
INDUSTRYWIDE STUDIES REPORT: 
A WALlC-TBROUGB SURVEY 

OP 

ETHICON 
Division of John•on and JohnRoa 

San Angelo, T~xaR 76902 

SURVEY CONDUCTED BY: 
John Horawetz, IHS 

Kvle St~enland, Ept I 

DATE OP SURVEY: 
'!ofav 8-9, 198S 

REPORT VR.ITTEN Bl: 
John Mo"awetz 

Kvle Steenland 
A Hee Gretfe 

DATF. OF REPORT : 
January 8, 1986 

REPORT NUMBER: 67.19 

lndu•t"t11l Hv~tene Section 
Inchu1trvvtde Studie• Branch 

Dtvt11ton of Survetll11nc1t, Hazard Ev11l1111tion11, and F'i.eld Stutiies 
Nati..,nal ln11tttute for Occup,.ttonal Safetv 11nd R@11lth 

Centers for Disease Control 
Ctnctnnati, Ohto 



PURPoszT£! 

EMPLOYER. REPRESENTATIVES 
CONTACTED: 

EMPLOYE'E REPRESENTATIVES 
CONTACTED 

STANDARD INDUSTRIAL 
CLASSIFICATION OF PLANT: 

Tls1Jf!lu~~··· .• ~]!J:f)J~1ciu.~.~rtJll6'.!l i~ ~,. 
;•corti~.·\Pr~.~uct1.o~ pr?.geall!e'9frJ·"d 
penonnel. r,fcorda .in.determ1.ni{·~~e" 
s.uitabi Ui:v of includ'ing thh facHgX 
1. . NIOSH . tt'Ywid iea Bf~nch 
m.~ ... ,{tv/tn .... ':t, .. ; .. J ... •l ~v~ tudv i)t\ 
et0hvlene oxide'/(!t:O) 

Joe Loflin. Safetv a.nd Induatr1.al Hvgtene 
(915) 658-0619/i < ...... . 

Ti.111 Uce, S4ff~&a.nd Ind1Jilr1.111 Hvghne 
(201) 281-2702 (S0111er-.,1lle. ~ew Jeraev) 

Bob Ward, Personnel 
(9t5) 658-0262 

Jeff Beeson Jr •• United Textile Workers 
of AmericR, Local 514 
(915) 658 0332 

3841 - Surgtcal =1nd medical instruments 
11nd 4l)pa ratus 

ttt 



ABSTRACT 

On Mav 8-10. 1985, a site vi.sit to the San An11elo plant of Et'1icon (11 
suhsidiarv of Johnson and Johnson) wa8 conducted to determine whether this 
plant 111as eli11ible fo~ inclusion in the NIOSH EtO cohort mort11lttv study. 
During the vi.sit. Dft~sonnel reco~rl• and industrial hv~iene records were 
reviewed. and a walk-th~ough survev was conducted. EtO has been used in this 
f11ctlitv since 1974. Results of th~ evaluation of personnel records indicated 
that. over tt1118, there have been t~o few exposed emploveeR to warrant the 
inclusion of this pl.11nt in the cohort mortalitv studv. 
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INTRODUCTION 

Ethylene 01tid• (EtO) ta one of thP. 25 chemtcal• of highest production volume 
tn the Unitsd Statea.1 The tD&1or portion of EtO produced ta used in the 
prl>duction of ethylene glycol (antifreeze) and as a chemical intermediate for 
polv••t•r film•, ftbera, and bottle•. A ..all fraction of EtO, leaa than 
0.24%, ha• been uaed by the ~ealth care and medical supply iarluatries ov-.r the 
pa!llt 35-40 veara to sterilize heat-senaitive medtcal supplie11.l 

EtO, a colorleas gaa at standard tell1)8rature and pressure or a liauid at 
higbat' preasures, is miaci.1'1e "1.th vatfl!r, ethanol, et her, and moat colll1ll0n 
organic aolventa. In llddition, it is highly explosive wben tn: concentrations 
of 3 to 100% (EtO) in air.2 Th• hiological warning propertie11 are 
essentially useless since the (ether-like) odor threshold amon~ individuals 
ranges from 300 to 1,500 parta per million (pl)l!I) and adverse health effects 
mav be elicited at levels much lea11 than thia.3 

Due to the tox!citY and posaihle c11rcinogenici.tY of EtO (see 11ection on 
Toxicity), NIOSH researchers initiated an investigation in 1982 to assess the 
frasibility of conducting a cohort mnrtality studv and indu11tri.d ltygf.enP. 
ev11luation of workers e1tposed to EtO. ~rJsed on the datJt gathered during tlie 
feasibility study, it vas concluded thlle the cohort of workers in the he11lth 
cJtre and medical supply induatrv, specifically those workP.rs exposed to EtO in 
industrial steriliz11tion processes, WIIS the \IIOat lldeauate group to support a 
cohort niortality study.4 This decision was !llupported by the find1.ng11 of a 
1977 survey conducted hy N11tio"41 Institute for Occupstional Safety and Health 
(NIOSH) researchers which shoved that it iR in this industry most of the 
employee exposures occur. 5,6 Thia survey estimated that 11pproximatelv · 
75,000 health care workers WP.re ellll)loyed in EtO sterilization operations, "'1.th 
an additions\ 25,000 employees which may have incidental exposure resulting 
from inadeauate engi,ieering control~.S.6 

Ttiis walk-through survey wa11 conducted to df!temi11f! the imit11bi 11.tv of 
including Ethicon (San An11elo) in the 1nduatryvf.dP. mort11Uty and f.ndustri-'ll 
hvgiene st11dy of wnrkers potenti.:1llv exposed to EtO in inrlustr1.;tl 
steriliution procesAes, The suitabi 11.ty of 1.ncluding tliis f.ac1 Utv w.qs based 
on data gatbf!red in this walk-through and is discussed in the Conclusion and 
Recommendation 11ection. In ad,t1.tion, the <t.11ta gathP.red <luring the 
WA lk-through survey "'111 he used to develop, to the ext-.nt possible. "!9t i mates 
of exposure to EtO by dep.11rtaient.and/or job category, level -'Ind <iuration of 
continuous and peak exposures, -'Ind csl-.ndar year ""1.thin this pl-'lnt. These 
expo11ure estiaates vt.11 then he co1111>iled into .11n exposure m.11trix which ""1.11 he 
u,.ed to determine the exi11tence of a dose t'e11ponae r@lationshi.p with anv 
posltive association observerl 1.n the mortality study. 

The .:1uthority .qnd responsibility for conductirtg 11nd reporting on fiel<i studi.es 
in industry ro1a11 given to NIOSH under the Occupatio1,al Safetv and rlealth Act of 
1970 (set forth by the 91st Congress, S.9123, Puhlic L11w 9l-596). Section 
20(.11)7 state11 thl"'" NIOSH shllll conduct 11nd publhh ind11strvwi<ie Atmlies ot' the 
effects of chr.onic low lP-vel P.xpo1111r.e to inrlu11tr.ial matP.ri11ls, proceswes. and 
stresses on the potential for lllnP.ss, di11ease, ~r loss of functional cap11cl~v 
ln the 11ging adult. 
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im'i¢iijJi1-btilt1'°,:ilrl~1ii.j~, 

;:;~~i;~~;~;~~·~~~~i~~~~i;~ti}tia:l .. i~~l~ii ~~~~£t~~;~;:;iat~l'.¥ii~f j~eac. Et'o· 
1n il.974 •. >:~t~. ~~.i;eo,*1,~ ~~~'~' r~~?·:tt/A~l t;~~·~:~ !,~·~!!'.f~~, ,~:~.~ \~1~:, 1,1.~ 
·~~·~~!!1:liii{~r,:ii~,it~t,~~"l~~J:~i:tt:0l·ilii,ti:~tiii~1~;;!;;~;I I,~f ~,in i~;~:. 
two iaot~);lllat'e ~~·~~l,~41d.i!*' 19?5,j,wh~l•'.,;t~ <~~11!~~jj~lli~a~, ~ie~,t!~~ .. t fnL 
19!5~. A)i2(8.8.~1~t~.r· ?~! i,EtO ·~· ~~-e~ ... ~~·,.l>a.•n.;:u~a,-.· .• B~t~~.?;"R,twaa .. 
occupiad &,<a niall auabit' of eaplov••• {moi't ijf tbe}aoic• waa iiled ••• 
-.ral\oulli) und.l 1979, when ll latginuaber bf perliioinel in windinli 
oi,erationa ware located thare. 

