
IJJDUSTrlVIDS STUt>IIS UPORT: 
A VAU-TRaoucH sunn 

or 

AIIDICD SDIILIZD COIIPAJIY 
2•2• V.•t 23rd street 

Irie. Pennsrl•ania 16512 

suavn COIIDUCTID BT: 
Allee Greife, tJIS 

Kyle St•enland, lpt r 
Virginia llngenburg, DIS 

DATS o, sunn: 
... , 29-30, 198.t 

UPORT VIITTD BY: 
Al ice Craife 

lyle Steenland 
Virgin h Ii ngenburg 

DATE or U:PORT: 
Augu1t 6, 19115 

UPORT NUIIBII: 
67.26 

Industrial Hygiene Section 
lndu1trywid• Studies Branch 

Division of Surveillance. Hazard lvaluatlons and Field Studies 
National ln1titute for Occupational Safety and Health 

Centers for Dl1eue Control 
Cincinnati. Ohio 



DISCLAIIIII 

.. atloa of coapaay a ... , aad product doe, not con,titute endor, ... at by 
Watlo-aal l••tltute for Occupational Safety and llealtb <•toSH). 

ii 



PUaJIOSI: 

IIIPLOTD Un&SDTlTiffl: 

IBPLORK UPIISDTA1'IffS: 

S1'Alll>Aa0 IWDUSTIUL 
CLUSifICATIOII : 

To •••luate tb• indu1trlal bJ&iene 
reeord1, production proce11e1, and 
per1onnel record• to detenalne tbe 
1attabillt1 of lncludlna tbl1 facilltJ 
ln tbe IIIOSH Indu1tr,wlde Studle1 
lrancb aortallt'J/lndu1trial hr&i•ne 
1tudr of etbrlen• oaid• {ITO) . 

A111rtc11 st1rt11,,r CoapfRJ 
Jobn •lck, Director, lllploree lelatlon, 

(114) 452-3100 
J ... , lradr, Ranaser, Safetr and 
SacurltJ 

(114) 452-3100 
Jack Yoana, .lt1l1tant Director, 
le1aarcb 

Depart.a.at (114) 452-3100 
Charle• HarrltJ, llana1er , Final 

.lt1eably and Tait (114) 452-3100 

Upittd Ayto worker•, Local 832 
aobert Str•in, Local President 
Chuck Sparta, Safetr lepre1entativ• 

3142 - Orthopedic, Pro1tbetlc, and 
Sur1ical Appliance, and 

Supplle1 

11 i 



On ll•J 29-30. 191•. a walk-tbrouab 1urvey vaa conducted at AINrican 
Sterilize~ Coapa•J (AIISCO). Irie. Penn11lvania. AIISCO ba• produced bo1pital 
•terill&er·• which 1terill&e wltb etbrl••• osid• (ITO) 1a1, ITO ca• and 1t•­
aad 1te .. only 1ince the earlJ 19501. Tbl1 r•port will onlr dl1cu11 tbe 
production of 1tertll&er1 which utilized ITO. In the earlJ 19601, an 
indu1trlal lln• of 1terill&er1 ••• introduced, a few of which u1ed only 
no. letweea 1956 and 1960 AIIICO al10 conchacted contract sterlli&atlon 
••rYlc••· 
ITO (12/88) wa1 u•ed at tbi1 facilltJ froa th• earlJ 19501 to 1982, to te1t 
tb• 1terlli&er1 for 1ro•• air leak• and pro~r aaua• function. IITO ••• also 
111ed to raaove paint, however, tbh wa1 not• standard 11anufacturin.1 
practice. Te1tla1 of tbe 1terlli&er1 involved ••••ral 1et-up and cbarging 
crcl••· Beginning in 1979, coapr••••d air a-ad Preon 12 were u1ed to test 
1terllizer1, 1-reatly reducln& the aaount of ITO uatid. In 1912. all u1e of 
ITO wa1 di•contlnued. 

There i• a paucitJ of indu•trial bJ&i•n• data. 1ince tbe coapan7 do•• not 
bave a fonaal lndu•trial hygiene prograa. tn.duetrtal bygle-n• 1ervice1 have 
Men 1uppUed, however. by tbe inaura-nce carrier since tbe earlJ 19701. 
P•r•oaal saaplin& for rto ezpo1ure1 wa1 not conducted however. AIISCO did 
conduct liaited general area aaapling in 1911. Thi• data, which••• 
collected with an infra-red direct reading in•truaent. facilitated 
aodification• to the water drainage •r•t- 1n tbe te,t block area. In 1912. 
after iaprov ... nt1 in test block faciliti•• and 1terilizer de•i&D, Ito 
Maaur-nt• were again collected with an infra-red direct reading 
ln,truaent. Tb••• -••ur ... nt1, whicb were 1iaulated breathing zone 
1aaple1, were collected for a ainiaua of •o ainotes/cycl•. • cycle1/lbour•. 
Proa tbi1 data the calculated 8 hour Ti• W.lgbted Average• were l••• than l 
ppa. 

ITO ha• not been u1ed at this facility ,inc• 1982, th•~•fore, there are no 
future indu1trial bJgien• 1urveyP planned at this pla·nt •• part of this ITO 
study. 

Alls.CO ha1 18 regional offices, 1taffed bJ service representative,, located 
tbro-ugbout the countrJ. It ha, beea detenained that tbe ez:tent of expo1ure 
of th••• 1ervic• t"epr•••ntativ•• to ITO. although low, varrant1 tbeiE' 
inclusion in the 1tudy. The nuabel" of per1on-Jear1 th••• lndividuah will 
contribute. hOW9orer, can not•• yet be deterained. 

Thh plant ... t, ao,t of tbe eligibility requh· ... nt" as defined br the 
protocol. Tb••• r-equl r ... nt.1 are: l) tbe plant av1t contri but• at lea1t 
400 person J•ar, (In plant eaplo1••• would contribute an ••ti .. ted 1800 
~~•on-rear,. turpa1tin1 tbt, ainiaua r•quir ... nt.>, 2) the plant au1t have 
adequate per,onnel records or other record• that can be used for identifying 
pa1t and present workers e..-po1ed to ff<\, and 3) the plant au,t not have anJ 
1eriou1 confounding erpo1ur• to a knovn leukeaogen. 
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ft• princl,-1 probl• vitb tlli• plant, with re1pect to th• iacludoa 
crlt•rta, h tbat per•o11nel record• are h1eoaplet.• for certain r••r• . 

