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" PREFACE

T . '--;Thxs is the fourth in - a- series of six mortahty reports conducted under the
- ‘Iterms of NIOSH contr&ct #210—31-5104. : : ‘

"“The orlgmal 1n1t1atwe and prehmmary work upon whxch thls mvestlgatlon rests - f; . ‘
- was accomplished by  Dr.. Michael " Marmor, Laboratory of Biostatistics and '~

_Epidemiology, Institute of Environmental Medicine, New York' University. This . = o

study would not have been done without the continued support of UAW Loecal - -
" Union 626, UAW: [nternatlonal Representatwe Larry Sherldan and Health and. .
e “;“.‘Safety Representatwe Paul Fort1er . :

: '.‘Consultatlon on: the appllcatlon of IogIStlc regresswn to mortahty odds ratlox;r-,i"*

"':::analySIS was. provided: by - Dr. Wllham J. Butler, Department. of  Biostatistics; -

'Natlonal Instltute for Occupatlonal Safety and Health.

;Umversny of Michigan.” We: are- partxcularly thankful for' the mdlspenSIble and” -

: - ‘considerable clerical - and- .secretarial efforts contrlbuted by Carole Rog‘ers,.{,L

J":‘_Margaret Auch ‘and Pamela Poe.’ S

" Mention of company .name or products does not constltuteA endorSement by the‘_‘:’_“”
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MORTAI.I'I'Y AMONG WORKBRS EXPOSED 'ro CUTTING FLU]DS“ “A'ND o
BEAR]NG PLANT lI oo |
Prepared by. : Intematmnal Umon, Umted Automobde
o Aerospace and - Agricultural Implement R
Workers of Amenca (DAW) y

N'IOSH CONTRACI‘ #210~81-5104

' '.SUMMA‘R.YJ o

) , Standardlzed proportlonal mortahty analyses and. mortahty odds ratlo'
... . studies were carried out by. the International Union, -United Automobile Workers, = .- . .
. for a populatlon exposed to cutting fluids and abrasives in the manufacture of.. ... .~
" ball bearings. ' Earlier study.of a similar population found a' statistically
+ ‘significant assocxatlon between stomach cancer and grmdmg w1th water-based»
g cuttmg fluxds ) : : : ,

B Cause of death and ]Ob hlstorxes were obtamed for 1 766 of 2 DZ'? hourly"”
D ‘workers Wwith 5 or more- years plant service who died between J&nuary 1,.1950.%- SO
... -and- June-;30, - 1883. The major. findings were statlstxcally 51gmf1cant excesses-"'f

" of stomach cancer among white men with experience grinding 'in cutting fluids . "

and " cancer of the pancreas among white men with grinding. or machining
© experience. 'The. stomach cancer excess increased with duration of grinding;. ~— |

. .the statistically. significant proportional mortality ratios (PMRs) ranged from™ -~
3.4 to 4.2 among those: with.more than 10 years' experience in various o‘rmdmg:-{” DR '
. groups.. The pancreatic cancer PMRs were also- greatest in the longer duratlon«-’
.. groups in grmdmg and machining (PMR=2.33-3.50 among decedents with 10 .or
.. more years in various jobs).. Standardized mortality odds ratio (SMOR) analysis. = =

.. revealed a statlstlcally significant association of stomach cancer mortality with -~
- cumulative grinding exposures when controlled - for age, year of death, and .~ >
~ origin of birth (adjusted odds ratio = 2.3 for 25 years' grinding experience, .. . . .. .
. p=.02, by logistic' regression). - There was 'no ‘association . between stomach' . - .
,-‘|_cancer and production machining. Pancreatic cancer mortahty was statistieally’ -

» significantly associated with.both machining and grinding in straight oil'cutting "~ "
t‘lu:ds (ad]usted odds ratio 9.9 and 3.2/ respectwely for 25 years' exposure)

s ~ Other. fmdlngs include: excess proportlonal mortahty (PMR) from hver':' K
" eirrhosis, statistically significant among white men in grinding with both oil-
- and ‘water-based cutting fluids and among skilled  trades machinists; a
.. . statistically significant association (SMOR) between lung cancer in white men. :
'_'_'.:3and work in forging, heat treat and. related jobs; statistically significant
'increased lymphopoietic cancer (PMR) in tool and die workers; and increased -
stomach cancer proportmnal mortality ‘among decedents of French Canadian
_ orlgm (PMR, SMOR).
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Exposures of potentlal 1mportance in metalworkmg fac111t1es 1nc1ude;—.."

e cuttmg fluids, abrasive dusts, anti-rust oils, and oil smoke. - “This study eonfirms .+ . "

dusts and chlormated 0113. .

&
A

prior fmdmgs of .excesses: of digestive ‘cancers and the particular. association
-.of stomach cancer with grinding work in water-based cutting: fluids. Potential =
carcmogemc agents include mtrosammes, polyaromauc hydrocarbons, abraswe Sl




7‘BACKGR0UND

. - The UAW represents thousands of workers in . plants where large—scale
f—'_machlmng and. preczsmn grinding operations oececur, sueh as bearing, engine-‘and -
+ ", transmission plants. Large numbers of these workers share potential’exposure .
" to metalworking or cutting- fluids ‘and synthetic abrasives. .The first NIOSH :
- .. National Occupational Hazard 'Survey estimated that 1,229,000 workers' are«
.. exposed ‘to_cutting - fluids; 6,109,000 to-any type of mmeral 011' 2 137 000 to
S abraswes, and 1 221 000 to gnndmg wheel dust (1) ‘ » LT

T A, consxderable body of sc1ent1flc hterature, mcludmg epldemlologlc and
.- experimental animal- stud1es, has.pointed to the' possibility of digestive and/or i
I ;resplratory eancer risk associated with- exposure 'to "these materials alone or:
_ in- combination. .The' UAW. rec?rStly completed one' such -epidemiologic. study PTG
. - among bearmg plant workers~ this report examines a. second ,.bearmcr‘
' ”"ﬂu_f'manufacturer . ' " Lo U R

, A major manufacturer has operated two plants in. Connecticut since.-
1920 .for- .the. production of ball bearings. - This has- involved metalworkmg _ B
o 'processes with "extensive use of cutting fluids. In 1978, Dr. Michael Marmor = . - ..

- of New York University observed that a large proportion of the oceupational .

S -.dermatltls cases reported to the Connectieut State Department of, Labor L.
', ’the 1940s and 1950s were from these bearmg plants. ..For example, in: 1943,,
.l out of a totalof 1,937 occupatxonall disease - not1f1catlons of . ll’ types- and-
'c'ucauses 895 were dermatitis: cases originating: from these 2-plants. " ‘Two. hundr(ed
“-of. these records. speclflcally listed cutting fluids as the: -etiologic~exposures.
”‘w.-v.;Dr.,Marmor then proposed an . -epidemiologic study to- determlne ‘whether such
" possibly ‘high and prolonged chemical - exposures might be assoclated with hlgh
-.risk- for ‘cancer ‘or other chronic diseases, and performed 'the initial steps of"

R 1dent1fymg ‘the - cohort "at risk and collecting cause of ‘death information.:

S _Subsequent dlScLlSSlonS led to the study reported here as a’ collaboratlve effm-t

',’,Study Slte

: The' orlgmal employer began to manufacture door bells blcycle coaster »
brakes, and ball bearings in Bristol, Connecticut, in the late '1800s. .In -1920;
“:the company became a division of-a larger manufacturing: firm and has' contmued
. . to produce ball bearings in the Bristol area: mamly for automotive. and aircraft
- * applications. Employment rose from: 5,000 in the early 19205 to a’ wartime.
R ‘peak of 19,000 in the 1940s, when 10,000 persons worked" at - the: main complex
/'« in Bristol- and 7 ,000 worked at the nearby Meriden, Connecticut, facility, Two :
-~ thousand other workers were located at several smaller plants: which closed '
- shortly after the war. .

. The Bristol plant census decllned to about 3, 000 by the end of the' war
"and continued.a slow decrease thereafter. The’ Merlden plant population. fell -
to 3,000 at the end of the war, dropping further to a low of 2,000 in 1969
.when the plant closed and some of the remaining workers were transferred to
" Bristol. = The consolidated operations in Bristol have emploved about 3,000
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. workers for the past 15 years. Since 1950 more than 10,000 hourly workers .

have had 1 or more . years of plant experlence at: exther Merlden or Brlstol. -

A UAW local umon was chartered in 1939 and since. World War IL, has“.,""’ Ty

f,_represented most .hourly workers at. the. Bristol plant. . Meriden' workers had . '«

‘,:‘belonged to a separate UAW local union until- 1969 ‘when' they merged with =~ . -~ %o
' the Bristol workers. - At the present time the Iocal umon has about 3 {)00_\7,(:‘1.!;’”&--”

N 'actwe members and- 3 000 retu-ees. ﬂ

The major” processes in’ the rnanufacture of ball bearmgs arer forgmg,‘- Sl
machlmng and ‘grinding ‘of rings; formmg, grinding and honing of balls; -heat ' . -
- treatment;. and- assembly. ' Other activities include stampmg, abrasive tumbling, -

. plating- (chrome, mckel, copper), gaugmg, packmg, and varlous rnamtenance.';_‘

o operatlons.

L grmdmg ]ObS durmg the 19705.

The predommant cuttmg fluids used in ‘the Bristol plant since the 19405
have "been" mineral -oils - ‘on’‘most machining operations and  water-soluble oilit 1 L
emulsions on most grmdmg jobs. There have been a few exceptions: ‘secondary " ‘. ", i '

_ machining done after the initial heavy. machmmg in' oil (for example, 51ngle,;;‘-_t__‘_-‘ '. AR
. spindle machines “with, tungsten~carbide -tools) ‘sometimes ' requires. water .. ..

emulsions;.race or form grinding sometimes has been done with oil; ball grinding,
© which. does not 1nvolve hlgh—speed abrasive wheels, has been done more slowly

 with oils, -water, or ' stearate- soaps. - Synthetic cutting fluids, containing
- ethanolamines  and' other | addxtlves, were used for short pel'lOdS on Specxalf__'.j.a;'.

