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Abstract 

On January 16 and 17, 1984# a site visit to Snyder t.abo.r.atori·es. oover, 
Ohio, was condu<::ted to gather data and determine the feasib lity o.f 
including this facility in a mo.rt.ality/ industrial hygiene study of ethylene 
oxide (BtO} being conducted by re.searchecs from NlOSR. 

urtng the site visit, industrial hygiene records and pe·rsonnel re.cords we.r,e 
evalu-ated a.nd a walk-through surv,ey of the plant 'il&s conduct-ed in order t -o 
observe all production processes related to BtO steci lization. 

Are.a and/or ~rsonal industrial hygiene monitoring for EtO has be n 
conducted by Snyder since 1979 (experi nt.al area sampling was conducted in 
1978). An industrial hygiene evaluation of this monito:ring data i .ndicated 
that it would be possible t o construct an exposure classifi-cation sch~me for 
this facility. 

Results of the epidemioloqic evaluation of records indicat.ed that this 
portio·n of the facility raeets all of the eligibility r,equicements as defined 
by th& epidemiologic portion of the protocol_, and could ther.afor,e be 
included in the study. These requir,e nta ar·e: U the plant raust 
contribute at least 400 pe:rson years, 2) the plant mist have adequate 
personnel records or ot. or records that can bo used f.or identifying past and 
pres nt wo.rkers exposed to EtO, and l) the plant uat not bav~ any ser ious 
confoundinq exposure to a known leuik ogen. 
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Introduction 

Ethylene oxide ~EtO) is one of the 25 chemicals of highest production volume 
in the United States.l The major portion of EtO produced is used in the 
production o f ethylene glycol (antifreeze> and as a cheJ11i.cal intentediate 
for polyester films, fibers, and bottles. A small fraction o f EtO, less 
than 0 . 24', has been used by t 'he health c are and medical supply industries 
over the past 3S-~O years to sterilize heat-sensitive medical supplies. l 

BtO, a colorless gas at standard temperature and pressure or a liquid at 
highe .r pressures, ia miscible with water, ethanol, ether ., and most co11111on 
organic solvents . t ·n addition, it is highly exploaiVe when in 
concentrations of 3 to 100\ (EtO) in air.2 The bioloqical warning 
properties are essentially useless since the (ether-lilte ) odor threshold 
among individuals ranges fr,om 300 to 1,500 pa:rts per million (ppm ) and 
adve·rse health e·ff.ecta may be ellcited at levels much less than this. 3 

Due to the toxicity and possible carcinogenicity of EtO (see section on 
Toxicity), NIOSR re$earchers initiated an investigation in 1982 t o assess 
the feasibil.l.ty of conducting a cohort mortality study and industrial 
hygiene evaluation of workers exposed to eto. Based on the data gathered 
during the feasibility study, it was concluded that the cohort of .or'-ers in 
the health care and medical supply industry, speclfically those wo rkers 
exposed to StO in i ndustrial sterilization p·rocesses., vas the most adequate 
group to support a cohort 1DOrtallty study.4 This decision vas supported 
by the findings of a 1977 survey conducted by National Institute f o r 
Occupationa l Safety and Health (NIOSB) rewearchera which showed that it is 
in this industry JDOst of the employee exposure• occur . S16 This survey 
est i.mated that a,pproximately 75,000 health care workers were employed in EtO 
sterilization operations, vi'th an additional 25 , 000 employees which may have 
incidental exposure resulting froa inad,tquate engineering controls.5,6 
Inorder to develop and refine methods to be used for data collection and 
exposure clas.sification of this selected cohort, a pilot study o.f sh 
indust rial sterlli zation f.acilities was initiated. The i nforiaation gathered 
during the pilot study was incorporated into the final study protocol. This 
facility is part o f the pilot study. 

This walk-th :rough survey was conducted to deter111ine the suitability of 
includi ng Snyder Laboratories in the industrywide mortality and industrial 
hygiene study of workers potentially exposed to EtO in industrial 
sterilization processes. The suitability of i ncluding this facility was 
based on data gathered in this walk-through and is discussed in the 
Conclusion and Recom:aendation section. tn addition, the data gathered 
during the walk-through survey will be used to develop, to the extent 
po-S$ible, eatiia&tes of exposure to BtO by d•pactaent and/ or joJ) category, 
level and duration of continuous and peak exposures, and calendar year 
within t'h1s ,plant. The.se exposure e.stlutes will then be cOllfpiled into an 
exposure matrix which will be used to determine the existence of a dose 
response relationship with any positive association observed i.n the 
mortallty study. 

The authority and responsibility for conducting and reporting on field 
studies in industry waa given to NIOSH under the Occupatlonal Safety and 
Health Act of 1970 (set forth by the 91st Congcesa, S .. 9123, Public Law 
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91-596}. Section 20(a)7 states that NIOSH shall conduct and publish 
industrywide studies of t~e effects of chronic low level exposure to 
industrial materials, processes, and stresses on the pote:nt ial fo·r illness, 
disease, or loss o f functi onal capacity in the agin<J adult. 

Description of Plant 

Snyder Laboratories was established in 1977 after the original cOQpany, 
Snyder Manufact uring Coapany, was purchased and renaftled by Zimmer (a 
subsidiary of Bristol-Myers). Snyder Manufacturing co._pany produced 
industrial clothing, laainants, plastic fabricators , polyvinyl chloride, and 
polypropylene. In 1961, Snyder entered the medical business and began ustng 
EtO as a sterilant. I·n 1977, when Snyder Labs was created, all non-•edical 
production lines were shut down; however, sterilization of l!le-dical products 
continued. Ove r the past 20 years the number of products to be ste.ril.iz·ed 
has increased and now includes closed wound suction devices, hemavac 
products, de['lllatome blades, der11acarriers, thoracic drainage systems. Raney 
clips , Gigli saws, a·nd z drapes. 

