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Abstract 

On Deceaber 13 and 14, 1983, • lite vhlt to Davh and Ceck. a divhlon of 
tbe Aaerican Cran .. id Coapany, Danburr, Connecticut waa conducted to gather 
data and detenaine th• fea,ibility of iftcludlng tbh facility in tbe NIOSff 
110rtaUtJ/indust'ri.al hygiene 1tudy of BtO belng conducted by researcher,, 
froa NIOSH. 

During the alt• vldt, indust't"l,al hygiene records and personnel record• vere 
evaluated and• valk-tbrougb surver of the plant va1 conducted in order to 
obHrve all product.ion procease, related. to &to ateTlli~atlon. 

Personal and area Hapling for Et.O bH been conducted by Davis and Geck 
line• 1977. b industrial hygiene evaluation of the aonitorlng data 
indicated that lt would be ponible to construct an ,expos11,re clanlflcaUon 
ache .. fr,r tbil facility. 

In addition. this facUity .. eta all th•· eligibility require .. nta •• defined 
bJ the protocol, and therefore ahould be included ln the study. TheH 
require•nh are: 1) tbe plant au1t con.tribute at lea1t 400 peraon rears, 
2) the plant aust have adequate peraonn•l records or other records that can 
be uaed for identlf.Jing past and preaent tfOrker, e:apoaed to EtO, and 3) the 
plant aust not have any 1eriou1 confounding exposure to a known leulteaogen. 
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Introduction 

Ethylene oxide (ltO') h one of the 25 ch .. icab of hlthe,t production vol,me 
in the Unlted State1.l the aajor portion of EtO produced i• used ln the 
production of ethylene glycol (antifreeze) and a, a ch-lcal lnh'!'Ndht• 
for polye,ter filu, fibers, and bottle,. A ... 11 fraction of StO, ten 
thau 0.241., has been used by th• health care and •dical supply indu1trle1 
over the pa,t 35-40 year, to 1terllh• :;eat-,eneltlv• Mdlcal 1upplie, .1 

ltO, a colorl••• gas at 1tandard teaperature and preuure or a liquid at 
hlgher pre11ure1, ls •bcll,1• wlth water, ethanol, ether, and ao,t coaaon 
organic solvent,. In addltlon, it h hl&hly esploalve wben in 
concentration, of 3 to 100,. <•to) ln air.2 Th• biological warning 
properties t.re euent1all1 uselea, since the (ether-lllte) odor thre1hold 
aaong lndlvlduals rang•• froa 300 to 1~500 pa-rt, per •illlon (ppa) and 
adverse health effects UJ be elicited at leveh .ucb leu than thh,3 

Due to the toxicity .end pontbl• ca-rclnogenlclty of ltO (see .section on 
Toslclty), NIOSH r•••archer1 initiated an investigation in 1982 to u1eu 
the feasibility of conduct.lng • cobort aortality 1tudJ and lndu1trlal 
hygiene evaluation of worker, espo1ed to Eto. la1ed oa the data gathered 
during the feasibility study, it was concluded that the cohort of worker• ln 
the health care and .. dlcal supply induatry, speclflcally tho•• workers 
exposed to ltO ln industrial 1ter1llzatlon processes, .,., the ao,t adequate 
group to support a cohort aortallty study.4 Thh dechion wa, supported 
by the findings oi • 1977 ,urvey conducted bf National In1tltut• for 
Occupational Safety and Health (NIOSH) reHarcber• which shoved that it h 
in this industry 190•t of th• .. ploJ•• exposure• occur.5•6 Thi• 1urver 
e,ti .. ted that approdut•ly 75,000 health care workers wr• eaployed i-:, ltO 
•t.•~llitation operation•• with an addltlonal 25,000 employees which ••J have 
incidental espo1ure resulting froa illadequate engineering control,.5,6 In 
order to develop and refine .. thod• to be used for data collection and 
espo1ure cl .. 1iflcation of this selected cohort. a pilot 1tudy of 1b 
indu1trial •terillzatlon faclllt.i•• was initiated. The information gathered 
during the pilot 1tudy wa1 incorporated into the final study protocol. This 
facility is/11 not part of the pilot study. 

Thi• walk-through 1urvey .,., conducted to detenaine the •urt.abilitJ of 
including Davis and Geck ln the lndustrplde .ortality and industrial 
bygiene study of workers potentially exposed to lt.O iD indu,trlal 
1t.erllh:ation proc•••••· The aultability of including t.hh facility wa, 
based on data gathered in this walk-through and h dhcuued ln the 
Conclusion and ••coaaendatlon section. tn addition, the data gathered 
during the walk-through survey will be used to develop. to th• extent. 
po11ibl•, ••tlaates of espo1ure to BtO by depart .. nt and/or job category, 
level and duration c>f cont.lnuou1 and peak exposure•, and calendar year 
within thh plant. Th••• esposure e1tlaate1 will then be coaplled into an 
exposure aatrls which will be used to determine the exhtence of a dose 
response relat.lon1hip with any posit.iv• association obHrved in the 
aort·allty study. 
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Th• authority and ra1pondbt1ity for conducting and reporting on fi•ld 
atudi•• in industry ·va1 &iven to •tOSH under th• Occupational Safety and 
Health Act of 1970 <set forth by th• 91st Congr•••• S. 9123, -Public Lav 
91-596). Section 20(,a)7 •t•t•• that WIOSH shall conduct and publhb 
lndu1tryvld• 1tudia1 of the effects of chronic lov l•v•l ezpo1ur• to 
industi-ial aaterlal•, proc•••••• and 1traHe1 on the potential for llln•••• 
dh••••• or 1011 of functional capacltJ la the aging adult. 

Description of Plant 

Th• original •lt• of Davb and Geck va1 lrooltlyn, Nw York. Oft 
Au1u1t 26, 1953, the plant opened at its pr•••nt location ht Danbury, 
Connecticut. Davh and Caclt, a 1ub1ldlary of tbe .Aaerlcan Cyanuld Coapany, 
aanuf.acture, approlflaately 2000 type, of •urglcal 1uture1, hand 1crub 
1ponge1, 11tln stapler,, 1arua ••Pl• tubes, and burn dre1dng1. Soae of the 
1uture1 (with or without needles attached) are currentlJ sterilized by 
ethylene odd• (ltO). An outside co11tractor 1terUh:e1 the other 1uture1 by 
cobalt 60 , .... radiation. 

the production depart .. nt1 and/or areas located on the 1st floor include: 
th• Print Shop, Envelope llalting, Atrauut1cl (needle attaching) 
O.partaent, Winding, Fiber Process, Braid Wash Area, and Ho1pltal Product• 
Department where an t:tO aolutlon h u1ed to sterilize 1urglcal scrub 
1ponge1. the 1econd floo-r contain• th• Sterlllzatlon- rlnhhlng O.part•nt 
whicb includes: two -Sterllh•r aooas, Solutl·on lo011, A1eptlc Holding looa, 
Alpha 65 Proce11 Ar•• (filling and sealing 1utura envelopes with Ito and 
alcohol aizture), Alpha 6S Reclai• Area (rework 1utura1 and take care of 
suture envelope probl ... >, QualitJ Control Lab, and Ph71ical (tensile> 
Testing Computer looa. All •aterlal1 received are stored in a cllaata 
controlled •torage area . Th• Warehouse and Shipping Departaant1, origi nally 
on the fir1t floor. wr• aovad to a separate buildl11g in 1968 . In 1969, a 
large first floor addition 11a1 built to handle th• O.xon• fiber procen; 
however, thh operation wa1 aoved to Puerto Rico in 1975. 

0.1criptlon of the Workforce 

Tb• Davh and Geck plant ••ploys approd .. t.ely 600 hourly ... ployeas who vorlt 
2 1hift1, 7:30 • ·• · to 3:30 P·•· and 3:30 P·•· to 12:00 a.a. There were 
1 .,100 eaploy••• in the early 1970' 1. 