DESCRIPTliON OP WOR1CP01lCB 

Thet'e are currently approziaatelv 1160 l'tourly ellll)loveea and 375 sAlaried 
employee• at thi11 plant. Total nplovaent in 1974 wa11 about 1000, and in 
1978 it wAa about 1400. Turnover rate• a"Mr11ged about 20-25% yearlv from 
1974-1980, when they decreatMd to 5-10%. Approximatelv 2/3 of the workf~rce 
ta fe-le. AJaong hourly emploveea, ~i,pro'll:imatelv 35% of the workfor.ce ill 
white. 5% is black, 4ncl 50% is hispanic, and 10% ls oriental. 

DESCRIPTION OF PROCESS 

Ethicon, Incorporated, a Johnson & Johnaon co111pany 1 has produced wound 
cloaure devices 11t the San Angelo. Teza•, facility since 1964. The current 
Ethicon product line con•i•t• of over 2,000 different suture and needle 
product,. Ethicon receive• raw materiala, •uch as •teel Wire for needles, 
,and procesAes it a11 necea•arv. 

After being prepared and wrapped in open vent foll oaclc.age11 in the Foil 
depar.tiaent, Vlcrvl ~nd PDS Auture• •r• qtored tn the drv hold room and then 
preconditioned in a tenney chamber. The dry hold remove• mot11ture while t'1e 
tennev cruaaber• keep the product at 11n lncr.eaAed relative humtdttv, 

The sutur,e paclca1e ts then sterilized in one of 3 unitA (Q, R, 11nd S). One 
,tde of thA .. packets ia allo-.d to remain open to per11it EtO to penetrate 
the pacuce. Each primarv •teriHzation run 11tilize11 50 lc.ilogr11m (ltg) of 
0"KYfu11e 12 (a 11ixt11re of 12% ethvlf1ne odde ,an,t 88% dichlorodifluoro11ethane) 
wbich plHNII thl'DUllh a ate• heated volati Uzer to enanre complete 
v,aportzation. Each charge of ga11 111 automatically weighed and piped from 
storag• cvlindfllnl (capacity • 190 lc1) into the unit. After chargtn1 of the 
chamber, th• cvlinder is a11t011atic11lly refi \led from a hul.1t 11torage t11nlc. 
These uniu ue i,t11ntical in tena• of thef.r 01>eration, ieach l'Ulvtng a 
cApacttv of 213 ftl. It1t1tnu1.l fanfl circulllu the Oxvfmne mixture. At the 
cn111>letton of the cvcle, the EtO is pur1ed through a vacuum pump, pa•ses 
into a coaaon duct for al 1 'lteri l 1.zer!I, 11nd h exha1111ted through an 1t1ector 
svstem 11t a mlntmum velocity of 130 ft/Rec. .An avera1e of ftve atr •.r411he11 
11rP. oer.fornaed to further re1110ve re11ldual EtO from the product. 

The 11terillzed good8 are unloaded hv the sterilizer oper11tnr. Prnlene and 
cnttnn prnduct~ remain in the tt'Bn~fer room for a minimum nf 6 hours. 
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Api,roxi~~~l~ ~~1~r~··• houn ar,.}reQ~!~"~~ ~er ntn. The requireunta of each 
run ha~ 11e>~;c:~11gilcl/atgat fican~!V <~!~tt ~91,4;~ •..... ·. Thia ~~~~i ~~. ~ft\ II·~ 
;:!:~~~~it!~!;~~IS!ii!!ff ~1~-.zr .. ~it!-:""~t •···· 
blanked (d'9'tt cut)ililMl\then tranai,orted wyc~ex~et-11p. at~ttndiiirit f.nto the 
overwrap area. Blanlcilljl ta lee• 27 vork ho~r~. p~r run. t'Voic:a1ly perforaed by 
7 employee• for 4 hou1!'s eactt. A aull percent11ge of 41Lgooda ts f.napected 
in a roo11 at the nar of the nvervrap area. Two f.napectora arl! f1!'om 
department 07156 while an 4,ier11,ie .of two additional worlcera fro• department 
07144 spend 7.S hour~ each, per run, aaaiatf.ng f.n f.napectf.nn. All products 
are then overvrapped (dep11rt'ID8nt 07146) wf.th an EtO permeable paper/pnty 
uteri11l. 

The11e paclcetll 11re next packaged into cardboard boxes and placed 1.n the 
tennev chaabera by tbe ateriliu.r operato1!'. All good• are reatertllzed 1.n 
ef.t'1er the Q. s. or W (232 ftl) chaaber. Each filecnndarv stl!riliz11tf.on run 
11t1.lizea S7 lcR of the Oxvfu1ae mixture during II llix hour cvcle at tJ0°F, 
To purge EtO froa the •terili~er, 11 valve ia opened and t~ chamber f.8 
11llowed to return tn atmn11pheric pressure with the EtO passing f.nto the •ame 
fll1ectot' !IVSte11 as the prtmarv stet'ilizattnn cvcle. For one hour anti tventv 
111in11tea 1 filtered 11nd conditf.nned 111 r is allowed to enter the ve8sel 11t the 
•.t.me t'ate aa a v11cm111 puap remove• 1111••••· This pt'event11 the atr pt'essure 
from droppin11 below 11tmo11pheric. 

The steri 1 her operator lnada and unlo11da the secondarv sterU izer and 
place11 th• product· f.n the aer11tion roo~. After resteriltzation. all 
prnducta r. .. ta in an aeration room for a miniaua of 4 hour11. Thev remain 
here an 11wtr•1• of 7 ho11rs. althougtt thia aay exteTld up tn 3 day11. The QA 
technician• (unit 87501) are responaihla for putting biolo~tc indicator 
~trip• and product 11411ple• frna the p11llet11 after the 11Acond11rv 
sterilization 1111 well•• taktn• 1•• aaa11v• to confir,a the puritv of th .. 
EtO. After aeration, 1111 hnxe• are wrapped tn cellophane and p11clc.a.ed tnto 
1.at'ge c.t.t'dhoard boxe111 vi.th 11n lldditton.111 ,,vecwrap of ct'!tlophar\e f." the FA-2 
11re11, Vf.crvl products then 11re pt11ced f.n a rnn111 11t so0 c fnr an 11ver••• of 
3 di1vs. FA-2 emptoveea re1110ve the prnduct fro11 the .11eratinn r.oam anti 
transptJrt tltem 011t of the FA-2 mom f.nto 11 •t111r,ing are11. 1.111mt'!df..,.tei.v .,ut111f.ch1 
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In Pebrua .... <1974::0, eth•lea oxide steriltzat:loa ti\':itn t:tt. soUt:wiat:;come ·· > ... \. ··· · · ·• ,!t" • ,•>j F.. • f·r~' .. •.·.·,'.• •. ·.a".:.•.·., .. '.ic''···o'''.c ... :..:t.1··" .. ;t"" .. 6 .... ·o::.•.r.••"·"o""'u< r····'c""'e .... "" . oft\Buildiug{3i iB'efot'e tkia date. 1ailllla iadtati ... ... 
was.,uaedy.for, a ter~Uza;ioa./ .Aa:.diff41re11~;. product;;linea w~e dev11lop11d, 
a ~!r•f!!t1#.!~ ,. eii·!'~i,!i~lf't~!~!,,• ;!! &!!~•~\!{'; Whiil ito. at''ii-1lilitioti 
~a~n.~ft.~!.~. ~~Id;~1.,, i~ .... ,~~~1112,:,1.91,~.\,t~f! ~.~· !!~ ~!~•r.;~r~•r• 
ex~?aed\~,o.•thV.!~~ o~~d~i'.in/acfj~.-~t ·.~•b•i:t!n~,~,f ~lY/O~ ••~!t((~) \iii 
oi,erati~ul '\nth one tentiey chlllabal" :(vfth iricreaaed relative huaiidity) but 
no drv hi>ld room/ 

Good• tr*velled directly f"P"oa the ,tran11fer room into the clean room with A 

••ximua offgaaa:l.nj period for Prolerte. arid cOttoti i,roducts of ,2 bouts. No 
hllllway existed between the transfer room arid. the sealing roo111. The seate'l!'s 
collected t:heir 1tooda 0 placed thea 1.n the loading ports, 11nd sealed the 
packets. No off111iasin1t ovetts wiare used at thi"s i,oint. A separate. sealf!d 
heating, ventilation and air cnnd1.tiooing (RVAC) svate• (ClaRs 100) for th• 
clean 11ide •• oi,erat:ed by a 3 too unit. Thia was a a1.ngle i,aa11 unit 
sui,ptled with Air froa a separate 11nit fro• the rest of the bui ldin111' s 
sui,i,lv llir. The ove~a1> area waa serviced hv a 2nd RVAC unit hut thi11 was 
not sealed from the rest of the building•s system. 