Steel used m the ban bearmg 1ndustry smce World War II has typlcally‘f‘ff"

contamed 1-1.5- percent ‘earbon - and - chromium.; Speclalty jobs -may require - R

" "'small amounts- of . manganese . or molybdenum. Beryllium-copper steels are.f‘_'; o
© Y sometimes used for’ bearing rnanufacture but accordmg to company personnel
RN have never’ been used-at’ these facxlltles.. T - - : o

Abraswe wheels in: these plants have typlcally been made from ceramlcf' R

,‘,bonded aluminum- oxide particles. - Phenol-formaldéhyde- resin binders may. also‘?;f‘-.

. '“?"f‘_.?have been - used Slhcon carblde abraswes have been used less. frequently

“‘he employer has conducted mdustnal hyg;ene surveys m the studyf‘

‘.‘:-plants since -1945. It is difficult to assess the degree to which the- samphng- e
" results are representative because the surveys have. ‘been” conducted .on- an. . ‘"

.. irregular basis, generally in.response to perceived  problems, and have-been -

" directed at a-small minority ‘of. plant operaticns. In general, the information: - "

about these surveys was: msufflcient ‘to report on: the details of samphnc or 3'-;
S :j.';_analytlc methods. The- maJor survey results are summar:zed as follows. S

1‘.‘ ‘011 rmst 1evets assoc;ated w:th machmmg (screw machmes bar‘
‘ machines, chuckers) were determined on six occasions from 1949

to 1961. Twenty four area samples were taken with a mean level - |

. of 15.7 mg/m% (s.d.=12.6)... Thirteen breathing zone samples were -
~taken with a mean level of . 159 mg/m3 (s.d.=7.1). A single
breathing zone sample of 1.8 mg/m?3 was recorded in 1980. These .
-samples- were generally identified as-"insoluble oil" or "straight oil.," = -



iﬁi
. :i7-
: “w, 5.

7 ‘Fourteen other mxscellaneous area samples for 011 mlst and smoke'-ir
‘have . been ‘taken: smce 1978 "on. cold -header,. heat. treat, and. onl
"*.f-.',:-j:,quench operatlons wnth a rnean level of 1.7 mg/m3 (s.d 3 5)

_ ,Mlscellaneous samples over._the,- years have ,v,erifiedl the: presence -~ «." 0 "
. of chromiec- acid,  nickel, cobalt, diatomaceous earth, asbestos, .’ : .~
" .methyl chloroform and.. benz(a)pyrene in the ‘study -plants, butithe . %
., data are: 1nadequate to. determme representatwe exposure. Ievels_'{'":

- Lor, the patterns of use. S :

: Samplmg for rnxst assocxated with crrmdmg was not’ apparently donej_;j ST
~,until 1961 when 3 area-samples” on ball race grmders .were taken: - .
~ “with a_mean level of 12.5 mg/m3. (s.d.=5.3).. Between. 1977-1980" . "

.. .a total of 17 breathing zone samples for total partlculate associated. . 10
2 with: grmdlng with “'soluble .0il" ‘were: taken’ with a: mean. level -of /.. v 7
2.2 mg/m3 (s.d.=1.9), . Three breathing ‘zone- samples. for soluble .. - -
oll mxst were - taken durmg thxs perlod w1th a mean- level of 2. 2'{' L
' ,mg/m (s. ~0 5) ' R : S :

'Accordmg company records cuttmg f1u1d contammg - !
' v:'trlethanolamlne, potassmm nitrite and wettmg agents (trade name'.-‘. PRIDRTNGN
.. "Luysol") was used on unspeclfled Operatlons in the late 19405, bute

- it has not been possible to -determine the extent or .duration ‘of’ . .7

' use.: - Company’ and: local: union: representatwes both: report that " .
: .-_.if'”-mtrxtes were used-widely as rust inhibitors in water-soluble grinding -~
" fluids ‘from " the: early 1950s" to about 1980. In addition, nitrites
“together with triethanolamine were used in synthetic fluids for a
.. 'short "period -of time on -seattered . jobs -during ‘the . 1970s.". ~No
- sampling -for nitrosamines has. apparently ever been-done. . STwor . T
.., samples for airborne triethanolamine associated with grmdmg weref;f“j R A
: ftaken m 1980 (results D 4 mg/m3 and non—deteotable) e

L

‘A serles of a;rborne dust samples from sand blast operatlons was’-.-;. -
" 'taken’ between 1948 and 1951. Sixteen area samples were reported A
" with -a ‘mean ‘of - 2.5 million “particles” per cubic féot' (mppef). .
.. {s.d.=1.9). Eleven. breathing zone samples were reported with a - .
" mean-of 5.3 mppef.(s.d.=5.8). The dust was. analyzed in. 1849 and-
: " 'found. to' be. virtually all of respirable size and ‘to- contain” 5-20. .-
. . percent crystamne silica.. . A. total of & samples .for dust- from
L grmdmg operations "were analyzed in- 1951 and 1961 and reported, '~
. " to contain- from 0.5 to 3.87 mppef- of- matenal charactemzed only‘-‘.:‘fﬁ';.
- as!"iron, " "alummum oxzde" and "abrasnves - ‘ Do

I
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 METHODS

5 Standardxzed PPOpOfthﬂ&l mortahty a.nalyses were condueted for auf; :
deaths between January 1, 1850 and June 30, 1983 from a cohort of hourly -~ -’
-employees of a bearing plant. in Bristol, Connectlcut The reference. popul&tmnl e

. .was’ the. U.S. population. (A" cohort or ‘'standardized mortality . anaIySIS (SMR) =" - .- o

‘'was not done because ‘age (birth date) and race information was lacking: for

. most of the surviving cohort.): Case-control analyses (crude and standardized -
- mortality odds ratio) were carried out, examining associations between causes - ..
of .death and. work expemence. . Seniority lists (listing-all current . employees)‘

- were 'sampled beginning in 1946 ‘at four-year.intervals ‘until '1970.. Exposure

categories were assigned accordmg to the semonty group and’ JOb cI&SSlflcatlonS e

recorded on the semorlty hsts

The prxor hypotheses exammed were as fo].lows.,“-,'l_"

1 { Cancer . of the stomach is assoelated w1th grmdmg exposures_"f]j'.

. involving. water—based cuttmg fluids.(2:45)

. Cancer of the Iung 1s assoclated w1th forgmg and heat treatmg‘i""‘
IR exposures (2) R e A T

'5{;3.2‘;:;Cancer of'“ithe: lung 1s assocxated thh grmdlng in.: water—based-v';'-_,“,,_,,,_.,f'b“

"L":cuttlng fluids. 2 5)

4 Deaths ‘coded” as' chromc alcohohsm or as 11ver diseaseé on death‘f.,“i_f”

certlflcates are assomated wnth grmdmg exposures 2)

.- j.? :-;Smdy Popu]atlon. Deflmtlon

The study populatlon was defmed as follows'-' all. members. of UAW * o
- - Local..Union 626 whose .year of termination, for. whatever' reason, from the = "
- study plant was 1950 .or later, who .died between January 1, 1950,'and June . ; = =
“ 30, 1983, and. whose duration of: employment when weighted to account for -~ .

_latency, was. at least’ flve years. ,

Some anelyses were conducted on an’ expanded group for Whlch the""

‘minimum duration of employment, unweighted, wasfive years. The weighting "~ .

‘procedure, ‘deseribed: in ‘detail under Exposure Measures, diminishes the
“contribution of an interval of employment depending on how.soon ‘it oceurred:

~ prior to death. The purpose of this weighting was to exclude individuals least‘

:hkely to have been at risk for long latency disease due to employment at the
study plant because of brevity or recency of employment. :

: The study population consisted primarily of'workerslexclusively from
-the Bristol plant but also included a smaller number transferring to Bristol
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. from the Meriden plant"when it closed in 1969. The Merlden workers' years L
“of servnce definition 1ncluded tlme worked at elther plant o

L Durat1on of 'service: was. based on semonty dates (date of hu'e) and
- . termination dates. obtalned from" the local union records or from seniority lists. L
- ‘Gaps in.employment. were ‘detected ‘as missing’ matches to seniority-lists.” .Thus;- G R
- only gaps-of 4 or more years would be assured of detection; 2-year gaps would-: » - .0

L a_have 50 ‘percent. chance of detection. - Gaps in- employment were disregarded R

-'in. caleulation of - duratlon of. servnce (but were taken account of m calculatmg' Co PRRES

Y cumulatwe exposures)

o f:"-_:l Study Populatlon. Identxf 1catlon

A dues card flle has been mamtamed by the Iocal union: for every umon'

‘member since before- the 19503. They are believed by .union officials to be . '
‘eomplete: only . for the. period: beginning in 1950. The cards are filed 'as 1) -

. currently active members, 2)- former members not known .to.be deceased, and- .7
~.3) members.known to. have died.'  Records were abstracted according to & . . .
_written protocol for- all ‘active or deceased workers ‘and for all others in '

~ . employment at any time after January 1, 1950, providing  they had worked at " .

' 'least one year from. the date of union initiation until termination of employmen.. =~ .
.. - from 'the-Bristol plant. ..Because workers. joined the 'union on a;date'later ‘than o

. ~.their date of hire, many. years later. for’a substantial- number, the: requlrement.'f,, ;

t“h-“of at. least one: year: from: union initiation  to -termination. excluded workersf_“"

‘with*: several years of- employment who - termlnated -within one ‘year. 6f union .