IIOIIMYer, th• u•• of 1uppl-atary data. •ucb •• internal p&Jt"Oll record,, 
l•t•ma.l lht• of espoaed, and 961 fonu tiled wttll tbe Social SecuritJ 
Adaini1tration (SSA), would probablJ allow recon1tructlon of the co~ort . 
The lnclu1loa of tbi1 plut h1 t.b• •tudy h therefor• recoaaended. 
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ltl17len• oat-de <no> hone of tb• 25 cb-lcal• of lliab••t production Yolaae 
ln th• U.ited States . I Th• aajor portloa of no produced h 11•ed ln tb• 
p~oductloa of ethylene 11,col (antlfr .. se) and•• a cb .. tcal int•r'IMHliate 
for polr••t•r Ill.all . fiber,, and bottl••· A ... 11 t-raction of ITO, l••• 
tbu 0,2·•"• II.a• been .aaed by the bealtb car-• and .. dtcal •upplr hadu1trle1 
over tb• pe•t 35- .tO J••r• to 1teriU&e heat--1en1ltl.,e •dlcal 111ppll•• .1 

no, a colorl••• 1•• at •taadard temperature and preHur·• or a liquid at 
b l&ll•r pr••••r•• , i • ai •c U1l• wt tb water. ethaao 1. etber, and ao1t coaao.a 
or1anlc 1olvent1. ln addition, lt i• bi1blJ explosive wllea in 
coaceatrat.loa• of 3 to 1-00I. (ITO> in air.2 Th• blolo1lcal warnln1 
propertl•• are ••••ntially •••l••• line• the (etber-Ub) odor thr••hold 
aao111 lndiwiduala rans•• traa 300 to 1,,00 part• per allllon Cppa) and 
adverse bealtb effect, aay be elicited at l•v•l• 9UCh l••• thaa tbla . 3 

O.e to th• toaicitJ and po11lbl• carcinoaeniclty of STO <••• 11ction on 
toaicltr). 1110111 r•••arcb•r• i11itlated an h,ve1ti1atlon in 1912 to a••••• 
tbe feaaibllttJ of condactln1 • cohort aortalltJ study and indu1trlal 
il11i•n• enl11atlo11 of worker• expo1ed to ITO. •••ltd on tb• data aath•r•d 
during tb1 f•••lbillty 1tud7. it n• concluded tbat tbe cohort of worker, ln 
tbe beal'tb care and aadlcal 111pplJ indu•trJ, apeciticallJ tho•• worker• 
••posed to ITO in indu,trial ,teriliz.ation proc•••••, vas the aost adequate 
1roup to support • cohort aortaUtJ 1tudy. • Thi• dechioo wa• 1upport,ed 
bJ th• finding• of a 1971 ,arv.J conducted bJ Watlonal In1titut• for 
Occupational Saf•tJ and llealth (WIOSH) r•••arcb•r• vtalch sbOIMd tbat it ii 
in thh indu1try ao,t of th• eaploree 1apo1ura1 occur. 5 • 6 Tbil 1un•1 
••tiuted tbat appro:ai'aat•lJ 75,000 bealtb care worker, 1Mr1 eaplofed ln rro 
1t.erilhatioa operatlons. with an additional 25,000 NaPlo,••• which aar bav• 
incidental 1spo,ure r••ulting froa inadequate eagineerln1 controls.5,6 

Thh wallt-tbrou1b survey va• conduct•d to det.eraine t.be 1uHabilit7 of 
including AMrican St.erUiz•r in tbe lnduatryvide aortalitJ and industrial 
hJSi•n• study of worker, potentially ezpo••d to STO in industrial 
sterilization proc••••• · Tb• 1ultability of including th i s facility wa1 
ba•ed on data gathered in tbh .. it-through and h dhcuaaed in th• 
Conclu1ion and lec01aendation 1ection. In addition. the data gathered 
during the walk-through aurve,- will b• uaed to develop, to the eztent 
po••ible, ••ti-t.•• of eapo1ure to rro by dwpart.aent. and/or job category. 
level and duration of continuous and pealt espo1ure1, and calendar r••r 
within thh plant.. Tb••• e1:po1ur• ••tiaat•• will t.ben be compiled into an 
••po1-ure .. trh which vi 11 be u••d to determine th• ed 1tence of a do•• 
responae relation1bip with any poaitive a11oclation observed lo th• 
aort.ali tJ 1tudJ. 

The autboritJ and reaponaibUitJ for conducting and r1portin1 on fl•ld 
1tudi•• i1l lnductrJ wa, given to NtOSH under the Ocevpational Safety and 
ff•altb Act of 1970 <••t forth by th• 91,t Congr•••• S.9123. Public Lav 
91-596). Sec·Uoa 20( a) 7 stat11 that •IOSH ,hall conduct and publ hb 
indv1tr,wide studies of t .he effect, of chronic low l•v•l 11:po•ur• t.o 
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lnda•trlal •t•rial•, proe•••••• and •tr••••• on tb• potential tor llln•••· 
di•••••• or 1011 of functional capacltJ la tb• a1l•1 adult. 

oacainIOII or FACILITY 

AMrican Sterlll&er CoapanJ (AIIICO) wat founded la 119•. and flrst produced 
•terlli&•r• for ho•pltals la 1956 . Tbi• report will oalJ de•crlbe th• 
prodactlon of the l1'0 aa• or l1'0 1a• and •t•• •t•rlll&ere. The l1'0 
1teTlllaer1 raa1ed la sl&• froa 6 to 30 ft3. Ia tb• earlr 1960•. AIIICO 
introduced aa lnd••trlal •t•rillaer. wlllcb bad a .. cb lar1er capacltJ 
(30-1000 ftl) tbu the bospltal 1terlll&er1. A few of tb••• eterill&er• 
••ed oalJ l1'0. AIIICO ueed aa lnda•trlal eterlll&er to eterlll&e Yarloue 
cu•toaer product• froa 1956-1960. Tbl• contract et•rlll&atloa •a• conduct•d 
lD a walled off corner of th• founclr7. Th• 1terlllzed 1ood1 wre allOW9d to 
off-&•• oateld• thh area. wb!cb wa1 contl1uou1 to tb• 1rlndln1 area of th• 
fouadrJ. Th• foundry fabrlcat•• aaer of tb• nec••••rr 1terillaer parta . 
Th• facllltr •l•o b .. a cafeteria; however. 1oee eaplor••• eat at their job 
1lte. 