Ina1)8ction was performed 1.n the 1181n building and the products then returned 
ti) bu1.ld1.ng 3 fo·r- reaterilization. A 3,500 cubic feet per aiinute (cf111) fan 
'!Xliausted to the roof from ports on the floor on the "dirty" side, two ports 
on the top of the "clean" s1.de and one 1.n the "pit" to the north side of the 
S unit. The 11teril'lzer operator changed the OXVf\\me cylinders w'1i le 11 

mA1.ntenance wnrker chang11d a f1.lter juRt ui,Rtream of the cvlinrlers 
(Appr,,x1.1111tetv once everv three months). At this time. the only personal 
protectiW! eQu11)1Mnt wot'n duf.'1.ng cvlinder chan~1.nR were gloves, 
Ai,prnximately 3 run• could bit charged ft'om each cvl1.nder. 

In Novnber. t 97 4 0 a lf!11k developed ln the doot' seal of the S uni. t. 
Adequate pt'esaure waa m,atntatned by adding 11111keup gas And the ~1n 
conti.nue,t. A large amnunt of EtO ·~as consumed and a h1.gh concentrAtton nf 
EtO 1.a s11spacted to have si,re,ui throughout Building 3. Since th1.s occ11rt'ed 
on a Saturday, tba pote"tial number of e:lCl)Oaed workers WRS minimized. 
'1nvever, raaidual EtO i,robahly re•ined in the buitdiOR for 11n extended 
pertnd of ti11e. Peraoaal interview• conducted by Ethicon reonrted that 
leaks have 111ener~lty been ft'oa door R•Rlcets. seal11, p1plnR svstems. 11nd 
p11,ap1J. Thia '111a 111)1)&rently lw!en true for the el\tt re tim11 these steri.ltzers 
'1A ve bl!eo in ,,se. 

II'\ 1975, the V1.ct'Vl pt'oduct 1.ine he~an to he pt'od11cerl at thi'I lncati.on. Two 
more units, and a dt'V hold room were Added. The R unit pierformed only 
prt11111 ry ster:l l1.zat1.ons vhi le t'1f! Q unit pet'formed secondary !lite rt Hz11t 1 on11. 
Addtttnn11l intake vents W'!rP. addP.d tn the orlgtnal l.500 cfm exhau11t hrt. 
These 1111re located i~ the front and bac~ of the11e addtttonal unita (on the 
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bottom and to1>. reei,ectively) aa well as in the "pit" areas in hetlN!f!ln the 
three unite. After eecondarv eterilizationa in the S unit. goods we~e 
removed from the loading side and paaaerl through a hallway to the aeration 
area. Four degaaaing oven• were added to reaove excesa moisture from two 
product J.inu (Vicryl aad PDS). 

In l97S. the sealing room waa enlarged and moved to the col'tler of the 
building. It waa equipped with a Clas• 100 BVAC system. A hallway wi.th 
loading ports to the aealtng atattons wa11 added. An additional tenney 
chamber, an enclosed dispatch room (for the passage of goods after sealing), 
as wall •• 110re walls were added in th111 year. 

Up until at least 1976. apprmr:imatelv one sixth of the floor apace w1111 
oc:cu1>ied l:rf raw material~. 

BAsed upon the a8Jlpling results of l'J77 (see Induatri11l Hygiene Fleet ,on), 
the air flush cYcle for the 11econdarv run was extended 4nd there was an 
increase in the vacuum capacity on the primary runs. 

In 1979. the hattdvindini department moved into this building, next to thP. 
FA-2 are11. An llrlditional 12,000 cflD exhaust unit wa111 installed that 
serviced the top areas of the dirty side of the sterilizer~. It 11lso drew 
air from vents in the overwrap area, the men's changing room (for entry lnto 
the clean room). and the aeration area. A 8,000 gallon bul~ atoarge tank 
for Oxvfume 12 was installed. This aut01nated thE filling of the charging 
cylinders after every run, A ~aintenance worker still has to perinrlic11lly 
chllnge a filter, now located dnwnstream of the cvlinders, approxi!IIA~P.ly once 
per month. Between 1979 and 1981, thP. time prolene and cotton products 
remained in the offga11sing area after primarv sterilization runs 1,ras 
extended fr<ml 2 to 6 hours. This ~as instituted primarily to reduce 
employee exposure. 

Up until at lP.'ll'lt t980, finished ll(Oods were ~tot'ed in this bl1ilciing, Flow 
,Sicks ret11'lned most prooucts for II period of days before shtoment. 3in 
qtorage waA t'e4erved for specialty items. Theqe goods might remain in this 
huilding for months before being shipperl. tn November. 1980, MSA air 
purifying r.annister respit'ators Slnd gloves began being 1111ed by the 
sterilizer operator during unloading of the sterilizer and cvlinder 
chllnging, Until thiq time, no oerqonal protecti.on ea,.ip:nent was u111ed. 
The11e resoi rators were also used by maintenance pt!raonnel auring fi ltP.r 
changing. teak testing. 4nd opening gas lines. 

In 1981. the inapection of sterilized pro,h1cts wa11 moved tnto building 3 ln 
tlie steri. liz11t.f.on area, Until thi11 Vl!!Ar, EtO W'lS e,chau111::ed cHrectlv to tlie 
roof, In the la11t quarter of 1981, the EtO P.1ector qystem was in~t11lleci, 
Loc11ted at the north end of Building 3, this svstem mixP.s e,ctvrnstied g.<1.sqes 
~1th large amount!IJ of outside ai. r ::tnd e1ects this mixture 'It a veloc ttv of 
at le.c\st 130 ft/sec. 

I~ t9e2, qep4r11te p~i.rQ.llry 'lnrl secondal'."V aer11tion room11, and two more 
de~aqsing oVFrns were added, The pr'lrn'lry /IP.ration rooai wag eoui.ppP.<i "11th 'I 

2,000 cfm exhaust fan. I'l June. 1982, the cAnni ster respi. ntor"' •-,ere 
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ti\>l•~~~:i!!!~ ~~ ~!t. ~~ii~ft~!.1a,~o'!~•clii;'f · ~~~~!~;;..;;~~};;~;1.~J~~)·f'~;~i?1EJ 
OSIL\,re~~l~~io~ 3291~ra.st?~Orl~~:a.r~)f~l~~~d? !m=.!;,~~-!1!.!!T.~.1:";!t~eh Pt.?Rt~m •.. · 
;1nnu•l ~lc:.a.~. •uf:~1;1.a~e~ ;empl~v•.• .. c·rai ni ng. i~.na;~tt !~{r~t-~ f <~~int~n~ nee. 
All Fire Bri1a~~. 11~d. Hazardous. Spill .. C01111inee 111~bti .. r• artt/trained f.n>the 
uee of the Scott Self Contained Breathing Ap'j>aratue\(SCBA) ~ 

... --. .'· .. ·· 

In 1983~ ff,,. cle1~asibg oveoa and a drv hold area weie added "hile the 
aeration rooa ws reoovated. A 6,500 cha exhauat fan wa11 inatalled chat 
serviced the dd••iof each of the three 11terilizan. The ae.aling t'C-oaa waa 
enlo1r1ed and moved .to the south wall. The se•Ung roo111 wa!l supplied With 
air f~OII a 10 ton HVAC r,ete11. The 2,000 cf111 fan for the aeration rooa wa• 
upgt'aded to 6.500 cflll unit. The taak of loading waa separated from sealing 
at thia ti111e. 