“-initiation. . The number of, long-duration employees who belatedly joined the{fffﬁ L

- union' and then ‘left employment within one year is believed to be small (e. g,

“7 less than. 2 percent .of” the study  population).’ -'If .employment duration was. -

’"uncertaln the worker's card was abstracted." Flgure 1 shows the ma]or steps‘v‘-

. i constructmg the study populatlon

, ’I‘he ‘union card files. generally contamed a date ot‘ lmtlatlon and/or datein' O

" of hn-e and date of termination, but for roughly 20 percent at. least one of

;".’those was missing. - When missing - dates. precluded an.estimate of years of
! ‘Lservme the estlmate was derived. subsequently from senlorlty llst sources o

. The records of 10 372 workers were abstracted from local union. records.‘j"‘-;f-f.‘ '
. An additional 124 candxdates for the study. population were obtained ‘from a .
" " eumulative pension file maintained by the UAW:for this employer. -The latter, -~

. by definition of pension vesting, listed workers thh 10 or more years' service.:

‘ ~There- were 3,596 matches (usmg social. security: number and name) between

=" the -pension file and the union’ members- from cards, ‘for whom sex, date -of . .

o retirement, and approximate date of death (il de_ceased)‘were obtained. " At
the time .of matching, the pension file was current as of April 1, 1882, -
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. »Vltal Status Determmatxon -

SR Vital status for the candldate study populatton was m1t1al.ly establlshed:-‘ L e
‘,-.;C.:_usmg '1) the local- union records and 2) the -pension file for those known by .
- the employer to be deceased (Figure 1) ~“For those not’ known to- be deceased -
i from "loeal union.or pension ‘files (n=8,332), a search was conducted. of the .~ ‘i .
.. Soeial Security.. Admmxstranons file of known deaths, using.a commereial:: "
.. service (Pension ‘Benefit Inc., Tiburon, California).  This Social Security file " .. ..
. i .was current through: late 1982 and provided the. date of death and, in'some .’ .. -
R cases, ‘the state where a death was recorded. ThlS search ylelded 301 addltlonal--_“'_, )
;.‘-;f;.deaths. : n S ‘ ‘ : '

Death Certlflcate mformatlon

T A.ll cause’ of death! mt'ormatlon was coded: by a smgle NCHS nosologlst BT
-+ giving both underlying and contributing causes of death. - Revisions 6, 7. and 8 - = © "
S of the: International Classification of Dlsease, as appropriate for. the year of
.:-death, were -used except for:deaths since 1978 which were coded in ICD-8.. - °
-, -~ ICD-6"and -7° codes were translated to ICD- g using the' conversion program--. -
~ " associated with Monson's SMR/PMR program. (6 ‘Coding of the death certificate - .
‘-‘mformatlon for data entry. was carried out by .one. person, ‘using a, wrxttenj“ ‘
““.protoeol,- and’. verified. by a different person.. ‘Besides causes. of .death, -the .
following werée - also coded ‘from- death’. cert1f1cates., ‘sex,” rece,_age at_l_death,*_-
ates of bll"th and death and country of blrth R T A o

A [nltlally, transcrlpts of death cert:flcates for 1 400 study populatlon';-_‘;"-,‘ T
‘ s;j"'-r_"‘“-candldates were -obtained by locatlng original death certificates at: the | :
... ~Connecticut: Department of Health and transcribing them to a form which . . ' =
. reproduced’ the standard cause. of death: format: Part |, ‘a,b,c, and Part IL. - .. "
.- Durations ‘of conditions were also. recorded. = Because there was a possibility . 7 . .
~'of _nosological . coding .error ‘resulting from mapproprnately transcribed death - - 0
e certificates, photocoples of death certificates were obtained for ‘two subsets..‘j IR
#'The first included 95 deaths occurring over the period’ 1950-1982 with more
/- than one contributing cause- of death indicated on- the transcribed.record,
- - usually ‘including a malignancy and selected for nosological complexity. ’I‘he‘; :
- second subset consisted of all 305 other cases in the 'study population where. .-
. there was more than one cause of death listed on:the transeript, provided: 1).
v there was. any digestive or lung cancer or: cirrhosisof the -liver; or 2) the‘,’ o
- deaths occurred 1950-1958 (ICD-6 era). Photocopies were also- obtained: for
- all 47 deaths for which transeripts were either- amblguous or indicated that = - .
o " death certificates” were. illegible. Cause of -death was’'coded from .the death. =~ =~
o ?certlflcate when avallabie S S : B

o Deaths occurrlng out81de of Connecticut were 1dent1f1ed from the local

*-umon, the pension file, out—of—state codes in the Connecticut death index and,

- 'in 'a small number of cases, the Social Securlty file search, and were requested. :

. from "the States of occurrence. Table 1 gwes cause of death acquisition in
oo relatlon to" source of vital status.
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| Job Hlstory and Exposure CLusxfieann '

: employment

- Semonty lists - for the Bl‘lStOl plant datmg from the 19405 have beenl‘:, [T

SR retained " by. the local union. The study -population was matched: to. seniopity =« it
ST lists begmmng in 1946, at approximately four-year intervals, until 1970.-. Each' - !

oo ist .gives a ‘seniority group-and semorlty (hire) date for each worker -employed. - .

- at:the time: ofthe seniority list. (Seniority. groups define groups of. workers, . .
" usually with:similar work activities, for the-purpose’of implementing. contraet-" .

- . specified procedures: concerning layoffs, transfers, promotions, overtime,’ete.) .. il

' Lists from 1962, 1966, and.1970 gave the ecurrent job classification as well. . ..~ ..
"Thus, . workers. employed in. the period 1946-1970.in general had as many as . ::

;- seven ‘seniority. group. a551gnments identified "at four-year intervals; however, - . .’

.. workers.transferring from the. Merlden plant in: 1969 in general had a semonty- o

- igroup 1dent1f1ed only once in 1970 o . L T

, Matchlng to- semorlty llStS was' based on last name, lmtlals and semorlty, Lol
~ date.” . For workers for ‘whom no seniority date was available from  the local . <%
" .union records, a seniority date was.assigned if there was a. seniority list mateh’ .0
~ which was validated by 1) other employment information such as unioninitiation . - - %
/.. date, estimated hire date from the pension file; and 2) the absence of competing ~ . -
- Lmatches ‘Seniority list matches assigned by computer were examined whenever ..,
- 1) there was- a plausible competing match or”2) a match occurred-for a date = =~ .. -
", . outside the worker's known employment: interval.. Matches for which a seniority- 7. . o
date disagreement exceeded 5 years were .excluded unless there was additional-.

evidence' of- change in- e workers semor:ty date or of multlple perlods of"’.}i;

o - set of 50 broad process—based exposure categorles was defmed to: [
_cover: all the major-conditions believed to “exist in bearing: plant. environments VL
(Table 2). . The possible seniority group- assignments were compiled from 'the.. ~: ".l: 0

. seven’ semorlty lists.” ‘Three different employer- numbermg schemes had been."_;:"fr SRR

.+ " used. for seniority - groups. over the perlod 1946—197(] There 'were: 145 distinet-

. groups -in. 1946, 87 'in. 1950-54, and 51 in.1959-70. - Each, seniority group.was. -.°

. 1 then classified by ‘its dominant exposure category- (Table 3) based on: knowledge e
. from- an inspection. of the current Bristol- plant, from. meetings with'plant: ' . °
' "management and three groups of union, members and retirees, from subsequent .. "

" -informal ‘inquiries, from  industrial: hygiene reports over the- period 1946 to
“1981 and from the dlStl‘lbUthﬂ of ]ob elassxflcatlon w1thm semorlty groups. FR

: . In instances where semorlty group classmcatlon d1d not adequately;. LR T
- '.‘dlstmgmsh several, llkely exposure conditions, a worker'’s: JOb classification was. - . -/
- used in addition, to assign:an exposure. category (for the. years 1962 1966 and&ﬁ ol

'-"-“1970 when job clasmfxcat)on was avallable) : , ‘

Analytlcal Varxables. 'Exposure Measures

The exposure categorles correspondlng to the semorlty groups in Wthh

' . each worker spent time were specified. The time. accumuiated in each distinct ‘
‘exposure category was weighted as follows in order to account for presumed' '

latency of dlsease and death, in relation to time of exposure:
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1 ""Roughly four—year 1ntervals were: deflned centered on the creatlo. o
[ .date of each senlorlty hst, -

i ;2;“' :If the start or termmatlon of employment occurred w1th1n one of
" *% the- four-year- mtervals the - mterval length and mld-pomt were
ad]usted accordmgly, o : o . o

Cide ,’I'he time' acerued for an exposure category 1dent1f1ed by g semorlty
- . 'list. match was- the length of the . interval constructed for:that - e
‘0 senijority list date multiplied by a' loglstlc weighting function whose . .

. ‘argument was the time from the. mld-pomt ‘of the- exposure mterval
"j.untll death 'I‘he functlon used ‘is " as. fouows. : : o

B where t is ‘the tlme from lnterval m1d-pomt untxl death in years,

A and B are parameters .chosen. to determine the. shape of the
weighting function, The logistic function- was: selected over: other
”;s1m1lar functlons for ease of computatlon. g : :

.For A = 0 4/ year and B 12 5 years, the' resultlng functlon welghtst
o exposures at times pI‘lO[‘ to. death as: indicated .in' Table 4.: Thus,:
. exposures - remotely in. “the - past have -a: weight. ot‘ 1.0, whxle very '
" recent- exposures ‘have welghts approachmg Zero. The welght at
ST 1245 years prior. to death is. 0.5..-The parameters were chosen to
;. produce'a weightmg functlon that plausxbly corresponds to the Tisks -
.= of - long Iatency ‘disease,  .due . to0 - prevxous exposure,. suehs as:,.;
- malignancies of the GI' tract or ‘lungs. "’ Since 'latencies ‘for 1ung
- cancer; stomach: cancer, and. other major ep:thellal mallgnanmes
are generally believed to be la to 30 years or | rno;e t‘\e cnonces
made for A and B are qulte conservatlve L :

AR ”'.'.For workers whose date of hxre occurred prlor to' the tlrst semorlty L
St ha et list intervalys (the four-year  interval centered on- 1946), “the - .
Wioe . v cumulative exposure in each exposure category was. mcreased by -
S et en e fixed. factor’ computed individually for each ‘worker. ~ The factor _ o
was the. ratio of the weighted cumulative time accrued while ever . . =
_ employed at - this- plant' to .the weighted cumulgtive time accrued:
T .. while employed in the period covered by seniority lists.. All'workers'!
L hLltotie e with Job history: data’ had a known date of hire. r.xoosures later .
S e than 1972 were defined:'to be the same us’ these indicated by the o S
- ::1970..seniority’ list-and. in any- case .2ontributed. litile to.a worKer's « vl
‘.cumulatlve e-(posure tsmce such GXPOSUI'Es occur ed mt‘nn 10 years . L
r‘_-of death) : : . g e l

Usmg the cumutat ve exposure measuics, ;i:::.‘.y‘.i'eat_ SRDUDUSNG vamriabids
for SP'VIR analySIS were constructed. by "orz.bnunr' various 2axpostre cutegoriag

as follows
1.‘ ‘Machining, All Cutting Fluids: inciudes procuction mechining -in
.0il-based, water-baseo or unknown cutting Uluids (job exposu: 23: -
-3,4,5). Co
4 3<
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R Maehmlhg in 011 productlon machmmg almost excluswely in 011-."‘_“ :

