud. 60. 000 ft2 of 
o:ffices. 1'5.000 ft2 of warebousin.g area. and 85.000 ft2 of manufa,ctu:ring 
space. U.ntll Febru,ary. 1'980 the coaq,.any stat'ilitad all but • products vitb 
1001. EtO. Tltereafter Ito st,erilizat:lon was ,p:based o-ut and re:placed eaGtir•l:, 
vi.th g&JIIU radiation froa a cob.alt so-:.r-: .. by 198?. 

Workers eat in a cafet,eria on sit•, not in produ,ction areas. Th• 
manufacturing portion of tbi:1 faci.li'ty h due to b• phased out vitb layoff.s 
startin,g 'in february.. 1985. 

According to plant management. bout'lJ workers at this plantar,• pri•rily 
women and belong to several racial gro,ups . Turuover at th• plant is 1,ow, 
'P•rtlcu.larly among the st,erilh:er operatol;'s wbic'b s•uur to be • desirable 
po.sition. there b111 never b••n • 11nlon a, t.bis •it,e. 

Descdption of Process 

Duri.n,g th• period when RtO was used (l:9fl~-l9Sa~ aanufactut'ed. goods ent•r•d 
th• st,•rilhting are& fr·o• the ass,eably «!tea. B.lological indicat.o~$ (Bls. 
spore strips) were placed on the pall•ts l'n the production area to test 
completeness o·f the sterilization . Ut•r pasting t.broagh a short b;all-way. 
these products enter,ed & pr•- ·condi t ioning rooaa, wbich was kept at &ll 

elevated relati'11'e hwdd\'t.y unn and te•.-ratu:,e for 12 hours. They then 
passed into & loading/unloading ro:011 for subs~u·ent tr,ansfe.r to either of 
two sterilh:ers. thi:s room b&d one c.ellln:g 'IIOunted, gen,er,al dilution 
e.xhaust fan . Each sterlli~er W'&t housed in • separa't,t't r-00111. sli1htly largitt?.' 
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than the sterillz;e:r, bebl:nd a roll door. The capacitle• of th••• chuber• 
vere l.232 ftl and 1,013 ft3. The roll door in front of the st;e:rilizer 
vas usually closed during st;.-r•i:lh:ation. Kach sterilh:er rooa bad t'WO wall 
mounted'" general dilution exhaust fans. One was located close to tt,e floor 
on the :aide, the other at the r•ar of the sterilizer rooa. 
These chambers operated for a total cycle ti•• of 10 to 1:2 hours. The 
chuiber was charged vitb 1001. lttO for land 112 hours. The ch•ber 
t•perature was increased to 1300 F, there was a minimwa RH of .\St;, and. an 
incr,ea1ed 1. of C~. Ste:ri1h:at.lon was performed on 3 ,shifts for a total 
of S loads pet' d,ay. Bach cycle fini:ahtd with 2 c'bamber evacuations and baclt 
purging by • positive ·diapl,acement water pua:p. rhe atec-ilizer was back 
filled once with CO2 and once with flltertd a.lr. A water sealed vacuua 
pump then purg.d the Ito through t :be rear of the st.erillzer into a r ,ece.11ed 
open draln. 

Upon coapletion of t.he sterilization cycle. the t'Oll door ·w-as lift•d. the 
ste:rilizer door cracked open and 'S ainutes allo.,.d to •lapse before 
unloading. Tbe roll door reaained open until the sterilizer was t'eloaded . 
this enth.-e unloading and loadlng operation b.y tbe sterilizer o~rator t ·oolt 
25 minutes per ateriliz·er. The sterilizer operator., were primar.lly iu the 
.aterili:zer control t'OOll (typically 5~ of their workday). There was one 
maintenance •ployee who daily inspected tbe area exhaust fan:s as part of a 
preventive mainten.ance progr.am. 

After removal fr,o• the at·erilizer, ·goods wer·• plac.d in the hallway which 
connects the sterllizing ar,ea with the quarantine varebouse and which is 
adj;acent to the st·erilizer control ro~. 'Goods froa second and third shifts 
r ·eaained ht this hallway until first shi:ft v.ben they ve·re 111<>ved to the 
quat',antine vu·ehous·• ataging area. 'there vas no separate aeration rooa. 
Bis were pulled by quarantine inspect,or.s in this staging. area and taken b,ack 
to the Biologic.al QC Labort.tory for analy.d!I. Pallets var• tbe·n. auto ta;ped 
(plastic wrapped) and placed in th• quarantine varehouse fo?" a • :lni•u:a o.f 
10-14 days. Seventy five percent o:f the goods in t.his warebou•e were 
sterili:ed with EtO. Th• doot' t ;o the adjoining work-in-p.roce:ss wareho11se 
was kept open bn 1st shift. 

there h a s1H.ll r-ooa in between the two st;erilizer rooms which housed the 
RtO cylinders. Thia t'0011l contained 8 cylinders, • pe·r sterili:er,. each 
weighing 550 pounds. these we·re equipped with threaded connections and the 
cylinders changed b.r the •ter:-ilizer o:perator. Peak usage ·was 2000 pound.a 
per week for both sterilizers. Yearly figures are not available. 