The employee turnover rate of ·the plant b lov, about lf. per aontb. In 
fact, over 116th of the pre1ent workforce ha• bean .. ployed bJ Davis and 
Gack for 25 years. tlowaver, the job turnover within th• plant b high, 
about 3 cbanc•• per person per year. Thh in part account, for the large 
nuabar of •plor••• (3,50b out of s.ooo) estluted bJ th• c011pa11y to have 
been potentially a-xposed to ltO. Sae De1crtptlon of Personnel ••cord 
leaping Sy1t .. (p.13) for th• WlOSH epid .. iologht '• a1tiaata1. 

I T.11. Aaerican Cyanaaid Company, Davh and Gaclt Dlvltlon. 
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Tb• percentage of haal•• to aal•• h 65'1. to 35'1.. Soae of th••• .. ploy••• 
were hired froea • 'f,urrier/bat coeapanJ where there wa1 po11lbl• .. ployae 
esposure to .. rcurJ. Tb• union representlag .. ,10,e•• of Davis and C.clt la 
the International cb .. lcal Worker, Vnlon~ Local 560. 

P!•crlpUog of Proceas 

There are enentially two ·ltO proceaau at Oav,b and Ceclt, surgical acrub 
1ponge :production and aadlcal aupplJ aterllhatlon. In tbe acrub 1ponge 
proc•••, the apong•• are fed along• conveyor line whlcb include• aeveral 
tuba, application of beat and a vacuua, and a alxtur• contalnl-ng ltO. Thia 
proc••• wa, ,tarted in 1968. Th• tlnhhad sponge, are tran,ported froa tbe 
plant t.o the varabouaa for 1torage and 1blpplng. 

Tb• 1uture 1ttrilizaUon proc••• involves packaging 1uture1 in partially 
1ealed al1111lnua foll anvelope1 and 1tarilh:lng th .. wltb Ito in a cbaaber 
(open EtO •t•rlllzation proceas). Th• 1terlllzed :package, are ·then 1aaled 
and over-packaged in • Trvelt envelope (which h porou1 to ltO gas but ·not to 
bacteria) and 1terilh:ed again (clo1ed ltO •terllizat.lon proc•••> in order 
to 1terlliza tba inner apace between the two envelope,. 

The chamber 1terilhatlon procen ls conductad under :po1lt.lve :prauura in 
anr one of 1av•r•l 1terilizar• (one h u1ed for raaearcb and devalopaent 
purpo1e1 only). Tb• product h loaded onto a pallet &nd puabad into the 
1t•rilizer where the bualditr and teaperature are lncreaaed and a aixture of 
ti part• freon to 12 part• ltO l• added to tbe 1terilizer. After 
aterllizatlon, the product r ... in• in the 1terllizer1 for a abort u .. to 
reduce the EtO level and b then tranafer.red to an aeration rooa. Tranafer 
of th• 1t•rilhed load la done on an off-shift between 5:00 •·•· and 
7:00 a. a. before 1101t employees arrive for worlt. After the ••ration cycle 
ii coapleted, the product ii overwr•pped and aoved to the warehou1e f-or 
quarantine, 1torage, and 1hipping. 

Deacrlption of Paat lzpo1ure1 and Controls Used 

In 1953, Davis and Ceclt 1terilizad auture1 bJ first placing th .. in gl••• 
tubes, which were henaetically •••led and beat sterilized. The tube1 were 
then placed into glH• jar, or tin cans with a •olution of hopropanol and 
foraaldebyde. Bzhaust hoods were uHd to control exposure to hopropyl 
alcohol. In 1956, foil and aylar envelopes replaced the glau tube• and the 
product WH contracted out tor ltO aterili%atlon. In 1957 and 1958, ltO 
-•t•rllizer1 were purchaaed and u1ed to 1terllize open load, with • mixture 
of 80 parts carbon dioxide to 20 pat'ta Ito. The .gas ahcture va, 1tored in a 
cl••• D ·explodon rooa. Leak• were detected by observing preuure changes 
on the chaaber pre11ure recording chart and by monitoring chaaber 1•• 
concentrations with an infrared analyzer. 

In 1959. partition, and walls were reaoved on th• ••in production floor, and 
'Flnhhi·ng, Atraumatic Attaching, and Winding Procen•• vere conducted in the 
, ... rooa. The A1eptic Inner Sealing and Alpha Proceues were enclosed 
•egregated oper&Uon, with 1eparate air ha·ndllng •r•teas. 

- 3 -



Proa 1959 to 197_., • •hture of liquid StO va• placed into envelope• holding 
tlle Ugatur•• · Scotch Pait envelope• wre then ••aled around the envelopes 
contah1l11g the UgaturH and aterllblng 1olutlon. the packs wre placed 
under elevated t•perature for several days which chen1ed the liquld •t.o t;o 
a 1••. The Ito 1•• dl:ffu1ed into the lnterla space of the envelopes, 
1ter:ilh:ing it. After 1terllizatlon, th••• load• wre put into an ueptlc 
tran•f•r area; next, they went through an airlock and into an A1epttc 
Suite . Sealln& of dry product (by Mcblne) wa1 done throuab a cutout in a 
glove box vltb a dovn-flow of filtered air. Tb• box .,., under po11Uve 
pre11ure "'1th no exhau•t, 

In 1966, the 1urglcal 1crub 1ponge lb• wa1 ,tarted. The 1ponge1 wre 
lnlUallJ sterilized by radiat.lon froe an electron be• accelerator. 
Starting ln 1968, the 1ponge1 were sterilized by injection of a 1olutlon 
containing liquid Ito. il10, in 1968, the 1hlpping aad nrebou1e 
departments were relocated in another building and th• suture UHably 
operation va1 aoved froa the 2nd to t.he h 't floor. In 1-969, • l•rge 
addition to the building va1 constructed for production of Desonl 
(polyglycolic acid 1uture) -, a synthetic ab1orbable brdd. The vac\lua 
•••H11g (used to pull out aohture) va1 conducted in a glove box ., under 
po1 l tl ve prenure, vi th 120 exhaust. However, there wu a separate 
ventilation systea for tlle 1terlle suite. 

In 1971, the Varehouae vas aoved froa the flr1t floor to a separate 
building. and in 1972, Winding, Atrauaetlc Attaching, Speclalti••, 
llalnt.enance, lnglneerhsg, Treated Stores, Ind Olp. and Control Lab wre 
·aoved to the flr1t floor. 

Al10, in 1971 and 1972, additional 1terili&ers were added. 

I·n 1973, true glove box•• were added in vhich other product• wre •••led 
under a•eptic conditions. The glove boxes were under po1ltlve pressure witb 
no e1hauat; air wa• supplled to the glove boa through High Efficiency 
Particulate Air (HEPA) filters. 

In 1975, the llO gas aht•r• used for 1terlll&atlon wa, changed to oxyfuae 
(88 part• freon to 12 parts EtO). Thia ·wu done to decrease the explosion 
ba&ard. Also. in 1975, DexonR (suture) production wu aoved to Puerto 
llco, and soae personnel were aoved to another plant built for needle 
production. 

In 1977. an I - point Anarad infrared syatea wu installed to .anl·tor level• 
of EtO. Thb •1•t•• -could detect levels u low as 10 ppa. In addition. 
gaskets on st•ril her doors were changed froa rubber to neoprene. Prior to 
thh, gukets were replaced approxl .. tely every tvo years ., or when • leak 
vu noted on the sterilizer chart. In 1977, slotted exhaust hood, wre 
placed in -the aur.glcal scrub sponge area, vinyl drapea wre bung for 
isolation, and positive preasure was obtained in the arH. Valls ve·re also 
constructed in 1977 lo •eparate t-be flnhblng depart .. nt. fro• the 
sterilizing operation, and an exhaust hood wa, placed on the reclaia bench. 
Perl .. ter exhaust hood• were installed at the doors of cbaabers 13 and•• to 
reaove the initial Ito gas plwae when the doors wre cracked open . 
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Prior to 1977., t ·here VH no rHpirat.ory protection and tbe cbU1bera w.r• 
loaded and unloaded unuallJ .. 'Wlslch required approdutelJ 1 1/2 hours per 
day. In 1977. • respirator pro1r• VH instituted. 'Proa 1977 to Au1u1t., 
1911, half-face organic vapor cartrld&e Te1plrator• were worn by the 
1terilizer attendants. Tb• cartrlda•• were changed after each sblft. In 
addltlon, boat hoolc1 vere incorporated to pull the l ·oads out of the chaabers. 

