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PREFACE 


The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 

investigations of possible health hazards in the workplace. These . 

investigations are conducted under the -authority. of Section 20(a)(6) of the 

Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a}(6) which . ,.

authorizes the Secretary of Health and Human Services, following a written . 

request from any employer .or authorized representative of employees, to 

determine whether· any substance nqrmally found in the place of employment has 

potentially toxic effec~s in such concentrations ·as used or found. 

. 
The Hazard Evaluations 

' 

an~ Technical Assistance Branch also provides, upon . 
request, medical, nursing, and industrial hygiene technical and consultative 
assistance (TA) to Federal, state, and local agencies; labor; industry and 
other groups or individuals to control. occupational health hazards and to 
prevent related trauma and disease. 

....~ 

'.• 

• ' 
~ ,• 

Mention· of company names or products does not constitute endorsement by the . 
National Institute for Occupationa·l Safety and Health. 
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I. SUMMARY 

On ..September 24, 1980, the N.a.tional Institute for Occupational Safety an·d 
Heal th (NIOSH} w~s requested to tn·vesti gate ·a p~issible .excess of deaths 
from brain cancer . among former emp1oyees ·at the .Delco Electr9nics ·Division .·: 

· of Genera1 Motors (SIC . 3662} ~ Milwaukee, Wi scon·st n.· Concern was 
, . 

a ho 
.expressed about . the potential effect$ of w.orkplace exposure to · · : · _ 
. trichloroethylene, beryllium, and balancing fluid (a haloge·nated · aroma:tic 
·hydrocarbon) in the Avi_onics Section of the ·plant • .·· 

.. ,, ..:t• 

To -determine whether· mort~lity fr.om brain : ~an·cer was i 'ncre'ased. relative to .. · 
, '. :,_

other causes ·of death, a proport1onate mortality ratio (PMR) study, a 
.._proportionate cancer mo.rta11_ty ra~io . (PCMR) · study and a · case. control study. · 

were conducted using fnformatio11 obt~ined .through the ."company death_ 
•' 

"!.'• 

·benefits program. The study participants . for whom de_ath infor~tion was 
available included only active workers, terminated ~mp1oyees who . h~d 
work~d 10 ye_ars, and di sa b1ed .workers·. · · · .· _ ··: · :· · · .... '.."l-,: 

· P~oportionate cancer mortality·from bra·f~ ·cancer was ·found to . be 
approximately 2 :times (11 observed vs. 5.63- expect~d) .that which would be 
expected to occur in ttie ·United States general population~ . This result 
was statistically sfgnificant .among .-male · hourly workers, and elevated but _ 
not statistically significant amo~g male salaried employees and among· 
females • .When the jobs of the workers with brain cancer were ex~mine.d in 
a case con.trol study, elevated ri.sk~ for brain ·cancer were foun~ among 
workers ever ·engaged in· machining ~per~tio_ns, .maintenance or general . 
office work relative to all other job categories. ·1n this study, we were 
not able to identify a particular exposure· which was associated w'ith the 

· excesses. 

Based on· the in4ustrial hygi~ne e~aluatipn .ind e~idemiologi. udies, it 
is concluded: _1) Current exp9sures tot ichloroethylen eryllium and : 
balancing fluid are limited and have been wit 1n e applicable OSHA 
Standards. 2) Among the _504. deaths studied~ _there was a .2-f~ld· increase · · 
in ·the proportionate cancer mQrta.1.ity (PGMR) from brain cancer .(11 ·. 

s;6 
• 1 -

' .. 
~ 

observed vs. expe~ted)~ .·Mor~ . of these _individuals _worke~ :in the 
machining and maintenance operations and as ·general office workers than t 

.. .;, 

th~se who die~ from other caus~s. 3) We do not have .~no~gh evid~nce to 
conclude that there is a hazarq at this plant• . The twofol~ excess .of . 
brain . cancer may . be a real effect of exposure in this plant• .. However, -no 
substances identified at -the plant ha·ve been associated with brain tumors . ., 
and no exposur·e was identified as C01]11110n to office workers, and. also to . , 

machinists and maintenance workers. Addi ti anally,. th~ PCMR analysis ~as 
. limitations ~hfch should be recognized, and the numbers in the case 

co~trol study are ·sma11.; · · 

It is recommended that NIOSH should be ·notified if additional cases of 
brain cancer . are observed at this plant. 

KEYWORDS: _SIC 3662 (Radio and Television Transmitting, Signaling, and 
'
Detection Equipment and Apparatus}, BRAI'N CANCER, PROPORTIONATE CANCER ' 

MORTALI TY , ·eERY LL I UM, TR I CH LOROETHY LENE • . . 
. _': t;:·.~1::·:\ ·; · ~-... , i.··\ ,, : • .·:; 
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. II. INTRODUCTION . ...• . ,• 
' .. 

On September 24, 1~80, ~he National ·Institute for Occupational ~afety and. 
Health (NIOSH) received a confidential requ~st for a Health Hazard .. 
Evaluation at the Delco Electronics Division of General Motors (SIC 3662)", 

,, Milwauk·ee, Wisconsin to investigate a possible excess of _deaths from braJn ... . 
· cancer among former employees. The request ·stated- that 16 employees had · . · 

died of brain tumors since the opening o_f the ·plant.. Concern was ~lso .. · 
exp_ressed ·about the pote·ntial effects of workplace e·xposure to -~eryllium, 
trichloroethylene. and to a balancing fluid (the components of which are . :: 

halogenated aromatic hydrocarbons). ··· · ·. : · . · 
' : • • • • • I •• • • . ) : • : • • 

·. :" An ·initial . survey was conducted at· Delco on November ·19·, · 1gso. ···by ·two 
NIOSH_representative~; an epjdemioTogi-st: an:d. an ·industrial hygienist. The 
survey began with an opening con.ference with management and labor 
representatives followed by a .walk-through of the HHE request area ·-· . 
Building lA or Av.ionics; The industrial. hygienist evaluated ·the processes 
and _r_evi~wed _the ·plant hi.story anq past envi_"roninerital _evalua~iofrs ~ith the· 
plant Safety Director,·:UAW Health ·a_nd Safety Represen·tative, and the. Delco 
industrial hygienist. The epidemiologist evaluated _the suitability ·of the 
personnel. benefits, and medical record5 for use in epidemiologic studies 
that might be confidential and al°so- reviewe_c( with the GM Corporate and -
Delco °Electronics- Division ·Medical Officers death certificates and work 
hi s·tories of ~.mployees whose names were . submi.ttecl to :NIOSH by th~­ . 

· requestor. · . , : . ·..·· .. · _. . ./.' : . . . ·. . .:. 
-~-~-· . . ~ . :t . •;:.. 

- ... 
On November 20, 1980, a visit was made. to .the ·' area .OSHA office ·and files .... 

pertaining to past OSHA ­inspections at Delc? ·were ~eviewed • 
. :.. ·. • • ,. 