Descrhition of P.ast Exposures 

th• operation was esaentlally unchanged froiD 1969 to 1980, whe11 RlO 
sterilization substantially decreased. Tbare were no englneerin,g, 
departaent.al location,. ventilation. pTocesa. :product. work practic,e, or 
eaployee ,education ch.tnges during thh ti•• period. Dui-in:g 6 111onth1 of 
l.'t19, tba stec-ilh:er was operated for- 7 da.ys a week. and 6 days • weelt 'f'or 2 
months of 1980. Aft,er th• first unit wa·s disconnected in February. 1980. 
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th• second unit continued to sterilize 2 to 3 loads per 11e•t until January 
1981 . rroa January 1981 until July 30, 1982 approxlaately one load per 
aonth vaa sterilized bHed on Quality Control record• for the biological 
'indicators . F'roa P'ebruu·y. 1980. until <luly 30. 1982, the g&.111Da operator 
ran the ?'emalning sterilizer. At the u .. of tbh survey, 01ie 1terlllz•r 
had been re110ved vhil• th• other unit was ~iaconnected but la still in 
place. Thia unit. ,vu rnaoved in January 1985. Camiu radiation free the 
cobalt aourc• i:1 well controll•d. Personal aonitorlng baa docuaent•d no 
appreciable exposure. 

The sterilizer control roo• did not have any separate ventila·tion syat ... 
It was equ.lpped vlUa an ln·tern&.l ai"r conditioning aylt.em .. but line• t 'h:h did 
not involve any lnt·roduction of outdoor supply air. exposure• would be 
expected to ~ siallar to tbe general 1t•rilhing rooa levels. th•r• h no 
recollection of BtO being 11Nll ed and ther• ii no :r•cord of a.ny 1pills. 
led.:1, or acc:ldents. 

Becton Dickinson'• c:orpor-ate office began aonitorlng ltO vitb charcoal tub•s 
between 1976 and 1978 . There •r• 2 reports presently available, one for 
sterilizer operator, froa 1978 (concentrations were non detectable; less 
than 0.97 ug/tube) and one fr°" 1980 . Ith unclear whether the 1980 
samples were per1onal or area aeasureaents. The 1'980 saaples were ·taken 
with Qazi letcb-ea tubes. Air volUJN per saaple ranged froa 3 to S Ht.er• . 
In addition tbere were two control saaples which were non-det,ec table (less 
than 5.1 ug) . Concentratlona ranged froa 0. 16 ·to 13 PPII for 10 samples <aean 
• 4 . 1 ppa. atandard deviation• 3 .4, 18 • Ta.bl• l). . 

the •~plea were analyzed :by a Bec ton. llickinson & Co . laboratory in Nortb 
Carolina with a 'Hevlett-P.ackard Model S840 gaa c:hroaotograph equipped with a 
flame loni~ation detect.or. th• suples were de•orbed witb cat'bon di1ttlfide 
and a 3 ul aliquot injecte~ for analrais. This lab ls now accredited bJ the 
Aaerlc:an tnd,ustrhl Hygiene A11ociation but was llot at that u... OSHA did 
not sample tor BtO during the period of i t.s use at th h fac l li ty. 

Additional sampling was conducted by Becton Dicklnson during 1977 and 1978 
vith a Wilks Ethylene oxide Gas Infrat·ed Analyzer. Model 101. light hour ti .. 
weighted averages (twA) for the sterilizer operator were coaputed by 
Becton-Dlclclnson baaed upon the following .Haumptiona: 

a) One operator perf'onu all function, . 
b.) An average of one sterilh:ez:o li>ad is proceued per abift by the 

operator . 
c) Th• operator re111al'ns in the sterU her area a hrge po:rtion of' the 

day. 

Average concentrations during each of th• operator•• tasks raAged froa Oto 
l4S ppm. Using the above mentioned auuaptions. 8 hour 1WA1 w.re 10 . 2. 18.6, 
and 2.5 ppca . thl1 data it aulllll&rh·ed in table II. 