Prior to 1980 .. cloaed-load ster.llized product wa• rnioved froa the ch•b•r 
and allowd to aerate in the open; therefore. it was poHible for sto to 
diffuse througbout. the second floor. Wo personnel wre peraitted entry ·to 
the aeration rooa during th• !-hour aeratlon perlod. 

In lat• 1980. a sterlUzer WAI relocated and an aeration roOII bullt. ·One 
1t•rUlzer vaa reaoved troa ••rvlce, a11d •notber dual entrr aterlUzer waa 
added, H wll a• a ... 11 12 ft3 aterUi&er for reHarcb and developaent 
purpoHs. An Heptlc holding rooa for t ·he clean aide of one at•rllh:er wa• 
provided, H well H • reeote control inner door which WAI interlocked vltb 
the eabauat •r•t-. ltO aonltorlng increHed and an Enaet ahra 1y1tea 
(sound and flashing lights) VH installed to detect ltO concentration• 
1reater than 100 ppa. The Aseptic Suite waa also rebuilt. 

In January, 1981, an adainhtratlve chauge transferred unloading of 
sterilized (cloHd-load) product to off-ahift hour•. For a 1teriliz11r a 
post-cycl• vacuua pull-down WH lapleaented and thh aterllizer operated H 
a pan-through for open load 1uture1. I11 August, 1911, the half-face OVA 
cartrldge rnplratora were replaced with half-face Robert .Shaw aupplled air 
respirator• (SAU.) tfhlcb were worn bJ workers who unloaded chUlben. 
replaced ltO cylinders, and ~repared aolutlons containing EtO. SARS W9re 
also anlsned to ul'ntenance workers .and Yalldation tecbnlchn•. Tbe 
respirator• have undergone annual preventive .. tntenance check• by the 
aanufacturer. 

Ito aterUlzatlon . ., .. decreaHd due to a production change to cobalt 60 
aterilizatlon. Slotted eahausts were put on glove boa port.a., ahut-.off 
valve• were placed on Ito cylinder.a, and • log 'boolt for '!tO uae ., .. 
instituted. Carts for t-ransportl r.g ltO products were pulled instead of 
being pushed; and• delay perlod of 3 hour• wu instituted before eaploJ••• 
were allowed to enter ·the cloaed-load geratlon rooa. lnidence u .. for 
workers in the aeratl,on rooa wu lial ted to two hour•. 

In 1982. the surgical sponge •rea wu enclosed with wall• (replacing the 
vinyl drape•>. A peri•t•r slot hood exhaust vu added to a sterilizer door 
and a aeparator was put on th• Ito chUlber drain. All ltO cylinders. upon 
receipt • .,.re checlted for leak• with an infrared (II) analyzer. 

In 1983, the I-point Anarad EtO -aonitorlng 1y1te• was replaced wltb an 
interl• 15-point gaa chroaatograph (GC) with photoionization (PID) and fl ... 
ionization det•ctor ('PID) and recorder. Tbh ·wH replaced vltb • 30-polnt. 
contlnuoua GC with PID. I1l 1984, chUlber •2 waa Teaoved froa aervlce . 
aecorded accidental exposures include the followiag: 
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1981 - A chamber gasket r.uptur-e result•d in setting off of ·th• alarm, 
i ... diate nptying of t ·b• chamber., and e·vacuation of ••ployee1. 

June 28, 1982 - A loose level gauge caused appr'odmately a 10 llt·•r ('L) 
leak. No •ployees were in the area, ,and Hlf-cont,al:ned 
breathing apparatus CSCBA) vu used for clean-up. 

P-•bruary 25 .. 1983 - An EtO 1olutlon leak of about. 3 L occur,red during • 
break period in the surgic•l scrub sponge a-rea. Three 
people cleaned the spill and 110 personal protective 
equipaent was used. 

Aprll 29 .. 1983 - Approximately 1 L of EtO 1oluti·on leaked in the 1urgical 
scrub 1pong• area, worker• were evacuated, a.nd SCBA 11a1 
used when tbe area was clean·ed. 

July, 1983 - A bea'ke'f' containing about 60 milliliters of EtO was broken in 
t 'he l ,abor,atory. SCBA. was used while the area was being cleaned. 

In the past. coa_plaints of smelling Bto. congestion, and rash have been 
reported by .. ployees. 

Industrial ffYghtne, S•fety. and !ltdlcal Progr,aas 

Indu.t.rial Hni•n• 
An industrial hy,gi,ene program was •tarted around 1'963. From 1963 through 
1'977. industrial hygiene {I.H.) vor:lt was conducted one• • year by the 
cOfflPany physician .and corporate (Allerican Cyanaald) indu"ttrlal bygienht. 
P'rom 1'97,8 to •pril 1980, I.ff. work was conducted by • Davis and Geclt c'h••lst 
(who rec•hed I.ff. training •t Lederle 1,n Pearl River, tf.Y.). PIC'oa April 
1980 to the present, the ,senior safety engineer bu conducted the I.ff. 
wrk.. Per,1onal and area aaapling conaenced in 1977, i.e ... Ti .. 41eighted 
Averages {TWAs) and area abort-tera s .. pling ·have been conducted vi'tb 
~•rioua types of charcoal tubes (standard, 1977: NIOSH, 1978: and 
Qazi-Ketchum, 1979) and 3M EtO badges. The charcoal tubes were analyzed at 
Cyanamid's Stanford Indust,ri.el Hygl,ene Laboratory, an .accredlt.ed laboratory, 
using 'NI-OSH Method S286 .20 Area sampling va1 also conducted with a 
direct-reading instrument., • Cent·ury/!"ozboro Organic Vapor Analyzer COVA) 
Model 128 .. and vith direct reading Draeger tubes. 

Monthly ventil•tion cbeclcs are conduct1td on all engineering controls aucb as 
1lot:ted hoods •nd vents wldch have been added periodically since 1971. All 
aalce-up •ir :f.or t:be sterilization area comes froa tbe plant; and tbere is no 
reei~culation of this air. 

Saf,ety 
1,n addi'tion to a Safety Department .. t ·here are 3 re.gular and 3 alternate 
union safety representatives for the ;plant. Personal l)rotective clothing in 
use included: respir.ators, latex gloves. caps. lab coats. saf-ety glasses, 
aafety shoes, and bead ng protection. 
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Kedh:al 
navls •nd Geck bas ,a .. di cal departaent; all .aployee1 undergo • 
preeaplo,-nt physical ex-a11lnatlon and perl,odic voluntary pby,ical 
,exaainaU,ons. 

:Description of the Per,onnel Record le•ping Syst .. 

A. t>e•cri:ption of Record SJ•t .. , 

'fber• are th-ree •aln file 111teu. there ,are approd111ately 600 hourly 
workers who ,are current in the active file <• separate flle es1'1ts for 
the 320 salaried wrkers; in :predous year• the percentage of salaried 
writer• in the total workforce was lowr), There are ••veral hundred 
hourly ,and salarled worker• bi the inactive flle1 who have terainated in 
tbe last 'five para. Finally, there ,are :several tbouaand hourly .and 
••laried worker• 'who terah1ated 11e>re than five years ago. For the 
latter wrkera, full personnel folder• no longer esht. Instead. a c-ard 
,ayat .. is ret,ained; the card li•t• the work hhtor.J ,of the individual •• 
well a• dft',OgTap'bi,c inforaation. All file• are alphabetical. 

Information ifl the flle• b usually adequate to determine who i• 
•rposed. Individuals are given a departMnt nuaber wbich indicates 
where t.hey tN>rk. 111 ,addition~ • job description is also assigned, wbicb 
h usually written in the work hbtory., and wbich ht addition aay be 
deduced froa a two-dlgl't. 11U1iber which accoapani,es the b10-:di:glt 
,departllent code. 