Prior to 1977, Snyder consisted of 2 buildings (85-96 years old) which were 
connected by a doorway covered with vinyl strips. Building l contained the 
sterilizers, laainating process ., and stora9e o:f sterllihu r:?:oduct. 
Building 2 housed the manufacturing, warehouse, and .. adio frequency sealing 
areas. A third building was constructed in 1977 and housed only 
manufacti;ri ng processes. 

!'or the period of August 1976-1980, so111e EtO sterilized product was stored 
in Buildi ng 2. This was duf; to the rapid grovth rate of Snyder whic'i 
resulted in a need for •xtra storage space. 

In 1982, a new building was erected for the BtO steril ization process. The 
sterilizers were moved durin(] the su1UHtr of 1982 and the building opened in 
February, 1983. The new building contained the BtO sterilizers and !tO post 
cycl~ quarantine storage and shipping areas. 

Description of the Workfo rce 

In 1961 , Snyder employed 35 workers on 1 shift (7:00 a.m. to 3:30 p.ra.) in 
the medical p roducts area: 3 to 4 of these employees worked directly with 
EtO. The workforce grew to 100-200 during the 1960's. Currently , S.nyder 
employs 200 workers, 118 hou rly and 82 salaried. Approlti11ately 17 current 
employees are potentially exposed to EtO L:n the followi ng areas: 
sterilizer, quality control. maintenance, and finished goods. 

Ellll)lOYffS work tvo shifts, 7 a.111. to 3 : 30 p.m. and 3: 30 p.11. to midnight . 
Snyder has a very stable workfocee with the average employee's age being 
between 40-42. Sixty-five percent of the workforce is female and 9.8\ is 
Caucasian . The Union representing the Snydu eaployffs is the United StHl 
Workers (OSW) Onion* Local 6211. 
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Description of Process 

Initially, the product to be stedU.zed U 91ac4td on, pa V.-1cs and load~ into 
one of eight preconditioning cbambers. ~ ' ~lrod\Jet {~ ependt n9 on itg 
physical make-up) is preconditioned frOl!J S t.o ·i ,1 bou'fs 1>1 increasing the 
t&mperature and humidity, which in ettect ~liCes the ti•e required to 
st,eri lize each load. Bach preconditioning chl!l:tllber has t.i-o door§ , one t o r 
loading and one f or unloading: the latter empties l nt o th• s teril i %ing rooa. 

The product is then loaded into t he st~ri li1ing ehame.:; ~ ~and ~fuci . 
Aft.er the st•riliter is loaded, the huaidity is increasel'; the t e .~nture 
is slightly elevated, and the freon/ !tO mixtur·e ( 88 parts freo·n to 12 p,nts 
BtO) is added to tbe sterilizer . The product is then sterilized uooer 
positive pressure: stui li!!Lt'lg time is depende·nt upon the absorption nte 
and capacity of the product, After the sterilization cvcle~ a vacuum is 
pulled to remove the gas mixture froa ·the sterilizer. The sterilizers at 
Snyder have a door at each end of the sterilizer: one f or l ,oading and the 
other for unloadin9 product. The product is unloaded fro11 the sterilizer 
and placed into one of four aeration chambers . The prQduct rellli ns in th-a 
aeration chaaber for approxi11ately 24 hours at an elevat4td temperature and 
air flow ( 40.00 cubic feet per minute ( ctm) J. Boveve£. 1:.l\11 pHx!uce I~ n~ 
removed frOII the ff ration cha111ber until the quali ·.t ~ontrol check is 
co111pleted. After aeration, the sterilized product is Hatuferred to the 
quarantine warehouse tor a 11inimum of one week prio r to shiptMtnt. 

Description of Past !xposures a·nd Controls osed 

Snyder's use of !tO as a sterilant began in 1961 with th• in.-t::htion of a 
126 cubic foot (ftl) BtO sterilizer. Tvo cycles were run per week using a 
gas llixture of 88 parts of freon to 12 pacts of BtO. A fan was used to 
ventilate the sterilizer room. 

In 1970, a double door 360 ftl !tO sterilizer was purchased and plac @d in 
a ro<llll adjacent to the 126 ftl sterilizer, which was enc:losed wlth brick 
walls. The double door ar raogeaent per•itted the sterilizer operator to 
load and unload product at opposite ends ot the s·teri H rer. The number of 
cycles was i ncreased to about 4 per week. After each cycle, tbe sterilized 
p:rodu-ct was unloaded i nto the hallway outside of the ateri lizing l"Q<M!I Ind 
transferred to the aeration or quarantine room where 1t was hel d for 1 4 days. 

The steriliser rooa w.aa ventilated with a large wi,ndow fan. which pro4uc ed a 
neqative pressure in the roo11. The aterilUer itself was vented to the roof 
and to the sever line. 

Another potent.I.al exposure sourc,e vaa the 100 to 2SO lb EtO cylinders. 
After a cy,linder was shut off, the threaded coupli ngs were disconnected, and 
whatever !tO was left in the line diffused into the rooa. Thia potential 
exposure sourc-e was eli11inated in the early to mid 1970's by replacing the 
threaded valves with quick disconnect valves. tn 197S, a third BtO 
stertli11er, also 360 ft3, vaa purchased. 
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In 1976, grecond 'itioninq chall'lbers were inst~lled as vell as a 24 - hour post 
$~er i tiz: f.ion room. Oue to the rapid growth rate of the company, some 
ste•riHz-.f product was stored in Building 2. This occurred from 1976 to 
\980. 

