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ABSTRACT 

On May 31-June l, 1984, a walk-through survey va1 conducted at Castle, a 
divi1ion of Sybron Corporatioq in Rocheater. Nev York, to evaluate 
i11du1trial hyaiene and peraoanel record•, production proce••••, and docuaent 
historic use of ethylene oxide (ETO). Thi.• survey was conducted a, part of 
an induetryvide study of mortality associated with an occupational expoaut'e 
to ETO. Castle was founded in 1883, and introduced ETO into the plant for 
use in t'esearch and development in 1955. Production of Eto gas sterilizer• 
began in 1958. ETO vaa u1ed a• a final check for leaka; gro11 leak• were 
found by coapre1sed air or freon. The use of ETO in t.be factory to check 
for leaks vae discontinued in 1979. Contract steriliz.ation of bulk goods 
va1 conducted between 1963 and 1980. ETO is still used in Tesearch and 
development at this facility, in a very limited capacity. 

There is very limited industrial hygiene data on ETO exposures in the 
facility. The validity of this data is in question, however, and therefore 
it was not included in this report. The lack of expoeure data vill uke 
development of an exposure matrix at this facility very difficult. Tbia 
plant •eta the three eligibility require•nt• aa defined i1' the pt'otocol 
and therefore, should be included in the study. Tbese require-.enta are 1) 
the plant must contribute at least 200 person-years to the high exposure 
group, or 400 peraon yeat'a total, 2) the plant 111Uat have adequate peraonnel 
record• or other record• that can be uaed for identifying paat and present 
workers expoaed to !TO, aftd 3) the plant auat not have any serious 
confounding eapoaure to a knovn leukeaogen. ETO baa not beeu uaed in the 
production of aterili~ers at thia plant siuce 1979, therefore there are no 
future induatrial hygiene surveys planned at this tiae aa part of tbia study. 

Caatle bas several regional aet'vice offices, ataffed by service 
repre,entatives, located throughout the country. The•• per1001 will alao be 
included in the atudy. 
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INTRODUCTION 

Ethylene oxide (ETO) i• oae of the 25 cheeical• of bighe•t production volume 
in the United State •• l tbe major portion of ETO produced i• u•ed iu the 
production of ethylene glycol (antifreeze) and a• a cbeaical intenaediate 
for polye•ter fil119, fiber,, and bottlea. A , .. 11 fraction of ETO, le•• 
than 0.24%, ha• been u•ed by the health care and medical 1upply industries 
over the past 35-40 years to sterilize heat-sensitive medical aupplies.l 

ETO, a colorle11 1a1 at atandard temperature and pre11ure or a liquid at 
higher pre11ure1, i1 ai1cible vitb veter, ethanol, etber, and aoat coaaoo 
orsanic 1olvent1. In addition, it i1 highly exploaive vbea in 
concentrations of 3 to 100% (ETO) in air. 'nte biological varning properties 
are e11entially u1eles1 since the (ether-like) odor threshold among 
individual• ranges from 300 to 1,500 parts per million (p~) and adverse 
health effect• 111ay be elicited at levels much leas than this.l,2 

Due to the toxicity and po11ible carcinogenicity of ETO (aee aectioa on 
Toxicity), N10SH researcher• initiated an inve1tigation in 1982 to a11es1 
the fea1ibility of conducting a cobort aortality 1tudy and iudu1trial 
hygiene evaluation of vork•r• exposed to ETO. Baaed on the data gathered 
durina tbe feaaibility atudy, it vae concluded that the cohort of worker• in 
the health care and medical •upply indu1try, 1pecifically tho•• worker• 
exposed to £TO in induatrial 1terilizatioa proce,ses, vaa the aoat adequate 
group to support a cohort aortality 1tudy.3 Tbie deciaion vas 1upported 
by the finding• of a 1977 eurvey conducted by National ln1titute for 
Occupational Safety and Health (tllOSH) re1earcher1 wbich 1hoved that it is 
in tbi• indu1try aoat of tbe eaployee ezpo1ure1 occur.4•5 'nli• ,urvey 
estiaated tbat approai .. tely 75,000 health care vorkera vere eaployed in ETO 
aterilization operations, vith an additional 25,000 employee• vbicb .. y bave 
incidental expoaure resultin1 froa inadequate en.gineering controll.4,5 
lllorder to develop and refine .. tbod• to be used for data collectioa and 
exposure claa,ification of this •elected cohort, a pilot 1tudy of six 
iadu1trial •terilization facilitiea vas initiated. Tbe info-raation gathered 
during the pilot study vaa incorporated into the final study protocol. Tbi• 
facility is not part of the pilot 1tudy. 