In 1984. three 2.500 cf111 exhlluat units were tnatalled to service the cl~an 
side of the Q, R. and S units. These are automatically triggered 10 minutes 
before the end of the ateriliza~ion cvcle. An additional 2,500 cfm fan waa 
installed in the aealina roo111. It ta triggered bv the Hnu svat~m (described 
tn the Industrial Hygiene 11ection) when a concentration of l ppm is detected 
iind remains on unti 1 the concentration drops below l OJJ•ll• 

·In March. 1985. a new unit (Y) with a caoacitY of 232 ft3 was 
ooerattonal. It ia dedicated to secondarv stertltzatton. !t ts serviced bv 
a 6,500 chi exhaust fan on either side. The 12,000 cfm unit services t~e 
front, ''dirtv" side, TJhile the 6,500 c£111 unit tn the ;1eratton room draw air 
fr0111 vents on the "clean'' side. 

At present. iipproximatelv 60% ~fall oroducta ... re sterilized With ethylen~ 
oxide. This tncrea•~ in use of EtO has been reflected tn a number of 
oar~meters. Table I documents the in~rease in the number of sterilizer 
run•. as well 11a the increaaed p11rchase of Oxvfunie 12. The lar~e tncr'!ase 
of Oxvfome ourcha:r,e in 1979 tR c1••1! to ':he initial f'itling of the h11lk 
stora11-, tanlt Jlnd not actual u11aie. There wa11 also 11n increase tn 1:he number 
of overw~ap lines from three in t;ao to seven At the ore:r,ent ttme. 

There 11re p'C'esentlv approximately 25 area ~echanics (unit 07812) of which 
four to five are dedicated to the EtO sterilization area. Thi• ts noc 
recorderl in the personal records. Or the 15 cleaners (unit 07813), one or 
two are responsible for the sterilization area. There are 15 electr~ci11na 
(unit 07814), of whom one works in the sterilization 11rea. Unit 87502 
includes five PST technicians ( product ste·dltty testing) 11nd three chemical 
technictaoa. The PST technicians are respon:r,tl)le for clean1ng the clo11n 
room. Unit 07158 TJorka in the FA-2 area while Unit 07147 normally '«'r~A in 
anncher building and waa transferred into the FA-2 ~rea on an lnfreQuent 
ba&i$. The 11aiaples for unlt 07147 were 1:11lcen whl le they were wor!ttrag l.n the 
FA-2 11re11 11nd 11a •uch shoutd nnt be construed aR tvpical exposures foe t~is 
unit. 

With the except1nn of cohAlt =tnd benzene, there i1re no other caigniff.c=tnt 
P.1Cpos1.&res At this fo1ciltty. All Col,11lt i:iterillz11tion noeraton, Deoartme"t 
87153, wear r•uti11t•.on dosi.meter hi1d~es rfurir,g the1.l" "!nctrP. qhtft, There 
havP. been no documented emp!oyP.e overexpo11ure• ti') radi11tion rlurin~ this 
facility's operation. Small Quanttt1.et1 of benzene wre u11ed in the 0~11t "'v 
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the QA Chemhtry Lab, hut net presently, No 1.oi"ltialdehvde was used in the 
manufactut'ing process, 11lthou11h small quantities w,are used in th• QA 
Chemi11tt'Y Lab and in the PST Lah, 

In ':WO areas in Build:t111 3, workers uged various solvent•. Seven to nine 
e11i,loyee• in Dei,art•nc 07104, Preproc•ssing, used Toluene, Xylene, 
2-!utanoM (MEit). and Hexone (MIBK) from the l970's until late 1980. 
Depart•nt 87450, Duplic"ting (t!ie print shop), 11sed Cellos,~lve Acetitte 11nrl 
n-Propyl Acetate. 

iESCRIPTION OF PERSONNEL RECORDS 
AND DEFINITION OF EXPOSED GROUP 

(1) Personnel record svstem 

Aoproximatelv 2500 hourly eaaploreea who tet"lllinllted between 1964-1978 iire 
ordered alphabeticailv o~ microfilm. Sim~larilv, approximately 600 salaried 
emplovees who terminated 1964-1978 are ordererl alphabetic11llv on microfilm, 
Approicimatelv 775 wage and aala~i~d employees wha termtnatec betwe~~ 
1979-1984 are ordered alph&hectcallv. A~proximatelv 1160 current haurlv 
emplooy-.es are ordered alphabeticallv on hard copv, as 11re app~oximately 315 
current ~~l.:1ried (exempt .ind nonexem:,t) t?111plovee11. 

Each perscnnel r-.cord contains a worlt hi11torv. Thl.s work ltl!ltorv lists .1ob 
titles .ind so~etimes d~partment numbers. Depart'IM!nt numhers are not 
considtentlv listed, but arP. av11il11ble (since 1976) on II seccnd fo~~. the 
pavroll action notice (PAN), Job tttl~s have remained fairly c.oni,istent 
since 1974 when EtO was first used 11c the pl11~t. ~nrl it ts ~ossihle to 
detet'111ine ~apartment numherq fo~ each 1oh over time. 

Alternative records do exist to ~scertaln the comt>leteness of the cohort. 
Ttiese lnclurle seniortcv lists and payroll lists. 

(2) Definition of the exposed 

Steril.i.z11ti.on hegan in 1974 in huilriing 3, .t largP. huil,i1,1g which :nclurieri 
both a w~rehouse are~ and EtO sterilization. Dep~rtments in buildin~ 3 
uhich involved exposure to EtO from 1974-1979 inclurled 144 (seAl~rs), 146 
(ovel"'.rt'ap), 165 (FA2. pacltaijing), 170 (In-teat), and 644 (shippin~). In. 
a.dd1t1.on, some individual~ in depat'trnen~ 07191 (suture finish, 11 salaried 
department which inclued tea operato~s), and 87501 (Quality assuranc~, a 
salaried rlepartment which so111&timea tnvolved to10r~ in the EtO area), would 
have been expose~. In 1979 a large nU11ber of personnel moved into huilding 
3 whtm the haadttinding depar.tllll!nt (116, 123, 127, 11nd 131) Wllff triinsfer,-ed 
there. In 1981 dep11rtllll8nt 156 mnverl into builrlin?, 3. FiMllv, in 1983 
11,Mitional rl-.part111ents iaere moved into hui.lr:tng 3 (113, 115, llG, 119, 
122), ~11 of the above departments would bf! considerP.rl exposerl once thev 
•Jere ln huilding 3. 

l)e!'lpi<;e tiie rel-'\ti.ve1v numerouR riep11rtt11P.nts which i.nvolveri P.xposure. i.n f;:ict 
suhJP.OllP.nt samplf.ng of the pP.rsonnel rec'>rds ( see he low) lni:ltc11tfl!d tli"t vP.rv 
fP.w employees ro10rlcer.l fn t~RP <leoartments, 
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·1a1wi·1f 
r•"'Ib~l" e. 