Duri ug lj7'7 , tl'l!! amount o f Sto used vas approximately 16, 000 pounds (lbs.); 
eu trintly the nlftou nt of EtO used has increased t o about 30,000 lbs. In 
1978 . exped.Rfita l i.fldllstrial hygiene sampling was started f or EtO and l ar'9e 
e xhausi:. h<XldB \'!C!dl instal led ovar the ends of t he double door s terilizers. 
After •ach cycle 'a'l3 cmpleted, the s ter ili zer doors were o~ne-d slightly 
•l\"J> th~ un]ts we Fe vcnt-ed ( to th-. roof ) f or one hour . Industrial hygiene 
sam:pU ng 18:11 conducted again in 1979 and each succeeding year thereafter. 
In 44:Jditio": tbe U o h.3 sterili.z~r was shut down arid a large portable 
v~ntiiat ion ifstam l3hro~dl was installed. The shroud was placed at the 
load in~ door of 1ta ~h s ter iH !-'r in order to !?'--111 any r·e sidua l BtO away from 
the sterilizer o~r~cor vbo wu anla.ding product at the opposite e.nd of t h e 
st.iriliiec . 't'h9 ventilatta.i sys t en was then moved froa one sterilizer t o 
.it'lother~ ':IH;, system's exhaust was Y-ei'lt ed to t he roof. Tbe building's fresh 
4i r intake Wa.!l lr;c3ted approxi.Ja&t•lY 200 f ~t fro• the ster lli zer exhaust 
v~nts. 

Additional 36Q tt3 ~to ! terili zer s ~•re ~urc ~ased in 1980 a nd 1983, 
bd119lng the 1;uttai to f.our. Duri ng the su11111er of 1982 , the s tertlizer:s we r e 
.aoved to a n9w Wi lding which was const r ucted solely for Snyder's BtO 
ster:1 H&i ng process . The new bujlding contained 8 double-doored 
pcecoo<htiol1taq ch.a111b1.t>J1 the unlo ad ing doors of these chambers opened into 
the $!.e~Ui ~j ng rOOlll "'hieh containGd • pit mounted , co111puter ope·rated 
ster ~ l i ~9 r 8 , 

In 1983 , an f!NUR, llll;!!tipo int di r ect-read ing lnstru111ent , was installed and 
a Cy!.llpl.et e re ading cycie of the stedlitet related areas was obtained every 
lcl ;ainutes . Pour a-er~tlon chamt>e c~ it\tb an airflow rate of 40·00 cfm w.re 
alir<> instal l ed . 

Othet s-ub$tancee: tha t w•~e used at Snyder include: lsopropyl alcohol (used 
ito wiE)4!/C le~n ti lale~) , 1114!1t hyl ethyl ketone ( MEit) wh i c h was used i n very 
small atnounts ( a l:i.')ut, l pint / veek ) , polyvinyl c hloride ( PVC. used in the 
l a•tnat ing proc.::ss) , and vinyl plaatisol adheslve (used to attac.h the PVC t o 
nylon). A study conducted by the Occupational Safety and Health 
~dllinistration (OSHA) indicated that th·ere were no problems vlth the PVC 
laminating process. 

Snyder has no records of accidents o r leaks, however, it was stated t hat it 
was not u·nusu-a1 for s terilizer oper•toi-s to s•ell !tO. If a aalfunct.lon lias 
notic ed., the steriliaer was shut down and the cycle started over. In the 
past, s teriliser gasket.a were re.placed when a drop in st·ertl i-zer pressu re 
was obaecved. lfovever, i ·n 1979, the c-oapany that manufactured the 
ste r ilisers began checking the ster·lliser doors &very l aonths . 
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Description o.f Industrial Hygiene, Safety and Medical Progra:ns 

Industrial Hygiene 

Snyder e111ploys a metallurgical engineer as a part-tiiae industrial 
hygienist. Ex~rimental EtO monitodng began in 1978 and routine monitoring 
continues today. 

Personal and/ or area Time--Weighted Average EtO monitoring bas been conducted 
with charcoal tu bes and/ or 3M badges: these saapling media vere sent to 
accredited laboratories for EtO che.11lcal analysis. Continuous monitoring 
was conducted with a WUks Ki ranR in 2 locations in the old building. In 
October, 198.3, an BNUR multipoint sequential EtO analyzer was set up to 
continuously 1110nitor 10 locations 1n the MW building. These locations 
included the four corners of the sterilizer room, the air conditioning duct, 
control room, ball 1 preconditioning area, and quarantine area. Sixt~n 
m1nutes is required f o r a coaplete monitoring cycle. Ventilation 
measurements and checks on fan motors have been conduct'ed on a regular bas i s 
in the old as vell as the new sterilizer locations. 

Safety 

Personal protective equipment used at Snyder has t ·ncluded shoe and head 
coverings: and in 1977, a f ull-fa<"e air supplied respirator was installed in 
the s terilizer room. In 1981, a Survivair self-contained breathincJ 
apparatus ( f u ll-face ) was placed outside of the sterilizer room, and in 
198 3, Sc,ot t Air Pacs were made available. All respi raters were available 
fo r emergency use o nly: no respirators have ~vr ~ been used at Snyder. A 
maintenanc e and cleaning program was instituted, and employees were trained 
in the proper use of these air supplied c-espirators. 

Management and union employees bave for•ed a joint safety cOlllllittee and 
routinely insp~t the plant and procedu.res: only filNt acoidents have been 
recorded in the last 10 years. Snyder also ~as a safety training program 
for supervisors and employees. 

Medical 

In 1982, an employee health survelllance progra• was started by the parent 
companies, Bristol-Myers and Zi•er. Bmployffs were required to complete a 
personal history for111 wbich waa considered the b«seline for the surv•illance 
program. A battery of tests we·re alao run on the' employees potentially 
exposed to !tO. 

Preelllploy.ent physical exa11inationt; including blood tests and chest x-ray 
ace required. Snyder also bas a aicrobiology laboratory which ls used to 
monitor the environ111ent and bioburd•n levels of work~.rs (e.g., the bacteria 
level ·found on workeTs' hands>. 
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Description of L~e Personnel Record Ke-eplng s 1,stem and Definition o f 
E9osed ~oup 

It ls possible to identify the sex, birthdate, yeac ot entry, year o f 
tecainat i •:>'l, and department f or all employees from personnel records . 
Exposu re atat us (exposed vs . nonexpoaed l can be ascertained by identifying 
the depar(<ttent and dates employed. A detailed wo rk history can be 
cons:ructed for virtually all ell\ployees with the exc eption of those who 
wor·Jo:ed less than a 3 month p.robationary period, usi ng the initial job title 
and department as listed on the applicatio n and b1d she-ets which i ndi c ate 
job change• . Such short-term employe~s would be exclud·ed in any c a s e from 
the aorta~ity study , which requires a minimum of 3 months exposu re . 