-f , 
Inquiry was. made into the loca.tion·s ·and availability of past environmen.ta1 · · .. ~; 

· sampling records and past process de·scriptions ·and job title associations • r· 

in Avionics. · · · · · · 
..· .· .:. . .. _. J 

. .. ·..t 
Two interim .r(eports were released by NlOSH }n ~ali.uary 19.82 Cl) ·and .in · .. 
August ·l982. 2J These reports described . the. NIOSH evaluation of the .. ,. -·~· 
.reported cases of brain cancer, · ~he prelJr,1i_nary_results of the ·NIOSH.. ··.j; 

: .:·;;. 
industrial_ hygien,e eval~ation, and the · prelJminary _finding~ of__the -· - . .:·....-< 

..:. 

proportionate morta1i ty ratio (PMR) and proportionate c·ancer morta1i ty ·. · : '• 
•) 

. · __ratio (PCMR) studies . .This final .report contains the .fina-1 results of the . 
. NIOSH PMR and PCMR ' studies and of the NIOSH:_case-control i.nvestigation of ·.. 

... 
.·. brain cancer among emP.loyee.s of t .his Delco ~lectronics :plant._ · '· 

. .... . . 
• ..' .·. ..·. ~­•• .·· j - • 
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. I-II. BACKGROUND . 

A. ' Facility -~nd Wo~_kforce : : ·,. · · ··· 	 . 

,.. Delco 
0 

El;ctron.ics···has· occupied :its :present Oak Creek fa·cn ity, ·a 
· concrete b_lock and· steel single story building :since it was built 

1n 1958.· Prior to. 1958- the operations .had been located in 
·· · downtown Milwaukee ·and were known ·.as AC Spark. The . openin·g of the 
·. Oak .Creek facility coincide~ with work performed for t~e Apollo 

Space..Program and was accompanied by a precipitous .increase in . 
employment to a peak of-8800 employees in 1968. · 

:..... • • . .: .. =: . . • -•; · .... : ,• 


Termination of the _Apollo prog~am -resulted in a reduction in . 

•.· 	 '· employment to eoo employees ._in 1973~74. remaining fairly constant 

until the late 70.' s when large portions of the facility were taken 
over for production of automotiv<f par~s.• .... 

•
·....:--
... 
· 

· ·The :entire co~plex·.was i·n.iti~;·,y inv~l~-~d ;·~ -~he -~pace p~ograin bu.t 
-.. · during the . initial inve~tigation the area d~dicated to Avionics 

occupied only th~ original portion of the plant built· in ·19sa. . 
.. 

>

Facilities in other par~s of the plant formerly used for Avionics 
had been removed to accomodate · automotive production • . ·The size 

. · · and lo.cation of. Avionjcs has ·been relatively unchanged since 1973.
1 

, . . At the time· of ihe initiai ·;~nv~stigation approximately 2700 . 
.indi.viduals were· employed at the .facility with about 700 employed 
in Avionics. The estimated ·number of ·individuals who had ever 
work~d during the period 1950-1980 is 25,000. : ·~. , : .... 

B. Product 	 .. . · : .. , 

. . . . .. .. ·. . 
Delco Electronics manufactures ·precision..:inertial na.vigation systems 
{INS) for use by the aerospace ·~nd aviation industry. All parts used ·· 

·in the assembly of the INS a·re·· iiow purchased .from outside contrac.tors 
._-and assembled (with minor modifications where· necessary) at the Oak ;.-;

Creek facility. About one third of the Av.ionics· area . is· occupied by · ···~·.~
.

.. 

."clean rooms" where the navigation units of the system (specifically ·~·

the gyros and ac·celerometers) are assembled. The gyr·os are made of ·-:· 

pure beryllium metal • . · ·. . · :. . . . .. . · . · . · · ·.: , .1 
>:.· 

. . . ·~ . 

.. . 
·.·:­

.. 
·­
... 

. .' . ·~: .··.. . ..: .• : 

­
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C.­ Process Description 

- Parts coming ·in from suppliers · used in ~he pr~duction of gyros are 
first brought to the 'beryllium machining -and .reclamation area ·for 
inspe_ction. :Here deburring, cleaning·, and minor m<?d.ifications on _ 
beryllium parts are made before. they enter the clean rooms . Assembly · · 
of gyros and accelerometers takes place in the environmentally .· 
controlled~lean r9oms \ld'th the _majority of assembly performed inside . . 

' 
laminar flow hoods, sbme with ~tereoscopic microscopes. - Oe~rea~ing is ·' 

done using Freon in sin~ll vapor degreaser.s (mo$t holding 1 liter or . 
l~ss) and rough b~lancing 6f the gyros 1$ done in a small .open bench · . 

. top container (about 2 liter capacity) • . ·. Fi_ne balancing i.s done in a 
.dummy housing. The gyros are then placed· in the finished housing, '',{.. 

. which is filled· with ·a flotation fluid having the same ·dens_ity as the 
gyro and is hermeti cally seale.d.: · Final fjlling and sealing is done at _. 
_an ·automatic ·f.ill station. The balancing .fluid used on the bench top · 

.. ·is a proprietary mixture of halogenated aromatic hydrocarbons. The _ 
memory ·-area .is where minute .ferrite discs are ha-nd strung together and 

· -various comp_u.ter components are assembled~ - · A small amount of · 
..•soldering .is done here. The ·- stringing itself is don.e with the aid ·of ·.• 

stereoscopic microscopes. : ·· '. ·.­ ·· - ·· · . ··· · · · 
. . ,· 

Finished :components .fr.om the _clean rooms · and memory area .are ·assembled · . 
into ·the completed n·avigatior., uriit (containing the gyros accelometer,· . . 
and digital computer with memory) in the f.inal assembly area. ·Here ·.. 
the control /di splay unit, · mode·· selector unit, and battery unit·are 
added. The complete_d navigation, uni~ is _then tested and calibrated . 

.The final stage of ·1: 
production is . the te~tf~~ of the· gyros and· .· . 1: 

accelerometer using a prec_isi_on · geodetic reference ·which is located on · . .. .,. 
· the ·plant premises . All INS testing is done with .an array of 

computerized systems _sim~lating normal operating .conditions. The 
.. 

.. : _·response of the unit _is checke~ against t~e e.xpect~d respo~se ~ . .•. 
• , . . . . .· .,.. . :.·.-. ..• . . 

D. ·current Environmental · Controls -- ·_:_ .. · ·.:.: -­ .·­·- .­ .­ - · · - ·. - ·'" 
,· · 

•• • • . • . ~ •.. .: ~ : ~ .; •• - •• ... ~~; . .. • : . . :·••· :,:­ ..... ..• !· .. : ~= . .. •. . 

Beryllium machining and reclamation area:· .: (ocal exhaust hoods .a r e . 
, located ­at ·all hand tool work stations. Slot· hoods are located over­
. ·.:small acid vats :and ·lids on ·vats are ir(place. ·_ This .area is unde.r · 

r:,egative pressure, and workers_..are_required to participate fn medical .. .. --.~·; 
su_rveil lance programs- and have .-_beryllium clea~a~ce. ·_ · : 

:. 

:;f 
. •,• 

;_-. 
·.... . ' . . ' 

._.: .· i:. . . "'~ . 