Thi• walk-through eurvey va• conducted to determine the 1uitability of 
includi111 ca,tle, divieioo of Sybroa Corporation in the induetryvide 
aortality and induatrial hygiene 1tudy of worker• potentially expoaed to ETO 
in induatrial aterili&atioa proc•••••· Tbe suitability of including this 
facility vas ba1ed on data gathered in thia walk-through and ia diacu11ed in 
the Concluaion and Raco.aendation section. In addition, the data gathered 
during the walk-through survey will be uaed to de¥elop, to the extent 
po11ible, eatiaatea of exposure to ETO by departaent aa.d/or job cateaory. 
level and duration of continuous and peak expo,ure1, and calendar year 
within tbi1 plant. Tbeae expoaure e1ti .. te1 will then be compiled into an 
expoeure aatrix vhich vill be ueed to deteraine the exiltence of a do1e 
reaponse relatioo1bip vith any positive a11ociatioa obaerved in the 
mortality ;.cudy. 
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The authority and responsibility for conducting and reporting on field 
studie1 in induttry wa1 given to NIOSH under the Occupational Safety and 
Health Act of 1970 lset forth by the 91st Congre,,, S.9123, Public Lav 
91-596). Section 20(a)7 states that NIOSH shall conduct and publish 
indu1tryvide 1tudie• of the effecu of chronic lov level expoaure to 
industrial aateriala, proc•••••, and atre11e1 on the potential for illne,a, 
di1eaae, or loaa of functional capacity in the aging adult. 

DESCRIPTION OF FACILITY 

Caatle, a diwisioa of Sybroo Corpot'atioa. va, eatabliahed iu 1883. A 1•• 
aixtue of ETO ud freon (12/88) vae firat u1ed in 1955, in research ad 
developaent. 'l'be firat ETO ga, sterilizers were manufactured in 1958. 
These sterilizers were designated as straight line (3.9 or 8.8 ftl) or 
power clave• (18, 24 or 30 ft3). In the mid 19601, floor loader ~40 or 70 
ft3) and bulk (1000 ft)) sterilizers were added to the product line. In 
1972, C.etle intt'oduced two table top models (l sterilizer, l aerator). 
Tbete were discontinued in 1984. In 1978, poet vaccum purge separators were 
introduced to the product line. These separators, vbicb were added to 
in-uee eterilir.era, facilitated the capture of BTO a•• into tbe sterilir.er 
water drain following exhau•t of tbe ch&llber. Prior to tbe addition of 
these kit•, ETO va• exhausted into the rooe where tbe •terilizer va1 being 
used. C.atle baa alt!red it• current product line by making only one 
straight line (8.8 ft), all three power clavee, and two floor loader 
aodela. The .. jority (99.9%) of these 1terilir.era are used iu bo1pital•. 

'11,e production building, which wa• coepleted in 1955, bad very few interior 
walls; tbi• reaaiaa true at the tiae of tbie survey. 'nle original building 
bad large gla11 vindov• on all four aides which have been 1ealed or reaoved 
over the years. There is an on-.ite cafeteria vhere 1aae of the eaployee• 
eat. Others eat at the workstation or off-preaiae,. 

'l'be use of !TO to teat aterilir.era vaa discontinued in 1979. Coapany 
per,onnel e ~~i .. ted 50,000-100,00 pouuda of the 12/88 aixture were used per 
year. 1bit ia about 6000-12,000 pounds of ETO per year. 

DESCRIPTION at WOIJCFORCE 

l'be current votkforce ouabera 870; 274 are hourly, 210 are salaried 
personnel vbo are in the field. 'l'bere ie little turnover in thi• plant. 
'l'be •••rage lenath of seniority i• 14 yeara. Both fe .. le, and aioori.ties 
represent about 5-10% of total personnel currently. 'l'bia plant baa been 
unionized since 1966 by the International Aa•ociation of Machinists (1AM). 
There is alao a , .. 11 union of poli•het'I and buffer• which includee only a 
f.ev people. 

DESCRIPTION at PROCESS 

C.stle currently produce, three differeat air.ea of eterilir.era. The 
.. jority (99.9%) of the eteri.lizera are u1ed by boapitah. the 1Mlleat is 
a straight liue sterilizer which i• about 8.8 fc3. Pover clave• are the 
next ,ir.e produced (18, 24 or 30 ftl). the largeat eterilir.era produced 
are floor loader •od•l• (40 or 70 ftl). Approximately 75% of the 
sterilizer paru are purchased, with the reuinder of the perts fabricated 
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on-site. At the time of this survey, Castle was in the process of 
in1talling an automatic painting system. 