The der i vation of a lime veigbted average froa a direct readlog instruaent ii 
only an approx:iaa"t.ion. The interpretation of these l'WAs must be further 
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qualifled since the techo.ician was no·t • Saf,et:y or Industrial Hygiene 
profes11,onal.. Otber corporate docuaentatioo stat•• that .. tbe KtO operator 
~rforma nol"IHlly assigned dDti•• el1where during his ahtrt... This model 
does ;a·11u11N that for the majority of th·• shift,. the operator has zero 
,ez:po1ure .• however ltta,ch .. nts· 11 .and III do •••WM a significant. period of 

ti:me in the vicinity of th• 1terlliz·er for the purposes cf calculating a 8 
hour 'NA t for exaple., ••• .Attactuupt II., A2). If th••• 'I'WAa a:r,e recalculated 
vithout aaauaptlon ·( ·c). the reviaed val••• are 8 and 6 ppa (ortglnally 10 . 2 
and 18.6 ppa). 

It should be noted that. the Vil'k•• me&a!lreaents taken on December 1·2. 1978 
were obtained during the same survey that did not detect ltO on charcoal tubes 
:for the 1·teri'lh:,er operator. Although it la difficult to ca.pa.re ••thods .. an 
exposure to 19 ppa for 20 a i nut•• du·ring the unloadln:g-loadlng o~ratlon ,and. 
't.o 145 ppa for 4 minutes during drum chianglng {Wilkes dat&) would result in a 
TWA of 2 ppm even as.swaing that there wa,1 no ,other exposure for the r .. alnder 
·of the •hift. (:see 'table II. A:tt .. ach111ent A) . 
P••sriptlon of Medical, Industrial HYg}'e:ge and Safety Pro;u·.ams 

Nedl,i.al 
?here \s ,a medi,cal office which ia 1taffed by a nurse on lat shift. 
1.dditionally. t 'hiere is a teu of ei1h·t. eaployeea trained in CPR .and Firs·t Aid 
on eac'.h shift. All ,superv:ho:rs ar,e ·tX"•ined in CPR. 'Ell.ployees are giv-en 
·pre-employaent and •nnual {>h,Jaicals administered by a private doctor. 
contracted by Becton, Dicldnson &. Co. No EtO specific :ex,Dinatlon1 were 
perform.o d1tring the ·period of its use. 

Iqdustrtal Hygiene tnd Safety 
Scottl' Air Pales were available be;ginning in 1979 for ~nHrgency use. All 
.,t.i·U.izer operators wer,e tr,dned by the loc,al fire department in their use 
but they vere nev,er used. These o.per:ators wore anti-static shoes. 

Th•r• was an MDAr. infr&t"ed sy:st .. whtcb operated 8 to 12 sensors ft-Oil 1970 
to 1980. An a.lan. and light signal would be triggered t f EtO levels 
appToached the OSHA Permissible l.xposur,e Level of 50 ppa. This is t"eported to 
have occur red ·r ,at"el.y (only once as recolle,cted by pet>•onn,el pt'asently at 
pla:ntl. No 111e1.sure.ments were available from thh inst.ruaent. A portable le&lt 
detector w,a1 used by mai:ntenance but this only dete-cted levels at 201. of th·• 
lowet' explod on limit ( 31.) . 

Tb,a·re was limited us·• of a port.able lli'r.an infr.ared analyz•r ,on ,a C::&l't, This 
was left in th• iaaedl.ate vkinH.y of the aterilizet' during tba entir.e 
shift . An attempt was al:ao mad·e to follow the operator during the 
unloading/ loading operation. This instru1Nnt d'ld have a st:rip cbart 
recorder and report• ba1·ed on these m.asur,ementa wet'e l)ra:p.at'ed . tto t'eport.s 
have been located ,at this tbae . 

'three reports froa 1977. 1978, 1979 have been located by Oxnat'd personnel 
a.nd "'ill be fot'W&r·d·ed ·to us. They i'nclude so .. docu.entation t.hat 
at:erilizer operator, did wear :per.1onal supli'ng pumps. 
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o..,ct'iptlon o·f Record• 

Th• per1onnel depart111tn1t. .. 1ntalns a card s:ystem for all curren·t and f ·OrM1." 

nplo:r•••. Th••• card• cont,ain all o:f the information needed for the 
mortality ,study bu:ludini: date of bl:rtb .• aex. race .. social securi'ty number. 
,,nd & detailed occupational his·tory. The cards for activ·• workers are 
o,rganl~•d 'by departaent and ar,e in ,alphabetic ,orde·r. Actiw salaried 
, .. ployee:a• ·card• are f\led separately froa the 'hourly cards. There ue 
about 6'SO record.• for a·ctive a.ploy••• and ,2448 rec,ord., for forMr ••ployee:a 
on file. 