( 3){/Sa111Pli.n1 thi/pirici'nnil} gic&rde to\det•riii/ne (i::S. P!'r~'ihtiie of iinrkazis' 
ex;i6.ed 

Ar,!~~~1111111:!1., sif,t{t~ ~f~?nrtaI;refi>ti~ ~t~ ~antt§m~.,.~••1>1•~. >fnr 
teritnated hourly e-.;loveee (120 who tenaiaaated in 1964;;,78) t for term:la11ted 
~~~ aad/~la~~ed. •11Pl«>ve,••><S? vbo te,'L'lli11,~11d 197971984), .. and<for ... curr11nt 
Mll~lv eaqi!OYHII (60)< Te~tnat•ii ealati•~•implc,!'~f!!· (l964-78) were not 
sam'pletJ, 1'0r •r• curt'ent Alar1.11d ea,>lov•••~ becauee of theH onlv 
11tf!!riltz•r ope!ator~ (altead! identiUed b! lileaory), ~nd(c:iUAHtv uaurance 
perai>nnel (of thi••· 011ly ., .. had been exposed ~lid thue wre not e1111Uy 
dtet'l.nguiehable), were potentially ezpoeed aaoag aalaried penonnel, The 
number of •ployeea who wre expoud to EtO prior to 1978, for ::at le1111t 3 
molitha, •re counted to deteritJtne whether thia plant would aualify for the 
first phase of the EtO ~(')hort ,aortal1.tv study, 

Among cur"ent ho'llrly employ11ea. aone of the 60 sampled were exuoaed for 3 
months pri(')r to 1978. Amoag the 120 ~ourly terminated e~ployees, onlv l was 
exposed f~r 3 months prior to 1978. Among the SO hourly/aal~ried employees 
wtao terminated f1:"'0m 1979-84, one wa exposed for 3 months pri.or to 1978, 

Hence. a random sample of personnel records indicated that only 0.4% of the 
w,n·kforce has been exposed ( l of 230). Therefore, only about t8 employee a, 
other than the 13 steri Uzers operators, would be ie,u,ected to have heen 
expofled .11t thf • plant. Even if it were 11se1.1111ed that all the fltP.ri Uzer 
oper11tors were exposed for mo"• than 3 1110ntha prtor to 1978, and if if tt 
were further asRume that follow-up wilt hfl dnne through 1982 ~nd that the 
.11verage year nf first P.Xposure for both opP.ratorfl and nonouerators was 1976 
(hatfw11v between t974 w~en EtO was fint ufled ;and 1978, the cut-oft: point 
for ~ntry tncn the Atudv), then there W(')uld be only 186 person-vear11 of 
exposure at thts plant (31 X 6). Hence thi11 plant does not 111t1et the 
criteria co be included in thP. study bec1111se it h11s leu than 400 
per11on-yeara for .1111 ex~ofled employees. 

DESCRIPTION OF MEDICAL. INDUSTRIAL HYGIENE AND SAFETY PROGRAMS 

~edical 

Ethicon eiaploya three full-time nurses and full-time phystci.11ns. 
Pre-employiiilnt physicals are conducted for .11tl enip.lovee11, as is annual hlootl 
pressur@ 11nd tli.11betfl!a screentn111. 

Induit:: rtaltlygiene 

In/l:1te>t97.7. the first personal HIIP~ing n,! etf".rf. tf.HT.' oper,11tor11 tonic pl;acP. 
using 11n ~id imping~r<metho~. 27 The~~ •".iuap!~" it~~~ctP.~)6 .11nd 3 ppm of 
EtO (4 11nit 6 houn re111pectiVf!lV), In"t.llnt.llneous !l.11nrple11 in11idf" the 
11t~r:ftiz~r} fa#edtat~ly '1.fCl!lr oi)eni nj( the ~?<>~ 111~,raur~~{\l, J?~ ppm i:>tl a/. 
pr{!!:~· i!~~\anct. I,06~··~P .. <!;~~ .if/'!~t'ri~,t ... ~!) · c.~'!~•Wt:'~,.·~tt,nll ;tnqte~ fh~· 
sterilher l mhuU after mHOlldtng IIMl&IIU?'l!/1 350 tn 550 pplll,. Nn Hmpltng 



took pl.ac• f.Q 1978. In 1979, Qazi-K11tcha• tubeec.beaan to he ueed With pump• 
calibrated at 25 cc per 1dnute, aad have been uaec! to date. 

.. . . . 

Saapl.i'flR haa alvava bean co'Clducted by QA Chaaitet:iy Lah Pet'eonnet, the 
Ethicon Corpoute Induett'i,d Hygianiet, o,: the Plant Induatri.d Rvgieniat. 
Peak aaaplaa at'e collactAd fot' 15 minute durationa while moat samples are 
full eh!ft (110re than 7 houre). Analysis, nf saapl•• wae originally 
co'Clducted by Johnson & Johneon aa .. arch Analytical Labnrato"C'V in New 
Brunev.l.ck, Nev Jereey. Since October, t981, thie has been conducted in 
hou .. bv the Plant QA Chamiat-rv Lab. All detectable t'eautte at'e t'epot'ted, 
Thie l.•b participated for 6 aoathll in NIOSH'• Proficiency and Analytical 
TeatinR (PAT). It preeently participate• semi-annually 1.n analyzing spiked 
aaaplee froa the National LOH Control Se?'vice Corporation (NA?LSCO) ae wl t 
ae utilizing internal QA procedures. 

In 1980, the first internal guidelines by Johnson & Johnson w-.re set at 10 
ppm for a TWA and 75 ppm fo?' a 15 minute ceiling. J & J'• preeer,t lnte?'nal 
policy le to conduct t'epeated sampling on anvone P.Xposed to concentt'&tions 
in exce•• of an eight hour TWA of 0.1 ppm. Limited saapling was conducted 
in the intalca vent• to check for anv reentt'ainaaent, These studies were 
negative. 

Beginning in Auguat t982, sampling duriQR unloading ~nd loading of the 
sterilize?' wae conducted both inside and out•ide the aterilizer operatot''S 
•ir supplied respirator. Samples taken outside the respit'ator wet'e c:hanRed 
every tS minutes, while those taken inside varv ft'om 30 to 50 minutea. A 
s•uaat'V of the extensive saapting cond,u:ted from 1979 to date ls included in 
the past exposure section and Table II. Ethicon conducted limited off 
go11Hing studi•• of theit' producu in 1982 (see Table III). These have 'bten 
both general at'ea 11amples, both on top nf a'Cld near the product, and resu~ t 
~o11mplee, the tattet' tn meet FDA reauiremer,ts. 

The first Hou 501 Envtronaental Gas Chr011atog?'aph area monitor waq installed 
tn t983. The aecor,tl Hnu area naonitor was on llne ln Octnher, 1984, Each 
unit take11 • mir,ute aad a half s11111ple ft'0111 10 locations. These tl'tit'I, t'I 
conjunction With 5 TI microoroce11sor11, ttave heen expand-.d ft'om passive to 
active re11ponee syeteiae. Anv r1tading above 1 P1>11 t?'1.,cgers an 'ltldible anti 
vitibl.e alarm at the sensor location. This is also recorded on" printed 
output, vi.th conce1ttrattons above 10 Pl>III noted •• "high". The audi bte alarm 
can be sileuced at the aeneo?' location but lt Will snund again in 15 minuc-.s 
lf coacent?'atione above l ppm pff?'aist. The alarm light wilt remain on as 
lnftR aa the condition exist•. Senao?'s on the cl.e,an aide of the 11ter1.l tzera 
atld in the Haling rooa v1.tl tt'igger their reepective e,chauat fans. At the 
pr1tsent ti.Ill!!, the two units control re1110te 'llal"llla at 26 Locatior,s, five 
entrvwav warning li,cht11. and seven exhau11t blower11. 

~or~P.r11 are lmaediatelv evacuated if they "~e lt')Cated ln "" are" that 
exceeds 10 ppm for anv on11 reading. At concentr11tions hetwee'I t anti 10 pp111, 