B. Tentative Definition of Esposed Workers 

In thh plant the ujoritJ o'f eaployee11 over Uae, have probablJ been 
e:irpo1ed. !lapoaed job categorie•, fol" t'he purpose• of thh study, will 
i11clude almost any job on the 1econd floor where the chambers are 
located, ;and job• on the fir.st floor near the 1ponge aTea where an BtO 
solution is ·used. Jobs in the sponge a'rea are entry level jobs and aany 
•ployees hav. ltOt'ked there foT a short period of tiu before aovlng to 
other joba. Exposed job categortes t ,entatively include anyone in 
sponges (depaTt .. nt 72)" and anyone ha the finishing departaent 
(depart.me.nt 65). which includes sterilizer operators 'who are called 
1olven't attendants, •• well • •• operators involved in handling product.• 
in the &'re&. I'D addi'Uon,. t'he following jobs will be included: 
inspectors {d•partmen~ 53), buildh1g aalntenance (department 38) ,, 
production .. chanic• (,departaent 48), porter• (department 40). quality 
control technici•n• (departaent 49). end dipping and cutting (de;parbllent 
62) (prior to 1972), strip packer., (departMnt 73}. sterility assurance 
(deparlaent. 60), inspection control atoclc clerks ,(depart.Mnt 47), and 
shipping (departaent 59}. Prior to 1972, aoat of the production 
procene1. including wtnding,. atr,auotica and .all sutur,e .aa1euly were 
on the second floor with the ltO operatlo~• and were potentially 
exposed. The only operations wblch were not on the second floor, and 
hence wre not potentl.ally esposed during this u .. peTlod" were 'the 
silk plant (departllent 85), the uchlne ahop' (depart•nt 52). dat.1 
processing (departaellt 32), accoun'ting (departaent 32), fil• processing 
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(departaent S4) • peraonnel fdepartaent 54) ·• .. di cal (depart .. nt SS) • 
needle plant (departaent 74-11). and aoft 1ut (department 16) . Worker, 
rroa ••••arch and Developunt and Ba1tneerin1 (departaent 45) will also 
b• ezcluded froa the study, even though they have had ,oae potential for 
ltO ezpoaure. Thh is bel·ng done because expoaure1 in th••• 'Chpartllent, 
were eztr-ly infrequent due• their eirpoaurea were prl .. rlly related 
to •bort-tera project• in the ,terlllzatioa area,. 

c. Saapling Froa the Personnel Records 

Induatr,wid• Studi•• Branch (IWSI) epldniologhta reviewed a randoa 
aaaple of 121 records . froa the ca·rd ayat• of individuals who had 
terainated aore than 5 years ago. Th••• record• were ·reviewed in order 
to identify worker• that would be included ln tbtt study. To be included 
aa an ••posed worker •ll&lbl• for the study. aft illdlvldual had to have 
been .. ployed for at lea,t 3 aontha. worlt~d in a job wltb potential 
exposure to ·1to. and au,t have worked at the coapaar in 1951 or lat.er. 
Other individual• hed vorlted l••• than 3 aonths or bad been .. ployed in 
Brooklyn before 1953 and had never worked ln Danbury (the plant aoved in 
1953). 

In the file of individual• who hed terainat•d ln th• la•t rlve year,. 
1'00 per,onnel file, were randoaly supled end reviewed. Of th•••, 43 
Ult.) wre ezpoaed and eligible for lnclutlon in the atudy. Other• bad 
worked 1••• than 3 aonths . ln a few ca•••, peraonnel record, were 
lnaufflcient to deteraine whether an lndivldual we·• eirpoaed, although 
querying other personnel would probablJ clarify the aituatlon. 

In the active file, SO Tecord1 of hourly individuals were randOlllJ 
aaapled and reviewed. 

Applying th••• proportions to the total nuaber of files, it h 
anticipated that abo11t 1800 workers aaJ have been exposed and are 
ellglbl• for i'ncluslon in the 1tudy. 

Since coapletlng thi1 revietf• the llat of potentially ••posed job 
categories ha• been eirpended to incl ude individuals who worked in Suture 
Aaaeably, Winding, and Atrauaatlc• prior to 1'972, when tb••• operation• 
were aoved to the fir•t floor. Tbua, the following e1tiaate1 of the 
nu•ber of workers eligible for inclusion in the atudy are probably 
under•• t.lut••. 

The average dete of firat. .. ployaent. for the eligible vorkera in the 
auple wa1 1969 (n•lOO, the percent.age of .. 1., wu 261., and the 
everage year or birtb vaa 1939. About 15t. of the hidividual• aaapled 
bed been .first .. ployed aa of 1978 or later and would not be eligible 
for t.he firat pba•• of tb• aortalHy atudy. 
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Overall,. it i• estiaated that tllere have been several thouwancl 
indlvldual• vho have worked at thh plant, -of whoa approdaat•lJ 1100 
have been ezposed to BtO for tbr•• aontha or aore. Ap,proxlaatelJ 151. of 
tbe1e 1100 were fl:rat exposed •ub1eguent to 1971, leav'lng 1530 for the 
firat phase of th• aortality 1t11dy. A1,uatn1 follow-up f-roa the average 
date of flrat nplo,-nt (1969} to 1913, it h ••tlaated that thh group 
would •lni•allJ contribute 21.•20 tl• • 1S30) per•on-yea-ra to tb• 
aortaU·ty 1t·udy. 

TodeitJ 

Svldenc• ·froa ani .. l wtudi•• 1uggeat1 that Ito u.y have carclnogeaic 
propertl••. 7,8 A 1roup of sto aanufacturer• •pon1ored a study a·t the 
Busby lun Re1earcb Center in whleb aal• and f••l• rhcber 3•• rat• wr• 
exposed to BtO at al:rborne concentrations of 10. 33, or 100 part, per 
alllion (ppm} for 6 bours per day, ·s day• per welt for two years .1 'rwo 
other group, -of anlul• ••rv•d •• cont-rola. Initially. there were 120 
.ani••l• of each•••-. ln eacb ezposure group. Th• r••••rch•r• observed a 
statbtically llgniflcant incre••• in tb• incidence of aono11uclear cell 
leulteaia among the r .. al• rat,. and peritoneal .. ,othelioaa IJIOftl the ••l• 
rat, exposed to ltO. The increaae hi leut .. ta tncldenc• VH found to 
increase llnearl.r •• a function of Ito ••po1ur•. An •l•vation in mortality 
f ·roa ",rain cancer• (gUal t:ype) ••• alao observed in tbe 't'ata ezpo1ed to EtO. 

NIOSH researchers have recently -report•d on th• reaults froa an anlaal 
experiHn·t vhlch cort"oborated the finding• of the Bushy lun Study. I 11•1• 
Pilcher 344 ·ra·t• were expoaed to StO for 7 houri/day. S day•lweek for 2 
years at drbor.n• concentration• of 0, 50, or 100 p:pa. There vere 10 r -at, 
in each expoaure aroup. Iner••••• ia the incidence of aononuclear l•ut .. ia. 
s,.ritoneal 'MSotbelioaa, and cerebral gUoaa• vere observed aaong th• 'ltO 
·••po••d t"at.s. relative to noneapo••d control•. 

Only .a rew epid .. lologic •tudies h•ve ex .. lned the pot•nt.lal lluaan 
carcinogenicity of lto.9-11 Hogst.•dt. et al. conducted a retro•pective 
cobo-rt mortality study of • .group of worker• in a Svedhh ch .. ical factory 
that. had previously been included in a .h ... tologic i:nveatlgation.9 Thia 
facility produced EtO via the c·hlorohydrin proc••• -in which, l·n addition to 
Ito. there vaa potential eapo1ure to ethylene, ethylene chlorobydrin. 
ethylene dkhloride,. and .. all aaount• of bis(:2-chloro-•thyl> •ther. AIIOng 
89 "full-·tl•" exposed worker, .• a a'tatbtically significant (p lea• 
than .OU ••c•n of leut .. l• aortality va, observed (.2 observed versua 0.14 
,expected). In addition., a stathtically lignificant (p l••• than .01) 
excen of atoaach cancer••• observed (3 ob••rnd ver•u• 0.4 ezpect•d). 
Because of the •laed ezposur••• tbese findings could not be attributed to 
ltO; however, ethylene oxide .and ethylene dichloride wre the :pri .. •u1pects. 

llorgan. et al, conducted• ret-roapective cohort mortality study ·Of wrters 
involved in th• product:ion of Ito a·t a T•••co Pacility.10 A total or ISO 
workers we·re included la the study, of which 767 we-re pote-ntially exposed to 
&to. No ·sto was detected in aoat saapl•• tannin the production area, and 
all 11ea.sureaent11 hi thi• area were :below 10 ppa. No cases of leu1t .. ta wre 
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obHrved in tllh ,tudy; bow.Yer. tbe autbor, e,t.laated that the low,t 
relative rhlc that t'bey bad a high probability of detecting (Sot. power) ., .. 
10.5. 