It is e s t l~ated that there are approximatel y S85 ree o rds total for 
termi natM hou r ly employees. The records are arranged al p habet 1ca.l ly. 

':these rec«rds appear CO'l:1p.lete r there were no obvious gaps . Ten worke r s were 
identif1e~ by t he company who had terminated prio r t o 1977 . Al l 10 wer e 
found 1n the files. In the sampling, '-Orkers ,were encoo nter-ed who were 
current i~ the early 1960's, when £t0 wa s first used. In the early 1960 's, 
Snyder (thi'· knovn as Snyder Manl•facturingl had only about 35 employ-ees. tt 
h~s st,eadi l y grown I at i;:r ::.sent then, are approximately 200 employees . " 
f ul l che ck on the completeness of the files is to be conducted f or all 
plants in t~e study , as outlined in the protocol, via th~ use of payro ll 
reco·rds . There are also s eniority Hs·ts wh ich date back to 1967. '!he li sts 
inc l ude the e·ntire hourly worlt f or~e, and can be used to chec k cohort 
completene•& f o r the years 1967 to the present. 

There are :1 11 records f or active hourly employees. Usi ng rando samplil'l13, 
100 ter11in:1ted and SO active hourly employees were sarnpl.ed . 

The fi les ~fall 82 active salaried per sonnel were reviewed as well as 15 
tnactive salaried personnel. Bovever, it Ls believed that the records of 
the 15 i nactl ve salaried employees represent only those sala r ied who have 
tenai nated si nc e Snyder Labs was constituted in 1977 . tt is not known 
whether ceco.rds exi8t for those salaried employ,ees who terminated before 
1977 . Pew salaried peraonnel are exposed to EtO, and their exposures are 
presumed to be slight tn relation to hourly personnel . Give n these 
cona iderat i.ona, unless the company is able to locate inactive c alar i.ed 
records, salaried e11rployees as a whole should ~ excluded fro111 the cohort. 

In the history o·f Snyde.r, ,no.st expoaur-e to EtO occurred at the older New 
Phi ladelphia site, ln Building 1, ,which housed the cha~bers and a lamination 
p r oceas wh ich was diacontlnued l n 1978. Product tttas usually sterili~ed, 
aerated, and sto red in Building 1 . There was no a~parate aeration room 
within Building l until 1977, therefore, any o ff-9aasing of EtO would affec t 
all e11:ployoei- in 9uUd1ng 1. Even after tha t date~ product stored !.n 
Building l ,would be expected to off-gas in that area. Exposed departments 
included attrilization , lamination, &nd warehouse / shipping. Quality contro l 
and raaint,eMnc o depat"t .ment personnel w-ere exposed intermittently. 
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Por t he period of August 1976-1980, produc t was stored in part of Bu ilding 2 
as well as in 8ui ldin,g l. Thus, du r ing that ~riod~ employe,es in Building 2 
may ha v,e been exposed to small amounts of EtO which were still off-ga ssinq . 
Purthenrore , Building 1 and Buildin,g 2 were not s-eparated by a c l o-aed door 
but by an open doo r way whic h w~s covere<! With vi ny l strips, which we re not 
air tight. However, the ventilation in Building 1, including a strong 
exhaust fan f o r the lamination process , s houl d have direc t e d any EtO i n t he 
Ulbient air of Building l out o f Build i ng l rather than into Bu i!ding 2 . In 
general, we c an consider employees in Building 2 to have bee n minimally 
exposed in the years 197·6-1980, and nonexposed in other years. 

In the su111111er of 1982, sterilization was llfOVed t o a new building in Dover . 
After that dat,e exposed em,ployees would i nc lude all those i n the 
sterilization department as wel l as all those in the war·ehouse who were 
incidentally e.itposed due to product whi ch was o f f-gassing . 

P·or the purposes o·f thi s r ·eport, work hi stor'i..is were used which listed 
whethe r an individual had ever worked in an exposed depar'tll1ent. An attempt 
was not made to determine how long that individual worked in that 
depart111ent, although that data is available i n the p(trsonnel file. I n this 
repo rt, an expos·ed l ndi v i dual is so identified if he or she wo r ked at the 
COfflpany f or 3 11n,.o:hs o r mo re, and ever wo rked in an exposed department , as 
def ' ned above. By a nd large , these individuals will have wo r ked 3 aonths o r 
more in an exposed depa rtment . 

The f ollowing results are based on the sample of 150 hourly employees. 

Overall, approximately 271 of t-he hourly employee s who had been em.ployed at 
least 3 1110nth~ had ~n exposed t o eto. About 10\ of the hourly e111p loye,es 
could not~ classi fie<! due to incomple te work hi s tories, usually the result 
o f not bavin,g c0111pleted the probationary ~rlod. Boweve r , these workers 
would no t qualify f o r the mortctl ity study . 

AIIIOng the exposed hour ly workers , t he average year of birth was 1947 and the 
avera,ge year of entry was t971. Among the exposed hourlies , about 91 were 
f i r st employed after 1978 . 

Afflong a ll ~xposed hou rly employees, about 22\ were fe.l!lale . 

Management was also asked to identify 8 workers knovn to have been exposed. 
The personnel .f iles were then checked f o r these individuals: all were found , 
and based on their work history , all w,ere i dent Hied 4S hav ing been exposed. 