"v-based cutt1ng fll.lld xe., stra1ght cuttmg oil (job exposure. 3

- R Machlmng in Water. - productlon machmmg often’in water-based:‘-?f_:,f': L

« }_‘cuttlng fluxd, 1e., soluble 0115 synthetlcs (Job exposure- I 4)

. 4.+ Grinding, Comprehenswe. & broad set of exposure categor:es whnch"i"’» S
.. ', . include  production g’rlndlng in- oil-,. water-based or.-unknown type S
- -of cutting fluid, on both rings. and balls (rough grind only), skilled

“trade grinders (not tool and die. or -tool grinding), and matérial -*

L handlers and - lnspectors assoclated w1th productxon grmdmg (]ob R

Lo -exposures. +8,11,12,13,14, 31)

| 5 j'Grmdmgj Restrictive: includes productlon grmdmg in mlxed water_:“"'“;’

_ and oil, water-based or unknown cutting fluids and a skilled trade o
" ‘eoncentrating on grinding (a subset of Grmdmg, Comprehenswe,,_‘l_- L

]ob exposures. 11,12, 13)

8. Grmdmg in Water/OIl product1on grmdlng where both onl— anc_l"f‘?‘

o water—based cuttlng flulds were: used (Job exposure. 11)

ST GrmdlnLn Water. productlon grinding predommantly in’ water- —

" based cutting fluids, .and a-skilled. trade concentratmg on: grmdmg;‘*
= -(not tool and dle) (Job exposure- 12) L e

Tool and D:e-' excludmg tool sharpeners (JOb exposure 50)

' Tool Grmders.. tool sharpeners (Job exposure. .‘ 22). |

10 Forge, Heat Treat. “includes forgmg, ball headmg, neat treatmg R

- of balls, rings ‘and cuttmg tools, and annealmg l_]Ob e:fposl.res

' "‘,'12910 36).

11. Skilled Trades Machinists..- mcludes both machmmg and O‘rmdlng“t{” .
' "in non—producuon ]obs (Job exposures' 28). ; ‘ N

col2. AssemblyL Packmg- ' lncludes assembly, ‘ packin s"lippi’ng, ballw

Kﬁlnspectlon mill supply, and quality. contiol standaros checkmfT (JOb I

exposures 23 25 30, 35)

‘For the machlmng exposm'e O‘roups a. relatlvely clear Separatlon was_:,;.f‘ S
) ﬁpossmle between jobs using oil-cutting fluids almost: exclusively ("machining in.. = v

. oil"),. and ]obs with some oil-use but substantial usage of water-based fluids: .

- ("machining in water") "~ For the grinding exposure groups thls dlStlnCt'C"l was

‘. less clear, Water-based cutting fluid use predominated in 'grinding in water' .
"“]obs (along with some oil- based fluid use); for -the- "grinding in. wau:rfo'l" jobs, .

‘there was probably substantial use of both types-of cutlting fluids; . howevar ‘

these were the jobs with the most use of oil-based fluids.” Al of these

judgments were qualitative and process-based, not based on industrial hygiene .
sampling. It is likely that actual exposures to water-based cutting fluid mists =~
.-and splashmg is higher .in the types of grinding classified as "grmdmr in -

14<
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o : "'_xmportant exposures (elther the. exposure of mterest .or others to be excluded)

o Analytlcal Varmbles: Outcome Measurw R

: 4-'vwater/011" (usuaﬂy race crrmdmg) ‘than in those jobs classmed as _"a'rmdmg m, :
water“ (usually surface end outsnde dxameter grmdmg) : S

For SPMR analyses, V&l‘l&bl% were deflned mdlcatlng whether a- workeri;"_u“‘v'::"»

' had “accumulated between'40.and 119, or 120: or more months- (in- weighted .

o time) in. these exposure groupmgs Table 5 shows the dlstnbutxon of ‘the- study- L
populatlon in: those exposure variables. S Co

; “ For case-control studles (crude mortehty odds ratlos), a set of varlables Sy
. was construeted in. which each' member of the study population was assigned " - .

. & status of exposed, unexposed (comparison group) or-.excluded. .In" exposed

. status,” for a partlcular exposure - category, cumulative. welghted .duration - as.

K ‘much: as 60 ‘or:120 ‘months. was variously required (a higher minimum exposure‘i’f.‘;]-",
requxrement than' in.the SPMR -selections in order to heighten the contrast). = -’

. For the unexposed (comparison) status, the aggregate cumulative- duration in- o
" the- exposure categories of ‘interest and in other exposures known to-be or. ="

suspected-(a priori) of being associated with the cause ‘of death of interest had

. to be less than 12 months.  Table 6 shows the exposure. categories utilized in.- -7 "7
.. defining the exposed, unexposed and excluded.. Workers with limited job-histories” .
~. = —whose known: exposure category of longest duration: was less than 40 months .
.+ == were excluded from ‘the unexposed category in: case-control analyses because
- of 'the possibility that the unknown portion of -their job history .might include -

"J-

For crude mortahty odds I‘&tIO analyses outcome varlables were defmed'- ’

. in whlch "caSes" were those deaths due to particular underlying causes, and =~ .
. "controls" were all:other deaths with the exception of 1) causes excluded: from. .

. analysis. because ‘they too were suspected or known (a priori)’ 0. be ‘associated AR R
.7 - with the exposure: bemg investigated, and 2} all deaths for which the. outcome - . SRRt
-+ of: interest  was a ‘contributing ‘but not underlying * cause - rof death.- Table 7.

shows the major outcome variables" and their exclusmns. R

| - 'Analysm B

il

Standardxzed proportlonal mortality 'analysi:s“' was performed ‘usmg :

- .'Monson s prog am and reference rates for the U.S. national population; updated,,s -

",.through 1984. Analyses were performed for major subpopulations based on

. exposure and orlgln ‘of birth.". - Two-tailed P-values: and- confidence intervals
were computed using- the Mantel—Haenszel chi-squared statlstlc ‘generated Dy
the PMR program- for causes of death where the expected number of ‘deaths
was five or more; for all others a two talled Poxsson P-value and mtervals
were computed ' ' Co ~

" Crude mortahty odds ratio analyses(” were performed for selectad

associations (based.on PMR results or. prior hypotheses), using the exposure
~and outcome variables already described. Crude odds ratios were -computed -

A5<
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end, statistica‘lvs’ignyiﬁcance, determined using the Fisher Exact test. ﬁ,A'ge‘ at -

death, -year of death and origin of birth were examined for association with - /." T

"'ﬁ,exposures and possible confoundmg Live controls.from thecohort were not L

+. used, In part, because age, race and location of birth were available only for " 5
.. decedents, - .The use of social security numbers to.infer date of:birth(8) was - = .o ",
inappropriate: for this population because 'large- numbers of employees had been i . <

-~ assigned consecutive -social - security numbers by ‘government agents. going.- i<

. ¢ through- the: plant department by department in the late 1930s or early 1940s.
~.':Another reason’ for. using: dead controls: was to make cases and controls more . - - :
- .comparable: on nonwork-related risk factors, such as- smokxng .The use of the -~ *

- latency: requirement in.defining the study" pOpul&tlon msured that short -term’

: :"_employees w1th hlgh mortahty would be excluded

" and origin: of birth, ‘while -estimating concurrent. exposure effects.

'¥ Because important. confoundmg ‘was - potentlally present standardmed'?-.'

| ,mortahty odds: ratios (SMOR) were ‘calculated for the key associations, using .
‘Ioglstlc regressnon, smultaneously adjusting for age at death, .year (o{ death -

(See - -

o Appendlx for & more detalled description .of this method.) . The algorlthm used:".'f{;j‘ SR
- computes an- unconditional, maximum likelihood estimate, and-is-contained 'in .: ~ .
"~ the. BMDP(3R) statistical program. 10)  The outcome measure (case/control)f-‘.'g_-;--:"""
- for SMOR: analyses - involved no: exclus:ons — ‘controls were all non-cases.— for - 7.

: ‘computatlonal simplicity.  .The - logistic regression .modeled ‘the odds of being -~ * .
~a case — ie., of a death having resulted from a specified underlying cause..’ =

‘AdJustment for: age. ‘at' death: and .year. of death. in. the ‘logistic regressmn-‘-‘
- analyses :was . performed utilizing . proportxonal mortahty rates for .the U.S.

| ’-i“:'-'natlonal population. ‘The expected odds. of . having died. from’a partlcular cause,fﬂ -

specxflc for age,: year of death, race and.sex was computed, and- the’log (odds)
.owas- mcluded a5 ‘a- term..in: the- logistic' regression "model . with ‘a" coefficiant = .

" fixed at-1.0." Other ‘terms. included were indicators .of. ‘origin of birth and

d"'{‘fcumulatlve durations (weighted) ‘in specific. exposure. categories (with no - -

“exclusions. or. mlmmum duratlons requnred) The general model used was as o T

- follows.-_ L
i (p) = ag + 1 00 1n (l-rl) +- ber ey Xy + c2X2 + ,.7.:_ L

where rq is the age— year- - sex-, race-speclflc proportlonal

mortality rate for the. cause - of death of- mter‘est m. U.S. B

" populatlon ‘ |
‘EIIB s ongm of bu‘th mdlcator,

",,_xi' is cumulatlve exposure rn -categbry' 'i; -
35" bv c ‘are coefflcxents to be estxmated

 Models were fitted for the major associations descrlbed from SP\fIR and -
. crude case-control analyses. Selected birth indicators were tested if there
was evidence from the SPMR analyses, apparent association with exposures,
or prior knowledge of their importance. The exposures tested were those with:
associations from SPMR or case-control analysis; of the several exposure
variables defined for machining and grinding jobs, one -or more were tested

16<.
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. and the strongest contnbutor to-the model. was retained. The contrlbutlon offx 5
. - each risk factor to the final model was assessed by removmg that one varlable.";%,

"o .. :. :and’ computing a- P-value “for’ "the~ ‘change- in,: 2log(likelihood), . which- ST
i approxlmately distributed -as- chi-squared,  with.1 degree ‘of ‘freedom.(11) For

... prior hypotheses, a one-tailed .P-value: was used, otherw13e a two—talled P.. .
';..Summary statements :of ' estimated . odds - ratxos, from loglstlc regression, are

. glven 8s-the odds ratxo w1th reSpect to 25 years' (welghted) duration. of exposure. . e

All analyses, SPMR case—control and loglstn: regressmn ‘were restncted‘-f '
- ;-to -white workers, the non-whxte populatlon ‘being too small for: meamngful.;ﬂ;"‘-:;-.? S

o analysw. -Most. analyses focused on. whlte men. for the same reason. R

n‘ —_] A‘_‘




RESULTS

e . Study Popu]at[on Chmctemtl@

JOf - the 2597 deaths 1dent1f1ed in- the candldate study populatlon of: e Ve
=010, 496 2,027 satisfied. ‘the- study populatlon selection criteria : including the'-. .- .
~*-;mm1mum ‘duration of work, weighted for latency (see. Methods); 516 failed to.~ .
~ satisfy. 'the- selection  criteria, and .54 .others were excluded .for . 1nsuff1c1ent-~_,-.j':.’.":-"

. information on' the selection criteria (Fig. 1).- (When weighting was removed. ‘.