Hog,tedt aho reported on three ca,e, of leulc .. la that occurred in a ... u 
group of worker, at a SWdhb coapany .11 Th• coaapanJ u,ed a aht·ure of 
Sot. ltO and Sot. aetbyl foraate to aterllize boapital equlpaent. Tb• I-hour 
tvA expo,ure for ltO at thl• facility we, eatiaated at 20 ppa. According to 
national 1tatiat.lc1, only 0.2 death, due to leuk .. la wre expected ln tbh 
cohort. One of the c•••• .,., expo,ed to benzene,• known leuket10gen, and it 
vaa ,peculated that the coablned expo,ure of Ito and •thyl formate alght 
produce a 1pecial rhk. 

ltO h also a potent alkylating agent capable of caualng irreversible 
change• or wiutation, in cellular protein, and DNA in aniaali.12~13 •to ia 
.a1,o a positive 1111tagen in •everal 1n vitro 1y·1tea1 ,uch H Salaonell• 
t,ehiauriUll, viru•••, and Trade1canti1 poludo,a.6 

Chr0110soeal .aberration• related to EtO expoaure have been obaerved ln a 
nuaber of an\aal 1tudle1 and epld .. tologic inve1tigation1.8,13-20 Yager 
and Benz observed a do•• related 'inct"ea,e ln ahter chroaat.ld exchange, 
(SCI•) aaong Nev Zealand white rabbits that wre exposed vh inhalation to 
SO to 250 'PPII of lto.14 NIOSH (Lynch. et al) recently reported 
preliminary f'h1di'ng1 in whtc·h cynoaolgus aonkey, wre axpoaed to o. 50, or 
100 ppa of EtO for 7 hour• per day. S day• per week.I :After 24 -.onth• of 
ezpoaure , 1tathtlcally algnlficant lncraa,es wre obaerved h1 the :frequency 
of cbroaosoaal aberrations ( lftcludhlg quadrlTadial chroao1oae1) and SCI• in 
the peripheral lJ11Phocytu of the 50 and 100 ppa expoa•d groups ver1u1 the 
control,. 

Garry, et al. exaained the occurrence of SCI in the peripheral lyaphocyte, 
of 12 Ito exposed worker, and 12 nonexpoaed controls in a bo1pltal 
aterllizatlon faclllty .15 The espoaed group showed statbtically 
aign'i:ficant elevation, in tbe nuaber of SCI• coapared to the control•. 
Particularly high SCI frequenc'lea were ob1erved aaong 4 workers that had 
reported either neurologic or respiratory ayaptou. The ud•u• peak 
exposure level of Ito aeuured at this facility was 36 pp111. 

Cytoganetlc abnoraalitles have aho 'been observed i'n several 1tudies of 
worker, exposed to EtO. lbren·ber.g. in • study of workers at a factorr 
aanufacturlng .and uaing £LO, observed a high frequency o'f cbroaosoaal 
aberrations in 8 workers who were accidentallJ esposed ·to higb 
concentration, of Ito. one case of leuk-ia was also observed UK>ng the 37 
workers studiod .16 

American Hospital Supply initiated a cytogenetic survey of workers that were 
expoHd to EtO in the steriH.zation of .. dlcal devices ln 1971.17,11 
Seventy-five exposed workers at 9 facllltiea wre studied, as wll •• 37 
nonexpoaed wor,kers vbo served •• cont·rol1. Coapared to controls, e11posed 
workers were found to have .,tatbtlcally dgniflcant increased frequencies 
of SCI• and c'hroaoaoaal aberrations. 
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In re1pon•• to tb• fbadhl&• froa the Jaerican Ho•pital Supply study., Johnson 
and Johnson inltlated a crtogenetlc :study of workers that were al•o ezpoeed 
to :ltO in th• aterlli&aUon of aedlcal product•.19,20 Approxiaately SO 
worker• not ezpoeed to ltO wr• coapared to 50 ezpoaed workers at three 
facilit.i•• wltb I-hour Ti•-V•lghhd Average ('!VA) ezpo1ures to Ito of l••• 
than 1 ppa, 1-10 p,pa, and 25-200 ppa. reapectlvely. StatistlcallJ 
aignificant •l•vetiona in SCI frequencr wre obeerved hl tbe latter two 
facllltiea, and th••• cbans•• have perehted after one year. Tb• frequency 
of sa, appeared to lncr•••• in I do•• r11pon11 aanner. Chroaoaoeal 
aberratlons wr• •l•o elevated ln the hlgh eapoeure 1roup1; how.var, th••• 
findings wre not at.athUcallJ llgniflcant. 

Prior to June 22, 1984, t.he Occupational Safety and Health AdalnhtraUon 
(OSHA) Peraisslbl• lspoaure Lialt (PIL) for ltO was 50 ppa •• a tvl 
concentrat.lon for an I-hour worklhift. 21 OSHA ••tablbhed • new PIL of 
1 ppa as an I-hour TVA on August. 21, 1984.22 In addition, an "action 
level" of O.S ppa a, an I-hour '!VA was ••tablhhed (by OSHA) a• t.he level 
above wblch eaployers aust initiate periodic eaployee eapo1ure aonitorlng 
and aedlcal 1urvelllance. Th• •nvlronaental Protection Agency <•PA} 
1upported the OSHA PEL of 1 ppa ln the Federal Reghter (Jun• 22, 1910.23 

In 1977, IIIOSH rec0taended a celling level of 75 ppa a• deteralned during a 
15 •inute supllng period . 6 Thh level, however, WH set prior to the 
recognition of th• carcinogenic potenthl of •to. laHd on recent findings, 
lllOSH recoaaends that ltO ·ezposure1 not ezceed 5 ppa for a aa:daua of 10 
alnut·•• per daJ and that exposure, be controlled to leu than O. l ppa 
detenained a• an 8-bour '!VA (NIOSH Poller State .. nt. July 20. 1913). Th• 
Allertcan Conference of CoverNNn·tal Indu1trial Hygl•nhtl (ACGIH) rec:o .. nd1 
a Thre,hold Li•it Value (TLV) of 10 ppa for an 8-hour TWA ba,ed on data 
available prior to 1912 .24 However, in 1912, the ACCIH iuued • notice of 
intended change in wblch it was propoHd that the '!VA concent·ratlon be 
lowered to l ppa. Tbl,s reco .. ndation was l'eviewed and adopted in 1984. 
ACCIH has also deaignated ITO a, an A2 carcinogen.2• Aft A2 carcinogen h 
defined a, an industrial sub1tance 1u1pected of having carcinogenic 
potential for aan. Tbh designation h ba1ed on either Cl) llal·t.ed 
epldeeiologlc evidence, ezcludv• of cllnical report. of single ca•••, or 
(2) deaon,tratlon of carcinogenesis in one or 110re aniaal species by 
appropriate .. thods . 

phcu,sion of Coapanx flonltorin& Data 

Tb• re1ult1 of the coapany Ito s111ple analr••s, the specific , .. pling 
location, and 1tat.iatlcal analJ••• of the data (,arithllet1'c and ge01Ht.ric 
•ans and geoaetric ,tandard deviation) are presented l'n Table I. Table II 
contain, the plant. controls lapl ... nted to reduce EtO exposure levels. 