In sW11111ary , there were 696 hou rly employees (111 acti ve, and 5 l ~ i nactive } . 
Of tbese about 10\ worked for leas than l months, a nd would not be eligible 
for the 1110rtality study, Nine perc ent were hired afte r 1978 . The se would 
not be eligible for the fi r st phase of the mortality study. Tr.1. s would 
leav-e approxiutely 563 hourly employees eligible f o r the first phase of the 
mortality study, of whom 152 127\l were likely to have been exposed. T!le 
average year of hire for a ll hourly employees was 1971 , and for the purposes 
of estimatio·n here, 1971 c .an be taken as an average date of first hi re for 
t he 15.2 eligible hourly employees. Purthe r1t0re, for the purposes o f this 
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report, 1971 c an be taken to be the fi est year of exposure , altho ugh in so:ie 
c ases lndividuals may not have be,en hi red into an exposed job. Given that 
f ollow-up can be expected to go through at least 1982 for the mortality 
s ,tudy , on the a'll'@rage each o f the 152 hourly employees would cont ribute 
approx i mate ly 12 person-years of follow-up to the mortali ty study , Bence, a 
total of approxinlately 1800 person-years should be contributed by Snyder 
Labs to the mortality study. 

Only a ha ndful of the exposed workers were sterili zer operators. Tne 
majority o f t he exposed worked i.n the laaination process and were exposed as 
a result of beinq in Building 1. 

Toxicity 

S'vi<lence fro-11 animal studies suggests that BtO may have carcir.,ogenic 
prope·rties . 7 ,8 A group o f EtO manufacturers sponsored a study at tbe 
Bus hy Run Research Center in which male and female Fischer 344 rats were 
exposed to EtO at a irborne concentrations of 10, 33, o r 100 parts per 
million (ppm ) f o r 6 hou rs per day, 5 days per week for tvo yea r s . 7 T\to 
other gro ups o f animals served as contro ls. Initially, t her•e were 120 
animals of each sex, in each exposure group. The researchers observed a 
statisti : ~lly significant i. ·nc:rease i n the incidence of 1110nonuclear cell 
leuke-.ia among the fe11ale rat.s , and peritoneal Msotheli.oma among the ale 
rats exposed t o EtO. The inc rease in leukemia incidence was found to 
increase lin~rly as a f u nctio n o f EtO e.xposuce. An elevatio n in IIO:rtality 
froa brain cancers (glial type) was ~lso observed in the rats exposed to EtO, 

NIOSH researchers hav~ recently r•ported o n the results from an aniNl 
experiment which con·-0bocated the fi nd! ngs of the Bushy Run Study. 8 Male 
Fischer 30 ra ts were exposed to EtO f o r 7 hours/ day, 5 days/ week for 2 
years at airborne co ncentra·tions of O, SO, or 100 ppm. Tbere we re 80 rats 
in each exposure group. Inc reases i n the incidenc·e of mononucl•ilr leukH1ia, 
peritone-al 111esothelioma, and cerebral gliomas were o.bserved a lftOng the £to 
exposed rats, relative to nonexposed controls . 

Only a few epidemiologtc s t udies have e.xa~ined the potential human 
c arcinogenicity o f Bto.9-11 Hogstedt, et al, conducted a retrospective 
cohort eortality study o f a group of wo rker s in a Swedish che11:ical factory 
that bad p .reviously been included in a h~tologic investigation. 9 This 
facility produced EtO via the chlo r ohydrin process in which , i n addi tion to 
EtO, there was potential exposu re to ethylene, ethylene chlocohydd.n , 
ethylene dichloride , and saall a11ounts of bis(2- chloro- ethyl) ether. A,aong 
89 •full-ti me• exposed vo rl'.ers, a statistically signif icant ( p less 
than • 01) excess of l eukea.la mo.rt,ality was observed < 2 observed versus 0.14 
ex-p4tcted). In addition, a statiatically sign i ficant (p l eas than .ou 
exce ss of stoaach cancer was obser~ed ( ) observed versus 0 ,4 expected ) , 
Because of th• milted exposures, thes~ find i ngs could not be attr ibuted to 
EtO: however, ethylene oxide and ethylene dichloride were the priM suspects . 

Morgan, et a l , c-0nd ucted a ret coapect i v. cohort mort.ality study of wo rke r a 
i nvolved in the productio n of EtO at a Texaco Pacility.10 A total of 850 
workers we.re included in the study, of which 767 were potent ially expo:ud t o 
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EtO. No EtO vaa detected in DOSt ~ples talten i n the p-r:oduction acea, and 
all measurements in this area vere belov 10 ppa. No cases of leukeJlia ve.re 
observed in this study: however, the authocs estimated that th• lovest 
relative risk that they had a high probability of detecting (801 power ) vaa 
10. 5. 

Rogstedt also reported on three cases of leukemia that occurred in as.all 
group of worke-r:s at a SVedish c011pany . l l The company used a aixture of 
so, BtO and 501 methyl fonaate to sterilize hospital equip11ent. The 8-hour 
TWA exposure for EtO at this facility was estt111ated at 20 ppta. According to 
national statistics, only 0.2 deaths due to leult·emi a were expected in this 
cohort . One of the cases was eirposed to benzene, a known leulteJ"Klqen, and I. t 
was speculated that the combined exposure of EtO and methyl f ocaate aight 
produce a speciaJ. risk . 

!tO is also a potent alkylating agent capabla o f causing i rreversible 
changes or 111utations i n eel lulac proteins and DNA in animals. ll, 13 !tO is 
also a positive mutagen in several ln vitro systems $UCh as Salmonella 
tyPhi111uriu11, viruses, and Tradescantia poludosa. 6 

Chromosordal aberrations r•l~ted t o £to exposure have been obaetved in a 
.1..aml:-er of animal studies and epide11iologic investiqat ions. 8, 13-20 Yag•r 
and Be.nz observed a dose related i ncrease in s.lste.c chromatid exchanges 
(SC!s ) among New Zealand white rabbits that vere exposed via inhalation to 
50 to 250 pp• of Eto.14 NIOSH (Lynch, et al) recently reported 
preliminary findings in which cynoDOlgus ftlOnkeys were exposed to O, 50, o r 
100 ppm o f EtO for 7 hours per day, 5 days pee week. 8 Afte.r 2, DOntha of 
exposure, st•t:sucally sign.ificant increases were obaerved in the frequency 
of chroaosoaal aberrations C including quadcirad.ial chromosomes) and SCE.s in 
the peripheral lymphocytes of the 50 and 100 PP• exposed groups versus the 
controls. 