Personnel file:1 for active .. ployeea. and for former vorkers who terminat,ed 
eaployaent a'fter 1'976 are on file ln th• perao·nnel offlc·e. Additionally. 
there are p.r·,onnel flle:s for worker• who left tbe company between 1973 and 
197:S which ar,e ,tored b1 ·the baa·e .. nt; 'it appears t.bat tbes,e ·files are 
missing records of lndhridua.1:s with naaes f :ro• cert,a:ln parts of the 
alphabet. All file• for vor'.k•rs that left pTior to 1'973 are aisling. 
Altogether ·there at"e ,about 650 fll••· to:r actlv• aploy,ee.1,, and :825 files fo:r 
fonaer eaplo:yee:s . Th• per,onn·el fil•• conta:in application 'fonu, 
perforaance r ,eview f ,onH.. and job chang·a notices. Th• appllcatloa fora 
contain• an •ployee' a social 1ecurit:y nu.abet',. ,dat•e of birth. and &'D 

address. the job cbang,e no·Uces ar,e filed ,e,ach ti.ae • "Wrker has a change 
in posi.tlon or aala:ry. and th••• fo.ra1 coul,d be used for const·ructing 
detaU.:ed work hhtories; however. lt would be f .ar eaaler ·to do this with the 
card syste.m. 

Rec•ords uintab,ed under the coapany•11 affiT1U.ti've a·ctlon plan could also be 
1a:1e::S for identifying pote:nttally ·u::posed vo·rkers . Th••• reco:rd1 lht 
workers by departMnt. They ,also contdn l'nfo1."lll&tlon on rac,e and 1ex. 
These r ,ecords are available dnce 1971. 

Based on a revlev o:f the p?'oceaaea using EtO and dhcu1dont wi'th plant 
(>41:raonnel a list of potentially exposed jobs and departments was developed . 
bployeea that worked for at least t.'bree •months tn any of these oper&tlons 
would be eli:gible for inclusion in the aor't&llty study. :rollovi,ng h a list 
and des<:t'iption of tbestt d•partaents &nd jobs: 

U Qucl l ty Control 
(or Inspector) 

2) Quality Control 
( or ln.s:pector) 

:n Quali'ty Control 
(or t ,aboratory) 

Job Title. 

Inspector 

Auto'taper 

C•n•ral I.ab 
Technician 
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Involvi'ng Potential ltO ltxposure 

Worked in st.edlht.Hon ar,ea 
pulling s.1.1. 

'Worked ln sterilizat.i•o:n area 
sealing bolt'8'1 w:l tb • t•ping 
machine. 



1' ) Qu.•l i t.-y Control 
<or 1t,o) 

5) Quality ,cont:r-ol 
(ar Gama) 

6) Quality Control 
(or Qua'r:1.:nt 1 ne) 

7} Warehcrt1S'8 
<or Shipping) 

,8} lfdntenanc,e 

9) Qu,ality Control 

lrtO Operatot' 

Guna Ster'ile 
Tech 

Quarantine 
Wa.re:bov1e:person 

Warehou1e person 

!llectrlc ian 
-1.nd 1NeC:ba:nic,1 

Steriliz.at-ion 
Su:pervi!fot" 

O:pet'ated th,• ltO st.erilh:•rs. 
Unloaded st,er-ile pa:-,odu,ct .• 

-S-ame as ltO ,0,-p.er&tor. Al,so 
,op,H·,ated Guaa sterl 1 i ·zat ion 
·uni't.. 

:tt.oved EtO ste:rili:z:ed ;good1 in the 
quara-nt i oe ai-ea of th,e warehouse. 

Vort:ed in the vu·ebouse vbere EtO 
:sterllh:ed good1 lftlre sto-r•d and 
off'gaa,ing. 

Servlced the Et.-0 sterilirar. 

Sup-ervhes lt'O and GID'll:& 
Ster ill z-•t ion 

• Note the department nute in p,arenU1.e1is h wba't was f ,ound in t :he pgr•onnel 
recor'd1 'reviewed. 