Tb• laterlor of tbe a11eablr and teat facllltJ ha• not cban1ed greatlJ over 
tb• la1t •••eral rear, . Yariou• department• have relocated within tb• 
plant, but there ha• been alal .. l addition or deletion of internal wall• 
ezcept in tb• weldin1 area . Th• production, ae1eably, and teet areas •hare 
a coaaoa area within th• plant . All .. ldlng 11 now done la newly 
c01t1tnacted wldln& baJ•, wl tb eacb ba.J havtn1 a local ••hau,t •J•t-. Thh 
facllltJ dl1coatinued the••• of all ITO in 1982 . Tb• ••tl .. ted aaount of 
l1'0 •••d froa 19S6 to 1979 was about 37,000 pound• or an average of 1600 
pounds per rear . Tb• ••ti .. ted u•• for 1910 to 1912 wa1 about 450 pound• 
per ,.ar. 

ouCtinIOII or woauoacs 

According to coapaaJ official•, tbia plant ha• aeveral hundred current 
hourly eaplor•e•, with an average length of ••rYice of 17 Jear1, wltb an 
aYerage a1e of 4S Jear1 . In addition, th•r• are currentlJ •everal hundred 
••rvic• eaplor••• located in 11 field office•, altbou1b th••• eaploJ••• .. re 
f ... r in the past . SerYic• eaploy••• repair AIISCO equipment in tbe field. 
Service aplor••• are 1alaried. Hourly eaplo,-nt level• bav• fluctuated 
froa about 400 in the late 19S01 to a peak of 112S in 197' . 

Sine• 196•, the collective bar1aiaiag repre,entative for th• .. jority of the 
plant has been the United Auto Worker,, Local 132 . There are a verJ few 
wort.r•. pri .. rllJ tool .. ter,, wbo are repre1eated bJ th• AINrican 
Sterili&er Independent Union <ASI), Local 1968 . Prior to 196•. tbe A.SI 
represented th• .. jorlty of the workers. 

Ia 19S6, the coapanJ ••• operating on a three •blftlday, five day/.,..k 
1cbedule . Thi• continued until about 1969, wb•n on• 1hlft/daJ wa• deleted 
in the •••.ably and te1t department• . Te1ting of •t•rU h .era wa1 .:onducted 
in tbe fir1t two 1hlft1 after 1969 . Maintenance and general clean-up was 
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done on tb• third 1hifl. currently. te•tia1 i• conducted on th• flret and 
1eco11d abift and 11Aiatenanc• and clean-up on tbe 1econd •hift. 

DUCIIPTIOII OP PIOCllSS 

.IIISCO aau1 bo•pital 1terllizer1 ran1ing fr·m 6 to JO ftl and iodu1trlal 
1terllizer1 ranalng froa 30 to 1000 ft3. There 11 a ... 11 foundrf located 
on-1ite, where aany ,teTlU&er part, are fabricated. AIISCO ba• coaplete 
plating, welding. tlnhlsln1. aad palntln& d•partaent, alto. One• tbe 
varloa1 -t•l coapon•nt1 of• •t•l'lli~•r ban been produced, they are ••nt 
to an •••MlblJ area wllicb h located directly •••t of the te1t ar>ea or 
block. In tbe a•1ablr area, -t•l part• ar• a11elll»led and th• electronic 
coaponent• are added. Tb• a••aabled atarll h:er h tben tran1ported to th• 
te•t area. wbere lt i• cbecked by tbe t••t•r for alr leak•, proper gau1e and 
electronic coaponant function. Occa1lonally. an a11ttllbler will aid tb• 
te,ter. rollowin1 several ••t-up and charging cycle,, th• fully a11eabled 
and tested sterilizer h ••nt to pack•gin& and shipping. 

Contract 1tarilization of v•riou1 .. terial1, 1ucb •• diaper•, wa1 al10 
condu,cted at tb ii plant between 1956 and 1960. Tb h operation wa1 don• near 
the fo•ndrJ. and IOIN foundry wot'lt•r,. priaar'ilr grinders, aaJ have been 
potentially eq,o1ed to rro. 

DUCl1PTI0lf OP PA.ST UPOSUUS 

flier• have ~•n aany aodificatlon1 aade in the ventilation •r•t•, pbr1ical 
location of departaen.t1, and wort practices whlcb could affect .aployee 
•Kpolute to STO. llo1t of th••• cbange1 have occurred la the te1t block 
area, where th• htgba1t ••po•ures to rro probablJ occurred. 

Ventilation 
P~ior to 1974, tbe ezhaust syat .. ln the te1t block area con1i1ted of an 
overhead canopy wbicb ran the entire length of th• block. Th• opening of 
the c.anopy wa1 about 16-20 f'eet above the floor. While the face or capture 
velocity of th• canopy i• not known. it can b• a1auaed that th• capture 
efficiency would be low . 

In 1975. thie •J•t- VH reaoved and • 11are local exhaust 1y1t. .. was 
in•talled. Tbi1 •J•t .. conai•t•d of a lerge, overhead duct with ••veral 
saaller duct, branching froa it . Th••• branch duct• could RMI po1itloned, 
with 1oee difficult1 1 n••r th• safety valves, door end drain of a 
ateri lizer. It h not known if th••• duct, were flanged. 

Ple•ible tubing which wa• auch easier to position replaced th••• rigid 
branch duct• in 1981 . Tbi1 1y1t .. w•• augaented in 1982, bJ the addition of 
bette~ quality tubing. wtticb was peraanently attached to the v•nt around the 
1teriliz•r door and th• enclosed drain. th• tubing wa1 connected to th• 
te•t bloc:lt ventilation •J•t .. during• t••t cycle. Th• capture efficiency 
of thit .,,t .. va1 not evaluated during thi I survey. howaver 1 •• ITO is no 
longer u1ed at thi1 f1cility and th• ,,,t .. baa been partially dt, .. ntled. 
Ti .. weighted average {TWA) erpo•ur•• (8-hour) calculated froa data 
collected by the company after th••• change, ware aade (with an infra-red 
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direct readin1 lnstruaent, ln breatbta1 son•• d-l•t•d under "wor•• ca••" 
condlttoa• Ctltat h, wbea ••••ral •t•rllls•r• wre ezhau,ted ll•ltaaeou•lr> 
lndlcated that tile ,.r,onal tv.&9 wr• 1••• than 1 na <••• Table II>. 

b addltloaal Mdlflcatloa to tb• ••l1tln1 ventilation •1•t.• va, the 
lapl-ntation of• .-eat ,.raanently ac,unted aboYe tbe door of each 
1terlll&er. Ou·rln1 tit• te,t cJcle, thh nnt would be connected to tb• t••t 
block Yentllatloa ,,,t ... flti• ¥eat, wblcb l• al,o aanufacturad bf AIISCO, 
.. , be ,old a, an acc•••orJ. 