. . : 

. . 
- - ---- ----··- --·--·--- ·-·- - · - ·- ----·-· ... ··- ·~4· ~~~ 

... 
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.· Clean rooms·: Slowdown· chamber .a:nd boot cleane·rs are· located at the 
entrance to the ar~a • . · Shoe cover_s, coveralls~ and head covers are ..·; 
.donned by employees in the break area. Employees wear virgin··rubber 

_ fing~r cots or nylon mesh gloves with .special palms when.handling 
parts. "Laminar flow hoods have. "absolute" _filters, with the air taken 
in at floor. .level and sent out _through the ~ood. Vapor degreasers and 
minivats (small refrigeration units· which are placed on top of 1000 ml 
beakers in which Freon ·;s heated) are· used for degreasing. · All items · 
en.tering and exiting: clean rooms must pass through the "mud room", 

· :..	which interfaces the clean rooms with ·the rest of the plant. Clean · · 
rooms are interconnected and under positive pressure as well as being 
controlled· for _humidity and temperature • . Tolerance for parts · .· ·. 
a·ssembled ·in this area are on the order of millionths of an inch. , ..·. ··., 
:Memory area: Soldering stations have small local exhaust slot hoods ··· ~. 

· · by the so·lder pots• .· Several paint booths ·with exhaust·are used for . ·, 

· . quality control inspections • . Several .vapor. degr~a·se_r~ w.ere present in 
· ·the area • .··: .. ; . . ·... .:-. / >\·t<· 0 •· • .-:·=· J: '· · 

Final a·ssemb.ly ·~nd· testing are-~s:·: No..environinenta·1· co~trol s other 
than for .he~ting and . cooling are r_equir~d. · .· 

.Miscel laneou~: . A m~chine ~ho~··a~ja~e·n~ ·to. (but s~par~-t~ ·. fro~) the .·. ;< 
~. 

beryllium· machining and recJatnation area .is used _for workfog on . 
. 

:."
:*.,·

f. 
· ·ferrite bla.nks (a ·materiai_capa~le of holding a magnetic field) to ·:,. 

- .machine ferrites used in the navigation units. lo~al exh~ust is· . ~· 
present on the larg_er: equipment used in ·this shop.· · · . : ·, 

i11 eating,· drinking, a~ci'sm~id~~ ·i -~ r~stri~t~~ ~~-: break'·a~eas outside 
of the asse!llbly areas (including clean ·rooms). -. ·, .: .. ~-

IV. t1ETH00S 	 . .. 	. .. ·;
: .. 

. . 
.·. . ·~ . ·-.~ 

:-	 ,· - . 
' 
.. .. . . :.· 

A. · Epidemiolog'ic Studies · ·· . . ~· . .. 	 :. s 
. .· . 

l'. Proportionate Mortality Ratio (PMR) and ~r~porti.onate Cancer 
Mortality Rati_o ( ~CMR) StuQfes: · ··. ·: · '~· .. -	 . :· ~·

·, 

. 	 .. ·. .~
.. •,{

To determine whether excess cause-specific mortality (particularly 
brain :cancer) existed, NIOSH conducted PMR and PCMR .studfes ' 
utilizing cause·s of death taken from dea,th cer;tificates . 	 . .. : . 

.. l 
•. 

. . ... -·. ~ .. 

.'· 

··: 

..•· i .' :, , . 


· ·~ ·~ .·.... ' l11•~;. : ;./ • • •• • ••: ,.1:.... • ; .... •, 
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·	collected through the company dea.~h benefits program. This 
program ·is open to all active employees of Delco Electronics -on a 
vo-1untary bases. ·- According . to company officials, appr.9ximately 
99% of_the tota1. activ~ work.force ·su_bscribes to the p_rogram •. · In 
addition, all pension. (vested with 10 _years employment) and . . 
disability benefit recipients receive ·the coverage under ·th~ir 
benefits plan • .. Therefore, · it is presumed .that almost all deaths 
occurring between 1950. and _1980 among. ·active, pensioned a~d _, 

disabled -employee.s were kno"'n .·to· the company and' were"_included in , .·-.:

the study. However, deaths of non-ve·sted former employees ·· · · 	
_, 
., 

. . (employed less than 10 years) ·who died subsequent to termination 

. were not known to the company, _and~ · therefore, were . not included 
,, 	 fo the NIOSH ·studi'es. .: ·-:. ·· · ·.. ·: ,. ·. · ·:.< ...-·· . ,. .··· · · 

.. . . . •: .•. - _.\... 
' .. .. ·. ·. . ' ";: . . 

. · . ' 
.. .· ~.

...... 
Information used i_n the PMR a~d PCMR :· studies includfog ..name, · 
social security number, cause of death and dates q'f birth and 
death were abstracted frqm death cert.i fi ca tes and computeri zed. ·_:.t·........ . ...
All death certificates ·were .coded by a nosologist. for ·cause of .-.· · :::i
d~ath according to the revision · of the International · · .·. · 	 ::1.:.::

•,.,.

Classification or Diseases ·in effect..at the time of ·death. • :.::,:;
.. ·· :f 

.Finally, an indication each person°~ .pay status (hourly or 

salaried) at their time of death was coded. ·. . .·.;.


• ••• •""I'; 
•.. 

.·.....Calculation ·of PMRs was carri~d :o~~i{y ··fi.rs1( ·~~·~;ufJng : ~h~ . 	 + 
.. ..-~;: 

.·.. · ·· expected number of deaths ·· for each five-year ·age and calendar 
period. This was accomplished by multiplying t~e age~ sex and 
cause-specific proportionate · morta1i ty of the United Sta·t~s 
general population by the to-tal number of workers in' the .study 
wtthin ·each age, sex, and ~alendar period group,· ~nd then summing 
over all .groups •.·. Cause-sp·ecific PMR 0 s were_ calculat~d by dividing --J 
the actual number of d~aths by the expe~ted numb~r of deaths and . ·: ..~ 
multiplying by . lOO. Proportionate cancer mortaJity ratios (PCMR) 
were ·similarly ·computed using the age . a~d calendar per1od specific . 
proportionate ·cancer mortali~y of the ·United States· white male and .... · 
female populations for comp·artson. Differences in observed and . ( 

;. 	 expected numbers of .death ·were tested _fo~ ·."sta.tistical sigQificance ·.. .-· · ' / ·; 
·. :.;,..,,. ..~ 

using a 2-ta i led 95% -conf1dence limit-assuming a. Poisson· · · · · -.·. ~

distribution. · ·.:., -,· ·..'· · · .. : .. 
.·..... . . . 

. ·~ :.... '. \

:. . ' -: : . . ··.: . .. ' ~: ... ' .. ·. ; . . ' ... . . . • • ~ ; • • ,.>#,. 

: : ' . 