Once the various metal components of a sterilizer have been received from 
variou• euppli'.er1 or fabricated in-house, they are sent to an &Heal>ly area 
which i• located directly east of the test area or block. ln the aHembly 
area, the metal parts are assembled and the electronic components are 
added. The assembled sterilizer is then transported to the test area, where 
it. will be checked by the tester, with freon or compressed air for leaks and 
proper gauae atid electronic coaponeut function. Freoo or coapressed air bas 
alvaya ben u1ed for tbi1 check. oc .. aei.onally, an •••eal>ler will aid the 
teeter. 'Ibe a11fllbled, teated sterilize:- is run throuah a final check cycle 
using freon or COIDpreaaed air. PrioT to 1980, ETO 02/88) was used for this 
final check. The fully assembled and tested sterilizer is sent to packaging 
and shipping. 

Contract sterilization, of various mat~rials such as pacemakers, was also 
conducted at this plant between 1963 to 1979. This operation which used a 
25 ft3 unit vas conducted 24 hour/day, 7 day/week in the research and 
development building. 'l'be product •• room aerated. Very few individual•, 
all ealaried. 11ere expoaed in this operation. 

!TO i• atilt u•ed today at thie facility, however, iu u•e ie limited to 
•«-e re•earcb and developaent work, and a quality control cbeck on 
biological teat •trip•. 'l'be•e biological itldicator• are used as an 
indicator of '£TO peraeatiOG through a eteri.lized load of material. 

DESCIIPTION C. PAST EXPOSURES 

'l'bere have been fev modifications in tbe plant over the laat several year• 
tbat would have affected eeployee expoeure to ETO, becau•e the uee of ETO in 
the production area ha• always been li•ited. The coapany eetiutea tbat 
about 6000-12,000 pound• of ETO were used per year. 'lbe only u•e of ETO in 
tbe production of the eterilizera vaa in the final cbeck cycle. vbich 
conthted of one ,et-up and charging cycle. At the end of the cycle, one 
vacuua va• dTavn on the cbaaber, and the ga1 wa1 disaolved io water 
circulating through the exbauet site. Thie vater vae 1ent directly into tbe 
drain in the teat block which vaa not equipped with any ventilation. The 
coapany did not i'ft•tall any dedicated ellbauet ventilation in tbe teet block 
area to control ETO, however, there va• good general v-entilation in the 
facility. The uee of GTO to tut eterilb.er• vae discontinued in 1979. 

The coapany does have 1oae extre•ly liaited indu1trial hygiene data that 
va• collected by the io•..aTance carrier io late 1980, ju•t prior to 
diacontiuuation of the use of ETO in the plant. The data i• not included in 
thit report. bovever, becau1e there were •everal important test paraaeters 
which vere not repo'C'ted aucb as puap calibration (e.g. flov rat~; and 
atat"tiug ti• and ending ti• of ••ple collection. In additi.on. depending 
upon huaidity, a total aaaple of 6 to 8 liter• of air 1hould ~e collected 
vitb each tube. The total liters of air collected for eacb of the 3 saaples 
were 0 .. 3, 11.3, aod 29.9 liter• respectively. It ia for the1e reason• that 
the validity of the data ie •u•pect, therefore it is not reported. 
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Medical 

DESCRIPTION OF MEDICAL, INDUSTRIAL 
HYGIENE AND SAFE Ti PROGRAMS 

Ca•tle ha• a •dical departaellt vbicb ia coapo•ed of a full-ti• nurse on 
fir•'t abift and part of tbe aecond 1bift. A physician ii available a• 
needed. The medical department is equipped to handle minor emergencies. 
All employees are given pre-employment physicals. lbe workers exposed to 
ETO were not given any routine follow-up examinations. 

11ldu•:rial Hyaieae and Safe'ty 
?be company ba• bad a ge11eral indu•trial bygie11e prograa aince 1969, vbicb 
baa been conducted aince its inception by the insurance cu:·rier. Extremely 
limited personal sampling for ETO was conducted by the insurance carrier in 
1980. 'l'he validity of the data however is in question, and thet'efore, is 
not reported (see Past Exposure section). 'nle company requires safety 
glasses and shoe,. ln specific areas, such as welding, respirators are 
required. Respirators have neveT been used in any areas where worket's may 
have been expoaed to £TO. 