Garry, et al, examine<! the occurrence of SC£ in the peripheral l~hocytes 
of 12 !tO exposed wo-r:kers and 12 nonexposed controls in a hospital 
sterilization facility.15 The exposed group shoved statistically 
significant elevations in the nulllber of sos coapared to th.e controls. 
Partlcularly high SCE frequencies were obaerved aaong 4 workers that had 
r•ported either neurologic or respiratory symptoa1s. The maximua peak 
exposure level of !tO measured at this facility was 36 PP•• 

Cytogenetic abnor•alitles have also been observed in several studies of 
workers exposed to BtO. Ehrenberg,. in a study of vorJters at a factory 
manufacturing and using !tO, observed a high frequency of chr0110S011al 
aberrations in 8 workers who were accidentally exposed to high 
concentrations of !tO. One case of leuke11ia was also obaerved aaong the 37 
workers studied.16 

American Roapi.tal Supply initiated a cytoqenetic s'Urv·ey ot workers that ..,.re 
exposed to ato in the sterilization of a.di cal devic•s ln 1972 . 17, 18 
seventy-.five exposed workers at 9 facilities were studied, as well as 37 
nonexposed workers who served as controls. Compared to controls,, expoaed 
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workers were found to have statistically signific.ant incre-ased fr~uenc les 
o f SCEs and chroeosomal aberrations . 

In response to the find i n,gs from the Anlerican Hospital Supply study, Johnson 
and Johnson initiated a cytogenetic study of workars that wer,e also ex-posed 
to !tO in the sterilization of medical products.19,20 Approx i11ately 50 
workers not exposed to EtO were coapared to SO ex.posed workers at thr-ee 
facilities with 8-hOUl' Time-Weighted Average ( TWA ) exposures to !tO of less 
t han l ppm, 1-10 ppm, and 25 - 200 ppa, respectively . Stathtkally 
si-gnificant ·elevations in SCl? frequency were observed in the latter two 
facilities, and these changes have persisted after one year. Thf! frequency 
of SCEs appeared to incr-ease in a dose response manner. Chromosomal 
aberrations were also elevated in the high exposure groups: hovever, these 
findings wer,e not statistically significant. 

"PPlicable Standards and Recommended Levels 

Prior to June 22, 1984, the Occupational Safety and Sealth Admin.istration 
(OSHA) Permisalble Exposure Limit (PEL} for BtO was 50 ppm as a TWA 
concentration for an 8-hour worksbift. 21 OSHA established a nev PEL of 1 
PPI as an 8-bour TWA on August 21, 1984. 22 I ·n addition, an •action l evel• 
of O.S ppm as an 8-hour TWA was established (by OSHA) as the level above 
which employers must initiate peri-odic employee exposure monitoring and 
medical surveillance. The Environmental Protection Agency (EPA) supported 
the OSHA PBL of l ppm ln the Federal Register (June 22, 198•).23 

ln 1977, NIOSB recOlllltended a celling level of 75 ppm as determined during a 
1S minnt,e sampling period.6 This level. hovever , w-as set prior to the 
recognition of the carcinogenic potential of BtO. Baaed on re-cent findin9s, 
NIOSH recommends that EtO e~posures not exceed 5 PP• for a maximum o f 10 
ainutes per day and that expo.aures be control led to less than O. l ppm 
determined as an 8-hour TWA (NIOSB Policy Statement, July 20. 1983). The 
Allerican Conference of Governmental Industrial 8Y9ieni.st.s ( ACGIB ) re-c:onnends 
a Threshold Limit Value ('TLV) of 10 pp1a for an 8-hour TWA based on data 
available prio r to 1982.24 However, in 1982, the ACGIB issued a notice of 
intended change in vhich it was proposed that the TWi\ concentration be 
lowered to l ppm. This recommendation was reviewed and adopted in 1984 . 
ACGI8 has also designated BTO a3 an A2 carcinogen. 24 An A2 carc.inogen is 
defined as an industrial substance suspected of having carcinogenic 
potential for man. This designation is based on either ( ll limited 
epidemt.ologic evidence, exclusive of clinical reports of single cases, o r 
(2) de110nstration of carcinogenesis in one or aore animal species by 
appropriate methods. 

Discussion of Company Nonito'Cing Data 

The results of the cc.pany !tO sample analyses,, type of saniple and sampling 
media, and sa•pli ng tilN are presented 1 n Table l. Table 2 contains the 
p!ant c;ontrola iaplemented to reduce BtO exposur·e levels. 

- 10 -



The data i.n Table 1 indicate that EtO was present in the work envi rorunent at 
this f -aci lity. at le-.ast in the ster · Hzer area. Only t..,o types of sampling 
ntedia were used during the years that sampling vaa conduct-ed at Snyder 
(1978-l983J .. Prom 1978 through 1983, charcoal tubes (containing activat~d 
coconu·t shell char-coal) '<le.re used as sampling dia to conduct a,r-ea and 
p•·rsonal sampling in the st· :Uizer work area . The love.st: docu :nted leve 
in 1980 and 1981, 0 ... 4 ppm., is questionable since this level w-as below the 
qua-ntita·tion limit of the analytical method used (OSRA Method tJO). 9 The 
second type of sa.mpling Mdia used,, passt v,e dosi ters or 3M Badges., 
apP4t-ared to be fairly reliable edi.a for £to moni oriing. However, s e 
discr~pancies ~re noted .. Por example,. durinq September,, l-9-83, three 3M 
badges were b.ung on the same sterilizer operator. The results of tvo badqes 
were close, 2 .• 1 and 2 . 7 ppm: h<:>wever,. the- result of the third badge vas 13. l 
pp (se-e Table U. The same type of discrepancy ..,as noted on other 
occasion. 