. ,. .. ··:·. ..; .. . 
: 	 : • • ' " l 
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: . , ' • 

·.. .. 
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2. Case-Control Study of Brain Cancer. Death~: 

To determine w~ether -specific jobs we:~--a~·soci~-t~-~ wi.th\he: .· . 
development of brain 	cancer, a case control study was ·con.ducted. 
Cases and controls were ·selected from the ·same study pop·u1ation 

· used i~ .the proportionate studies. · The case series -consi~ted of 
· 11 individuals (9 males and 2 .females} whose cause of death as 
·indicated on the death ·certificate ·was malignant neoplasm of the •, 

. :. 
brain. .· · ·· · · 

.For ·each case, four 	controls· were· chosen for whom the cause of 
·, 	 de.atti indicated on· the death certificate was not ·cancer or benign 

neop,.asm of the ·brain : Potential. controls were ·r~n·ked according :~tp how closely they matched a case by age and by year -first 	 ..
. ' 

employed at the plant. The· four ~ontr_ol s who .best match~d. a case ·­·.:: 

· were selected. Once ·selected as a control, an ·individual was not 
·.. _. eligible for further selection. ·. ControJs must have been the same · 

·· sex as the case ·and must have died subsequent to the · case. · A 
total of ·44 controls was selected. ·· · 

\ . ·:~. 
. . 

. To obtain a measure ·of length of employment and· a complete ·account · .. of all jobs he,-d· by the cases and controls, the beginning and 	 ... 
--:­

· 'ending dates of·each joli and the related job titles were·. . 	 •.....
. .....:-: abstracted from work-.hi story records·. . A tota1 of 125 different 

job titles ·appeared on the work records of the case·s and 
con.trols. With the :he1p of. the company, we combined the titles 
into 27 . job categories .by grouping related job_. titles. 

. . ,. ·.. :, . 

··'-· 
Odds ratios ·were calcufated for each job cate.gory. where at least · .. ,':,' 

three- case$ worked. 	 Th.e Mantel-Haenszel procedure for matched 
. analysisC3) was used, and ··ninety-five percent· confidence · 

intervals were calculated u_sirig the test-based .inethod to evaluate ··.?'. 

variation in the point esti'11'ate. ,,.• . . . 
. .. 

. .... ,• 

. , 

B. · Industrial Hygiene . . ,· : ·... : . :. ·..

No industrial ·hygiene evaluation was undertaken; ·9ther -than for the 
walk-through· and· historical review. Conditions in the workplace had 
undergone· consfderable ·change over ·the hi.story of ' the process, making 

. any direct comparison of· pres~nt conditiQns to those ·of the .past 
questionabie • . Historic~l dat~ has been .-summarize~ in the _Re~ults 
section and was initially presented in Interim Report No. l~.ll~: . 

• '1' 

. t 

.. ~: .. ~·.. :· . 
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. :', . . 
· V. · RESULTS 

·: •..:;: 

A. Epidemiologic .Studies 

Proportionate Mo~tality . Ratio. . . . Analysis: . · . 

. .. · . 	 For the period 1950-1980, a total.of 508 employee deaths were ·. 
identified from the ·company .death benefits .files. Five hun~red · 

..	 . ..• ··i·. . · : : ·. ·and four deaths occurred .among w~ite· .employees, of which 412 were 
· 	 males and 92 were females. One hundred seventy-seven males and .13 

females were cla.ssified as salaried employees at the time ·of death 
and 235 males-and ·79 females .were classified as hourly ~mployee·s. 
The average a·ge at ·death was 58 year.sand 53.. years for males and 
females, respectively. ·· The c(istribution of deaths by year and age 
of death for · the study population. . is illustrated in Table 1. . . . 	 ..··.~· ~ 

. .Four · deaths were ·observed _among black employees,. but ·.due to the .. . -···· ·- ···-~ - · 
small . number of ·deaths, they were .later excJuded :from the .·~

:· .. analysis .-: ·~o brain cancer deaths occurred a~ong ~h~se e_mployees. .~
'·~ 

. ·:: . .. .· -~ 
The analy$is of .the proportionat~ mortality ratio ' (PM.R) study ,.·

indicated that there were .eJevations ·. in .two categories of 	 ..,...' 
· · nonmalignant deaths·. but they were· not statistically significant. 

. 

Among males, · elevations were noted for disorders of the c;entral . 
nervous system (31 observed vs • .23,04 ·expected). This outcome was •' 
decreased among females (2 observed ·vs~ 6.97 ·expected). ·HQmicides .:~ 


and suicides wer·e elevated among hourly male ·employees (l2 . 

~b~erved vs. 7.95 e·xpected) and females (5 observed vs. i.11 

expected). 'This . cause of death was ·decreased ·among .salaried male 


· workers (1 observed . vs. 7.38 expected).. T~e results of ·the· PMR 

analyses are ·presented in Tables 2 and· 3. Elevations were also 

present for several types o'f cancer. · Since these are more · -~ ., 


appropriately analyzed by proportionate cancer mortali~y ratio, . ·.·--:
.'

the results are presented in the ne,?Ct section . ·., . 

2. Proportionate ·C~ncer Mortality Ratio 

A statisticaily significa.nt..increase in. d·eath from .br~in cancer 
was. found among male hourly ·e·mployees (5 o~served vs~·1~·94 . 
expected).~ Nonsignificant increases in brain ca'rlcer were observed 
am'ong male salari.ed employees (if observed vs. 2.44 expected) and · .. .... 

· . among female employees (2 .obse_rved vs. 1.·25 expected). _': These. 
~ 

results are pre.sented i~ Tables 4 and s. · . ·. , .: ·. 
. .... 
... .... 

·.· 
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A statistically· sign.ificant increase ·in stomach c·ancer was 
observed for female employees (Table 5), ·and nonsignfficant . 
elevations were '. als<>" .noted for seve·ral other types of can_c.er among 
male and female employees (Tables ~ and 5). ·.- . · ·. · 

. - - . .. 

.. 
~ .~. 

. 
3_; · Case·-control .Analysis: :. 	 . .

. . . 
,, . 

This analysis was conducted to dete·rmfne whether _par.ti cular jobs. . 
:~r.:.

.-. 
:. 

or exposur.es wer.e .associated with the. cases of brain cancer, of 
which 9 were . male an~ _2 ·were female • . With the exception of 2 · 
cases~ -all were ·~onfirmed _through either autopsy or tissue · 
pathology ··(Table 6)~ - The distribution by cell type included 6 · 

. cases of glioblastoma multiforme · cs males,·- 1 female), one case 
·_·. each of neurilemmoma·, astrocytoma· a·nd pinealoma, a_nd-.t_wo of 
. unknown .cell typ~. · -· · ·· .. .. •· . Z.:. 

•, ' . 	 . 

·. ·:' Cases ·and controi$ ··were comparabl.e in !flOSt ·demJgraphi.c :. ·...::. . . :.: . . . ::,.:::, 

. ." °Characte·ristic~ (T~ble 7)·. · For both ·groups, the ·mean ye~r ·of ·.~-tr 
birth was 1917, the average age at hire was 36·,' and the mean 
length of employment at Delco Electronics· was 14 years~. · . - ._· . ···. -· :. 