DEF IN1T10N OF EXPOSED GROUP AND 
1ESC1UPT10N C6 RECORDS 

'n1ere are fev vall• in the productiOll area, and ga• ia likely to have moved 
fl'eely tht'ougbout the plant. However, giffn that the voluae of gaa u•ed vas 
1:elatively low (for exaaple, coapared to 11ediul supply coapaniea) it ia 
believed that the expoted group abould include priaarily tbo,e vbo worked in 
the aaae di1:ect area vbere tbe a•• vae ueed. n,erefore the expoaed vill be 
defined •• tboee who worked •• aeaeabler• and teater• in departM1U:a 75 
(bulk aaae111bly) and 82 (teating). Individuala who worked in department 80, 
vhicb GO longer exilta but vhicb included quality ae•urance technician• vho 
tested etel'ilizera vith ETO, ahould alao be included in the e,q,oeed g1:oup. 
Prio't' to January l, 1964, all teacers, hourly and aalaried, were ift 
department 80. After 1964, hourly tester• ve1:e grouped in department 82, 
but aalaried pe1:10ftllel (quality aeauTnce) COfttinued in depa't'taent 80 for a 
ouaber of yeara, until tbac departmeftt va• aboliahed. Laap and table top 
•••nibler• (departMnt 50) vill be excluded. 

Model 11Akera in departaent 006 (alao 706) vill alao be included, becauee 
they teated new prototype• of aterilicera. 'lbere are very fev individual• 
in tbia job catego'l')' (perhape 5). 'l'be repair departaent between 1974-1980 
repaired table top eterilizere and individual• who worked in tbi• department 
(departaent 17) 1bould be included in the expoaed group. 'nlere are only 
about 5 •uch people. Contract eteriliz•tion baa involved only a handful of 
people over the year,. and tbe•e have been ealaried per1onnel who al'e not 
ea1ily identified via recorda. Baaed on an io~erviev vitb • field 
repre1entative vho explained that these men 11ay b•ve been expoeed to high 
peak•, field l'epl'eaeutative1 should also be included in the expo1ed group. 
'11lese individuals are 1ala-ried, but are eaaily identified 'lia record•· 

'l'bere al'e 8 type• of file• in peraonnel recorde. Theee file •Y•teu are 
de•cribed below, along with the numbe-r of record• •••pled from each, the 
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percentage of the total re.:ol'ds in that file ayetem, the number expoeed in 
the eaaple, and the percentage of individuals in the sample who were exposed. 

Type of file System 
1) Acti'le hourly (aalaried 1eparate) (1'•270) 
2) Terainated before 1975-76, vitb work 

history card only in files (n•l700) 
3) Retired (n•l50) 
4) Vested but not yet retired (n-SO) 
5) Tenainated 1975-79 oo aicrofiche (n•420) 
6) Te'C'aiaated after 1979 and not 

on fiche (a•200) 
7) Decrea•ed on microfiche (n•70) 
8) Active sala-ried (n•5l9; 210 are field rep.a) 

Total n•3339 (excl. #7) 

# Saapled (%) I Exposed(%) 
35 (13%) 3 (9%) 

107 (61) 12 (11%) 
27 ( 18%) 4 (15%) 
20 (25%) 7 (35%) 
40 ( 10%) 11 (28%) 

21 (10%) 2 (9%) 
not ,upled 

21 (4%) 7 (33%) 

271 (8%} 46 (17%) 

't'be number for the total recol'ds in each file systea are estimate,. File 
aysteu 2-7 include salaried individuals aixed with the hourly. File ayetem 
2 include, individuals vbo worked at tbe plant prior to 1958, but in our 
eatiaate of the total nuaber of tbeae record• ve attempted to exclude aucb 
individual,. The coapany aade a 1eparate listing of 177 ••••abler• and 
te1tere fro. file ayat .. 2, but 1oae of tbe •••eablera included in their 
liat did aot aaaelll,le 1terilbera. In addition to tbeee eourcee, payroll 
record• by departaent exiet back to 1964. 'lbeae could be very ueeful in 
ide11tifying the erpoaed. The coapany baa alao coapiled a lilt of all field 
repreeentativee vbo teraiuted prior to 1979, and tbeae nUllber 166. All 
toaetber it i• e1ti .. ted that approxiutely 415 field eervice 
representatives, including terminated and active employee•, ha.,e worked at 
castle. 

The coapany apparently bae copies of all aicrofiche data on micTofil•. which 
will help the later copying of recorda. ?be coapany ia now putting aore 
t'ecorda (eg, retireee) on ficbe, but vill retain bard copy until after tbeiT 
record• have been copied. 