J. sample ·of a:,pproxlmately 2~ of the personnel h1d•.x car-dt wa1 ••le-ct,ed and 
l"!evieved .. An ,atte1Qpt. w11 :m&de to dt11't.enatne,. baaed upon these record& ,alone. 
wh,ether t.be worker:s ver,e potent-tally expo1ed accor,ding to t:h• criteria 
pr,e'viou1ly de1,cribed ( 1,ee Identlfl,c.ation ,of Exposed 'Workers 1ec'Uon). 
lnf,ormat ion on 1ex,. rac,e • date of bi:rth.. :r•a.r first ,e.xpot e.d and durat lon of 
expo&u're -vas re-co,rded tor workers judged t ,o be potenttally es:posed. J. 
•um•r:Y of the finding, from tbh review are pre:aented in Table III. 

Over-all. about 581. of the workers were -male, 441. were white. tba aver•ge 
rear of 'birth was 1940,. t -h• aver•g,e y,e,u · :first ,expo•e-d wa.1 1973. and the 
average ,dur,ation o:f exposure wa1 3. S years. Blght percent o:f the 
individual1 w•re jud,g,ed to be potentlally -exposed to EtO. Applylng n. to 
tbe tot.•l numbe of record• reviewed,. it i1 antlc:i:pa'ted t :hat this fa-ciUty 
would contrfbu·te about ,256 workers to t lhe study. U1 !ing the ,aver•&• f'tr,1t 
yeu· of emplo:,-ent of 1973 &nd a.11uming follow-up to 1983, lt ts estlmated 
t.hat U.1i:1 grou:p would coat-rlbut,e 2 , -560 ( 10 reera :r: 2.56 persona) peraon-yeara 
to t'b,e study. 

To:dclty 

Evidenc,e from animal studl•• suggests that EtO may have c .1rcino,genic 
:prop•rtl 1. 1,8 .A ,group of ·1to 'm&nufaclu't"ers sponsored a 1tudy at the 
Su1by Run IR:e1e:arch Ce:nter in which male ,and fBlllale Fh'cber 344 rats were 
:ez:posed to EtO at &ir'borne conc:entr&tion1 of 10, 33, or 100 part.a pee­
million (ppm) for 'f> hour, per day, 5 da_y1 per week Eo-r two ye;ars.1 Two 
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other groups of animal, served as controls. Initially, there vere 120 
anl .. l• of eacb sex, iu each exposure group. Tb• re,earchers obaerved a 
atati:atically significant increase in the incidence of mononuclear cell 
1,eu'lce11i:a uiong th• female rat,. and peritoneal :mesothelioma uiong the male 
rats exposed to EtO. Tb• increase in leukeaia incidence vas found to 
increa_ae linearly as a function of BtO e~aure . An elevation in mortality 
froa brain cancers (glial type) was also observed in the rats expo•ed to EtO. 

NIOSH researchers have recently reported or. the t"e1ult1 froa an animal 
experi .. nt vhich corroborated tbe findin~s of the Bushy Run Study.8 Kale 
Pilcher 344 rats vere exposed to EtO for 7 hours/day. 5 days/week for 2 
years at airborne concentrat.:lons of 0, 50, or 100 ppm. There were ,80 rats 
in eac'.b •1:po:1ure '.group. I ·ncreasea in the incidence of aononuclear leukemia, 
perit,oneal .. :aotbelioaa, and cerebral gliomas vere ob1er·ved uaong the !tO 
exposed rats. relative to nonexposed control, . 

·Onl,J a few epidemiologic studies have exaai·ned the pot,ential human 
caE"clnogeniclty of Eto.'9-11 Hogstedt, et al, conduct,ed a retrospective 
cohort mortality ,tudy of a group of workers in a Svedhh cbeaical factory 
that bad preYiou.sly been included in a beaatologic investigation.9 Tbls 
facility pr,oduced ltO via the cblorobydrin process in which, in ,addition to 
'!tO, there wu potential expos·ur,e to ethylene. eUiyl•ne cblorohydrin, 
•t.hylene dichloride, and fllall &JDOunta -of bh(2-cbloro-ethyl} ether. Among 
89 "full-tiM" exposed workers, a statistically significant (p less 
than .·01) excess ,of leutU1ia mortalit·y was observed (2 observed versus 0.14 
expect·ed). In addition. a statistically .signlfi,cant (p leas than .01) 
excess ,of 1t01D&cb cancer va1 ob1erved {3 observed versus ·o.4 expected). 
Because of the aixed exposures, these finding• could not be attributed to 
BtO; bowver. ethylene oxide .and ethylene dichloride were the pri .. .suspect.a. 