. from the: requlrement for a 5-year: minimum duratlon, 186 additional cases’ for‘;_:..: .

.-a total ‘of . 2,213" were available for- analyms.)r -Approximately 250.deaths in"'- .
.. . the- candldate 'study- populatlon ‘were excluded because the ‘date of death.or ™ -
. date of employment termlnatlon came pl‘lOl‘ t0:1950. L : ey

‘ ' Cause of death ‘was avallable for 92 percent of the study populat:on o
.i and for 87.1.percent -or 1,766 both a job hlstory and cause of death lnformatlonf"- .

;J'l'were obtamed Table 8 shows the study populatlon by sex and race._ E

S Table g gwes the wh:te male study populatlon dlstrlbutlon by or1g1n ofj-f‘

."‘_-blrth -ages . of hire and death, and year of death. .U.S,~born constituted’ 6"_’"

' percent of white men in’ the study population, the other’ major ‘groups being ‘
. "Central European, Canadian’ (largely from French Canada) and: Italian. .Deceased
. " workers not-born in‘ the "U.S.".or ‘Canada ‘had been’ hired -at” considerably older
" .. ages’than: the ~others. ' ‘Age ‘at death was generally” higher in-the non-U.S.:
populatxon- more - than:: haIf of deaths in- those: born..in Europe occurred past*

| fage 75.. Year of..death’ for  the" non-U.S. born. group: tended to be -earlier; 655~ -

. e percent of Central European deaths but only 40 percent of u.s. deaths occurred‘

prlor to '1970..

o .There were assocxatlons bJetWeen ongln of " blrth and exposurej,'"f-f:
. classification.’ ’I‘able 10" gives .the white’ men of 'the’ study populat1on in.

""" exposures of* Iongest duration: and by origin of birth'(weighted .durations’ used;

7 see Methods). - Forging (and bal headmg) had a smaller proportion of- workers -

. of Italian desecent, while in. heat treating such: workers were over-represented. . .~ ..

compared to the” study populatlon as.a whole, - Workers ‘of .Central European:

.,orxgm were . over-represented in heat treating and machlnmg Canadian workers: = SRR
- were ‘over-represented in grinding and tool grinding. - Generally, non-U.S. workers - -~ . ..

. were: under-represented in the skllled trades categorles (tool and die, machinist, -
-other), 'Most white women in the study. populatlon were in. assembly (77 1

- percent) or- mSpectlon (19 8 percent) JObS. R

S There is also some assoclatlon of age at death year of | death and age"v-j“f i
- .of hire with exposures of longest duration «(Table 11). Deceased workers whose'

. exposure of longest duration was:machining or grinding had a hxgher pI‘OpOI‘thﬂ. a
“ﬁ.‘w1th age at death below . 55 than the rest of the workers. :
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Vehdatlon of Death Certlficate Transcrxptlons

N For ‘the . transcrlpts selected for codmg dlfflculty, : there ‘were 16 T
L ‘transcrlpt-certlﬁcate pairs out of 95 with confllctmg ICD codes: for underlylng,
.. cause of death. In'seven diseordant pa:rs both icodes were for non-malignant

disease. ~ (Table 12): In seven' other: discordant. pairs:both- had. codes for

malignancies. Two ol‘ these - -pairs. involved stomach cancer. One involved *

~ 'brain cancer and none  involved - pancreatic cancer. In three, the ‘code from -
nthe transcnbed source was mallgnant neoplasm w1thout specxflcauon of 31te. A

Obtaxmng death certlflcates for. all other transcrxpts 1n whlch COdlng of S

o nderlymg cause  would involve digestive or lung- cancer,.or eirrhosis .of the ™

" liver (and.all ICD-G multiple cause deaths), produced only. 20 3-digit- discordant . o 4 v Lo

L pairs out  of 305. .None involved: cancers of the stomach, pancreas:. or lung.’
Three cases with colon -cancer coded from transeript- were coded as’ rectal L

.. unspecified cancer and heart disease from certificate. There were two-cases =

. where cirrhosis. of the liver was coded for- deaths prev1ously coded ‘as heart o
-disease  and - diabetes. - Two cirrhosis cases from transcrlpts were coded as

‘.pneumoma and rupture of urmary bladder due to a fal].

o Standardlzed Proportlona.l Mortahty Ana.lysa

SPMRs were calculated for ‘the: 1 532 whlte men w1th both job hlstory

s ' u;and cause of death.‘ There .was a- sl1ght elevatlon in, proportlonal mortallty due :
" - to all.cancer ‘and a! larger, highly significant. increase .due- to digestive ‘cancer, .
" concentrated in the = stomach’ (PMR=35/17.7= =1.97, . p <.001), - colon” . !
(PMR=41/29.6=1.39, p=. 04) and pancreas (PMR=24/16. 8=1. 43, p=. 08) (Table 13)

Four additional stomach cancers .appear if  those lacking . job histories are

included (84 additional white men). All non-malignant. digestive disease is-also.<: -

- elevated ‘in ‘'this. population (PMR=76/61.51=1.24, p=.06)" largely" appearing -as - S
~ . cirrhosis of the liver. ~All circulatory disease is very close to the expected,.’
- arteriosclerotic dlsease is - slightly . elevated’ (PMR-l 10, 'p=.002), and all -

' respiratory disease- slightly reduced (PMR=.91). ‘There were three deaths due =~

to skin "diseases for one expected, and a substantial deficit of deaths due to .

accidents and suicide. When the analysis-is limited to those thh 10 or more. ... .

) - years' (weighted) duration of employment, the PMRs for digestive cancer . : B

.- increase slightly (Table 14):  stomach. cancer- PMR=2,08, colon- cancer PMR—'@*V’.",“;,"‘ o

- 1. 45 and pancreas cancer PMR-I 45..

When the study populatlon speclflcatlon requmng a mlmmum welghted-j-»'f‘.‘-'v"‘f*' o

~ duration of employment. of five years was modified to ‘become a minimum "
“~unweighted duration of - employment the - overall PMR analysis was largel_g Yo
unchanged. With 131 additional ‘white men (with job history and cause of .

death), the PMR for all digestive cancers remained 1.52; for stomach cancer

" . the PMR went from 1.97 to 2.00 and for colon cancer from 1.39 to 1.46. For

“cancer of the pancreas, the PMR went from 1.43 to 1.38 with the unweighted

selection. The lung cancer PMR went from 0.92 to 0.98, and cirrhosis from -

- 1.34 to 1.37 in the larger study populatmn
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‘ . Analyses for all white. women with both -job history and cause of death ~. . =~
. reveal no-elevations in proportional mortality due to digestive diseases, either "1 7": 7~ "
.. malignant - or -non-malignant (Table 15), except for' cirrhosis of the liver "~ . . - . .~
.- (PMR=2.26, p=.08). - Heart disease, non-malignant respiratory disease and all . ... . -
_» external. causes. showed ‘the same pattern as 'for ‘men, If 22 additional white - - ..
- women- lacking job: hlStOl‘leS are included, the pattern is- unchanged except that-‘ RS
i..».c1rrh051s of the liver. is. further elevated by 2 ‘new: cases.. ‘

S When the study populatxon is stratlfred accordmg to orlgm of bu‘th R
. “several results emerge (Table 16).- Men born in the U.S. had less elevated " - - .
.-+ proportional stomach eancer mortality (PMR=1.53, p=.10) and more colon cancer,‘}‘ e
. mortality (PMR=1.61, p=.01), while those of Central European birth had.more . = . .- .
..., /stomach cancer . (PMR=6/2.3=2.6), based. on small numbers.. Men:of Canadian . ¢ "
S origin (largely from French Canada) ‘had a distinetly high proportxonal mortality. S
', due to digestive cancers (PMR=20/9.7=2.06, p=.001), especially stomach cancer- . . . .~"'
. (PMR=9/1.96=4.58,. p=.001); 'The pattern for men born ‘in Italy was- not: " .7 .
. . .distinguishable, given small numbers, except possibly for cancer of the rectum. .. -~
' (PMR=3/.74=4.03, p=.08). Among the origin of birth strata, the U.S.-born have - .-~ - ..
~= a’later year of death and the. Central European and Itahan blrths have somewhat ... .
A :,hlgher ages at death (Table 16) ' ‘ ‘ : R

B SPMR analyses done for. whlte men in ma]or exposure groupmgs (10 or ‘..
-~ more years' welghted ‘duration) reveal ‘that the stomach cancer. excess was .
. concentrated in ‘Grinding, Comprehensive (see page '11) (PMR=13/3.8=3.39,p .
T .001); and absent. in-Machining, all* cuttlng fluids. (PMR-Z/I 89=1.06).. (Table;
+:117,18) - ‘Pancreatic’. and: colon .cancer .were elevated in. both groups; but’
i'g;"f‘statlsncally stgnlflcant only. - for-. Grindlng Non-mahgnant dlgestlve aands i
_-.. respiratory diseases-were not statlstlcally 51gn1f1cantly elevated in-either group RIS
77 These ‘two- exposure - groups ‘are not mutually exelusive: . 11 workers-had more = " - |
" ’:'than 10 years' duration in - both ~These: analyses- do not adjust for or1g1n of o
”blrth dlfferences between exposure groups v :

- - SPMR analyses. for - the grmdmg and machmmg groups defmed usmg T
".‘:‘unwexghted durations of employment in the-. corresponding . Iarger study« ;o S
- population,. produced slightly "different estimates for cancer of. the stomach,z.‘ P &
- and’ pancreas. - For Grinding, Comprehensive (10 or. more years duration), the . e
* 'stomaeh cancer PMR was 3.39 with weighted duration and 2.94 with u‘nwelghted‘,‘. EERVR
" ~and for cancer of' the pancreas, '2.33 weighted and 1.85 unweighted.  For- Lo

' Machining, - all cuttmg fluids (and some associated  jobs), ‘the cancer. of the..” . = .