The re1ulc:. above indicate that overall approxi .. tely 17% of all ea-ployeea 
vbo have ever vorked at C.atle have bad potential expoeure, or approxiaately 
570 people. 

The ave-rage year of birth and year of hire fot' the expoeec:l vaa 1937 and 1968 
reepectively. Sixty-five of the exposed, about 11%, vere firet hired in 
1978 or later. It ia eatiuted that tbo,e firet expoaed prior to 1978 will 
contribute about 7200 penon year, to the etudy. 

TOXICITY 

Evideace from aniul etudiea au11e1ta that !TO may have carcinogenic 
propertie,.6,7 A group of ETO unufacturen apon,ored a study at the 
Bueby 1lu1l tte1ea-rch Center in which .ale aad feaale Fiecher 344 rat, were 
expoaed to ETO at airbone concentration• of 10, 33, or 100 paru per 
aillion (p-pa) for 6 hour, per day, S day, per week for tvo yeara.6 Tvo 
other group• of ani-1• 1erved •• controh. Initially, there were 120 
aniaala of e•cb •ex, in each ex-poeure group. The re,earcber• ob1erved a 
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•tatiatically 1ignificant increase in the incidence of DlOnonuclear cell 
leukmia among the female rat,, and peritoneal me•otheliou among the male 
rat, expoaed to £TO. 1be incre••e in leukemia incidence va• found to 
i11creaae linearly as a function of ETO expoaure. An elevation in 111e>rtality 
froa brain c-ancer• (glial type) va, alao obaerved in the rate expoaed to !TO. 

NIOSH reaear,chers have recently reported on the re•ults from an animal 
experimen·t which corroborated the findings of the Bushy Run Study. 7 Male 
Fiacher 344 rate were exposed to ETO for 7 hours/day, 5 days/week for 2 
year• at airborne coocentratioaa of o. 50, or 100 P'PII• There were 80 rate 
in each eJtpoaure aroup. Iner••••• iu tbe incidence of 1100oauclear leuknia, 
peritoneal aeaotbelioaa, and cerebral glioaaa vere obaerved aaong the !TO 
expoaed rate, relative to nonexposed controla. 

Only a few epideaiologic etudies have examined the potential human 
carcinogenicity of Eto.8-10 Hog•tedt, et al, conducted a retroepective 
cohort .ort•lity •tudy of a group of workers in a Swedi•h chemical factory 
that bad previou•ly been included in a hematologic investigation.8 n,is 
facility p~uced !TO via tbe chlo:robydrin process in which, in addition to 
ETO, tber-e va, potential expoau-re to ethylene, ethylene cblorobydrin. 
etbyleae dicbloride 1 and aull aaount• of bia(2-chloro-etbyl) ether. Among 
89 "full-ti-" expo•ed worker•, a staciatically eignificaTtt (p le•• 
tba .Ol) exceaa of leukeaia aortality waa obeerved (2 observed veraua 0.14 
expected). In addition, a statistically significant Cp le•• than .01) 
excesa of 1toaach cancer waa observed (3 ob•erved ver1u1 0.4 expected). 
Becauae of tbe •iJced expo1ure•. tbe1e findings could not be attributed to 
ETO; however. ethylne oxide and ethylene dicblol'ide were the prime •u•pect1. 

Morgan, et al, conducted a retroapective cohort mortality study of worker• 
involved in the production of !TO at a Tex.co Facility.9 A total of 850 
vorKer1 were included in the •tudy, of vbich 767 were potentially expoaed to 
ETO. No ETO vae detected in IIOlt •aaplea taken in the production area, aTtd 
all •••ureaenta in thi1 area vere belov 10 ppa. No caae• of leukeaia we1:e 
obaerved in thi• 1tudy; bovevel', the autbora e1tiMted that the love•t 
relative ri•k that tbey had a high probability of detecting (80% power) wa• 
10.5. 

Hogatedt alao reported on three ca••• of leukeaia that occurud in a eull 
group of worker• at a Svedhh coapany.10 l'be coapany uaed a aixtul'e of 
50% ETO and 50% •thyl formate to eteril ize hoapital equipaent. the 8-bour 
TWA expoaure for £TO at thi1 tacility vae e1tiaated at 20 ppa. According to 
oational atatiatica • only 0.2 deatba due to leukemia were expected in thia 
cohort. One of the caae• vae exposed to bensene, a known leukemogen, and it 
va• •peculated that the coabined expoeure of !TO aod methyl for.ate aight 
produce a 1pecial ri•k. 