ove.rall, the EtO exposure levels remained fai:r ly const.ant over ti until 
the- latt,er part of 1983. During the last th.r-ee aonths of 1983, the ra·nge of 
exposuri! levels docume·nted liias o .. 5 to 4.8 ppa as personal 8-hout TWA.s.. (See 
Table l . ) The only employees sample-d w-ece sterilizer ope.rators .. 
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DATE 

6/78 

7/ 79 

2/ 80 

4/ 80 

6/ 80 

9/ 80 

11/ 80 

1/ 81 

TABL.E 1 

RISTORlCAL. EtO MONITORING DATA AT SNYDER L.ABORATORIESl 
DOVER OHIO 

TVPE OP 
SAMPLE 

Unknown 

Area 

Personal 
'l'WA4 

Personal 
TWA4 

Personal 
TWA4 

Personal 
TWA4 

Persona l 
TWA4 

Personal 
TWA4 

SAMPL.ING 
MEDIA 

Charcoal tubes2 

Charcoal tubes 

Charcoal tubes 

Charcoal tubes 

Charcoal tubes 

Charcoal tubes 

Charcoal tubes 

Charcoal tubes 

PPM OF ETO 
MONITORED 

73.0 
7 . 3 
0 . 50 
0 . 50 

4.9 

8.2 
8.5 

21.0 
14 . o 

6.1 
18.0 

3.1 
S. 5 

l. 5 
0.4 

o.s 
0.9 

0 .8 
0 .4 

COMMENTS 

Sampling was 
experimental only 

Sterilizer area 

Sterilizer operators 
two 4-hr samples per 
operator 

Sterilizer ope.ratora 
two 4-hr samples per 
operator 

1) All sa111ples were t aken in the sterilizer ,uea within 25-30 ft of a 
sterlli~er; personal samples include lunch break, etc. 

2) Charcoal tubes were in line with SftC lov- f low pu11ps. 
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OA'TE 

3/ 81 

4 / 81 

8 / 81 

11/81 

3/ 82 

6/ 82 

12 / 82 

2/83 

Ti\BLB l C CONT. l 

HISTORICAL ETC MONITORING DAT.11. AT SNYDER LASORATORIES1 
00'\fER 0810 

TYPE OP SAMPLING PPM OP E'I'O COMMENTS 
SAP!PLE MEDIA MOHITO-RED 
·personal Charcoal tu bes 'S . 1 One 8 - h-r sample per 
TWAs S .. 4 opetator 

6.4 
4.7 
2.2 
2.3 
1. 7 

Persona l C'harc·oal tubes 2.2 One 8-hr sample 
TWAs 

Personal Charcoal tubes 4.0 Sterilizer operators 
TWA-4 5.0 two 4-hr samples 

per operator 

Personal Charcoal tubes 2 .o 
TWA4 3.1 

Pe.rsonal 
TWA4 Charcoal tubes(2) 0.6 Steri Hz.er operators 

0.9 two 4-hr samples 
per operator 

2.0 
3.0 

Personal 
TWA4 Char,coal tubes(2) 5.4 

3.S 

Personal 
TWA4 Charcoal tubes(2) 45. 0 

2.1 

Peraonal 3M Badges 4.5 Ste:riliz r operator 
Short -te rm 7'5 minute safftPle 

22.7 Hand unloading 
20.0 chamber, 2S min·ute 

ample 
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DATE 

2/ 83 

3/ 8 .3 

5/ 83 

6 / 83 

8/83 

TABLE l (CONT.) 

EUS1'0RICAL ETO MONITORI NG DATA AT SNYl)ER LABORATORI s l 
DOVER, 0810 

T'iPE OF 
SAMPLE 
Personal 
TWAe 

Personal 
Short-term 

A·r -ea TWA9 

Personal 
TWA:a 

P-er·sonal 
TWA.a 

Personal 
TWA9 

Personal 
TWj\9 

Personal 
TWA9 

S-AMPI..lNG 
MEDIA 

3M Badges 

3M Bad<JeS 

Charcoal tu-bes 

3M Badges 

3M Badge.a 

3111 Badges 

lM Badges 

- u -

PPM OF Ero 
MONITORED 

5.2 
4.2 
6i. 7 
s.s 
3.6 

24 -.1 
25.5 

7.2 

4.2 
3.4 

CO M!NTS 

st-erili.ze:r ope:r-ato:rs 

Sterilizer Ope~ators 
Unloading chamber. 
25 minute sample 

StertH.z.er OperatoC'-s 

7.1 EXperimental 10 •in. 
s ple 

) . l 
2 .. 2 
3.0 

< o.s 
o .. , 

<o.s 

0 .. 6 
1.4 
1.6 
l. 5 
1.3 

13.la 
3.4a 
-4.9a 
6 .. 7a 
4.,8-a 

wa.rehouse personnel 

warehouse personnel 

St-ertli1e.r Op~n:ators 
loading/ unloading 
c 0bamber 

Sterilizer Oper tars 
al all badges on 

same worker 



TABLE 1 (CONT . ) 

BISTORICAL E'l'O MONITORI NG DATA AT SNYDER LABORATORIES! 
DOVER 06IO 

DATE TYPE OP SAMPLING PPM OP BTO COMMENTS 
SAMPL.E M'EOI ... MONITORED 

9/ 83 Personal 3M Badges 2.16 Sterilizer Ope rators 
TWi\9 2. lb b) 3 badges o n 1 

13. lb wo rker 

3. 2c c) 2 badges on l 
a.oc wo;rker 

Persona l 3M Badges 1.sd d) 2 badges on l 
TW.\9 1.sd worker 

4.8 
2.0 

11 / 8.3 Perso nal 3M Badges 0.5 St~rtlizer Operato r s 
TWi\9 3.6 

2. 2 
l. 4 

12/ 83 Personal 3M Badges 2.5 Sterilizer Op•rato rs 
TW.\9 l. 6 

2. 5 
1.6 
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DAT! 