Th• data presented in Table I indicate that £to was preHnt in the work 
environ .. nt. at thl• facility. A variety of ... pling .. dla a11d puap1 wre 
ueed during the years that 1aapling was. conducted at Davia and Ceclc 
(1977-1913). In 1977, standard 1lze (150 allllgr .. <111>1 charcoal tube• 
wre uHd as supl lng .. dla. Thia size charcoal tube has been found to be 
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i'nadequate for ltO •aapllng becau•e the aigration ability of ltO UJ result 
in •eaple breakthrough (aoveaent of ltO into and out of the back-up section 
of the charcoal tube). Therefore, the ltO level• docuaented in 1977-78 
(10.4-271.0 ppa) aay be low. The lowest docuMnted level in 1977, 0.4 ppa1, 
ii quHtlonable line• thl• level was below the quantitation Uait. of the 
analytical 1Nthod u1ed (NIOSH S286).2S Another type of 1aapling .. dl• 
u••d (1980 and 1911), detector tube•~ are only adequate for a general 
quantitative determlnatlon of ltO levels . Detector tubes u :y have an error 
rate of greater than plus or ainus 30-5~; ln addition., it 1bould be noted 
tha't det·ector tubes are no longer certified 'by JfIOSH <a, of Septeaber 30, 
1983) . 26 

Other , .. pling .. dia u1ed, Qad-letch1111 charcoal tube, (1979-1982) and 311 
badges (1981-1983), were aore reliable •dia for ltO aonitorlng. Howver, 
the accuracy of the low value, liwted, i.,e., < O.OS-0.1 PJIII, aay be 
queationabl• due to liaita of tbe available analytical .. thod1 and/or the 
.. tbod used to calculate the a-hour TWA. 

A di·rect reading Century-Foxboro Organic Vapor Analyzer COVA) was u1ed in 
1982-1983 to give instantaneous readings of ltO ezpo1ure levels. The OVA is 
fitted with a GC option lilblch allows separation of organic vapors on the 
ball, of coluan retention ti... Th• Hnsltlvl'ty of t :he different OVA aodels 
to •tllane (·the gas with lilhich the OVA h factory calibrated) i• listed froa 
0.2 to l p,-.27 Hovever, the OVA ;provide, only a relatlv• response to 
variou1 organlc•i therefore, the 0-1 ppa level• docu .. nted at tbh facility 
aay have been undere1tlaated. 

Pri,or to 1981, the 1Fini:ahing Departant, cbuaber area, and Sponge Departant 
were the only location, :aapled for ltO . The bigheat ranges of EtO l•v•l• 
111onitored in the cbuiber area were ,ion-detectable (ND) to 7.7 ppa personal 
l'VAs in 1979, and 50 to 400 ppa area lnstantaneou1 .. a,ur ... ntl in 1980; the 
latter repre1entlng condition .. inside a chaber prior to unloading . the 
highest range• of .BtO erpo1ure level• docu•nted in the Sponge Departaent 
were 1.2 to 14.1 PJIII personal l'VA• in 1979, and 26.8 to 71.5 ppa area 
short-term measur,eaent• in 1978. 

After 1980, other plant .area, were al10 'IIOnit.ored for ltO. The blgbe1t 
personal EtO exposure levels aonltor-ed after 1'980 were 80.0 and 9.1. 7 ppa a1 

1-bour TWAs in the Phylical Te•ting Depar.taent in 1982; 8-hour l'VAs were 
10.S and 8 . 3 ppm, respectively . The Mghe1t area EtO levels aonl 1tored 
(vith det,ector tubes> ranged froa 25 to 150 ppa •• instantaneous 
•asurnients in the chuaber area in 1981. However, use of air supplied 
respirators was in1tituted in 1981. 

For the ,aost part .. the engineerhlg and adlllnistrative controls in1tituted in 
1982 effectively reduced ltO exposure levels for those areas aonltored in 
1983 (see Table II>. The lt.O ezposure levels aonltor•d in 1983 ranged froa 
less than 0.1 to 1. 3 ppa1 for personal tvAs and 1.0 ppa for an area 
instantaneous reading. 
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IIEY TO TABLE I 

1) A• area aaaple 

2) STEL • Short-Tera Exposure Level (usually 1S or 20 minutes) 

3) D • Dupont air puapa; D4 • Dupont P4000 (500 cc/min flow rate): D2 • Dupont P200 
(SO cc/ain flow rtte) 

4) CT• Charcoal tube (1977-78: standard size; 1979: Qazi-Ketchum) 

5) P • Personal saaple 

61 TWA9 • 8-hour Tiae-W•lghted Average 

7) s • Sipln puap 

8) N.D. • Non-detectable 

9) ASR • air supplied respirator 

10) ASR Partial• sterilizer operator vore the ASR part of the day (e.g, while 
unloading an BtO sterilizer). 

11) IN• Instantaneous aa-ple 

one-half of the t.OD vaa used as the N.D. value when calculating arithmetic mean.a. 
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I 
I SAMPLING 

DATE I LOC.ATION 
19771Pinisblng 

TA.BL£ I 
HISTORY OP BtO SAMPLING METHODS AND DATA 

AT DAVIS AND GBCK 
DANBURY( CONNECTICUT 

I TYP£ OP I RANGB OP .BtO I IARI'IH.I IGEOMBTRICI 
ISMPLE ANDICONCElft'RATION NO. OP I MEAN GEONBTRJCISTANDARD I 
JBQUIPMBNT I (pp11) SAMPLBSI ,r MBAN tDBVIATIONf ·- .. 
I A-STEL I 0.8-15.2 4 · , 5.5 l.l I 3.5 I 

_CQM_MBNTS 

JDept., Challbert D/CT I I I I 
!Area I I I I 
JPiniahing I P-TWA9 0.4 l -- -- -- I 
JDept .• , Che.l.lber I 
IArea I 
!Sponge Dept. A-STEL 2.1 l -- -- -- I 
I D{..CT I 

19781Piniahing A-STEl. 2.1-211.0 I 16 71.0 34.7 4.0 I 
1Dept., Challber D4/CT I 
I.Area I 
JSponge Dept. A-STBL 26.8-71.5 4 46.l 42.l 1.6 I 
I D{..CT I 

19791Sponge · i>ept. A•TWA9 7.7-17.7 3 u.o i3.1 1.6 !Hoods not 
I I D2/..CT Ii natal led. 
I !Sponge Dept. P-TWA9 1.2-1,.1 5 

... 

8.2 6~1 2.1 IHoodiJ . not 
I I D2/CT I installed. Hoods 
I I I linatalled but not 
I I toP!rat ional. 
I JSponge Dept. A-STBL 1.9-8.6 4 4.8 4.2 1.9 11.9-3.3, hood on 
I I D4/..CT 15.6-8.6, hood off 
119801Piniahlng P-TWA8 I N.o.•-7.7 9 4.0 1.8 I 7.2 17 of 9 workers 
I 1Dept., Chaaber s and/oc I I taaapled wece 
I IArea DZ/CT I I lvearing cu·tddge 
I I I t I freaelrators.~~~ .. 

I IPiniahinCJ J>-STBL I N.D.• I l I -- -- I -- I 
I I.Dept., Chamber D4/CT I I I I I 
I t At,!a I I I I I 

*LO.D for Q-lt charcoal tubes • 0.06 ppm for an 8-hr 'NA and 0.07 pp11 for a 15 min STEL 
LOD for 3M badges• 0.08 ppm 
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TABLE I (continued) 
HISTORY OP BtO SAIIPLINC NBTHODS AND DATA 

AT DAVIS AND G£C~ 
~----'D=ANBU.!!t__CONNBCTICUT 

I TYPE OP IRANCZ OP EtO I IARITH. I IGEOMBTRICI 
SAMPLING ISMPLE ANDICONCKNTRATIONINO. or I MEAN IGBOMBTRICISTANOARD I 

0ATB1 LOCATION 1sou~PNENT 1 <,ee•> 1sMPLas1 x , NBAN 1D£v1.,T10N1 
l9B01Pinishing I A-STBL I 1.5-215.0 I 22 I 28.4 I 12.3 I 3.6 I 

IDept., Challberl D2/CT I I I I I I 
I Area I I I I I I I 

!Finishing I A-STBL I 0.4-29.4 I 32 I 5.8 I 2.9 I 3.4 
IDept., Challberl D4/CT I I I I I 
!Area I I I I I I 
IPinisbing I A-IN 1 so.o-•oo.o I 16 1140.0 I 109.5 I 2.0 
IDept., Chuber Draeger I I I I I 
IArea I I I I I 
IPinishing A-STBL I 0.9-J1.3a i 10 I 11.·s I 7.8 ·, J.O 
I Dept. , Cha.t>~u: D4/CT I I 
!Area I I I I I I 
!Sponge Dept; A-STBL o.e-1.1 I 5 I l, o I 1.0 I 1.1 
I 04{.CT I 
!Sponge Dept. P•TNAa 0.4-0.6 I 2 0.5 
I 04{.CT I I 
!Sponge Dept. P-'l'WA9 N,D.• l -- -- -- I 
I D2{.CT I 

l9811Pinish1ng P-THAa o.J-o.s 5 0.4 0.4 1.3 I 
1Dept., outer D4/CT I 
1Seal Area I 
I Finishing P-'l'WAa 0.2-0,3 2 0.3 _,_ -- I 
I Dept .• , Outer D2/CT I 
!Seal Area I 
IPiniabing P-'l'WA IN.D.*-13.0• 7 2.1 o.s 4.7 I 
IDept., outer 3N Badge I I 
!Seal Area I I 

•wo for Q-1t charcoal tubes • 0.06 PPII for an 8-hr 'l'WA and 0.07 ppm for a 15 111.in STEL 
LOD for 3M badges• 0,08 ppm 

a) coapany notation: questionable 

COMMENTS 

I "' .... . 