011tca1 Locatiop of P!Ptrtatat, 
v.arl01t1 d•partaent, baft chanaed location wltbln tbe plant, howver, U1e•• 
cbana•• did not preclpltate tit• conatruction or raarran, ... nt of vau, 
wltbl• tlM pleat. Therefore, relocation of departaent• dad not 
1ignlflcantlJ alter oYerall ITO 1•••1• la tbe areas contl1uous to the te,t 
block. Tb• te,t block area bat r ... tned in •••entially tb• s ... location 
dace th• ald 1950•, when ,terilizer production be&an. 

AIISCO conducted a contract 1terillzatlon service wblcb wu located in a rooa 
in a corner of th• foundry. Thh ••rvice, wbicb •ployed an industrial aiz• 
sterilizer, wa, conducted froa 19S6-1960. Once the goods had been 
sterilized, they were reaoved froa the 1terilizer and allowd to aerate 
out.lid• the rooa. The aeration are wa, coatigou, to the grinding area la 
the fouadrJ. 

vorlt Prectic•• 
Th•r• have be•n aanJ changes in work practices over th• rear,, but the 
changes tbet ao,t dlrectlJ affect the eaplor•• ezpo,ure to ITO are tho•• 
r•lated to testing of tbe 1terilizera. The nuaber of cycles conducted to 
te,t a •t•rllizer ha• veried over the year,. l•for• 1979, teating of a 
sterilizer consisted of first filling th• unit witb ITO to test tbe piping 
for any leek,. Tbh va, followed bJ three set-up crcl•• uaing no (12188) 
to ••t the gauge,. Air leak, at this point were located u1ing a fl ... 
detector. Th••• set-up cycle• were followed bJ four no charging crcle,. 
no g•• wu u••d frequently exten,ivelr at tbil fac ll i tJ not onlr to te,t 
sterilizers. The total estiaated eaount of no used froa 1956 to 1979 was 
about 37,000 pound,. no was al•o uaed to reaove paint, however, this was 
not a standard aanufacturing practice. Proa 1979 to 1981, coapre•••d air 
wa, 1ub1tituted for ITO during tba set-up crcles. Leaks were detected by 
soap and water. l1'0 was still used in the four charging cycle• that 
followed however. This decreased the use of ITO to about 450 pounds/year. 
In aid-1981, the u,e of no in the charging cycle, of the induttrial 
sterilizer• was dhcontlnued, and by early 1982, ITO was no longer used to 
charge the hospital aterllizers. 

~ir llonitorin& Data 
The coapany conducted area aonitoring for ITO in 1981 and 1982. All 
aonitoring was conducted with a Wilks-lliran 101, • direct reading 
iftstruaent, in the test block area of the plant. 

In 1981, data wa• collected to ••certain what the peak ITO leveh, would be 
and therefore potential eaploJ•• eaposure, alght be froe 2 1lze1 of 
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•t•rillcw• (I.I ftl ud 30 ftl) ud et I differ.at sit•• around tbe 
atertlicer <••• Table I). -loJN• -r• not pr.eent durlna tbe test. Th• 
data repr••••t• • peak or ln•tntueou• exposure to no. The deta renal.ct 
that th• lllpeet no conc•ntratioe occ11rred at Ute •t•rilia•r drain. a•u 
tbe floor. loth •t•rillsere bad peak readta1• of 7SO ppa at tbi, location. 

Saapl•• taken on Uae drain std• of either 1terlliaer. at a h•l&ht ••ti .. ted 
to be in tbe br•at1ain1 &one, had Yalu•• of 3S-40 ppa. Other saapl•• were 
c-olleeted ha froet o.f tbe 1terillser (breatlalq &one (30-40 ppa) aad floor 
(30-35 ppa)} ud tlae oppoeite tide froa tbe drain (breatblaa &oae (20 ppa) 
aad floor (20 ppa)J. Ia adclltloa, two ••••r-at, wi-e tabn dlrectlr at 
tbe door openlq (I.I ftl 1terillaer 3'50 ppa. 30 ftl sterlliaer 6SO 
ppa>. and tw •uur-ata w.r• taken 1-2 feet la front of tbe open door 
<I.I ft3 1terll tur 40 ppa. 30 ftl ,teril laer 125 ppa) . 

& final ••nr-.t.,.. taken at tbe water trougb that runs bet ... n tb• two 
row of •t•ri Unrs belq tested. Th• e:iract location of tbi • 1aaple alt• h 
11ntaow11. Thia trousb r•c•l••• water froa all tbe •t•rillaer dr·aln•. and i• 
ancoYered . & peak reading of 250 ppa wa, recorded ••v•r•l ti•• dur-ia1 th• 
exhaust ph••• of tbe eacb te,t cycle. Thi• level would deer••••. however. 
at the c0111pletioa of eacb cJcle. 

Tb••• data iaplJ t.bat an eaploJH •J bave bigb peat or h1•tantaneou1 
eaposure to ITO. Tb• contributioD of t.b••• erpo,ur•• t.:. .ina 8-b'Oar TVA ii 
unknown. doe to tbe breYitJ of th• collactioa pe·riod for each •-.Pl•. 