' ./pancreas PMR was 2. 95 for welghted duration and 2.72 for unwelghted duratlon.‘

, ' Restrxctmg exposure groups to jobs with exposure to spec1f1c classes of‘_. )
'.f‘_-‘cuttlng f1u1ds, and- comparlng those having 40-119. .months. exposure- with those’
" "having 120 “or more months (10 years), allows further locahzatlon of excess " -.
.proportional mortality, but without taklng orlgm of ‘birth into account (Tables -
~19-23 and summarized for digestive diseases in Table 24). - In Machining {Table & =
19), the two-fold increased proportional mortality due to colon cancer cannot .
be further associated with any subgroup. For the increased pancreatic cancer, ‘
-~with small numbers, the. PMR is highest in machining in oil cutting fluids for .
- .the longer durations (PMR=4.67, p=.06). For grinding (Tables 20, 21), stomach -
" cancer increases with duration -in all the grinding exposure groups. It is
. _‘greatest for 10 or more years in grinding in water (PMR=4.00, p=.08) and in~

20<
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- water/oil’ (PMR=4.15, p=. 02) .cutting fluids. - Cancer of the pancreas also ' = -
) 1nereased with duration in.each grmdmg subgroup. The non-malignant digestive . ~.:" " ..
" diseases . were in greatest excess in the grinding in water/oil. exposed workers.,,‘

‘Colon cancer was- elevated aeross all grlndmg groups. S

R There was lncreased dlgestlve disease proportronal mortahty in_ the skllled‘;, e
. trades groups — tool-grinders, tool and die: workers, and machinists' — and in." . .
.~ forge and heat treat workers, but each of these groups was small (Table 22).. . .,
~ . Stomach- cancer was significantly elevated for - tool -grinders’ (PMR=3/.58=5.1, =% . .
+ - p=.04), and pancreatic cancer was elevated but not significantly for machxmsts.'; LR
- "Liver ‘cancer was elevated in. Machining (Table 18) and for machinists and tool - . "' -
. and die workers (Table 22), who.potentially share common exposures. Taken
‘together there are 6 observed 124 expected :

. PMRs for stroke were generally below 10 except for those W1th 10 or SR
more years' in. grinding, where: there were small excesses. . For grinding in". -

water/oil,- the stroke PMR was 1.31 but not. stattstlcally 51gn1f1cant Similarly, -

| - .PMRs for all’ non—mahgnant respiratory disease. were generally less than 10_';.
-~ -~ except. for .those . in. grinding, the  largest bemg for grmdmg in water/onl‘:‘j?
- ,(PMR-IO/? 4= 136 p=. 16) (Table 21) 3

All lymphopoletlc cancer was elevated in- tool and dle and tool grmdmg' Ve e
workers {with 10 or more: years' exposure).. A number of workers had substantia. BRI
. ..duratlons of exposure in both categories. For workers with 10 or more - years-._
0 in the; composite’ grouping of -tool:and die and’ tool grinding,"the lymphOpoletlc" '
~ "/ -cancer excess was highly sxgmfrcent (PMR=9/1.83=4.01; p=. 001).. There was:no

similar elevation for skilled' machinists, other skrlled trades or for the ma]or"f;{

: ""productlon groups - machtmng. grmdmg, etc

The Forgmg, Heat Treat" exposure category had an- overall excess i
‘;,cancer proportional mortallty (PMR=35/25.=1.39, p=.05),- with-'the. elevations ' ...
* "concentrated but not. statlstlcally significant in cancer of the lung, rectum. .and ..
',esophagus (Table -22). - The PMR ‘for lung cancer was 1.34 in this: category :
.- using unweighted. duratlon, compared with- 1 54 usmg wexghted selectlon (both o

. based on the same 11° cases) - , )

. . The whnte male assembly and. paekmg exposure group also experlenced“ S
- some elevated dzgesnve cancer mcludmg a statistically significant excess of

stomach. cancer (PMR=5/1,4=3.5, p=.03), together with inereased non-malignant

-dlgestwe disease (Table 23). Some assembly jobs: are. in close ,proxlmlty to

grinding operations and some assembly workers. had both "assembly. and grinding " .. ..

~© "experience. For- women assembly. workers, the only -indication: of excess =
. digestive- dlsease proportional mortality was: an elevated proportron of deaths-_,

©. " due to-cirrhosis of the. liver (PMR-4/1 5=2, 59) whlch was not. stattstlcally R
e 'srgmflcant (Table 23, 24)." o , S
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o "CAseacdnu-ol Ana.lysrs. Cmde’ Mortality Odds Ratios

ft"ﬁ’\iCancer of the Dlgestlve System

.‘ E ‘_‘,Iﬁnone s, statlstlcally 51gn1f1cant.

Table 25 shows crude rnortahty odds ratlos for stomach cancer unadJusted-‘i_‘j:-Tf;"."“»'

I"."‘;‘.;_‘.for ongm of birth, age and year of death for some major exposure groups. ...
-Stomach cancer was. associated with most of the grinding subgroups (which are -
> not mutually exclusive),. The- odds ratios were. consnstently higher in the groups

: ."':E-::‘Wlth longer duratlon and were' statistically significant in workers with longer

"";'fduratlons in : Grinding, Comprehensive ‘(odds' ratio=2.37, .p=.03); - Gr:ndlng,‘,f,';’“"::*" pr

| -"‘-‘-]"‘Restrlctlve (odds ratio=2.68, p=.04); and g‘rmdmg in water/ou (odds ratio=3, 28,'.5‘3’"3‘7-? S

. p=.04). In tool grinders the association was. not ‘significant (odds ratio=3.67,

'-‘3_\‘7p- 08) CAIL machmmg exposures had odds ratios Iess than one

For the assoc:atlon of stomach cancer w1th Grmdmg, Comprehenswe,;

o the age at death’ distribution is similar for the exposed and comparison groups; - R
- the .exposed group: generally has:a later- year of death and has double the '~ >..[-
. f,;.,uproportlon born: in Canada.’ (Table- 26) Similar potential for confoundmg ‘was L7
‘.+.'found for the other: grmdlng-related exposure . groups. For.tool grinding, age’

" at-death, year of death and origin of birth were roughly comparable between S

" 'the. exposed and ' comparison: groups; those of. European descent were under-

o ,:,‘f_'represented in the exposed group, (Table 26)

- Case-contro] ‘results” for. . colon cancer for machlmng and grlndmg_.‘:'"‘
xposures are given. in Table 27.° Most of the odds I‘B.thS are close to 1 0: and{;__.

Case-control results for cancer of the. pancreas ‘are: glven in Table 28

‘ ]‘i"-In Machmmg, there was a ' possible trend with ‘increasing duration ‘and likely . .
. exposure, ‘and a- statlstxcally significant result- for longer duration - oil-based: { ~- . . ..
. eutting f1u1d exposures : (odds ratio=5.31,. p=. 05) - However,’ the risks' for. .

‘;jglmachmmg in oil and in water-based fluids cannot be dlstmguxshed “In: grinding,

" ““none -of -the . associations -is statistically significant, but the odds ratios ‘are’

_;consistently greater in' the longer duration groups. Furthermore, the comparison. - v

* -'group, " specified- a priori, - includes machining exposures, .now observed to be s

.- cassociated with pancreatm cancer. . Table 29:shows the potential confounders.. .

-~ +for the cancer of the pancreas: assoc:atlons. Age. at. death. differed somewhat .- -
",~between the. grinding. exposure and comparison groups ‘but. was quite similar - 7
-~--for' the machining -and comparison groups.  There were d1fferences between-'

“ ~the exposure and companson groups for. year: of death.’ and location of birth:

< Those.of Canadian birth were. over-represented in both: machxmng and grlndlngf’f:’{f”-

"exposures but const:tuted a: small o-roup

g "Non-rh'alig-‘nant Digestive Disease

G Crude odds rat1os for non- mallgnant dlgestlve dxsease (ICD-S ‘)20--‘37Q
. includes GI ulcers, diseases: of liver, gall bladder, pancreas) show'a statlstlcally‘
.. significant excess only for grinding m water/oil f‘or more than 10 years., There

‘are no indications of excess digestive disease in machining. When digestive

disease was limited to cirrhosis -of the liver (Table 30), the odds ratio for the

RR<
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: grlndlng in water/od group was 3.3 (p=. 04), potential confounders are Slmllal'ly o SR
. ~dxstr1buted except that the exposed groups were more hkely to have: dled 1960-,
C 19790 , e | h R

‘:::-Cencer ovf | the ‘ 'Limg

o Case-ccntrol analysxs for those thh employment in forge, heat treat Ly
S ‘and allled processes. for .10 or more years resulted-in a’ statlstlcauy m51gn1f1cant,1 BRI

- elevation- in.'lung cancer. (odds ratio=1.50, p=.17), as in the SPMR analyms.,j?
_l_;_Potentml confounders were -distributed’ sxmxlarly between the exposed -and .
e comparlson groups, but the exposed d1ed more often between age 65-74

: ]"_--Stroke and Non—mahgnant Resplratory Dlsease

P In comparmg deaths for workers w1th 10 or more years' wexghted duratlon R
S in grmdmg in-water/oil " wnth non-grlnders, the-crude mortality .odds ratio :for- i 0
. 'stroke was 1, 86 (p=.05). . Other comparisons yielded no associations. For the == ...
-, grinding . in ‘'water/oil" assocmtlon, age of death; year of death and location of g
I . birth. were similar-in. the’ exposed and comparlson groups except that. those of'_j