1961 

1970 

ENOtN!E"RING 
COff';t'Jl()LS 

Room exhaust fan 

126 ftl 
sterilUer 
enc losed with 
brick w,all s 

Large window fan 
installed 

New ster l 11 zer 
eithauet vented 
to roof and 
sewer line 

1970-75 Threaded couplings 
on !to cylinders 
replaced vith quick 
disconnect valves 

1976 

1977 

l 978 

24 - hour post 
sterilization 
roOilil installed 

Non.e added 

Large exhaust hoods 
installed over 
end.s of double 
door sterilizers 

TABLE 2 
CONTROLS IMPUOIEN'J'f!.D TO RE"l>OC! £'1'0 EXPOSUR! L~Bf..S AT 

SNYDBR LABORA1'0JU!S1 OOVBR 1 OHIO 

ADMINISTRA1'IVB 
CO~'l'JlOLS~--

twne added 

workers required to 
transfer aterili;ed 
product to aeration or 
quarantine roO!II where 
lt ~as held for 14 days 

None a,dded 

None added 

workers restricted from 
sterilizing room dutill<J 
BtO sterilizing cycle 

Workers required to 
c rack aterlllzer doors 
a nd allow chambers to 
vent for 1 hour 

~ONI'l'ORINO 
Sf.f?fEMS 

Hon.e added 

None a.dded 

Willes Miran 
!tO 100nitoring/alarm 
syate11 in•talled 

Started 
experimental eto 
8Hlpling 

01'ffER 
(;lfANGU 

RAIGP. 0, !TO U .POSUR! 
[..l',V'~LS ME'ASVReD ( m) 

Mone N ,u,u r•d 

None ••asured 

Mone llflaa.u rec, 

NOMI mea.111 red 

None 11e~ull..1 red 

hperiJ'l'H!ntal only 

"' .... 



DAT£ 

1979 

1980 

1981 

1982 

1983 

TABLB 2 (c ontlnued) 
CONTROLS IMPL!11Btn'BD TO REDUCE ETO EXPOSURE LEVELS AT 

~~~ SN'IDER LJ,BORATOU &S 1 DOVER, OHIO 

BNGHU!ERING ADMINISTRATIVE MONITORING OTHER RANGe OF ETO BXPOSURf! 
CONTROLS CONTROLS SYST EMS CHANGES LEVELS M!ASOR!D (ppa) 

Large po r tabl e 
ventilation system 
(shroud) insta lled 

None added 

None add&d 

Ventilation syste• 
i nstalled in 
sterlllzec roo111 

4 aeration chambers 
i nstalled (4000 c fm­
airflow) 

126ttl sterilizer 
s hut down 

None added 

None added 

~ork e r access to 
sterilizer roo.111 
li•i t ed to moving produc t 

Worker s required to 
utilize !to sterilizer 
control ro<>11 

None added 

None added 

None added 

BNU au l t i -pol nt 
EtO 1110nitor installed 

Sterilizer .anufacturec 
started 3 month 
checks on door gasket 

Sterilizers moved 
to new building 

8 double- doored 
precondi t i on i n9 
chaa~rs installed 

Sterilizera plt 
1110unted and c~puter 
operated 

< 1-73.0 

< 1-21.0 

< 1- 6. 4 

< 1-5.4 

< l-25.S 

,.._ 



Cone US.i.O_AS 

Snyder Labo-rato'ries ba"S a small ount of industrial hy-g ne data dating 
bacte; to 1979 U97S's data was experimental onlyt . Tb refor , it vo ld be 
posslble to construct an exposur, cl ssifieation scheme for job catagocies 
in this plant. 

In adait ion. based on t e findings of tbi r-ep~r , this plant ets all o.f 
the eligibili'ty require-menu as defined by the protocol and sho ld be 
inclu-ded i n the s ·tudy. The&e re-quire-:aents are; l) the plant lllllSt 

contribute at least 400 pe.rson y--ears, 2) tbe plant st bav dequa:te 
personnel records or other records that can be s d for id ntifying past and 
preseint workers exposed to S'tO, and 3) the pla·nt ust not have any serious 
confounding exposure t<'.l a known leukemoq-en. 

Reeonuniendations 

The following recotllfflendations ,u -e based on wo.rk practices observed nd Bt-0 
leve's measured ( by snyd•r) at the time of the 'walk-th.rough surwy. They 
are offered as a.n ai-d to c:•duce erpo.sure potential to StO,, a:nd ,ue based on 
cited references or •good industr"i-al Mien~ practic-es•. 

l. C-o,ntinue th-e in~ustri l h:ygi-ene monitoring progr for Eto. 

2. R-edesign th method of unloading and lo4ding the sterilizers (,e.g ., 
pla-ce pallets on wheel d cart and pull / push t.he l1>ad with a lo·rtg hook d 
rod) so that; the st rilizer ope·rators do not physically have to ent r 
th,e st :rilizec. 

3. Periodically conduct ventilation investigations to insur proper 
operat.i.on of the v,entilation syst m. 

4.. Inst tut·e use o.f ai r-s.uppl ied or NIOSB EtO ap:pro11ed cantster respirators 
until adequate n~inee:ring contro s and/or wot'k practices hav owet""M 
the work rs• TWA exposure level to l p oc less. It canister 
r:,espitators ar-e used, th-e wo:rk,ers shou.ld be q antitatiwly fit tested. 
It should be k _pt in in~, howe·vet, that respirators should n-ot be 
consid-er:e-d a substitute tor adequate • ·n9ine•rin9 c-ontr-ols .. 
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