.. . ·' 

Although the 11 ca-ses and 44 controls worked in 27 job categories, -. ::_ 
there ~ere only 3 _job categori·es in which 3 or. more cases· worked: .
machining oper.ations, maintenance ~and general . office ~.· The .odds .-....~ 

rati-o (OR)~ an estimated risk of dyin·g from brain cancer~ was · 
.· 	 calculated only "fo·r these .three job· c~tego_ries, since an ·analysis 

with. less ·than 3 cases would be meaningless• .The. odds' ratio was · 
. elevatE!d for machinfsts (OR=l.4), maintenance workers (OR'=3.0) and 

..
..-~ f 

general office p~rsonnel (OR=3.0) (Table 8) • .These increases, · . 
ho~ever, were not statistic~lly ~ignificant. 

B. Ind~strial ' Hygiene Summary ' , :: L • • ',, •

The· use of solven.ts is limited and the quantitie's required at any ·one 
time was small •. Working of beryllium me,tal was also ex~remely·: . 

·1imited. The process is largely that of precision a~se~bly and ·· · 
: computerized testing. · · · : - .. -· .· · ·.: : ·. 

:' . • •• • t 

.,?. 
' ',!: : . 

.-· ':.· . 	 -. - .. .
. ·-· ,,

. . 
· ·:.·· 	 . 	 ·..:. .... - ... 

' 	·­
, ':,' 

. . .. . . ' . 

' 
-· 

,, 
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• 'I• 

\ .: -~... .- . 
~ .... .,i • 	 . .·,:·;.,·. ~ ,.·..;.. 	 .: ·: 

http:solven.ts
http:exposur.es
http:can_c.er


-~· 
~· . 

., 
,. 

,_ 
. .

~: . Page 10 - ~azard Evaluation and Techni~al _A~sistanc~ Report no~ ~0~250 
..­

· The employmen_t and p~ocess·_history 9f. the plant. js quite var"ied, on 
:site processing of beryllium and the manufacture of component . parts 
reportedly being discontinued and contracted out with the demise of 

· · the Apollo program and. decline in Del~o~s production needs. · Current 
production is about 95 completed units per- ·month.· Extensive · . 
environmental monitoring was reported during the 1960°s but' ha:5 
declined with the elimination of an ~n;..sit~ industrial hygienist and r,,• 

reduction 
' 

in. production 
' . 

• .. :'· ·.· :~--- :-.~.' _.·;_ ..
. . 

>
~ - . 
·..-: ,.• ' ·,

.. . ~ . 

A 
' 

review of th·e ·osHA files gofog back to 1973 did ·· not 1ndicate .any 
exposures to berylliumor ·solvents in ·excess of applicable OSHA 
standards. All but one of the values for beryllium were below the·· 
1imi ts of detection ·of the analyti ca1 ·me.thods. · 

Potential workplace exposures ·duri~g th°f~ .-inves:ti~ation 1ncl~d~d . '} 

·beryllium deburred from gyroscopes, freon and trichloroethylen·e .used 
in degreasi-ng operations and ·halogenated aromatic hydrocarbons from .~r 

. the . balancing fluid used in gyroscopic balari.cing operations~·-· 
~ 
, , ~-. ;· 

' • ···~. . : . .. . r ·., • ' 

_........, . . 

... .VI. DISCUSSION ·· ,:..
' ,, 

The r_equest for ·a Health Hazard Evalu·ation .which was sent. .to NIOSH . 
.indicated that '16 employees ·had died from brain tumQrs -since the plant h~d .·... 
opened. ·As described in an--earlier N.IOSH report,ClJ it. was ·con.firmed .... •:. 

that only 2 of these 16 employees actually died from brain malignancies • . . ·.. . ..·'
Clusters of bra in tumors ·have ·been most recently observed in workers .• 

· employed in the · petrochemical and pharmace!,ltical . industries (4-6)'. ihese .-~ 
. . .. ·.~·'.:: 

··workjfs ar~ potentialli '. exposed to ·aromatic .hydrocarbon~, solvents and . : 
ot_~~r by-products of chemi ca1 man ufact_~ri ng ~nd .re fining. 

: ~· .... . . 

None of the products i den ti fied at this 
,• 

pl a!'lt are among the ch~mi ca1s 
which hav~ been demonstrated experimentally in· anjmals· to induce brain 
tumors.CS) The electronic components industry, a·s ·a whole, uses · . · 
considerable amounts o'f solven~s and degrea·sing agents, such .as . •. ':· 
trichloroethylene, m~thy~ene chloride, 1~1~:1-trichloroethan~, t~l .uene,_and -· 

·methyl ethyJ ketone, l 7) none of .whjch have ~een shown .t~ c~us~ .br~in . · 
_cancer in animals. · · .. ..·.: .. ·.. ·. . ·. ,';_ 

There . is no clear ex.planation for the increase in brain·· ca~cer mo~ta.lity 
·~mong general office workers. Other studies of clerical workers di.d _not· • i• .:.·

., ..
.
··:­

... . . 
~ 
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find increased ·mortality or morbidity from malignancies :of the brain and 
centra 1 ner.vous .system. l 9-11) In addition, based on the w_ork : hi story of 
each case classified as a general ~ffice worker in our study, none held 
jobs·as either _machinists .or maintenance workers. Al.though it. is 

· reasonable to conclude that machinists and .maintenance workers could have · 
had .common exposures, we identified no obvious exposure _which would.also 

· be ex_perienced by office .workers • . · . 

Although it mi-ght appear from the results· of this investigation that 
employment in this plant as a mac~inist', maintenance. or general_ office 

:· ~i 

worker may be associated· with an increased risk for brain cancer, we 
cannot conclude definitely whether·_the results' are due ·to .a real exposure 
or to chance: 'The PMR and PCMR analyses are limited :to· comparison · of the 
proportion of brain cancer deaths only to the total known· deaths in the 
study. The exclusion of the unknown deaths among the non-vested, · 

.·. 	 terminated employees might have in:troduced ·some bias in_to the ~tu'dy, . th~ ... . 
magnitude or which depends upon the characteristics .of .those :.·· .: ·. 

· 	excluded.(2. ·Additionally, the .sample size in the case control .study . 
was very smalJ . 

We 	 recommend that these results be used to generate hypotheses that could 
.be 	tested in f~ture epi demio logic -re-sea_rch; · · · 

. .. 	~ \
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Table 1 

,... 

DISTRIBUTION OF STUDY POPULATION 

·BY AGE AND YEAR OF .DEATH . 

:1.1 

.. ·" 

.. 

1950-59 1960-69 1970-79 i980 

LT*40 M 12 29 3 ,. 0 
F 10 3 . : 1 0 

. 32 40-49 M 14 16 2 
F 5 5 7 o. 

50-59 M 18 34 41 2 · 
F 1 15 10 l 

.· . 
60"."69 M 6 36 71 6 

F 0 3 17 3 
...,.' 

,, 
70-79 M 0 10 66 8 

' F 0 0 8 3 
. . . .. , . . .. . ,., -.: . ,. 

GT*SO M 0 l 3 2 
F · O 0 0 : 0 

TOTAL M. 50 l42 .. 200 20 
F 16 26 43 7 

. 
; 

. ·:·. . ' 
:-·~ 

*LT = less than ·. 
GT= greater than 

.. 
,. 