e'llp tovees lliaV be .•v11cu11tP.d at the tie~c rec ton of the i.upet'vho r, . l,lri tte'I 
g11idellnea exht for thi11 dt'cumatance. T'ht!>may 3ho h4!!·.·. l~~tlo1~ed f.f tlte 
ti.nae W9tght!d 11ve~~~~<(TWA) e,cce~da ! Pl>~, ~t t~h}~ i~vpicallr n~t ... fone at 
the hiit~irtning of the 11hlft. An evecu11t1ofr may lailt from;a fiwynifnutes tn 



sever11l hours. 
were wt'itten. 
detector. 

During 1984 and 1985, sumnary reports of all evacuations 
A Miran infrared detector, mndel 103, ts 11sed 11• a leak. 

Hair nets are required in all •uture manufacturing areas. Annual 
measure11M1nts are talten on exhaust ventilation duct velocity, 

TOXICITY 

Evidence from animal studies suggest~ that EtO may have carcinog~nic 
propertteA.7,8 A groUl) of EtO manufacturers sponsored II studv -'It the 
Buahv Run Research Center in which male and female Fischer 344 rat11 were 
expose~ to EtO at airhorne concentrations of 10, 33, or 100 parts per 
million (ppm) for 6 hours per dav, 5 davs per week for two vears.7 Two 
other groups of animals served aa control&. Initf.ally, there ..,ere 120 
aninials of each sex, in each exposure group. The researchers oh11erved" 
statistically significant increase in the incidence of -,nonuclear cell 
leuk.emia among the female rats, and peritoneal mesnthelioma among the male 
rats exposed to EtO. The increase in leukemia incidence waa found to 
tncrease linearly as a function of EtO exposure. An elev11tion in mortality 
fro111 br11in cancerR (glial tvpe) wa11 al110 obAerved in the rats expo11ed to EtO. 

NIOSH researchers have recently reported on the result11 from an ani~al 
experiment which corroborated the findin~s of the Bushy Run Study.a Male 
Fischer 344 rats were expo9ed to EtO for 7 hour11/dav, 5 dav11/we~k. for 2 
years at 11irborne concentrations of 0, 50, or 100 ppm, There were 80 rats 
in each expnsure grou1>. Increases in the incid~nce of mononuclear leukemia, 
peritoneal mesothel1.011a, and cerebral gliomas ti.ere observed among the EtO 
exposed r11 ts, r.e lat i ve to nooexpo11ed cont ro 1 s. 

Onlv a few epidemiologic 11tudieA have examined thf! potent:1.al h11m-'\n 
c11rcinogenicitv of EtO. 9-11 Hogstedt, '!t 111, cond11ctP.d a retrospectlve 
cohort mortality study of a group of worker~ in a Swedish chemical factorv 
that h-'ld previouslv been included in a hematologic investig11tion. 9 This 
f;:acilitv produced EtO via the chlorohvdrin process in which, in ;:addttton to 
EtO, there was potential P.Xpoaure to ethvle~e. ethylP.ne chlorohvdrin, 
ethylene dichloride, and aaall a11ounts of bis(2-chloro-ethvl) ether. Among 
89 "full-time" ex1>osed vorlcers, 11 statistically significant (p leR~ 
tlvln .01) excess of leulce11ia mortalitv vas observed (2 observed vers11s 0.14 
ex1>ected). In addition. a statistically significant (p le'Ja tha~ .01) 
exces11 of stomach cancer was observed (3 observed versus 0.4 exoected). 
Beca11ee of the aixed expneures, then finding• could not be attributed to 
EtO; how,ever, ethvlene nxide and ethylene dichloride were thP. pr.tine suspect11, 

Morgan, et 31, conducted ;:a retr,,11oective cohort mortalitv st:11dv of •,rorlc.er111 
involved in the production of EtO at a Texaco Factlltv,10 A total of 850 
llfOrlterct t.lll!re 1ncl11ded in thP. Rtudy, of wtiich 767 werP. potent:1.itllv expo11ed to 
EtO. No EtO was detected in mo11t <Jamples take~ tn the production 11r.ea. 11nd 
;:all me.::u,ur'!ments ln thi11 'it''!A were hetow 10 ppm. No casf!S of leukemi.A were 
observed in thiR study; however, the authors e11timated th11t the lowest 
relative rtsk tlwt ttiev had a hfgh prl)Mbllity of ri@tect1.ng (80% power) 1o1as 
10.s. 
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Hogatedt alao reported on three caaea of teukemta that occurred in a s111All 
group of workers at a SINldiah company,ll The cotll'pany uaed a mixture of 
50% EtO and 50% methyl formate to ateriltze hospital equipment, The 8-hour 
TWA exposure for EtO 11t th1• f11ci t f.ty w11s eatimated at 20 ppm. According to 
aatioa1.1l statiattca, onlv 0.2 death• due to leukemia were expected 1.n thta 
cohort. One of the ca .. • waa expoaed co benzene, a known leukemogen, and 1.t 
was speculated that the combined exposure of EtO and methvl fot'lllate might 
produce a special risk. 

ECO is also a ~otent alkylating agent c11pahle of causing 1.rrevers1.bte 
changes o~ mutations 1.n cellular protein• and DNA 1.n ani111&ls,12,t3 EtO t<i 
also a ooaitivi. mutagen in AP.veral in vitro aystems such ~11 Salmonella 
cvphi111Urtuna, v{rusea, and TradeRcantI'a-;oI'udoaa,6 

Chro1DOS0111Al aberrations related to ECO exposure have been observed in a 
nU11lber of antmal studies and eptdemiologic inveatigattons,8,13-20 Yager 
and Benz obaerved a dosP. ret11ted tncrease in stater chroqaat1.d exchllnges 
(SCEs) among New Zealand white rabhit11 chat were exposed via inhAl11cton co 
50 to 250 ppm of Eto,14 NIOSH (Lvnch, et at) recently reported 
preti.minarv finding<i ta which cyno1110lg11s nionkeyA were expolled to 0, 50, ()r 
tOO ppw of ECO for 7 hours per day, 5 davs per week.a Aft~r 24 months of 
exoosure, statiACicalty signiftcant 1.ncre,ue11 were observed in the frequency 
of chromosomal aherrationa (including quadrtradiat chromosome11) and SCEA in 
Che peripheral lYlll)hocytes llf the 50 11nd 100 ppm t!Xpoae11i groups versm1 the 
control<i. 

Garry, et al, examined the :>ccurrence of SCE in the peripheral lymphocytes 
of 12 EtO expo11ed workers and 12 non .. xpo11ed controls fn a ho11p1.tal 
sterttization facility. 15 The exposed grnup showed statistically 
stgniftcant elev11ttons in the nuraber of SCEs compared co the control", 
P:irttcularly high SCE frequencies were observed among 4 worlc.ers that had 
l"eported Ptther neurotogic or respiratory sy,nptoms. The ~aximum peak 
e1Cpns11ra. level. nf EtO 111P.11s11red at thi!II facf 1 tty "'8S 36 ppm. 

Cytogcnet ic ahnot"'rla litte11 Mve a l<io been observed 1.n severa 1. ~tud las of 
workers expnsed co EtO. Ehrenberg, in a !llt11dy of worlc.erg at a f>1ctoi:v 
manufacturing and using EtO, obaerved a high frP.quency of chromosomal 