In 1912. aore ertensiY• 1eapllq wa, co11duct•d to det•nainlng a worst ca•• 
erpo,ur• ( '" Table ti>. Saapl•·• "9r• collected at tbr•• locatloa, wber• 
t••t•r• aisbt be durin1 • 1terilizer teat. Suapl•• wr• alto colle-cted at 
two b•isbt• (3 . 3 or S f••t froa tbe floor> to 1iaalate job depend•at 
breathing zone 1aaplas. To ll•l•t• a wor•• case 1ituation. tlflD 1tarili&er1 
<a .a ft3 or 2• ft3) "9ra arha111·ted 1iaaltaneou1ly. witb additi011al units 
ea-bau•tlng periodicallJ tbroagbout tb• •o ahnat• 1aipling period. Ti• 
"9i&bted aYerages <TVA> for an 8 boar abift wre bas•d on• cycle• per 
•bift . &11 1terili&er1 ..,.re eq11ipped witb an AIISCO de1igned Yeatilation 
•J•t .. around tbe door. Tbi• sJ•taa. whic.b ....- aountad peraaneatlJ on tbe 
,tart lizer, wa• aold •• an acc•••ory . Tba data. wbicb ia found in Table II. 
indicate that potential .aploJ .. erpo,ura to ITO i• rather low. Th••• low 
no leYal., aa, ban been due to tbe iaproY ... nt, in tbe ed1ti111 local 
erbau•t •J•taa in th• ta,t bloct and a,e of a Yentilation 1Jst .. peraanentlJ 
a,unted on tb• steT"ilizer itaelf. 

lledicfl 

OUC'RIPTIOlf or Dt>ICAL, urousn1.A.L 
HYGIDI OD SUETY PROGUJIS 

AIISCO bas a .. dical depart.aent which h coapo1ed of a full - ti- nur•• on the 
fir•t and second shift. & pbJ1ician h available u needed. The .. dical 
departaent h equipped to handle •ino·r ... rgencias. In addition. several of 
the -.ploJ••• on botb 1bifts ar-e trained ... rgencJ .. dical technicians. 
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Pt'e-eaplo,-nt pbJticals are given to all •ployees. Th•r• are no follow-up 
esaainatlons . 

ln 1982, a physician conducted a .. dical esaaination of all eaploy••• who 
wre currently or bad previou•ly been espo•ed to !TO. Tbh ea:aalnation 
con•i•t•d of a ehe1t roentgenograa. blood and urine ch .. i•tries. pulmonarJ 
function testing, visual acuitr and bearing esaainationt . In addition, work 
and .. dical bhtori•• were obtained . 

Industrial HYgiepe and Safety 
Tb• industrial hygiene prograa which ls conducted by the inaurance carrier, 
was started in tbe early 1970t. In 1981, in-houte saapling for !TO wet 
conducted by the letearcb and Developaent departaent with a Wilks-Niran 101 
and represents area exposures<••• Table I>. In 1982, ,iaulated eaployer 
breathing &one 1aaple1 were collected with the Wilks-Biren 101 (see 
Table II). A discu11ion of the data collected in 1981 and 1982 •ar be found 
in the Description of Pa,t lr;poaure Hction-Air Bonitoring Data. Neither 
the coapan·y nor the insurance carrier hat ever collected personal ••plet 
for !TO. The coapany require, the use of various safety devices such u 
safety glasses. Safety showers and ... rgency eye wash stations are located 
around the plant. 

DfftNITION OF DPOSID GROUP AND 
DISC.IPTION or RECORDS 

lxpoaed employees were priaarily the tester, who te,ted the nev sterilizer,, 
as we 11 a, the a11eabler1 who worlted in th is , ... area < see Tabltt II I) . 
Teater, who worlt on sterilizer, {which eay be either ate .. or gas) currently 
WOTk in depart .. nt 301'9. the teat iag departaent. The atseeblers who work 
nearby, work in departaent 3072 <final as1eablJ .... 11 1terilizer1> or 3073 
(final asseably, large sterilizers). Previous to 1975, all departments had 
a "600" number instead of a "3000" number. Furthermore, prior to 1965, 
testers and useablers worlted in one departaent. nuaber 659. In 1965. 
testers were placed into test department 619, while assemblers reaained in 
the asseably depsrtaent 659 . In 1968, as, .. blers were split into two 
current atseablJ departaents, large and saall final au .. bly, vi th numbers 
672 and 673 respectively. At that u-. departaents 671 (general assembly) 
and 6 70 < table user.bl:,> were alao created, whereas before these departments 
bad been included in 659. If an asaeabler is found in 659, he auat have 
worked vith a job title of final u1ellbly to have been exposed, wbereaa 
table asaemblers and general asseablers would not be included. 

The question of whether the service representative, should be included as 
ur-posed is a difficult one. It would appear that these employees spend leu 
than 51. of their time repairing gu sterilizers. On the other hand, they 
a&J be repairing leaky sterilizers and have high peak esposures . n,o 
service eaployees in the Cincinnati area have been interviewed to try to 
resolve this question. Based on what has been determined to date, field 
service representatives will be included in the ex.posed group, albeit 
classified as having minimal esposure. 
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Griader• in the foundry. wbo worud in departa.11t MO during th• rear• 
1956-1960, .. J bave been ezpo•ed a• a r••ult of offga••lna of contract 
•t•rillzed good•, and are to be included in any ezpo••d group. 

Given that tbe .. iD body of tb• plant ba1 bad very few wall• to atop th• 
flow of 1a•, there ur bawe been soee aini .. l ezposur• to other workers 
nearbr wber• sterlliz•r• .. re t••ted, for esgple in th• •hipping and 
~•boa•• area•. However, beceu•• of th• relativelJ lOtf uaount• of ga1 u1ea 
and the pre.-.lling direction of air circulating in the building, th••• 
individual• 1bould not be U1ted in th• espo1ed aroup. 

aecord• are divided into current hourly eaployees (wbo have coaputerized 
record• dati:ng back to 1910), eaploJffS terainated recently but not yet 
u·cbived (n•50), eaploJ••• wbo are retired but still alive <n•200). and 
bour-lJ eaplor••• wbo are la tb• ar·chiv•• Cn~SOO). Hourly record• ar• kept 
1eparate froa ealaried .. ployee,, in ao,t of tb••• filing •r•t .. ,. When 
tb•f are not salaried, employ••• are clearly identifiable. For the purpose 
oft.be aortalitJ study, only hourly eaplor••• will be considered•• 
pot•ntlally es.po,ed witb tbe exception of salaried field ••rvice personnel. 
Th••• per1on• will all be considered to have been esposed to ITO. 