ETO is aho a potent alkylating agent capable of cau1ing il'reveraible 
change• or mutations in cellular pl'otein• and DNA in ani .. i..11.12 ETO h 
alao a poaitive mutagen in 1everal in vitro 1yateu •ucb •• Salmonella 
typhimuriua, viru1ea, and Tradescantia poludoaa.5 
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Chromosomal aberration• related to ETO exposure have been obaerved in a 
numbe~ of ani,ul studies and epidemiologie investigationa.7,12-19 Yager 
and Benz observed a dose related increaae in si•ter chromatid exchanges 
(SCEs) among New Zealand white rabbits that were exposed via inhalation to 
50 to 250 ppm of ETo.13 NIOSH (Lynch, et al) recently reported 
preliminary fi'ndinga in vbicb cynomolgus acmkeys were exposed to O, SO, or 
100 ppm of ETO for 7 hours per day, 5 days per week.7 After 24 months of 
exposure, statistically significant increase, were observed in the frequency 
of chromos01114l aberrations (including quadriradial chromosomes) and SCEs in 
the peripheral lymphocytes of the SO and 100 ppa erposed group• vereus the 
controls. 

Garry, et al, u:a111ined the occurrence of SCE in the peripheral lymphocytes 
of 12 ETO exposed vo1:kers and 12 nonexposed controls in a hospital 
sterilization facility.14 The expoaed group showed statistically 
significant elevations in the number of SCEa compared to the controls. 
Particularly high SCE frequencies were observed a1110ng 4 workers that had 
reported either oeur:3logic or reapiratory symptoms. 'lbe maximum peak 
exposure· level of ETO meaeured at this facility vas 36 ppm. 

Cytogenetic abnoraalitie• have al•o been ob1erved in several studie• of 
voTkers exposed to ETO. Ehrenberg, in a attJdy of vot'kere at a factory 
aanufacturing and uaing ETO, obaerved a bigb frequency of chromosomal 
aberrations in 8 workers vbo vere accidentally expo•ed to high 
concentration• of ETO. One ca•e of leukemia wae also obaerved among the 37 
worker• studied.15 

American Hospital Supply initiated a cytogenetic survey of worker• that vere 
exposed to ETO in the sterilization of medical devices in 1972.16,17 
Seventy-five exi,oaed worker• at 9 facilities vere studied,•• vell as 37 
noaexpoaed worker• who aerved a• controls. Compared to controls, expoeed 
vork·er• were found to have statistically eignificant increoeed frequencie• 
of SCEs and chromoeomal abenatione. 

Iu r,esponae to the finding• fl'om the American lioapital Supply etudy, Johnaon 
and Joboeon initiated a cytogenetic study of workers that were abo ezpoeed 
to ETO in the stel'ilization of medical pl'oducu.18,19 Approximately 50 
workers not exposed to ETO vere compared to 50 expoaed vorkers 1t three 
facilitiea with 8-hour Time-Weighted Average (TWA) expoauree to ETO of leaa 
than l ppm, 1-10 ppm. and 25-200 ppa, reepectively. Statiatically 
aignificant elevation• in SCE frequency were observed io tbe latter tvo 
facilitiee, and these cbange• have peraieted after one year. The frequency 
of SCE• appeaTed to increase in a dose reaponae manner. Cbromo,oaaal 
aberration• were ale-o elevated in the high expoeure groups; bovever, these 
finding• were not atacietically significant. 

APPLICABLE STANDARDS AND REOOMMENDED LEVELS 

Prior to June 22, 1984, the Occupational Safety aod Health Administl'ation 
(OSHA) Penihsible Exposure Limit (PEL) for ETO waa 50 ppm at a TWA 
coacentratiou for en 8-bour vork•hift.20 OSHA eetablished a nev PEL of l 
ppm ae ao 8-bour TWA on Auguat 21, 1984.21 ln addition, an "action level .. 
of 0.5 pp• •• an 8-bour TWA va• eatabliabed (by OSHA) •• the le'lel above 
vbicb employer• 11met initiate periodic employee expoeure monitoring and 
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medical surveillance. The Environmental Protection Agency (EPAj supported 
the OSHA PEL of l pl)lll in the Federal Register (June 22, 1984).2 