I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 



SAMPLING 
I TYPE OP 

TABt.8 I (c:ontinued) 
HISTORY OP BtO SANPLING MBTltODS AND DATA 

AT DAVIS AND GECK 
________ DANBURY, CONMBCTICUT 

I RAN<Z-of BtO I IARITH. I IGE°"8TRIC 
ISANPLB AND CONCENTRATION NO. OP I MEAN GEONBTRICISTANDARD 

DATBI LOCATION £gUIPMBNT ( PPlll! SAMPLES! x MBAN I QBVIA'l'__IOti I - c:9MMB_NTS 
19811Pinishing P-TWAe . 0.1 l I -- --

IDept., D2/CT I 
IOverwrae Area I 
lPlnishing P-TWAe N.o.•-0.3 3 0.2 0.2 1.8 
IDept., 3M Badge 
1overwra2 Area 
I Finishing A-S'ffl1, <6.1-28.6 22 12.5 11.2 f.6 I 
1Dept., Challl">er Df/CT I 

IArea I 
IPinishing P-'l'WA (l-8) <l.6-6.7 I 2 4.2 1cartddge 

.. -- --
!Dept., ChuberJ 02/CT I !respirators in use 
IArea lfor 6. 7 PPII 
I 1•~22au~e le~el 
IPiniahlng A-Itf 2s.o-1so.o -15 I 95.0 84.6 I 1.8 !Obtained during 
1Dept., Chuber Draeger I I lchanaber unloading 
IArea I I I 
I Finishing P-TWAa > 4.0-4.S 2 I 4.3 -- I -- I 
I Dept., D4/CT I I I 
!Aseptic I I I 
ISealinli Area I I I 
lfiniahing P-'l'WA9 I 1.1-4.7 I 

.. 
4 I 2.7 2 .-2 I 2~1 I 

1Dept., D2/CT I I I I I 
IMeptic I I I I I 
1sealin9 Area I I ! I I 
I Finishing A.;.lhr. I < 0.7..: 0.8 I 2 I 0.1 -- I -- I 
I Dept., D.2/CT I I I I I 
IMeptic I I I I I 
1seaUn9 ~rea I I I I I 

•1,00 for 0-k charcoal tubes• 0.06 PPII for an 8-hr TWA and o.07 PPII foe a 15 min STEL 
LOO for 3M badges• 0,08 ppm 

a) Co•pany notation: questionable 

~ -



TABLE I (continued) 
HISTORY OP BtO SAMPLING MBTHODS ANO DATA 

AT DAVIS AND GECK 
DANBURY, CONNEC?ICUT 

I I TYfB OP I RANGE OP BtO I I ARI TH. I I GBOMBTRI CI 
I SAMPLING ISAMPLB ANOICONCEN'l'RATIONINO. OP I MEAN IGBONBTRIC ISTANOARD I 

1>~111 t LOCATION 1BQUIPNBNT l (ppa) tSAMPLJ{;J Jr I NBAt.l ~BVIATION 
19811Pini,h1ng I P-'lWAs I 3.4-6.6• I 8 I 4.4 I 4.2 I 1.3 

1Dept., I 3M hdgt I I 
I Aseptic I I I 
ISeallng Area I I I 
IPinishlng I P- TWAs I I 
!Dept., Alpha I 02/CT I 0.2 I 1 I - -
lProceaa Area I 3M Badge I N.o.• I ~ 2_ 1 0.08 

1982 IW,uebouse IA-lnatan- I N.D.-4.0 I 10 I -- I 
I ltaneoua 
I I Century 
I IPox.boro 

COMNBNTS 

I lOVA I I I I I I - ------
1Sponge Dept. IP-'lWAcs-8) 1 0.5-3.0 I 9 I 1.2 I 1.0 I 2.0 
I I 3M Badge l I I I I f 
!Sponge Dept. IA-lnatan- I 0- 70 I 12 I 12.2 I 2.5 I l .2 ' 
I ltaneous 
I I Century 
I I Foxboro 
I I OVA I I I I I I 
I Physical QC I P_-STEL . -- - -- - · - . - - - · 
!Testing Dept.I 3M Badge 
!Physical QC I P-TWA1 
I Test i .nla neet. I 3M Badge 
!Physical QC I P-TWAs 
!Testing Dept.I 3M Badge 
I Finishing IP-'lWA(l-4) 
1Dept., I 3M Badge 

o0.8-96.8 I 

80.0-91.7 I 

0.3 I 

1.6-4.6 I 

2 i 18,.8 I 

2 I 85. 9 I 

l I -- I 

3 I 3.3 I 
I 

-- I -- I 

-- I -- I 

-- I -- I 
I 

3.0 I 1.·1 ITWA4 (3.6' 4.6) 
I !inc luded PPG/EtO 

r 
I 
I 
I 
I 
I 
I 
I 

!Chamber Area I I !solution preP4ra- I 
I I I I tlon, t .bo.se 
I I I !workers wore 

..1 I I tASR-eartial 

*LOD for Q-K charcoal tubes• 0.06 pp11 for an 8-hr TWA and 0.07 pp11 for a 15 min STBL 
WO for 3M badges• 0.08 ppm 

a> COIDpany notation: questionable 

I 
I 
I 

,.. -



I I 
I I SMPLING 
IDATB LOCATION 

I TYPE OP 

TABL8 I (continued) 
HISTORY OP BtO SAMPLING MBTHODS ANO DATA 

AT DAVIS AND GSCK 
---- DANBUR~f CONNECTICUT 

I RANGE OP EtO I IARITH.I I GBOMBTRICI 
ISMPLB A.ND CONCBNTRATIONINO, OP I MB.AN IGEOHETRlCISTANDARD I 

SAMPLES x I HEAN COMMENTS IBgUIPMBN_T <ee ... l DEVIATION I 
11982 Pfnlshing I A-STBL 6.6-130.0 16 . 28.4 I 18.4 2.4 rsa-ples in varioust 
I Dept., I 04/CT I !locations in I 
I Ch,111ber Area I I !aeration room I 
I I I tafter tcaosport of 
I I I jsterilized loads 
I Finishing I P-STEL l. 7-37-.j 13 ll.5 I 8.2 2.4 !SOiie workers wore 
I Dept., I D2•4/CT I IASR 
I Challber Area J I I -·· -· 
I Pinlshing I P-TWA9 1.2 ... > 1.e I - 1.5 I -- I -- IAS.R l>artial 
I Dept., I D2,4/CT 
I Chamber Area I 
I Finishing IA-instan- I 0-350.0 I 13 I 34.l I 2.5 I 2.2 1350 PPIII level-
I Q,irtpt., ltaneous I I I I I lprobe inside tote I 
I ll~a!d>er !Century I I I I I lbox (aer1tion 
I Acea IPoxboro I I I I I 1roo11) 
I !OVA I 
I Finishing I P-TWA9 I o.,-o·. 7 I 3 I 0.5 I 0.5 I 1.3 
I ~pt., I D2/CT 
I Aseetic Area I I 
I Finishing IA-instan- I 3. 5- > ,0 .o I 6 I 15 I 9.7 I 2,7 
I Dept., Alpha ltaneous 
I Process !Century 
I lf01'boro 
I (OYA 
119831Warehouse I P-TWAa- I 1.0 I l 
I I I 3M 
I I Physical I P-TWA9 I -< 0.1-1.0 I 10 I 0.4 I o.) I 2.7 INo exh4uat for 
I !Testing Dept.J 3N Badge I I I I I 12 sa111plea-
I I I I I I I I I !0.94-0.98 eem> 
I !Physical OC I P-TWAa I 0.2 I l I -- I -- I -- I 
I ITeatlni _Deet-1 JN Bad9e I I I I I J 

ao ... 