- Canadlan birth were over-represented in grmdmg (17.7- vs. 8. 2 percent)

e Also elevated in’ grmdmg, but not statlstlcally srgmflcant ‘was’. non—‘
”“\‘-\‘.‘,mahgnant resplratory disease - excluding “pneumonia- (ICD-8: 491-519; OR=1,6,
-p=.1). ", For: this comparlson, ‘the exposed group” was - more llkely ‘to .have ‘died
vein the years 1970-1983 than  the. comparison: group (59 percent vs. 46 percent)
‘..f_;wh:ch implies - positive: confoundmg because reSpnratory dlsease proportlonal‘;i‘v
'-"*frates are mcreasmg 1950~ 1980 R o S

B Log-su istic 'Regression:  Standardized Mortality Odds Ratios * . -
R Stomach Cancer -

o ‘ "I the final model, there was a stat:stzcally sngmfrcant effect of wexghted‘
. exposure- duration .in Grinding, Comprehensive {p=.024; one-tailed test, Table .-,
31). The effect’ estimate, applied -to 25 years of we:ghted exposure, produces_;‘__v-_' B
' a standardized mortality’ odds ratic (SMOR) of 2.25. - The SMOR for stomach. /i =7 .
*'. .cancer. in-those: of Canadian origin was 2.56 (p=.015), and for-tool grinding’ ‘the.. ™ oo
- -‘odds ratio was 3.38(p=.10, one-tailed test) for 25 years of exposure. The .~ -* ‘.
‘estimated stomach' cancer SMOR for the unexposed study pOpulatlon obtained’. 7
~< from the model mtercept was 1.29. ‘Substituting Grinding; Restrictive, in.the' -
 same model, resulted in a shghtly larger and less certain estimate for grinding
.. (odds ‘ratio = 2.30 for 25 years' duratxon p- 033) and a-smaller -estimate for
tool grmdmg (odds ratlo =3.05 for 25 years duratlon) ‘ : :

When an 1nd1cator of bl[‘th in Central Eurooe a known risk factor, »'Nas‘ :
included in the final model, the resulting effect was SIZeable but not statlstlcally o
significant (OR=1.78, p=. 13) - The estimate resultmg for grxndzng was slightly . = -

R3<
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. smaller (OR 2 22), and that for tool. grmdmg larger (OR=3.59); the SMOR. for
.. the unexposed population (and not of Central European or Canadian birth) was.
- then-estimated to be 1.16. Interactions between the ‘Grinding exposure measure ..

. and age at death, year of death, or" birth in Canada were tested. For the = .

.. ..age interaction there was no . effect, for year- of death there was. a weak | i

" negative: year dependence (suggestmg a slightly declining risk for Gnndmg over-: v
“time) that was not statistically -significant. The exposure—blrth in Canada ~

" mteractlon was small, negatlve, and not sxgmflcant

‘ "Cancer of the Pancreas

There was. no ev1dence of an or1g1n of birth dependence for cancer of *

the . pancreas in either the 'SPMR studies or the SMOR- analysis. In the final

",‘model, ‘large, statistically significant effects were found forboth- machlmnga"f’:‘f.'.f'f,-u‘ o
.. ‘and grinding” exposures (Table 32), For machining in oil, the 25—year odds ratio -

was 9.9 (p=.014, two-tailed test), and for Grinding, Comprehenswe, it was 3.2

- (p=.02). - For grinding, the best fit was with an interaction involving. date - of oot
. hire. Ineluding- grinding exposure, date of hire (in months since March 1933, -~ . .

..~ the populatlon mean date of hire), and ‘the exposure-date of hire product term

-+ resulted in~"an odds ratio for grinding exposure that. was. large for early hire ..
.dates and fell to below. 1.0 for dates of hire after.1935. -The odds ratio for -

a5 years of grinding with date of hire in 1923 was 3.1; for date of hire in -

1918, the. odds ratio was.4.8. Inclusion. of .the. grinding and- interaction’ terms SR
"o had a p-value’ (two-talled) of ,018.  There were no age, year of death or.year

:of hire interactions: with the machining in: oil exposure.» The primary: machmmg =
.. steps “have always been’ ‘done on lathes .in - il :in- this. plant- grinding "was - ..
" traditionally -done -in' oil ‘until soluble oil emulsions were. lntroduced ‘after ‘the

~1930s. . When machining in all*cutting fluids was substitutéd.for.machining in. .. . '
- oil in-the model, the effect-estimate -was smaller; the 25-year odds ratio was o
" 4.5 and not qunte as- statistically significant. ' The all -cutting’ flulds measure. i . i,
oo :_;mcluded machmmg in water or unkown: cutt:ng fluids ina. varlety of _]ObS in .o
B ,,_addmon to the multl—spmdle lathes operatlng in 011. R ‘ .

Cancer“of'*the ‘Colon.

: There was excess colon .cancer among - machmmg and grmdmg exposed T
- workers in SPMR but . not-'in case-control analyses. In adjusting for age at-
.1 ,death, 'year' of death and orlgm of birth, no machining exposure asscciation.
‘remained by logistic regression analysis, . For Grinding," Comprehenswe there " . 7
" .was: a small statistically insignificant effect (OR=1.7, 25 years" exposure, p=.18, -.."
" - .two-tailed test).” A-large but not significant effect of U.S. birth: was estlmated, S
" (OR=1.61, p=.08, one-tailed). ’I‘he SMOR estimated for the rest of the study -
" populatlon was 1.01. =~ :

‘Cancer of the Lung

‘Table '33 shows the logistic regression analysis for cancer of the lung.

_There was no origin of birth effect. The exposure variable.consisting of

weighted QUration in any of forging, heat treat, ball heading or annealing was
<&<
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a statlstlcally sngmflcant predlctor of lung ecancer mortahty odds. The est:mated R
adjusted odds ratio, for 25. years of exposure,.was 1.99 (p=. 035, .one-tailed = -

_ . 'test). - There were no 1nd1cat10ns of effect for machining, -or. tool and die - .
. exposures; for Grinding, Comprehensive, there was a negative’ association that'-‘-",' S

~ was not statistically. significant. There were no age ar year of death’ mteractmns E

':’-[m the assocnatlon of. forge, heat treat exposures and lung cancer..

' | Non-Mahgnant Dlg'estwe stease :

Standardlzed mortahty odds. rat1os were computed for the exposures wnth‘

excesses in . eirrhosis - of the liver as seen in SPMR and case-control analyses.“" AR

- grinding -in_water/oil and for - machinists (Table 34).  For machinists, using - '« .° -
~ weighted' duration -of exposure, the 25-year odds ratio was 6.08 (p=.07, two- -~ 7.
.- tailed). . Using an:indicator for:any exposure in' excess of five years: wexghted‘ S A

~-durat10n the odds ratio was 3.13 (p=.12, two-tailed). For grinding in oil, the - |
25-year odds ratio was 2.7 but not statistically significant (p=.16, two-tailed), - -
. It is likely ‘that the weighted duration of exposure measure: (used throughout) -~ . °
s les‘s appropr;ate for ‘non-malignant llve:_ disease ‘than' for.cancer outcomes. -~

: ‘Goodness of F 1t

The approprlateness of the models fit to the data usmg Iogxst:c regressmn.:f‘

..o was assessed by deflmng -strata;. for ' 'the : continuous cumulatzve exposure"r-'
R _"measures, -eomputing - the numbers of cases ‘predicted” by the' model- in-‘each .
- ir stratum’ and comparing with the observed. - This ‘was done for the key models. "

 involving . stomach,’ pancreatic and lung cancer (Table 35).. Tests of goodness = v

.. ‘of fit were not. done because the number of cases were small and - the apparent.‘l.-j_ii L

o flt was very good. : S
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 LITERATURE REVIEW

N Nature of Machining and Grmdlng Exposures SRR

Metal products which have been roughly shaped by castmg, stampmg,7

~and. forgmg processes "often require further removal and- smoothmg of metal - -

- to attain precise size and shape’ speclflcatlons. "Machining”' refers to- processes - -

-such ‘as milling, turning and boring in which metal is sliced or cut from-a
- workpiece by - the application of. a- sharp, harg- SPPEG tool ‘at relatively low .

speeds and temperatures (less. than 1000°F).\1

"Grinding" removes fine =

particles of metal with abrasive wheels applied to. metal surfaces at relatively. . - SIS

.-~ high speeds, - produeing temperatures. as highas 2000°F.-.Both machlmng and “: ;
- grinding generally require the use of cutting fluids directed in a stream -or .-

' mist to the working surface for lubrlcatlon, coolmg and . the removal of metal"-v;'

debrxs. ,

Metalworklng cuttmg f1u1ds belong to three classes. G

| : 1: ' Cutting oxls {also called msoluble or stralght onls) These may be
’ . naphthenic’ or paraffinic mineral oils with -added polar lubrieants. A
of animal'and vegetable origin such as lard or sperm oil, Chlorine, =

- sulfur’ or phosphorus based addltwes are frequently used to 1mprovef_
e lubrzcatmg propertles. e REEE SR

A

R 1.‘_1 2 : ’Soluble 01ls (also called water- mxscxble oF. emulsmed o1ls) ' These_‘g.

_ . fluids contain' emu]sxfymg agents -such as- petroleum sulfonates or-
" ‘amine soaps to suspend oil droplets in water. Chlorine, sulfur-and

" phosphorus based additives. are often used to 1mprove lubrication.

a " Other. additives . include corrosion -inhibitors (e.g. nitrites, -polar.
: ,orgamc compounds), chemical stabilizers (e.g. complex: alcohols andjg ;

-~ non-ionie- wettmg agents) and’ blomdes (e.g tnazmes)

) 3. :_ Synthetlc flu1ds (also called chemical flu:ds) These are generally"
- “alkaline ‘water-solutions such as ethanolamines with added corrosion’
- inhibitors (e.g. nitrates, nitrites, borates, phosphates), surfactants -

(e g. complex aleohols and esters), non-mmeral 011 lubrmants (e. g- “:"':‘"

’ 5111cones) and biocides (e:g. tnazmes)

_ | Straight cuttmg onls have been used smce the early ‘days of the industrial =~
‘revolution, whereas soluble oils and synthetie fluids have been used widely-only .« .