tt would appear that ther• are soae record, ais1ing for terainated hourly 
eaployee.s wbo should be aaong the archived records, particularly for 
eaplor••• terainated between appro1:i .. telJ 1975-78. There are three line, 
of evidence for tbh: l) in aost plant• there are aor• terainat.ed hourly 
.aplor••• than current one•, yet here th• converse is true, 2> in the 
archived file• no bo••• were found for hourly teralnated eaploJe•• for th• 
year 1965 aod for tbe year-, 1975 to the present, 3) hourly eaplo,..nt pealtec 
in 1974, after wbicb lt drof»ped by ,oee 100 eaploJ••• by 1976, therefore tbc 
records ,hould show a significant nuaber of terainated .-ploy••• in the late 
1970' 1, but tbi• h not th• ca••· Th• coapany is searching for aore files 
in the archived file area, wbicb has been aoved recently and lacks any 
central organizing indez to cover th• hundred, of bo7•s of file., stored 
there. They are creating an lndedng •J•t- and re-1earching the old 
varebou•• area. There aay be ways to re-construct the pre,ence of eaposed 
individual• even if soae record• are •itsiag, becau,e tbit plant ha• 
relatively low turnover. The coapany keeps payroll record,, by depart .. nt, 
on a aonthly ba,h, baclt to 1977. Th••• records would enable identificatio1 
of any workers wbo worked. in the esposed areas and any vho left after 1976. 
rurtheraore, tbe coapany ha• already done a relatively intensive search for 
eq,o•ed individuals in the past, in conjunction with the .. dical te•ting 
which va1 conducted iu 1982. At that ti ... • li•t of 49 .. n va, coaq,iled, 
44 hourly worltera an.d S salaried, vbo bad at one tiM vorlted a, tester• <13 
for at least 6 aontb1, or wbo were currently working as te1ter1 (36). The 
average duration of -plo,..nt as a tester for th••• individual, vas 9 year, 

The per,onnel fil•• for in-plant personnel (not field repre.sentative,> vere 
,aapled for all of the record, •J•t ... described above. ten individuals 
119re 1.-pled froa recent teraination• which bad not r•t been archived, 40 
froa current bourlJ, SJ froa terainated hourly, and 18 froa retire•• vbo 
were still alive and receiving pen1lona. One hundred and tventy-one record 
in total vere ,aapled, out of an eati .. ted total nuaber of hourlr record, o 
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1300 (9.~). Thirtr of th••• indlvldual• wrud la expo•ed job cat•1ori•• 
f.or aore tllaa 3 aontb, ( 25•>. tbh wuld indicate tllat overall 322 bourlJ 
erpo,ed hadivldual, would be eapected at thh coapaar not countia1 the field 
••n-lce represeat.atlves. Th• •••r•1• rear of tlr•t espoaure for the exposed 
lndlvldual1 w, 1967, aad the avera1• rear of birth wa• 1930. Th••• 
lndlvlduala •hould contribute about S100 per•on-years. 

aecord• for fleld ••n-lc• representative, wre not saapled during the •i•lt, 
therefore, their nlllllber1 cannot be det.erained at tbh tiM. It is UltelJ 
that there rill be ••••rat hundred sucb iadl•idual•. 

tollCITr 

hldenee f,:,oa anl .. t •tudle• "'lle•t• that. ITO aay ban carcinogenic 
propertie•.7,1 A 1roup of no .. nufacturer, 1pon1ored a study at tbe 
lushy lun ••••arch Center in which .. 1. and f-ale Fhcher 344 rat, were 
••po•ed to no at airborne concentration, of 10, 33, or 100 part, per 
alllion (ppa) for 6 bo11r1 per day, S day, per welt for two year,. 7 Two 
other g1'oup, of aniaal, served a, control,. Ini tlally, there wre 120 
anlaal, of each•••, in each exposure 1roup. The researcher, obaerved a 
,tatl,tlcally •isnlficant lncr•••• in tbe incidence of aononuclear cell 
leut•ia aa,n1 th• f-.le rats, and peritoneal •sothelioaa aaong th• aal• 
rat, ••po••d to no. Th• incr•••• la leut•ia incidence va, found to 
increa•• linearly as • function of no espo1ure. An elevation in aortalltJ 
froa brain cancer, <1lial type) was aho obaerved ift the rat, ezpo1ed to ITO. 

•tOSH researcher, have recently reported on tbe re,ulta froa an aniaal 
ei:periMnt whicb corroborated the finding, of the Bu•bJ lvn Study.I Rale 
Piacber 344 rat• wr• ••posed to ITO for 7 bour1/day, S day1/welt for 2 
Jear, at airborne concentration, of 0, SO, or 100 ppa. Ther. 1Ntre 80 rat, 
in each ••poaure croup. tnc.rea••• lo the incidence of aononuclear leut .. ia, 
peritoneal Mtotbelioaa, and cerebral glioea, Wltre observed aaong th• rro 
espo,ed rat,, relative to nonesposed control,. 

Onl:, • few epld•lologic atudi•• have ell .. ined tbe potential huaan 
carcino1enicity of no . 9-11 Hogstedt, et al, conducted• r-etro,pective 
cohort aortality 1tudJ of• group of worker, in• Swedilb eh .. ical factory 
that had previously been included in a b ... tologlc lnve,tlgation.9 Thl1 
facility produced rto via the chlorohydrin proc•n in which, in addition to 
no, there wa, potential ezpoaure to etb:,lene, ethylene chlorobyddn, 
ethylene dichloride, and ... 11 aaounta of bh(2-ehloro-etbyl) ether. Aaong 
19 "full-ti-" ••posed worker,, • ,tathtically significant (p l••• 
than .01} exce,, of leukellia aortality wa1 observed <2 obaerved ver,u, 0 . 14 
expected). In addition, a 1tathticallr significant (p l••• than .01) 
eaee11 of 1toaacb cancer was observed (3 observed versu.J 0.4 ezpected> . 
Because of tbe aized eapo1ure1, th••• finding• could not be attributed to 
no; however, ethylene oaid• and ethylene dichloride 1Ntre the pri .. 1u1pecta. 

llorsao, et al, conducted a retro,pective cohort aortality 1tudy of worker• 
involved in tbe production of rro at a Tesaco racility.10 A total of 8SO 
worker, were included in th• atudy, of wbicb 767 were potentially ezpoaed to 
ITO. •o no wa• detected in ao,t amapl•• taken in the production area, and 
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all ... ••Neent• la t•i• area wn below 10 ppa. lfo c·ue• of le•t•la wre 
ob•el'Yed la tllh •tad.J; llowffr. tu aaU1or• e•t l•ted tbat the low•t 
Nlatt .. ri•k tllat tll•r ••• a 111111 probability ot detectl111 (~ pc,lfler) ••• 
10.5. 