aberrations ln 8 worken who -re acctdent11llv expo!lled to high 
concentration• of EtO, One case of teukemi11 wa11 all!lo observed among the 37 
workers 'lt11died. 16 

Amertcan Hos~ital Supply initiated a cvtogenetic 11urvev of wnr~ers th11t were 
expnnd tn EtO in the steriUz11ti.on of medical devtce" i.n 1978. t7, l8 
Seventv-fi'M expo.ed workers at 9 f.11cilitie11 were studfed, aR TJelt as 37 
nonexpo11ed workers who served a11 contrnl'I, Compared to controls, P.lCpo'led 
,,mrker11 were found to Mve statf.stf.calty sfgnificant 1.ncreased freQ11P.ncle11 
of SCEs and cliro11011omal i1be ... r.11tfon!II, 

In rP.11ponse tn tit .. finding" from t!M Americ11n Hnspttal Supply st11dy, John!llon 
and Johnson lni.t.iated a cytogP.neti.c study nf c.torker11 that were also exposed 
tn EtO t.n the 11tert H z11c ion of mP.d icii 1 produc ttt. t 9, 20 Approx.i11111te ly SO 
wor~ers not exposed to EtO were compared to 50 exposP.d wor~ers at three 
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factlttiea With 8-hour Tiae-Wetghted Avera1e (TWA) exposures to EtO of leas 
than 1 ppm, l-10 ppm, and 25-200 ppm, respectivelv. Stati8tically 
atgnificant elevations in SCE frequencv were observed tn the latter two 
faciltties, •nd these change• have persisted after one year. The frequency 
of SC!s appeared to increa .. in a dose response manner, Chromosomal 
aberrattona 11111re alao elevated in the high exposure groups; however, th••• 
findings r.1111re aot statistically significant, 

APPLICABLE STANDAllDS MID RECOMMENDED LEVELS 

Prior to June 22, 1984, the Occupational Safety and He11lth Administration 
(OSHA) Permi11aihle Exposure Limit (PEL) for EtO waa 50 ppm aa a TWA 
concentration for an 8-hour worlcahift.21 OSHA established a nev PEL of 1 
ppm as an 8-hour TWA on August 21, 1984,22 In addition, an "action lewl" 
of 0.5 ppm as an 8-hou,:, TWA was eat11blished (by OSHA) as the 1-.vel above 
which employer• must initiate periodic e1111>loyee 11xposure monitoring and 
medical surve:Ulan.ce. The !nvtromental Protection Agency (EPA) supported 
the OSHA PEL of 1 ppm in the Federal Regtster (June 22, 1984),23 

In 1977. NIOSH recn-ended a cei Un1 level. of 75 ppm as detP-rmined du,:,ing a 
15 minute sampling perind,6 Thia level, however, was aet prior to the 
recognition of the carcinogenic potential of EtO. Baaed on recent fi'1dinga, 
r~OSH recoimaenda that EtO exposures not exceed 5 ppm for a maximum of 10 
minutes per day and that exposures he controlled to less than O.l ppm 
determiaed u an 8-ttour TWA (NIOSH Policy Statement, July 20, 1983), The 
Am11rican Conference of Go'Vernmantal Indu11trial Hygienists (ACGIH) reco111111ends 
a Threshold Liiait Value (TLV) of 10 ppm for an 8-hour TWA baaed on data 
available prior to 1982.24 However, in 1982, the ACGIH issued 4 notice of 
intended chllniie in which it "MS proposed that the TWA concentration be 
lowered to 1 ppm. Thia recoimaendation WIIR reviewed and adopted in 1984. 
ACGIH l\aa also designated EtO as an A2 carcinogen,24 An A2 carcinogen is 
defined ;ia ;in tnduatr1al Ruhst11nce suspected nf having c11rcinogenic 
potential for ma11. Thi.a destgn11tion ts lMaed on either ( l) Umt ted 
P.pidemiologic evidence, excl1111ive of clinical repnrt!II of Ringle ca!!les, or 
(2) cie11K>n11tr11tion of carcfnogenesill 1.n one or more animal species hy 
~pp~opriate lll'!thods, 

CONCLUSIONS AND RECOMMENDATIONS 

Wttile personnel records are adequ11te tn determil14! whn was exposed ~t this 
plant. and while good indu•tri11l ttvgiene d11t11 is 11v11ilahle to estimate 
P-Xpoaurea. there hllve been an f.nadaqu11te I\Wllber of workers exposed n thiit 
pl11nt for more than 3 •ontha prior to 1978 to war.r11nt the inclusion of thia 
plant 1.n the .EtO cohort raortalitv study. 

Thi !I fat!lllt:V i1>1)ti~rs t:<>i have 9firi1,.f t.i111i~l.~ i:rintiii nerl and cont rn 1 led E tO 
expos.1Jr~ •• !•1.t.'14!~.Pl~~· .. ~~e .. tn p~~~~!~~ t?.fiirfh~r 1.!Jolate thP. i;tet'i 11.ution 
proCfl!Hiitt order l:OiACh1eve a ·O ppll expoiii11r-!)leveL 



Table I 
Ethicon 

San Aagelo, Texas 
N1111bar of EtO St•rtlisatton Runa and Oxvfume 12 Purchase 

STERIUZATION RUNS 1 OXYFUM! 12 
(Numbar) PURCHASE 

(Pounds) 

YEAll ADC SAC - LOV SAC - HIGH TOTAL POUNDS 

1974 28 217 245 42,250 

1975 ------------------MIXED--------------~ 454 78,300 

1976 194 150 126 470 63,720 

1977 218 130 87 435 47,520 

1978 245 127 83 455 53,730 

1979 364 232 94 690 143,800 

1980 332 243 124 699 83,220 

1981 523 256 126 905 102,358 

1982 646 192 143 981 156,860 

1983 632 253 151 1,036 152,360 

1984 640 310 t 11 1,061 159,540 
7 ,43! 

l ADC Secondary Stertltzacion - 6 hour run ~t 130°F 

SAC - LOV Prima"Y' Ste rt lization - 12 ho11rs at 85f>F - Vtcrvt and PDS 

SAC - HIGH Prtaarv Stertlizstton - 8 hours 4t 130°F - Cottnn and 
Prolene 



TABLE II 

Ethicon 
San Angelo. Texas 

Ethylene Oxide Personal Sampli.11g Data 

ETHYLENE OXIDE 
Dept. Mean Std. Range 
u Operation Date N ( pi,m) Dev. Minimum Maximum 

07812 Area Mech 1985 38 0.152 0.178 0 - 0.75 
07812 Area Mech 1984 11 0.729 1.643 0 - 5.89 
07812 Area Mech 1983 6 0.298 0.181 0.11 - 0.62 
078t2 Area Hll!ch 1982 5 l. 978 3.537 0.07 - 9.05 
07812 Area Mech 1981 10 1. 318 o. 971 0.19 - 3.4 
07812 Area Mech 1980 5 1,288 0.665 o. 19 - 2.2 
07812 Area Mech 1979 2 15.92 12.28 3.64 - 28.2 
07812 Area ~ech-0 A 1985 3 l. 963 l. 251 0.98 - 3.73 

07144 IS lanker 1985 15 0.064 0.084 0 - 0,35 
07144 Blanker/Inspect 1985 l 0.05 
07144 Blanker 1984 2 0.04 0.01 0.03 - 0.05 
07144 Blanker 1983 3 o. 196 0.124 0.02 - 0,29 
07144 Blanker 1982 14 0.839 0.880 0,05 - 3.62 
07144 Blanker 1981 6 0,373 0.137 0.2 0.6 
07144 Blanker 1980 3 0.356 0.189 0.11 0.57 

87501/2 Chera Tech 1985 2 0.28 o. 18 0.1 - 0.46 
87501/2 Chem Tech 1984 2 0.065 0.035 0.03 - 0.1 
87501/2 Chem Tech 1983 3 0.26 0.082 0.17 - 0.37 
87501/2 Chem Tech 1982 6 1.755 3.146 0.03 8. 77 
87501/2 Chem Tech 1981 3 0,533 0.250 0.27 - 0.37 
87501/2 Chem TP.ch 1981 l 239.7 

07831 Cleaner 1985 2 0 0 0 0 
07831 Clelloer 1982 2 2.515 2.205 0.31 - 4.72 

07841 Electr1.cian 1985 1 0 
07841 Electr1.cian 1981 l 1.2!+ 

07850 Eng1.neer 1985 1 0.7 
07850 Eng1.neer 1984 l 0.1 