- · ·-···· ·~----- -·-· ·· 



' Tab.le 2 · 
.. ·_: - .: . 	 .. · -·. ... 

~ .·. ' "' 
-: 
.

.· .· 
CAUSE-SPECIFIC PROPORTIONATE MORTALITY RATios (.PMR) . ..~ 

... ·, AMONG WHITE MALE EMPLOYEES· BY PAY -STATUS · . - ... . -·- • 

. ;:.... (1950-1980) . . . ·.. _: : · · ... -.·. .. . -

. . . - .. ..._ •: . :· . ..,,. . . --: . .--:.· - .. ..... ·.:;::...'·.· . . . . . .. ,, _ .. 
• _v ., •· 	 • • -• - • • ... . - - . . ~... 

.-	 . . ~ . .. ; ·. ... ;: ~ .. ~_.: . . . '- } . 
CAUSE ·OF · DEATH . . .. HOURLY · . 	 SAlAR IED · 

' 
. . . 

· ... _. O/E - . ·:' ; .' · . · PMR . · O/E ·. PMR · .

·' . ... ..... - . . - ,, ,. . .. . . '.. 

. ·... Al 1 cause·s .. 	 235/2~5 : ·.··:-.\:._,,... ·:. \~.'. ·. ~- <.:--. i7,7-/l7i <: ), :_· . ·. .. . .. . '. '. -
. ' . 

&0/4a.o/ ..../. i:_, -124· .· .·. ·4ai34.54 ·. ::· 139 ...,.- ·_: All maligriant neoplai~s 

· · Bucca1 cavity .& pharynx 3/1-•.54 . · ,:. .. 194 .· .·. : . 2/1.10 · . _: 182 · ·, .. . . :........

Esophagus · ' - ·1/1.12 · ·. ·.-. . . . 89 · : ,.. 3/0.76 .._. ',:\ .395* 	
:· Stomach . . 2/2·.2f3 ·. · · ·..-. .- ·. as·.·.... -. · .- ··o/L6o · __:.. ·· .' · ·... .;::-·.~:. 

. Colon and rectum · . 6/4.02'•.'. ·. . ·. 149 ·:·· ·.. . 4/4.02 ·- .•, · 100 .· . .. .. ·. · ·-.·· 
'. ·· liver ·and biliary .tract 1/1.13 _88 . _: 2/0.79 · .:253 ." .. · _ ·. 

.. Pancreas . · 6/2.63 ' · 228* . . , , . 0/1.85 . ~--- · , . . · .
Respiratory· System · 15/16.2.9 · -. 92 · ll/1L37 . . - · 9-7 · · :· 
.Geni tourirlary system 7/5.56 - ..: . . 126 '· , · 7j3.94.: .. : 178 .. ,:,· :. ·. . ::'..
.Skin . 210.92'.... ·-21-1 .. - . , 410.19 506* . 
Brain ·. !~i:!t >··:- ·- ~~~*. :. _· :j}:i; .- ·: .. ~--... ~~! ·::, __.. --:..-:Lymphosarcoma, . 

I ~ ' ' '• ~ • • ' • • ~ • • • • • , • 	reti cul osarcoma . ' 

Other lymphatic -· and .· 4/3.40 : · 118 ,.··· 112.-i1 '. . 258 _·· -. _· ... : ·. :· · ... 
hematopoieti~ . . . ' . ~. 

Other 11_la 1_i gnant n~op_l a~ms · 4/6.03 --: . ·. . 66 . · ... .2/3.11 : · . . 64 ·. 

..

Dia.betes Melli-tus 	 4/3.34 ·.· · · .- · .. 120 ·· · ·2)2.·5·/ ...' ..· :·19 · 
Disorders of CNS 	 17/13."96 · ·.;. · 122 .: · .· · · 14/10.08 :_. ·. i39 · ·. ·· · ·_._..
Diseases of . · ··_-·103/102~ ~1 : . 101 · . 83/73_.55 _..-11_3 . . ·..... -_
.· :· Circulatory System. · . . .. -_.: ,:. . . . . . :..:.·. ,_ ·· ;.. · .:_,__ '.::-.: ·.. '-<. -··.: · / ;
Honmalignant Respiratory .. ,. _.. 8/13._20,- :.: ·-;. 61- :. · . ·'8/9.34. _· _._ ,_: 86 . ·: .- ... : - · _-·
·· Diseases · - · ' . - · _.· -·--·" ·-.. · · ·. · :·· .. ·. ·,· ··· ·_..,. . . 

·.:· ·Nephritis · & Kidney _Di;ease .. . ·o/1.97 ·.· -:(:. ·.~.:.- · ··... · ·· ._·. ·. 4/1~59 . :. ,:· 25·1 ::: .. : .. -. :::. 
·· · ,Accidents ·· . ; .< · ·_ ·: · :, ·: :16/18~9(_. ··:-:'- ._: : ·85 ·..-' . ,- · ._ . ·· 8/17.•08-: _:·· ... 47 .. . · .. 

· Homicide and Suicide - · · . . 12/7.95 ·.. J51-:: ··.- -,_.:. · 1/7.38 .· · ·... 14 :- .., .··.. ·., 
Other Causes _: ·.<··-·... ·.: 15/25.32 '.-,.-.,_'·:.~ .. ·-- 59 · ... ..·:: 9/20.91 ··_-':-\ ···,. 43.· -- ·: : ·· . --·.. .. . . . -. . .."' .. 

' ~ . . 	 ., . ·. .. :. ·.... ' ... \ . ·.. . 	 . Note:· .-*P .is less than .0~05··,. . . >7::.-> ..... . · · ·.. ·.. ,..:_ :·_-; -· · · .. ·· .._. ·~;· -- · -- ._:._-';. · -_. 

-.·~ . :. _., ·o/E.: _9bs~rved/.Expected. . · .: ... ~ ::. ·· -~ -:">. · .: _:'..:/ ·._.\:·>:· _~:_.-.-/_.-~ ".: .:· ·,.-:.\\ ·/. ;:- ·....·: ._. , ·-~:... ·. _· 

. -.: ·. -	 . - · ; ~ --·r= 	 .. . . . .. · ·~ · · .. 
... - -· . :.- .._ ·- .~ •• "J..·· · . . - . ·~---:-: ... . . . •, ·.. ... . .... ·:· -.. . . .·. -- ... ~ 

-, , :· _~.. " .. -­ .... . ' •:.. .. ... .; 

' 	 ' .~ •'. 
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-Table 3 ·· 

0 

. . .· CA~S'E-SP~CIF~C .PROPO.RTI.ONA;E .'·~ORTA~I.TY RATI.O$·. tPMR) ·: : ·~. '. : 
AMONG WHITE FEMALE EMPLOYEES .. .·.· 

(1950.;.1980). · .· .· · : . . .. 
• • ••• _:· • • • ~ •• ~ .'.' : • • :- • •• .~ • • 1 • • ••• ~ 

... 