TABLE I (continued) 
III.STORY OP BtO SAMPLING MBTKODS AND DATA 

AT DAVIS AND GBC~ 
DANBURY, CONNBCTJ~Y'l' 

I I TYPE OP !RUGE OP BtO I IARITH. I I GEO.IIETRIC I I 
I SAMPLING ISAMPLB ANDICONC8NTRATI0N INO. 01' 1 MBAN IGBOMBTRICISTANDARD I I 

DATBI LOCATION IBgUIPMBNT I lee•> ISMPLESI x I MEAN I DEVIATION I COMMENTS I 
l9831Sterlllty Labl P-TWAe I o.os-0.01 I 2 I 0.06 I -- I -- ITWAe catcul•ted I 

I I 3M Bcldge I I I I I lfr:011 monitored I 
I I I I I I I TWA4 I 
L I 1 
IPlniahing I P-TWAa I 0.1 I 3 -- I -- -- I 
IDept., outer I 3M badge I I I I 
!Seal Area I I I I I 
IPiniahing I P-TWA9 I O~l I l -- I -- -- I 
1Dept., I 3M Bcldge I I I 
fOverwrae Areal I .I I 
ll'iniahing I P-TWA9 I 0.5-1.3 2 0.9 -- -- 0.5 ppm exposure I 
1Dept., I 3M Badge I level includes BtOI 
IChallber I I I solution I °' -!Area I I 12rel?!ration I 
IPiniahing I P-TWA9 I 0.1-0.1 3 0.3 0.2 2.4 I I 
I Dept., I 3M Badge I I I 
!Aseptic Seal I I I I 
!Sterile SuiteJ I I I 
IPinhhing I P-TWA9 I 0.1 l -- -- -- I I 
!Dept., Alpha I 3M Bcldge I I I 
!Process Area I I I I 



19S3 

1968 

1969 

197S 

1977 

1978 

TABLE II 

CONrROLS IIIPLDDfTID to UDUCI BtO 
'IXPOSUIB LIVELS AT DAVIS AND CICI 

DAJIBUft'. CONDCTlcut 

INC I NIii.ING 
COlfTIOLS 

Bshau,t hood, 

Jfone added 

Vacuua sealing 
conducted in 
glove boz--no 
eshau,t 

None added 

Rubber sterilixer 
gaskets c.banged 
to neopr-ene 

8-point An•rad ltO 
monitoring 1y1·te11 
in1talled 

Vinyl 1trip1 hung 
to isolate the 
scrub sponge area 

Exhaust hood put 
on reclai• b11ncb 

Valls constructed to 
separate sterilizing 
operation, from 
Finishing Dept. 

Non• added 

ADNINlSTIATIVE 
COIITIQLS 

None .added 

Shipping and ·varehou,e 
dept, . relocated in 
different building; 
suture auambly aoved 
froa 2,nd to 1st ·floor 

None added 

ltO gas aixture changed 
froa 80:20-C02:ltO to 
88:12-freon:ltO 

Oexon sutures moved 
to Puerto Rico 

OV re,pir,ator program developed 
and inst.l luted for :steril i.zer 
operator, 

Boat hoots incor.porated 
for pulling sterilized 
loads fro• sterilizer 

Indu1trhl hygiene s&111pling 
program started 

None added 

- 20 -

UNCI OF 
ltO Ll'YELS 

1IUSUR1D (ppm) 

0.4-15.2 
(·Chamber area) 

2.1 
( Sponge :Dept . ) 

2.1-271.0 
(Chuaber area) 

26.8-71.S 
(Sponge Des>t. > 



1979 

1980 

1981 

COlltaOLS IIIPLEHNTID TO R1DUC£ £to 
:a,osuu I.EVILS AT DAVIS AND GICK 

DDBUff. CONNECTICUT 

UGDIIEIINC 
COIITIOLS 

Slotted exbau•t 
hood• in•tall•d 
on ltO scrub 
sponge ltn• 

Reaote control 
interdoor ••• 
interlocked with 
sterlli:zer 
esbaust sys'tea 

Degassing rooa built. 
for sterUi&era 

Additional esltaust. 
ports add•d to top 
of ate't'iliz•r• 

Aeration rooa built 
for clean side of 
•t•rilizer 

Enaet alarm system 
installed 

Aseptic Suit,e rebuilt 

Slotted eshaust 
•dded to glove 
bos ports 

ADIIIIIISTIATIVI 
COIITIOLS 

None added 

Sterilizer shutdown 

·1to exposure 
aonltorlflg increased 

U•• of supplied air respirator., 
instituted 

uiount of Et.O sterllh:ation 
decr••••d 

Carts for transporting EtO 
sterilized pl."oduct were pulled 
not pushed 

3 hour delay period instit.uted 
before entry allowed in degassing 
ro011; entry l ia1ited ·to l hour 

- 21 -

IANGI OF 
ltO LEVELS 

JIIASUIID ('ppm) 

Hood o·ff: 
5 .6-8 .'6 

(Sponge Dept.} 
Hood 011: 

1.9-3.3 
(Sponge Dept.) 

Jf.1>.-•00 
(ch .. ber area> 

tf.D.-1.1 
(Sponge 'Dept. > 

11.0.-150 
(Ch .. ber at'ea) 



DAff 

1912 

1983 

1984 

TABLE II (continued) 

CONTIOLS IIIPLDIIIITID TO a1ooc1 ltO 
UPOSUU l.lYILS At DAVIS DD GICI 

PPIUIJe CONNICTICU't 

111cn•1111NC 
CONTaou 

Additional •lot 
e:ahau,t added to 
•t•rlUzer door 

Surgical ,pong• area 
encloHd vitb vall• 

ADIIINIStJtAtIVI 
9*ftOLS 

Ll,guid Et.O airtur• chana•d 

All ato cylinder• checked 
for leak,, upon receipt 

Nultl-pobtt CC/PIO ato 'None added 
aonitor ln•talled 

llulti-point CC/PlD Mone added 
ltO aonltor installed 

- 22 -

aoc1 or 
StO LIVILS 

flPSUIID ( ppm) 

O. 5-.3.0 (!VA) 
0-70.0 

Un1tant./ar••> 
(Spon1• Dept.) 

1.2-130.0 
(ch .. ber •r••> 

< 0.05-1.3 
(all ar••• 
•aapled) 



Copelv,ion, 

Davis and Geck h•• hldua·trhl hygiene data datlng back to 1977. Therefore, 
il ... , be pouible to conatruct an ezpoaure cl•••lflcaUon ach ... for job 
cat•gori•• · 

In addi'tlon. lba1ed on the finding, of thh report. thh plant ••t• all of 
the eligibility requireMnt, •• defined by the protocol and ,should be 
included in the study. TbeH req11lr .. nt1 are: 1) the plant maat 
contribute at leaat 400 per•on yeara., 2) the plant au1t have ,adequate 
per,onn•l records or other record• tllat can be vied for ldentl fylng past and 
pre1e11t worker• ·ezpoted to ltO, and 3) the plant :auat 'not have any eerlous 
confounding exposure to a known leukeaogen. 

••coaendation, 

1. Continue the htduatrial hygiene aonitorin1 prograa for l!:lO. 

2. Conduct additlon•l 8-br tvA ltO 11e>nitorlng of the warehouae where the 
(1983) instantaneous 11e>nltoring result WH 0 .'9S ppa. 

3, Iner•••• dilution ventilation or add local exhauet ventilation to the 
Pbydcal Teatlng Departatnt and finhblng Departaent., Cbaaber Area where 
the 8-hr ?WA result• were at or •lightly greater than l ppa. 

4. Continue conducting ventilation inve1Ugat.lon1 to ln111re pro-per 
operation of the ventilation 1y1t .... 

- 23 -
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