07115 Ei,o1tY Att-lcher 1985 17 U.089 0.215 0 - 0.94 

A These -lrP. full 'lh1.ft s11111ple!I wliilP. the employee ~~A we:lr.in~ a 
rP.Apirator for a small percent:tgP. of the shift. 
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TABLE II (cont.) 

Ethicon 
San An~elo, TexaR 

Ethvlene Oxide Personal Sampling Data 

Enr.n .. eY.t:: OXIDE 
Dept. Mean Std. Range 

II Opei"llt ton Date N (p,>m) Dev. Minimum Maximum 

07195 EtO Clerk 1984 l' 0.04 
07195 EtO Clerk 1983 6 0.331 0.433 0.03 1. 26 
07195 EtO Clerk 1982 11 0.903 1. 198 0.07 - 3. 72 
07195 EtO Clerk 1981 2 0.47 0.04 0.43 - 0.51 

07191 EtO Coordinator 1985 2 0.33 0.26 0.07 - 0.59 
07195 EtO Coordinator 1984 2 0.07 0.04 0.03 - o. n 

07812 EtO Mechanic 1982 2 \;,.17':i 0.045 o. l3 - 0.22 

07191 EtO Oper11tor 1985 128 o. Ji.:;r 0.660 0 - 7.03 
07191 EtO Operator 1984 26 (i.:;~.9 0.403 0 - 1. 67 
07191 EtO Operator 1983 14 0.675 0.931 0.01 - 3.68 
07191 EtO Operator 1982 15 0.994 o. 971 0.04 - 4.03 
07191 EtO Opera.tor 1981 27 1.449 t.424 0.25 7.32 
07191 EtO Operator 1980 7 3.788 3.587 0.88 - 12.05 
07191 EtO Operator 1979 8 9.14 6.289 o. 86 - 19.4 
07191 EtO Oper~tor 1977B 2 5.5 0.5 5 - 6 

07191 EtO Supervisor 1984 2 0.01 0.01 0 - 0.02 
07191 StO Supervisor 1983 4 0.195 0.075 o. ll - 0.3 
07191 EtO Suoervtsnr 1982 9 l.145 t. 869 0.07 - 6.33 
07191 EtO Supervisor 1981 l 0.04 

07165 FA-2 Operator 1985 19 0.092 0.096 0 - 0.41 
07165 FA-2 Operator 1984 5 0.096 0.059 0.05 - 0.21 
07165 FA-2 Oper11t1>r 1983 3 0.263 0.071 0.19 - 0.36 
07165 FA-2 Operatt>r 1982. 9 0.612 0.616 0.05 - 1. 52 
07165 FA-2 Operator 1981 2 o. 71 0.39 0.32 t. l 

07158 Haad P.11cker 1981 3 l.72 l.553 0.29 - 3.88 
07158 Band P11cker 1980 5 l.386 0.637 0.67 - 2.38 
07158 Hand P.11clcer 1979 l 0.31 

07131 H11ndwi nder 1985 44 O. ll9 0.240 0 - l.33 
07131 HA-,dvtnder 1983 6 0.208 0.360 0.01 - l. 01. 
071.31 Hand wt ncter 1982 7 1.348 L.704 0.17 - 5.32 
07191 HW Snpervt 111or 1982 l 0.05 

8 S«II\> les t~ ken ..,1th irapf-,2P.rs (Ref P. re nee #27). 
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TABLE II (cont.) 

Ethtcon 
San An-elo. Texaa 

Ethylene OxidP. Personal Sampling Data 

ETHYLENE OXIDE 
Dept. Mean Std. Rangfl 

I Operation Date N (ppm) Dev. Minimu111 Maxi11U111 

07170 IT Matl Hand 1985 8 0.127 0.138 0 - o .. 46 
07170 IT Mat:l Rand 1984 4 0.182 0.113 0.07 - 0.34 
07170 IT m,tl Hand 1983 5 0.174 0.098 0.01 - 0.3 
07170 IT ~a t:l Hand 1982 11 1.216 1. 997 0.1 - 7.39 
07170 IT Matl Hand 1981 2 0.48 0.02 0.4°6 - 0.5 

07144 Inspect 1985 18 0.081 0.135 o - 0.56 

07811 Inatr Mechanic 1985 1 0 
07811 Instr Mechanic 1984 1 0.05 
07811 Inatr Mechanic 1981 2 0.58 0.22 0.36 - 0.8 

07133 Labyrinth 1981 3 0.123. 0.046 0.06 - 0,17 

07144 Loader 1985 54 0.236 0.183 0.06 - 0.99 
07144 Loader 1984 17 0.280 0.145 0.06 - 0.56 
07144 Lo11der 1983 6 0.43 0.222 0,18 - o. 77 
07144 Loader/Ina1>ect 1985 ·8 0.111 0.094 0 - 0.33 

07116 Min As11embler 1985 2 0.015 0.015 0 - 0.03 
07147 Mlac Assembler 1982 6 l.043 1.413 0.08 - 4. 11 
07147 ~tsc Aase111bler 1981 2 0.76 0.66 0. l - 1.42 

07146 Ovarvrap Opr 1985 24 0.114 0.179 0 - 0.85 
07146 overwrap Opr 1984 3 0.043 0.004 0,04 - 0.05 
07146 Overwrap Opr 1983 19 0.178 0.110 0.01 - 0.47 
07146 Overwrap Opr 1982 68 0.812 0.853 0 - 4.22 
07146 Ovat"VTap Opr 1981 3 0.75 0.400 0.21 - 1.17 
07146 overwrap Opr 1980 4 0.547 0.383 0.1.2 - l, 11 

87502 PST Tech 1985 3 0.186 0.157 0.01 - 0.41 
87502 PST Tech 1984 2 0.225 0.125 O.t - 0,35 
87502 PST Tech 1983 7 0.158 0.102 0.09 - 0.4 
87502 PST Tech 1982 2 0.465 0.365 o. l - 0.83 



TABLE II (cont.) 

Ethicon 
San AnRelo, Te~aa 

Ethylene Oxide Personal Sampling Data 

ETHYLENE OXIDE 
Dept. Mean Std. Range 

fl Operation Date N ( Pl)m) Dev. Minimum Maximum 

87501 QA Technician 1985 15 0.080 0.060 0 - 0.23 
87501 QA Technician 1984 4 0.122 0.075 0.03 - 0.24 
87501 QA Technician 1983 2 0.135 0.015 0.12 - 0.15 
87501 QA Technician 1982 9 0.483 o. 774 0.09 - 2.66 
87502 QA Technician 1981 7 o. 777 1.143 0.17 - 3.56 
87501 QA Technician 1980 1 t.08 

07198 S/R Operator 1981 l 0.39 
07198 Salv/Redresa 1985 43 0.159 0.220 0 t.36 

07144 Sealer 1985 42 0.232 0.257 0 - 1.34 
07144 Sealer/Blanker 1985 5 0.098 0.077 0 - 0.22 
07144 Sealer/Inspect 1985 10 0.088 0.017 0.06 - o. t2 
07144 Sealer 1984 16 0.225 0.178 0.07 - 0.72 
07144 Sealer 1983 15 0.427 0.418 0 - l. 59 
07144 Sealer 1982 26 1.098 1.413 0.09 - 6.11 
07144 Sealer 1980 38 2.406 2.863 0.25 - 14.01 

07146 Setup Attend 1985 3 0.02 0.03 0.00 - 0.06 
0714°6 Setup Attend 1984 t 0.06 
07146 Setup Attend 1983 3 0.413 0.202 0.13 - 0.59 
07146 Setup Attend 1982 6 o. 721 0.969 0.08 - 2.84 
07146 Setup Attend 1981 2 0.255 0.065 o. 19 - 0.32 

-1.7-



TABLE III 

Et hi con 
San Angelo, Texas 

Ethylene Oxide Offiassing Data 

DATE LOCATION TarAL TWA RESULTS COMMENTS 
SAMPLE TIME 

5/18/82 PRC/l.ENE Cart 480 Minutes 0.10 ppm One tiav after 
sterilization 

9/15/82 PROLENE Cart 15 Minutes 0.07 ppm Blanking area-before 
Overwrap 

9/15/82 PROLENE Cart 15 Minutes 0.08 ppm Blanking area-before 
Overwrap 

9/16/82 PROLENE Cart 15 Minutes 6.82 ppm Aerat1.on Room 
5/14/82 Cl!nt er of PROLENE 480 Minutes 37. 71 ppm Pal l11tized cart 

Cart 
5/18/82 PROLENE h.llet 477 Minutes 3.62 ppm 
6/21/82 PROLENE Pallet 450 Minutes 60.75 opm Insie pallet 
9/15/82 PROLENE Tote 15 Minutes 0.74 ppm I11111ediatelv after 

FA-2 Wra1> 
9/15/82 PROLENE Tote 15 Minutes 12.98 ppm Inside plAtic cover 
9/15/82 PROLENE Tote 15 M1n11t11s 0.19 ppm In Shipi:,ing area 
5/13/82 In Tote of PROLENE 475 Minutes 54.44 ppm Under plastic cover 

6/21/82 VICRYL Pal let 450 Minutes 2.06 opm IT\111ide pallet 
6/28/82 VICRYL Tote 462 Minute• 0.21 ppm Insidie pla .. tic COVP.r.' 

5/18/82 Inside VICRYL Tote 475 Minutes 22.69 ppm Under pl,utic cover 
5/12/82 On VICRYL C.::i.rt 405 l-!inutes 4.44 ppm Aer.::i.tion Room & FA-2 
5/18/82 Cl!nter of VICRYL 480 Minutes 3.73 ppm Aeration Room to FA-2 

CA rt to Hot Roo1n 

5/18/82 Ship1>t.ng bins 475 Minute11 0.46 PPIII 
6/21/82 Sh1.ppini bins 453 Minntea l.21 Pl>ID 
6/25/82 Shippinll Bins 474 Minutes 0.10 ppm 

3/22/82 Hot Room 480 Minutes 0.38 l)pm Room full 
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