In 1977. NIOSH recoaaended a ceiliug level of 75 pl)lll ac determined during a 
15 ainute ,aapliug period.5 this level, hovever, va, ,et prior to the 
recognition of the carcinogenic potential of E'IO. Ba•ed 011 t'eceot finding•, 
N!OSH recommend·• that ETO exposut'es not exceed S ppm for a 111aximum of 10 
111inutea per day aod that exposures be controlled to leH than 0.1 ppm 
determined as an 8-hour 'l.\lA (NIOSH Policy Statement, July 20, 1983). The 
Aaeri>i:an Coofereoce of Goftnaental Induatrial \lygieniat1 (ACGIH) t'ecoaench 
a 1bre1hold Liait Value (TLV) of 10 ppai for an 8-hour 'NA baaed oo data 
available prior to 1982.23 However, in 1982, the ACGIH i11ued·a notice of 
intended change in which it was proposed that the 'IWA concentl'ation be 
lowered to l ppm. 1bi1 recoiamendation was reviewed and adopted in 1984. 
ACGIH has also designated ETO as an A2 carcinogen.23 An A2 carcinogen is 
defined a, an industrial substance suspected of having carcinogenic 
potential foT man. Thia designation is baaed on either (l) limited 
epideaiologic evidence, exclu•ive of clinical reports of single ca1es, or 
(2) demoostt'atioo of cal'cinogenesis in one or more animal species by 
ap·propriate .. tboda. 

CONCLUSIONS AND R.ECOMHINDATIONS 

Per1onnel record• vere adequate to detenaiae who vaa expo-sed baaed on job 
catesoriea. Very limited industrial hygiene data doe• exi•t• however, the 
validity of the data ia in que1tioa. 'lberefore, vbile it uy be po11ible to 
construct a siaple expo1ul'e aatrix (i.e. bigb expoeure category-direct 
exposure. lov expoeure category-indirect eXl)oeure) for thi• facility, it 
will be difficult. 

Based on the finding• of tbia report, this plant meets the three eligibility 
require•nte aa defined io the protocol and therefore, should be included in 
the atudy. 'lbeae require"M'fttl are l) the plaat must c®tribute at leaat 200 
pe"raon-yeara to tbe higher expoaure group•. or 400 person years total, 
2) the plant auat baYe adequate per1onael records or other records that can 
be uaed for identifying paet and p-resent worker• expoaed to ETO, aocl 3) the 
plant mutt not have any 1erioua coafouodiAg expoeure to a koovn leuke110geo. 
ETO baa not been uaed in the production of 1terilized at tbia plant aiace 
1979, tberefol'e there are ao futul'e indu1trial hygiene survey• planned at 
tbia ti .. aa part of this study. caatle baa several regional aervice 
office• ataffed by ,ervice represeatative• located tbro1aghout tbe couttt. 

It baa been detenined that the extent of expo1ure of tbeae aervice 
representativea to ETO warrants their inclu1ioo ita the 1tudy. 

- 8 -



REFERENCES 

1. NIOSR. Current Intelligence Bulletin 35 - Ethylene Oxide (ETO). DHHS 
(NIOSH) Publication No. 81-130, May 2..2, 1981. 

2. Oleaical Econoaic• H.andbook, SRI International, Ethylene Oxide, 
January, 1980. 

3. NIOSR. Draft Feasibility Study for a Cohort Mortality Study of ~orkers 
!spo•ed to Ethylene Oxide. Internal -report froa the Induatryvide 
Studiea Branch, June, 1983. 

4. National Occupational Hazard Survey, National Institute for 
Occupational Safety and Health, 1977. 

5. Glazer, Z.R., Special occupational hazard review with control 
recoiaendationa for the uae of ethylene oxide as a aterilant in medical 
facilities. National Institute for Occupational Safety and Health, 
DREW (NlOSH) Publication No. 77-200, 1977. 

6. Snelling, W.K •• Weill, c.s.; and Maronport, R.R., Final report on 
ethylene oxide tvo-year inhalation etudy on rata. Pt-oject Report 
44-20, Bueby Run Reaearch Center, January 28, 1981. Subaitted by Union 
Carbide Corporation to tbe U.S. !nYironaeatal Protection 4&ency under 
1ection 8(e) of the Toxic Subatancea Control Act, on behalf of 
co-aponaor• of tbe atudy (F«bnary, 1981) • 

7. Lyocb, D.W.; Levie, T.a •• Koo~n, W.J.; Sabbarval, P.S.; and 
Bur&, J.R., Oiroaic inhalation toxicity of eebyleae oxide aad propylene 
oxide in rat• and monkey•~ a preliainary report. Preaeated at the 
21st Annual Society of Toxicolo1y Meeting, Boeton, Kaaaachuaetta, 
February 22-26, 1982. 