'Morgan .• et al, conducted a retrospective cohort 1DOrtalitg stud,r of workers 
involved in the production of Ito at a Texaco Facility.1 A total of 850 
vorlt•r.1 were included in the study. of whlch 767 wer,e potentlally exposed to 
ltO. No EtO was det,ected in most 1a11ples taken in th• production area, and 
all 1H1asureaent1 in this area wer-e belov 10 ppm. :No cases ,of leukemia were 
observed in tbi• study; however, the authors estimated that the lowest 
relative risk that they had a high probability of detecting (801. power) vas 
10 . 'S. 

Hogstedt aho report,ed on three cases of leukeaia that occurred in a atull 
group of workers at a SW.dish co111pany .11 The coapany used a •ixture of 
501. EtO and 501. fllethyl formate to sterili~• hoapital equi'pment. The 8-hour 
TWA exposur• for 'KtO ,at this f ,aciUt:, was estlaated at 20 ppaa. Aecordlng to 
national statistics. only 0. 2 d•aths due to leuk•mia were expected in tbh 
cohort. One of the cases was exposed to benzene .. a knovn leulcemogen. and it 
was speculated that the ·combined exposure ·Of RtO and methyl foraate aight 
produce a •pecial risk. 

!tO is allo a potent alkylating •gent capable of causing irrever•ible 
change.a or autations in cellular proteins and DNA in animals .12, 13 rno is 
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al•o a po.aitlve mutagen iu several in vitro systems such as Salmonella 
tYpbbau·riU111. viruses. and Tradescantia poludosa. 6 

Cbromosoaal aberration·• relat,ed to Ito exposure have been observed in a 
:number of animal ttudies and ,epidaiologic h1vesttgat1'on1. 8.13-20 Yager 
and Ben% ,observed a a.o:se related increase in sister chro .. tid e.xchanges 
(SCBs) uiong Nev Z·ea.land vh:it,e rabbits that were ezpos·ed via i:nbalation to 
SO to 250 ·ppm of KtO .14 :NIOSH (Lynch, et al) recently reported 
preliminary findin,gs in which cynoaol:gus monkeys were e.x:po:sed to o. so. or 
100 PPII of :&to for 7 hours per day,. 5 days per weJt.8 After 24 months of 
•e.zposure. st,a·tlstf..cally significant inc-reases were observed in the f r equ-e:ncy 
ot cbromosoaal aberrations ( i ·ncluding quadriradi.al chroeosomes) and SCK• in 
the peripheral lymphocytes -of the 50 and 100 ppm exposed groups ver:sus tbe 
controls . 

Oa-rry., et al, exaain·ed the occuTrence of SCE ill the peripheral lymphocytes 
of 12 Et'O exposed worker• and 12 nonexposed controls in a bo1pit.al 
ste-rilization f.acilit:y.15 the exposed group showed stati:stically 
s.igni:ficant ,elevati,ons in the number of SCEs COIIP&red to the controls. 
Particularly hlgh SC! frequencies were observed aaong 4 workers that bad 
reported either neurologlc or respiratory symptoas . The aaximm peak 
exposure level of ltO me.asured at thh facility was 36 ppa. 

Cyto;genetic abnormalities have also been obset'ved in several catudles of 
work,ers exposed to KtO. Ehrenberg., in a study of workers at • factory 
manufacturing and using KtO .• obaerved a high frequency of chromosoaal 
aberrations in 8 workers who ·wr-e accidentally exposed to high 
conc,entrationa of !to. One case of leukeaia vas also observed. &a0ng the 37 
·writers studied .16 

Amerlcan Hospital Supply initiated a cytogenetic survey of workers that wer,e 
expoaed to Et.O in the st,erilizati,on of medical devices in 1972.17 ,18 
Seventy-five exposed worllter.s at 9 f .acilitles were studied, as well as 37 
nonex:po.sed work-ers who s,e·rved as controls. Compar,ed to controls,. exposed 
workers were found to hav,e stathtic,ally significant increased frequencies 
of SCEs and chromo.so.m~l aberrations. 

In response to tbe findings f :rom the American lfo:apital Suppl:y study. Johnson 
and Johnson initlated • cyto;genetic study of workers that ver,e also exposed 
to EtO in the :at,erilizati,on of medical product.s .19~2·0 Appro:dtutely SO 
workers not. exposed to EtO were coapared to SO expoaed workers at three 
facilities witb 8-hour Ti1118~Weighted Average (TWA) exposure, to Bt·O of le:ss 
than l ppca. 1- 10 ppca. and 25-.200 ppa. respectively. Statistically 
significant elevations ln SCE frequency were observed in the la·tter two 
f .1,cilities, and these changes have per1hted after one year. Tb• fr-equency 
of SCEs •ppeared to increase in a dose ·respons,e mannar. Cbr-oaos01Ul 
a~rrations wre alto elevated in the higb exposure groups; hovever ~ th••• 
f'l:ndings wer,e not statbtically signiflcant. 
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Applicable .St,andarda and Recomended Lev1tl·• 