llolrt.clt alS1> f'eported oe t1'Na ca••• of leak-la tllet occurred hi a ... 11 
1r011p of worker• at• sw.di•h ccapaar . 11 'I'll• ccapaay ated a •lsture of 
~ l1'0 UHi SOI .. tllJl foraata to •t•rllls• ho•pltal equlpaeat . Th• 1-lloar 
!II& •KPO••re for l1'0 at till• facility wa, atti .. ted at 20 ppa. Accordin1 to 
aaUoaal 1t,athtic•. only 0.2 deatlli1 dae to l••k-ia wra expected ln U,h 
coi.ort . oae of ti•• ca••• ... aa,o.ed to benseH, a lmown le111t-.a11, aad l t 
ftt 1,ac•lated tlliat tllie coabie•d •KPO••r• of STO ud •thyl foraate aiabt 
p?"odaca a 1,aclal rl,t . 

ft'O i• alto • poteat altrlatl111 aaaat capa·bla of cau•in1 lrranrtlble 
chaa1•• or .. tatloa, in cell11lar protein• aad DIIA la anlaal• . 12,13 ITO \1 
al•o a po1ltln .. taaen la ••YAral 1A yltro •r•t ... 1uch •• Salao1lall1 
tnbiMrlw. vln•••· a11d Tt14t•c,atia pol9clo11 .6 

C'llroaosoaal aberration• ?'elated to l'l'O •Kl>O••re haYe been obtarved ta• 
Daber of anl•l 1tuclte1 and eptd•iologlc tnve,tigation• . 8, 13- 20 Yaaer 
and leas obsarYed a dote related iacreate la t i •ter cbroaatid escban1•• 
(SCS1) eaong ..., Zealand .tllte rabbit, tbat wr• ••po••d via hllalatloe to 
50 to 250 ppa of ST0 . 1• •tosw <Lyacb, at al> r•c•ntlJ ?"eported 
prellalaarJ find\1111 in wllicb cJDOIIC)lgas eonkeJ• were •Kl>O••d too. 50, or 
100 ppa of ITO for 7 hour, per daJ, 5 dart per ve.k.8 Aft•r 24 eontbs of 
eq>oture, •tathtlcallJ 1igniflca11t lncrea••• wr• ob••rYed h the frequ•ncy 
of cbroao•oaal aberration, (\ncladla1 quadrlradlal cbroao,oaetl and sea, in 
t,e peripheral lJlll>hocJte• of tbe 50 and 100 p,- •~po••d group• v•r•u• the 
control, . 

Carry, et al, •x .. ined the occurrence of SCI tn tbe peripheral 1,-pbocJt•• 
of 12 ITO •Kl>O•ed worker, and 12 nonexpo•ed control, in a hotpital 
1terillsatlon factltty .15 Tb• espo•ed group thowed 1tatl1ticallJ 
tlgniflcant elevatloftt ln the naber of SCI• eoapared to tb• controlt . 
Particularly high sea frequencie1 were obterved eaoftg • worker, that had 
reported either neurologic or respiratory tJIIPtOIU . Tb• aasi_,. peak 
eq,o,ure level of ITO .. a,ured at thtt facility wa• 36 ppa . 

Cytogenetic abftonaalitiet baYe •l•o been observed in teverel studi•• of 
worker., eq,o,ed to ITO . lbrenberg, i n • study of work•r• at • factory 
•nafacturiag and u1h1g ITO. obterved • btgh frequency of cbroaotOtUl 
aberrations in 8 worker• wtao were aceid•ntally exposed to hlgb 
concentration• of ITO . One c••• of leult .. h wet aho ob••rved aaong the 37 
worker• ttudied . 16 

Aaerican Ho•pit•l SapplJ initiated• cytog•n•tlc turvey of worker, that were 
••l'O•ed to ITO in tbe 1tertli~ation of aedical devices ln 1978 . 17,18 
Seve11ty- flv• ••po•ed workers at 9 facilities w.re 1tudied, u well at 37 
aoneq,o1ed workers wtao ,erved u controh . Coapared to cont.roll. ••posed 
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worur1 wr• found to ban 1tathUcallJ 1lgnlflcut lncrea1ed frequencle• 
of SCI• and cbroao1oaal aberration• . 

la re1poa1e to tile lladln11 froa tb• American Ho1pltal SapplJ 1tudJ, Joha1on 
ud Jolln1oa laltiated a cJto1eaetlc 1tudJ of wrker1 tbat were al10 expo1ed 
to ITO la tb• 1terlll&atlon of aed'lcal product, . 19,20 ApprodaatelJ SO 
worker, not expo1ed to ITO wr• coapared to 50 expo1ed worker, at thr•• 
facllltl•• vttb I-hour tl .. -W.l1bted A••r•1• (?VA) expo1ure1 to ITO of l••• 
tbaa l ppa, 1-10 ppa, and 25-200 ppa, re1pectlwelJ . Statl,tlcallJ 
1l1niflcaat elewatloa, la SCI frequeacJ wre ob1erwed la tb• latter two 
facllltle1, and tll••• cban1•• h••• per1hted after one J•ar . The frequencJ 
of SCI• appeared to lncr•••• la a do•• re1pon1• ll&ftDer . Chroao,oaal 
aberration• were al10 •l•••ted la th• bi&b expo1ur1 1roup1; however, th••• 
flndla11 wre not 1tatl1ticallJ •lanlflcant. 

APPLICOLI STAIIDOl>S Alm UCOIIIIDDID LKVKLS 

Prior to June 22, 1984, th• Occupational Safety and Health Adalnlstratioo 
COIIIA) Peral11lble lapo1ure Ll•lt {PIL) for ITO wa1 50 ppe a1 a !VA 
co11centratlon for an 8-bour workihlft . 21 OSHA ••tablhhed a new PIL of l 
ppe •• an 1-bour tvA on Au1u1t 2~. 1914 . 22 In addition, aa "action level" 
of 0 . 5 ppa as aa I-hour tvA wa• e1tabll1hed CbJ OSHA) a• the level abo•• 
wblcb eaploJ•r• 81llt lnltlat• periodic eaplor•• expo1ur• aonltorln1 and 
.. dtcal 1urvelllance . Tb• lnvlronaental h'otectlon qencJ (IPA) 1us,ported 
th• OSHA PIL of 1 ppe in the federal l•1i1t1r (June 22, 1984) . 23 