8. Hoaatedt, c.; Rohlen, O.; Berndt••an, B.S.; Axe1aon, O.; and 
Ehrenberg, L., A cohort atudy of aortality aad cancer incidence in 
ethylene oxide production vorkera. Br. J. Ind. Ned., 39:276-280, 1979. 

9. Horaan, R.W.; Claxton, l.W.; Divine, B.J •• ltaplaa, S.D.; aod 
Barria, V.B, Mortality Aaoa1 Ethylene Oxide Expoaed Workera. J. 0cc. 
Med., 23:767-770, 1981. 

10. Hoaatedt, c •• Malaqviat, N.; and Wadaan, B., Leuk .. ia in worker• 
expoaed to ethylene oxide. JAMA, 24l:ll32-ll3J, 1979. 

11. Calleaan, C.J.; !hreobera, L.; Jaaa•on, I.; Oateraaa-Golkar, S.; 
S.aerback, K.; and Wacht .. ieter, C.A., Mooitorina and riak aaaeasaent 
by ••n• of alkyl gt'oupa in hnoglobin in per•on• occupationally 
expoaed to ethylene oxide. J. Environ. Patbol. Toxicol., 2:427-442, 
1978. 

- 9 -



12. Ehrenberg, L.; Heische, K.D. i Oatermao-Golkar, S; 
Evaluation of genetic riake of alkylating agents: 
mouae froe air cootaaioaote with Ethylene Oxide. 
24:83-103, 1974. 

and Wennberg, I., 
Tiaaue doses in the 

Mutat. Re,., 

13. Yager, J.W., and Benz, R.1>., Siater cbroutid exchange• induced in 
rabbit lymphocytes by ethylene oxide after inhalation exposure. 
Environ. Mutagen., 4:121-134, 1982. 

14. Garry, V.!.; Rozier, J.; Jacoba, 1>.; Wade, a.; and Gray, I>., Etbyle1Ht 
Oxide: evidence of huaao chroaoaoaal effecta. Env. Mutag., l:375-382, 
1979. 

15. Ehrenbet'g, L., and Hallstrom, T., Haematologic studies on persons 
occupationally exposed to ethylene oxide. In: International Atomic 
Energy Agency Report, SM 92/26, pp. 327-334, 1967. 

16. Abrahams, R.H., Recent studies witb workers expoaed to ethylene oxide, 
in The Safe Uae of Ethylene Oxide. J.F. Jorlcaaky, ed. Realtb Induatry 
Manufacturer• Aaaociation, Wa1bington, D.C., HIMA Report No. 80-4: 
211-220. 1980. 

17. Abrab ... , R.H., Q,roaoaoaal changes in worker• expoaed to ethylene 
oxide -- an update. £thylene Oxide Worker Safety llauea. 
J.F. Jorkaeky, ed., Waahington, D.C., HlMA Report No. 82-2:27-38, 1982. 

18. He-ran, A .• A., (Jobnaon and John1on Corporate Subaittal to OSHA). Pilot 
re1earcb cbroaoaom 1tudy of vorkera at aite• where ethylene oxide 1•• 
ia utilized •• a 1terilant. Subaitted to OSHA, March 30, 1982. 

19. Jones. J.P., Cbromo,oaal change, in eaployeea expo•ed to ethylene 
oxide • Ethylene Oxide Worker Safety l1aue 1 • J .r . Jorkaaky, eel •• 
Waahington, D.C., HlMA Report No. 82-2, S-25, 1982. 

20. Occupational Safety and Health Adainiatration (OSHA), Safety and Rea- - ·, 
Standard• 29 era 1910. General Indu1try Standard•, OSHA 220.6, llevieed, 
Ju1le. 1981. 

21. Federal Regiater, Departeent of Labor, Occupational Safety and Health 
Adainiatration, 29 CFl Part 1910, Occupational Ezpoaure to Ethylene 
Oxide. 49(122):25734-25809, June 22, 1984. 

22. Pederal Regiater, Ethylene Oxide; Certaiu Peaticide Product• legi•tered 
for the Sterili&ation of Equipaeat and Supplie1 in Hoepitale and tlealth 
Care Faciliti••· 49(122):25675-25676, June 14, 1984. 

23. tbreahold Limit Value• for Qleeical Sub1taace• and Phyaical Agent• in 
the Work EnvirOD1111nt vitb Intended O>angea for 1983-84, Aaericaa 
Conference of Governmental Indu•trial Hygieai,u, 1983. 

- 10 -