Prior to June 22, 1984, the Occupational Safety and :Health Administration 
(OSHA) Penni:saible Bsposure Limit (PIL) for XtO vaa 50 ppa as a TWA 
conc•ntrat.ion for an 8-hour wort:shift . 21 ·OSHA establ'ished a new PEL of l 
ppm•• an 8-hour WA on August 21, 1984,22 In additlon. an "action level'• 
of O. S ppa as an 8-bour TWA was establi1bed (by OSHA) as the level above 
which employers must initiate -periodic ·eaployee ,expo.sure aonitoring and 
111edlcal surveillance. 'the lnvironmental 'Protecti,on Agency {EPA) supported 
the OSHA PEL of 1 ppm in the Federal le1latel' (June 22, 1984) .23 

In 1977. VIOSH recoaaended a ceiling level of 75 ppa as deterained during a 
15 minute seapling period.6 Thi• level, bowev-el', vas •·•t prior to the 
r ,ecognitlo:n of the carcinogen1'c potential of' BtO. Based on recent findings. 
'.NIOSH recommends that RtO exposure.a not exceed 5 ppm for a ma:xi111ua of 10 
minutes per day and that exposnr,es be controlled to less than O. l ppa 
determined as an 8-hour twA (NIOS'.H Policy Statement. July 20. 1983). The 
American Conference of Governmental Industrial Hygienist• (A<=CIH) rec,01111Hnd.s 
a Threshold Limit Value (TLV} of 10 ppa for an 8-hour WA based on data 
available prior to 1982.24 'However. in 1982. the ACGIH issued a notice of 
intended change in which it was proposed that the twA concen·trat.io:n be 
lowered to l ppm. Tbi s recoaaenda't. l on was reviewed and adopted in 1984 . 
ACCIH b.as also designated EtO as an A2 carcinogen.2·4 An A2 c;arcinogen i.s 
defined as an industrial substance suspected of bavlng carclnog~n,ic 
potential for man. This designation is based on eit.ber (1) limited 
·epidemiologic evidence,, exclusive of clinical reports of single cases. or 
(2) demonstration of cal'cinogenesis in one or aor• aniaal species by 
approp?"iate methods. 

Conclusion·s 

Per,sonnel records are in ex,c,ellent c,ondition and will be adequa'te to 
dete:r.aine who was exposed based on job titles. Li'lnlted industrial hygiene 
data ts available, but further info:r,ution will be necessary for a complete 
analyais of past exposures. 

B•sed ,on the findings of this report, this plant 111eeta ,all eligibility 
r•quirements as defined by the protocol and should be included in the 
study. these requirements are: l) the plant aust contribute at least 400 
person years, 2) the plant must have adequate personnel r ,ecords o·r other 
records that can be used for identifying past and pre11ent workers ·exposed to 
Ito. and 3) the plant aust not have any s,erious confounding ,e:xposur,e to a 
known leu'kemogen. 

BtO has not been used at this f .acility since 198.2. tber,e.fore, there ar,e no 
industrial hygiene surveys by NIOSH researchers planned at this plant as 
part of the EtO study. 
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TABLE I 
lNl>USTRIAL HYGIENE OAtA 

BECTON DICX1NSON 1..ABWARE 
OXNAR.O, CALIFORNIA 

AUGUST 1980 

Results pf the Measurements of £to A'dsorbe.d on Activated Charcoal Tub~s l 
Analyzed by Depa.rtment of Analytic.al Chemistry. Becton Dickinsor:t and Cotnp4ny 

Research Triangle- Par-k, North Catalina 

Calculated Total EtO Calculated Concentration 
Heasuted Amount of EtO Collected on Volume of of _£to in Air Sameled 

Sa.11ple Pe4k Atea in Injected Charcoal Tube Air Sampled 
Identity (uV-se.c) Sample (ug ) 2 (ug) (L) {mg/m3) (ppai) 

Af -~~ ·2386 6.2 ,.9 ···-3.10 6.1 
.. -··3:4 

A2 3 3110 9.2 28 5.04 5.6 3.1 

Al 5556 13 39 S.:30 7.4 4.1 

A4 451 2.1 6.3 5.50 1.1 0.61 

Bl 3838 9.3 28 3.05 9.2 5.1 

B2 3113 7.8 23 3.14 7.3 4.1 

B3 3569 8.8 26 5.22 5.0 2.8 

B4 1983 5.4 16 5.39 3.0 1. 7 

Cl 1673 4.7 14 2.48 5.6 3.1 

C2 3 9364 21 63 2.61 24 13 

1 Front Sections only; back sections were all below the U.11it of detection ( .S . 1 ug/ tube). 

2 Total aaount of EtO injected into the g.as chromatograph. 

3 Saaples A2 and C2 were recei ve.d unlabelled and were arbitrarily assigned t hese labels . 

I 
M .... 