.. ··. ·. . 
· ·· :. ,:."'CAUSE OF DEATH · · · .. 0/E - . .: .· ' PMR 

. . , 

All causes ·· ··. ..... 92/92 . 
... ..·· ... 

•' 

·:.. . ~ :.. .. . . . . ... . . 
;~ . 37/29.52 ,• .·. 124 .. ·,· ·\ .. _: ·. .. ·.All malignant neoplasms (MN) ..' ::' 

· Stomach · · .. · : · ,,· 

0 

4/0.79 . · · 506* ·, · .· . :•. 

 . ·: :~, ... 3/3 46 . . . . · .: ·:. 87" :>: ....:: . ': ·. . . · Co1on and :rectuni ·-:· · . : -;: ·· · . . . . .. . . . .
· . Liver and biliary tract · :,_:...· · 2/0.65 . · · ···":. · Jo8 · ··· "·:·: ··: ··: .. . 

Lung ·and other respiratory organs ·· _·. ·. : ~.: 5./3.72 .- ·. ·1.34 . 
·

· · · 
;. ,11.:- •. 

.. ·Breast . ·· · . . ·. •, . 8/7 .47 ·.·,:· 101 ..· .. '. ·. 
Ovary and faJ 1opian tubes · .: . . . .· · · , . .6/2.44 · .. 246 . '.. .·· 
Other ge~i:tal organs . ·. ·... ·.·· -:. 4/2.97 : .135 . 

Brain . . ··... ::·_ :· ·· ..2/0.99 · .·..· 202 / · '._:. ", 
·All lymphatic and hematopoi~:t.ic . : ·. · ·: .·" 1/2. 6i .. . .< ',; ·38 .' ·. .. ..::' ,. . 

..... '.· 2/4: 42 ·.· ... .' 45 .· . . ," . .Othe~ .malignant .neoplasms . : .. 
. '·•; 

..: 

Diabetes nie11itus . :. . . · ::· , . 1/2.08 48 
. Disorders of CNS ··•. 2/6.97 29 '·. -. . 

... 121 . . .. Diseases of Circulatory_System· · 31/25.53 
75 .. .•, ':·.; . -. ..Nonmaligna~t respiratory disease 2/2.~.6 

·Accidents · · ·. · . .. · · , , 4/5.61 -·.:.-,..·. .. 11·: :: ., · :·, .~-, ·.. : 
Homoci de and suicide ·. 261 

. .. ·.' .. ·. . 
•'. . _:..... }.·. 5/1.91 

All other cause·s : -~ .· · 10/17.72 ..:>· 56', _>.. · -~---·: . 
. ; . . ' .. ··.: .: . 

. ~.... -··- : :..~~ ~-~- ·.·:. ... : ;, : ~ . ._•.. ~- ..; . .·-· . ·~ ;~·· . . . ·Note:.. *p is fess . than. o.os .··.. .-·.. : . ... : .. • . 

· · · . 0/E: Observed/Expecte9 ··: · .. :·-~~".\. ·, .. 
:·.. . \' ..·- . . .. ;•,: . 

- . . . :."·~Z .. ·.. ·. : ·:.:..• . .. 

' ::. .· . .:.:.: .-_:'.f.·. ..;' .. t-.-·. . . . 

~ ,• . . •. ,. . . ___.. . . .. . .:....": . . .. . :.....~ .. •:··.... .- .... ,. . ,. ... . . . . . : .. 
... . 

• ' ... ·.. . . .. ·.•. : .. :··· ·.· ·:· 
....... . . 
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•n • •Table, 4 · · 
' . 

' ' 	

.· •' , 

.. 
; . 

. . . . . 

.. . . . CAUSE-SPECIFIC PROPORTIONATE CANCER MORTALITY RATIOS·-{PCMR) : . .. ' . 
. AMONG WHITE MALE EMPLOYEES BY PAY STATUS . . . ·. : 

.., . ( i950-1980).' ·.··- ': .. :.· . : . , · .. 
• • 	 h . · , 1.. 	: . . 

. . . ._~ 
' / • 	 • ,. .·. . 

. . 

CAUSE OF. DEATH . 	 . . HOURLY ..:. · · . .".. SALARiEO'·. ·. - ' 
· .. _...· 	 . 0/E . · PCMR . · •· ... 0/E ·: · · -· 

._. . PCMR 	 . ~ .•' . ,• . ...	 . .. . 	 : . . . ' 
~ 

:. . .. ··.:- ... ' :.··. ' 48/48 .... ~...:-:. .. ·.-. '._ . .. All malignant neopl.asms 60/6Q 	
' 

0 
· : , • '; ' • • ,' •• 1 • :' , • • ' • ' ; , 

. ·: ·: · Bucca 1 cavity and pharyn~ ·.. ···.~/1~86 .. · . l6i · ·.. · ··. 2/1 ·38 _-. ·.. 145 ·-- -~·· ·~-
· Esophagus .- '- 1/1.35 . 74 · . · .·310:90···, > ·333 . > ·:::,- .:.

· Stomach . · 2/2. 77 · · 72 : · · · 0/2 04 ·· · · · · · · · ·· 
Colon and rectum · : ·- 6/7 .25 ·_: .·. · · 82.· ··:·,:.:.. · "4/5:2( ~ :' ·:: -:-;6 ·_ ··· · ·. 

·. · Liver and biliary ·tract . · ·.- .. 1/1.40 . 71 ,'. .· ·...2/1.00 _·... : . 200 · .-:: .. . 
· Pa·ncreas ·.. · "6/3.2~ ··. 183 :-: _... ·_::. __ :0/2.35 ·.. <-~.;; :__·: ::- .

Respiratory System ·: 15/21.12 .- . · : 71 . . _. .11/14.85 .:: ·. 74 . :· .·.- ·... 
Other. respiratory orgar:ts · · . 2/1.15 · . .· :. l74.. : .... _. 0/0. 83 . .. . ;.;.;._ ·. - . 
Geni ta1 o·rgans 2/4 20 · : . ' -' 48 · · ._. · ·. ·. ·. · 3/3· 18 ·< .~· · 94 ·......· 
Kidney .. · 211:47 -·· . · 136 ' _:: >·: 211:16 ·- . ;..·,· 112 : ·_ : · 
Bladder · . . 3/1.76··. · · 170 · .2/1.06 .. . 189 · . . : : · 
Skin .. 2/1.15 ·174 4/1:49 ·.. :,: · 268 ... 

·Brain · · .·. 	 5/1.94 · 258~ .·· · . ·· 4/2.44 · · . ~'· 164 
 . ... Connective tissue . ... 2/0~26 .. 769 ·..- · ·0/()~33 . .. . _·._~-- .. 

.· . lymphosarcoma. · . '; 4/1.82 .._. · · 220 . .2/1.86 ~.:,,·:· .' 108 
. ' reticulosarcoma . ' . . . •, ·'. ' . ' ,,.;• . 

-:· 	 Hodgkins· disease .. · ,1/0.85 .. . ·. 111 2/1.74 ·.. -. ii5 . 
Leukemia · 1/2.45 . 41 4/2._7~..-· .·: .-. 14~... .' 