In 1977, •IOSR recoaaended a cellln1 level of 7S ppe a• deteralned durin& a 
15 alnate saapling perlod.6 TIils level, however, was ,et prior to the 
recognition of the carclno1enlc poteoUal of ITO. Ba,ed on recent fiodin11, 
•tOSH rec«-elldl that ITO exposure, not eaceed 5 ppe for a aalriaua of 10 
ainute, per day and tbat exposure• be controlled to le•• than 0 . 1 ppe 
deteTained •• an 8- bour !VA <•IOSH Polley Stat ... nt, July 20, 1983) . The 
Aaerlcan Conference of Oovernaental Industrial Hygient,t, (ACGIH) recoaaenda 
a Tllrethold Li•it Value (TLV) of 10 ppa for an 8- bour !VA based on data 
available prior to 1982 . 241 However, ln 1912, th• ACGIH iuued a notice of 
intended chan1• in wbicb it va1 propo1ed that then,~ concentration be 
lowered to 1 ppe. Thia recoaaendatlon was reviewed and adopted in 19841 . 
ACGIH ha• also de1lgnated ITO as an A2 carclnogen.241 An A2 carcinogen is 
defined as an lndu1trlal substance 1u1pected of having carcinogenic 
potential for aan . Thlt de1i1nation i1 baaed on either (1) lialted 
epld .. lolo1ic evidence, esclu•lve of clinical report• of 1ingle ca•••· or 
(2) deaon,tratlon of carcinogene1i1 ln one or aore anlaal specie• by 
appropriate .. thods . 

COlfCLUSIOIIS AJfD RKC0191DDATIONS 

Personnel record• wre adequate to deteralne wbo was exposed based on job 
categorios . There i• a que1tion of ,oee ai11ln1 per,onnel record• for 
teralnated eaploJ••• la the late 1970's, but it .. , be po11ible to identifJ 
tb• ezpo1ed ln th••• year• bJ finding the aiating record• or bJ ualng an 
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alternative 1ource 1ucb a,, payroll record,, lnt•rnal li1t1 of eapo1ed, or 
data 1ubllitted to th• SSA. 

Spar•• industrial hygiene data does ezht, therefore lt aay be possible to 
construct an ezposure aatriz for tbi1 facility . ITO ha1 not been uaed at 
thh facilitJ 1lnce 1982, therefore, tb•re ar• no future industrial hY&iene 
1urve11 planned at tbi I plant a, pa.rt of thi, rro 1t.udJ . 

Ba1ed on th• finding, of tbi1 report, this plant ... t, aost eligibility 
requlr ... nt1 a, defined bJ the protocol and 1bould be tentatively included 
ln the 1tudy pending further lnve1tigetlon of ai11in1 personnel r•cords . 
Th••• requir-nt1 are: l) the plant ••t contribute at least 400 per1on 
years, 2) the plant •st have adequat• per1onnal records or other record• 
that can be u1ed for id•ntlfying pa1t and preaant worker, azpoaed to ETO, 
and 3) tbA plant aust n~t have any sarlou1 confounding ezposur• to a lcnown 
leukellogen . There h ,oae probl- at thh plant with aisslng record• 
(eligibility requir ... nt •2>, but use of altarnat• data 1ource1 aay aake 
possible the reconstruction of the cohort . 

AIISCO baa 18 regional offices, 1taffed bJ 1arvtce repre1antative1, located 
throughout the countrJ . It bas bean daterained that th• eztent of ••posure 
of tb••• ••rvice repr•••ntatlve to rto warrant• their inclusion in the 
1tudJ . It cannot be detanainad aa Jet, the nuaber of per1on- 1aars th••• 
individual, will contribute . 
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STIIILIZQ 

I.I ft3 

30.0 ft3 

1 • drain. 
2 ... drain. 
3 • front. 
6 • front. 
s .., side. 

'fQU I 

PIAl ITO COIICDTIATIOIIS+ 
AJISRICAJf S'RIILIZ&I COIIPAIIY - 1911 

UII, PIJIWSYLVAlflA 

S.A11PL1JIG 1ST PULSI 21fD PULSI 
SJTJ* <PPB> <PPJI> 

1 35 10 
2 7SO 20 
3 •s 10 

• 30 10 
s 20 10 
6 10 10 
1 
8 

l •o 15 
'l 750 75 
3 30 10 

• 35 1S 
5 20 10 
6 20 10 
7 

8 

breathing z.on• 6 .. lid•. floor 
floor 7 • directlr in 
breathing zone open door 
floor 8 • 1-2 feet in 

breathing zone open door 

DOOR 
OPD' (PPII) 

350 
•o 

6SO 
125 

front of 

front of 

• All 1aaple• 1Mre collected by the coapanJ with• Willts-llir'an 101, • direct 
reading instn111ent . 
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mlJWZQ 

•.• ft3 

TULi lI 

"WOISI CASI" ftO COIICIIITIATIOIIS+o 
8 HOVI TDI' VIICll'flD &YUACI 

AIIDICAII STDILllD COIIPAll'f - 1982 
Dll, PDIIS!LVAIIU 

UIIPLIIIC ILffA'fIOII 
fJD • <C••t> 

l 3.3 
s 

2 3.3 
s 

3 3.3 
5 

2 3.3 

•1 • 2 feet in front of •t•rilizer. 
2 • Nldpoiat bet .. en 2 •terili&•r•. 
3 • l foot behind at.eriltser. 

?VA 8 HOUR 

.Je•> 
.9 
.9 

. 1 

.07 

.2S 

.4 

• 7 

+ ill •eapl•• .. re collected by the coapaay ~• th II Wilks-Ill ran 101, a direct 
reading inatruaent.. 

o Vor•• c••• • ••veral aterili&era eshau,ted aiaultaneoualy. 
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DIP 

1956-60 

196S 

1961 

Pre,ent 

TAILS III 

DIPI•ITIOII or WIUIS DPOSKD TO no 
AIIUICQ STUILIZD CONPAIIY ••t•, PDIISTLYUU 

191S 

JQI PRUJIPr 

Orlader roundrJ 

Teeter re,t 
u1eabler A11NblJ 

As•eabler A11eablJ lg . 
•••eablJ ... 

Pln•l Alt.abler u,-blJ 

Tester Testing 
Alteabler Pinal A••-bly ... 
A11eabler rinal A,,..,1, lg . 
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DffAIIIIDT 
IYRQ 

640 

619 
6S9 

672 
673 

6S9 

3019 
3072 
3073 