I 



TABLE II 
WILKES DATA 

FALCON PRODUCTS. OXNARD. CALIFORNIA 

Operation 

November 1977 

A. Sterilizer #61 
Standard Cycle-Pet,ri Dishes 

l. Unload-load 
2. Q.C. Samples 
3. Area Abm.ient 

Ti.lie 

ATIACHMENT I 

19 11.in. 
Sain. 

15 min. 

EtO 

14 .8 ppm 
17.0 ppm 
10.5 pplll 

* Wilkes unit is reported to have malfunctloned. 

August 1'978 ATIACHMENT II 

A. Sterili·zer #61 
Standard Cycle-1029 Dishes 

1. Unload-load 
2. Area Ambient 

B. Sterilizer #71 
Standard Cycle. 4013s 
1. Unload-load 

C. Drum Change* 

l. Change r·ooai ambient 
2. Change connections 
3. Change roOlll ambient 

26 mins. 
30 lains. 

18 lains. 
90 mins. 

2.5 mins. 
4.0 mins. 
26 lllins. 

D. 8-'Hour Time Welghted Average• 10.2 ppm 

• Values obtained from pt'ior rec-ording. 
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67.5 pplll 
21.5 ppm 

21.0 ppm 
14 . 0 ppm 

0 ppm 
145 ppm 

10 ppm 

Peak Concentration 

42 ppm 
89 ppm 

275 ppm 

73 ppm 



TABLE II (c,o:nt) 
WILKES DATA 

FALCON PRODUCTS, OXNARD. CALIFORNIA 

Operation Time EtO Peak Concentration 

August 1978 

A. 'Ster 111:zer 161 
Standard cycle, '9002 Sputum Kits 

1. Unload-load 
2. Area Ambient 

B. Sterilizer 171 
Standard cycle. 20S2 t:ubes 

l. Unload-load 
2. Area Ambient 

C. Drum Change* 

l. Change room a11bient 
.2. Chauge ,co11n.ections 
3. Cha·nge room ambient 

2'6 11ins. 
45 mins. 

2.3 mins. 
5 mins. 

2.5 mins. 
4.0 mins. 
26 ains. 

D. 8-'flour Time Weighted Avera,ge • 18. & ppm 

Deceaibet" 121 1978 

A. Sterilizer 171 
Standard cycle. 2095s and 2052s 

1. Unload-load 
2. Area Ambient 

B. D.rum Chan,g,e • 

1. Change room ambient 
2. Change c,onnections 
3. Change room ambient 

20 mins. 
1 min. 

2.5 mins .. 
4.0 mius. 

26.0 mins. 

D. 8-Bour Time Weighted Ave:rage • 2. 5 ppm 

• Values obtaini!d from prior recording. 
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ATTACHMENT III 

S7.5 ppm 
25.0 ppm 

23.4 ppm 
15.0 ppm 

0 ppm 
145 ppm 

10 ppm 

ATTACHMENT A 

19.l ppm 
1.0 ppm 

0 ppm 
145 ppm 

10 ppm 

175 -ppll 

50 ppm 

40 ppm 



TABLE III 
SUMMARY OF PERSONNEL RECORDS REVIF:wa.b 

TOTAL A\'ERAGE 
EmplOYJtttlt I RECORDS EST EST % % YR YR 1st DUR ESTC 
Status (f SAMPLBD) % EXP ,# EXP 1'IALE WHITE BIRTH EXP EXP P YRS 

ACflVE ,650(143) 13% 85 53% 32% 1941 1975 6. 1 680 

INACTIVE 2448~480l 7% 171 64% 55% 1940 1972 2. l 1881 
OVERALL 3098(623) 8% 256 58% m 1940 1973 3.5 2560 

a) The following abbreviations are used in this table : EST for estimat e~ EXP 
for exposed. YR for year, 'P YRS for person years . 

b) Statistics are based on infonution from the v;>rk.e-rs c l assified as 
potentially exposed to EtO in thi• review. 

c) Person year s vere eatiaated by multiplying the es t imated nuzaber of exposed 
vor lu!'r s times the length of time between 1983 and the average first year of 
exposure . 
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