· ·. ·other -lymphatic and . · · .· · .. ·. .. ·· · · -· .. · ··· .· . 
. he~~t_o_po_ietic mali _grianc1es_: 2~0.88 . . .. 227 ...7·~:- ..· ... ',.iio.69 :- ...... i45 ·-~-- .. _.::·.. .·.

Other·· malignant neoplasms .. · .· 3/4~19..:.· ..- · :::··:' i{:.· _.-., ·. . 2/3 ~53 -·. · .. :. 57 .. . 
. 	 . . . :. . ,....... ' ,• : .. ~ . . . . . ... ' . .. ~- . 

• ' 	 ' •I ... ~ ·.•' ' •_;: •~·;. ,~~ . I ' 

. Note: ·*p f s less· than 6.05 · 	 . .... . .·. . ·:· . ·· .. .,. ..... ... . ... 	
.. ' 	 :·. ·..',·o/E: Observed/Expected .. . ~. .. . . .' . . : . ·....· .. . . . 	 "! 
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• · · Table .. 5 ·:-,}_ ·· . ·. . . 

. . . ,• ... .-~ : ·. CAUSE-SPEC.IF-IC PR~PORTIONATE. CANCER.:M.ORTALITY ·RA;ios' (.Pc~R> . . : 
.. AMONG WHITE FEMALE °EMPLOYEES .. . . . ·. . . . . ·: .. 0~50-1980 ~ : . ..·.. - . •. . ...

.•. _::·:, • ... . ;·: . ·- ·. . 

:, : . . .· : . .. .: · 
·. :·, . CAUSE OF DEATH · PMR · .... · ·.· .. :· ·. 0/E 

. . . . . 
. : . :·.:All mallgna'nt .neoplasms :.· ·37/37 . . • ;_ ! . • ·. .... : . . 

.. . .:· .. 
'• 

...~ Stomach . 4/1.03 .... · .·'388* '. .. '·. 
Colon and rectum ··· 3/4.59 ...·· .> '65 . · ·: · .... . 

·· · Liver and biliary tract · · 2/0.88 . . :· ·.. · 227 : •, 
5/4.11 ·. · .. :122 . . . .... . . Lung and .respiratory organs,. 

Breast . ·, . 8/.8;97 · , :.: · :· 89 
. :· Ovary ·and fal lopia~ tubes . 6/3.05. . , ·.·.196 · . :~.-.. ,. .. 

4/3.54 · 113 · · ·· .. · , ..... ··....., ····~·: ·  . . ·. ·Other geJti ta1 ·orga·ns ·. ·. · . 
... :. ·Brain . ·. . ... 2/l.25. 160 . 

:.. :. Lymphatic ·&· hematopoi'etic · · 2/3.20 . .· ·. . '63 
-~ .. ,• •, . . .'·.. . .. . . . . 

.. . . .. >oih~r ma l ;'~~ant .neop; asms .. ...... ' 1/6.38 .,' . : ·:. ,. ·.. .16 .· 
·' . . - '·· 

. ··.. ·N~-~: · ·*~:1/1.ess·..than ·0.05 ~­
. . . ~.. 
. .: . .. :·-:.< ···· 0/~: Obser_ved/Expecte·d · ·: • - : l.. • 
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Table ·6 

DIAGNOSIS FOR CASES CLASSIFIED AS BRAIN CANCERS 

(1950-1980) 

. :, 

. ,. 
: 

...,. ... 
I • •• 

.· . . -~-­
•J., 

.· ~.:·. .. 

YEAR OF 
.. 

AGE AT SOURCE OF FINAL 
···­ ~

C 

., 
. -:-~ 

DEATH DEATH DIAGNOSIS (SEX) DIAGNOSIS ICD 
.;, 

,. . ..
- .. . , .,. .~ ' .. ., ~ . . 

1959 57 Astrocytoma, Glade III (M) Pathology report 193.0 ' 
· 1959 

1960 
1963 

50 Malignant tu~or of brain (M) Dea th certificate · 
20 Pinealoma ( F) Pathology report 
38 Neur1lemmoma VII cranial 

193.0 
193.0 

-· 

1971 
nerve (M) Autopsy report 

66 Glioblastoma multiforme 
193.0 ;... 

1975 
1976 

1976· 
. 1976 
1978 
1979 

(Astrocytoma, Grade III) (M) Autopsy report 
43 Cerebral carcinoma (M) Death certificate 
46 Thalamic glioblastoma

multiforme (M) Pathology _report 
72 Glioblastoma multiforme (M) Pathology report 
64 Glioblastoma multiforme (F) Pathology report 
59 Glioblastoma multiforme (M.) ·. ·Pathology report 
54 Glioblastoma multiforme (M) Pa~hology report . 

191.0 
191.0 

191.0 
191.0 
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192.9 
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CASES ··coNTROLs··. 
.....· : 

- . 
.. · - Mean year -of birth ·.·· · ·--.)917 : ·. ... .. . - . ·. . . . . ...<...­)~l!... . ... ..: ,' :•. :._ ·.. 

. · } .·... ... ..... . ' • .,:.._·:-·-·Me~n year _firs_t · emp_1ayed 1954 ',i953. : 

~. •. ..-_ ­·:> . . - ' Mean age · at hi)".e ·· ··._ 36·_yrs•.-. 
. ; ' 

•, ~­ . ·-.. 
1967 ..: =_:':;_:·. ... . .-:: 

··:· . :- ·M~an ·:year­ last emp·1oyed l967 

··- Mean ·age at terminat.ion 50 yrs. 50 yrs. .. . . ' 

Mean length of emp1oyment .14_yrs. . 14 .yrs. 

:·· - Total numb~r .11 · 44 
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.Table 8 


ODDS RATIOS (OR) FOR MATCHED ANALYSIS OF BRAIN TUMORS 

IN MACHINE OPERATORS. MAINTENANCE AND GENERAL OFFICE WORKERS 


CASES 
 CONTROLS CONFIDENCE 

# EXPOSED 
 # ·UNEXPOSED 
 II EXPOSED 
 # .UNEXPOSED OR ' LIM ITS (95%) 

,• 

•. 

Machinists s · 
 6 
 16 
 28 
 L40 0.38 - . 5.50 

Maintenance 3 
 8 
 6 
 38 I 3.oo 
 0.48 ·- 18.69
'" 

' • 
I 


General offic.e · 4 
 7 ' 
 8 
 36 1 -~.oo 
 0.60 ._ 15.09 
.. 

'
·"' 

' ··.; 

-~ ,, 

. -~~ ,.. -- -·· -. .. -- . -"' ""- ..------~------·-~·- ..------- - ··-----'"""!"'". . 



.~.. OE_PARTMENT OF HEALTH AND HU!'tiAN SERVICES 
. PUBLIC HEALTH S~AVICE 


CENT-ERS FOR DISEASE. CONTROL 


NATIONAL IN5TITU~E FOA OCCUPATIONAL ~AFETY_AND HEALTH 


, ROBERT A. TAFT LABORATORIES · ·. 
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