. since the -1940s. - Straight oils are still used-today- in. many machining and ;| ~:

some. o‘rmdmg applications because of their lubrlcatlng qualities, while- soluble
.« .oils.and synthetics are particularly useful for grinding because of their cooling -
- properties. There is, however, considerable overlap in usage. :

. - The use of cutting fluids invariably produces an aerosol both mechanicaily
/and by vaporization and condensation. Straight cils. tend to produce larves
and heavier droplets than the finer mists associated with synthetlf f'luxds
" The present OSHA standard for oil mist exposure is 5 mg/m This -
standard was based on animal test data for exposure to straight minerai oils

- <<



and was etlmed primarily' at the prevention of llpoid'pneu'monia from. gross

) ..;‘_exposures 3 There is no spectftc standard for. the synthettc fluld mist.

. 0il mtst measurements in metalworkmg plants in. the past several years :
"have typically been- in- the 0.5-5. mg/m3 range.. A NIOSH evaluation'in an’ = -
-automotive transmlsston plant usma soluble onls reported personal samplmgﬂ '

' .exposures from 0.07 to 1.4 mg/m

s Jarvholm reported area samples from a bearmg plant snmtlar to the one'

‘ 'm thls study( 16) on ‘mist levels: ran%ed from 0.3-2.3: mg/rn in -the turmng"
”clepartment (machtmng), '1.0-7.3 mg/m

- hardening - (heat treat) with . mean - levels of 2.0, 3.2,.and 2.9, respecttvely

. Decoufle reported personal samples ranging from 0.4-to. 1. 87 mg;,/m3 of ne st in .
an’ engine -plant. using . predominantly straight mineral and scluble fluids. In -

in grinding, and 0. 4-18.0" ‘mg/m3 mj,”.:“- o

this latter study the geometric- mean droplet size of mineral oil mist in various - . |
samples ranged from 2.4 to 5.6 um. " Dropiet sizes for aerosols of the solublev o

. and synthettc t‘1u1ds were. not reported but ‘were presumably smaller.

TR - There " are four spectt‘tc groups of - toxtcologlcally suspect chemtcals-r ,
- ;assoclated with- these mlsts in metalworkmg operatlons- ‘ S

1 . ‘[ Polygychc aromatic’ hydrocarbons,‘ tncludmg benz(a)pyrene,1 Slave been'.

- measured in both new and used bulk samples of straight oils.

Solvenc | ...

’ ""“.:refmmg of these oils "in. recent years ‘is thought to have reduced the. ..

':'f"leve% of these contaminants below that historically found in- acid-refined .
i olls. 17, -Recent- measurements .on-bulk samples have -found 0.5 to
_“’j150 pg‘/ml of benz(a)pyrene in new 011s and htgher 1evels in’ used oils. (19)‘ "

' 2,‘ :‘r“gN-mtroso compounds mcludmg mtrosammes such T*"‘as‘ N-T»

- nitrosodiethanolamine, have been detected-in bulk samples. of synthetic
metalworkmg fluids, These presumably result. from the combination of

- ethanolamines and . nitrite -additives in solution. - Fan has- measured’;-]q

- -concentrations of N-nit osod1ethanolam1ne ‘as . hlgh as 3- percent in new -
*bulk’ fluid concentrates.(20) ~ 4 recent NIOSH survey found: conmderabl;s -
lower levels (0.2 to 600 ug/ml) in a variety of new and used fluids. ¢ ‘
" Nitrosamines in fluids diluted for use were: generally at the lower end .

“of this. scale. - Only. trace amounts were found in-air samples; however, - ‘

f-,‘j,the testing procedures were des:gned to measure mtrosamlne vapors and_ '
' not mlst-borne mtrosamlnes. ‘ ‘ - ‘

N—mtrosodlethanolamme is~ known ‘to be absorbed through human Skln(zz)
_and :has been measured in the urine .of metal grmders 2 :

in 1976 NIOSH issued. a. "Current Intelhgence Bulletin” to alert cuttmg ‘

. fluid - manufactuf'ers users and workers about the-potential hazards of
these exposures, In'January 1984, the U.S. Environmental Protection
Agency published a proposed rule which would prohibit the addition of

’mtrosatmg agents to the triethanclamine salt of tricarboxylic acid when - o

used in metalworking fluids, (25)

3. Biocides'are typically edded to all varieties of cutting fluids' to reduce
‘ _microbiologic growth. Those commonly used in water-based fluids have
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recently been reviewed and include a ‘wide variety of 'organic C

 compounds.t26)  The most common are ecyelic triazines which are - - .= -
condensates of formaldehyde with substituted alkylamines. or am moma. R
Although it is presumed that these act by releasing formaldehyde under -7 .l
normal conditions in alkaline cutting fluids, very llttle effort has been‘ R

made to examme thlS under fleld cond1tlons.‘ :

4 L Abraswes. Grmdmg wheels have been made predommantly from smconf,
~+.. . carbide or aluminum-oxide since the 1920s, when these synthetic abrasives -

~ were introduced to reduce the silicosis hazard associated with sandstope. . i ¢ ...
Several types of bonding agents, .including shellacs, rubbers and synthetic ~ - -

orgamc resins, are used to hold. the abrasive particies.together.- There

is little information. available about the chemical composition or size. - -
- of airborne particles. which are generated during dry or wet grmdlng or .

- during "dressmg" w1th dlamond cuttmg dev1ces.

_ ‘There are other chemicals of tox1colog1c concern whlch have been: found. o
- as components or contaminants- of cutting fluids but which’ have received little

. systematic study. These include’ polychlormated biphenyls which may be present. T
.. when lubricating oils or hydraulic fluids contaminate cutting fluid systems and ' . -~

p&ra-tert—butyl benzoic acid, a rePFOdUCtIVF Soxu] in animal tests, which has’ SRR
.and chlormated o1ls and waxes o e

. -been used as an additive to soluble flUIdS
¥ recently found to be carcmogemc in’ rats and mlce 23)

In -addition ‘to- the machmmg and grmdmg operatmns, there are otherf‘f;;
. _g-metalworklng processes. in bearing plants and similar - faclhtles ‘which'. may-;,f,__,r
L ;contrlbute hazardous exposures to the: working environment, Smokes, oil -mists "

- and carbon monoxide may be generated in forging and heat treating operatlons{'”;,‘_':a-‘"" -
- when' lubricating oils and. cutting fluids are heated or burned. In forging, hot =
" metal parts may be sprayed with heavy oil lubricants prior to. pressmg, in heat .- 7 ¢

" treating, red-hot' parts may be quenched in heavy oil baths. Other potentlal' '

_exposures include chromic acid mists from electroplating operations and metal .. LT

arblde and related. specml alloys. ‘Cobalt and other exposures can result.
" Health Effects .

'An'imal ‘Studies

_ Ammal studles have dem onstrated the carcmogemmty of several varletxes o
- of new and used cutting fluids as well as some of thelr specific components

and- contaminants.

A soluble and a. stralght cutting oil from a metalworkmg plant where -
"skin cancers among workers were reported 23) were both found to cause skin- o
cancer when applled -repeatedly to the skin of‘mnce.(30) In another study, a -

number of base stocks used in the preparation of cuttings oils were found to
be carcinogenic to mouse skin.(18) Those oils conventionally refined with

*J
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. dusts such as beryllium or cadmium f{rém grinding on specialty.metals." Tool ..*; ;
- and'die work in preparing the hard -metal cutting tools includes gmndmg tungsten'.‘.



“sulfurie acid were carcmogemc, 'whereas solvent refmed otls d1d not: produce el

tumors. However, in a later study, solvent-extracted cutting mls were found,

to be carcinogenic as well(31) This study also.reported more papillomas:in . . .

mice painted with used' oil than with the same oil before use, suggesting the

.- formation of carcinogens during industrial use. . Mulhgan has reported significant - R

. -excess numbers of hepatic nodules in female mice which were skin.painted
' with. synthetic" cuttmg( fluids, both. with and mthout rneasurable amounts of(*

L ‘mtrosodlethanolamme

Both polycy llc asomatm hydrocar ons and mtrosammes have been shown,‘l«" <

" to cause digestivel?

and respiratory “cancerin laboratory arumals N-: T

., ‘Wmtrosodlethanolamme the most frequently eited careinogen found in's nthetlcs I

cutting fluids, has.: potent effects in- several animal.’ spec:es

Nltrosodlethanolamme has also been found to be’ absorbed through rat skm': s

o when apphed undxluted or in solutlon w1th water or cuttmg flulds 39)

: , Female ICD-JCL mice exposed orally to trletha?olslmme developed a
high incidence * of - mallgnant lymphomas in cne study:
‘questioned -because ‘of an unusually low: rate of tumors in the control animals.

Triethanolamine ‘and diethanclamine . are 'both. currently being ‘tested " for

il . carcmogemcxty through the -National - Toxicology Program. ’%1 Formaldehyde'*“ R

.has been shown in: two studles to cause nasal cancers in rats

Ne:ther alummum oxide nor 5111con carbxde has been shown to mduce

" tumors in animals. . However, several resplrable ‘dusts, mcludmg sands, -abrasives.. .

o +% ‘and metallic. aerosols .have’ co-carcinogenic- properties- when given: together.f--"-"

w1th benzo(a)pyrene or . dlethylmtrosamme. . Stenback - -found: that: neztherm"

" aluminum’ oxide nor. "diethylnitrosamine produced lung tumors ‘when given alone =

This  has: been =

" to -Syrian .Golden. hamsters, but that significant numbers of ‘lung: tumors -

"developed among ‘' hamsters pretreated w?h subcutaneous dxethylmtrosamme
fallowed by intratracheal aluminum’ oxide.

However, similar tumors. also. .. .

developed when 0.9 percent NaCl, used as the:vehicle for the’ dust was given

with dlethylmtrosamme but w:thout the alummum ox1de.

S;hca, chromlte sand ohvme sand t‘ernc ox1de and alummum sulcate
] dusts have all been found {:o—carcmogemc for lung tumors in hamsters when
given with benzo(a)pyrene. Stenback was not able to demonstrate co-
. carcinogenicity of - aluminum - .oxide .given to _hamsters together = with

benzo(a)pyrene, although 2 of 48 animals developed lung adenomas which wera =~

" not found ‘when- either material was administered. alone. (46) . Ferrie. oxide &nd
tltamum oxlde had a marked co-carcmogemc effect in the same: study :

o Human' Epidemiolog'y:', Qccupational Groups °

Early concern for the health of workers exposed to mestalworking fluids
“and related chemicals focused on reports of dermatitis, skin cancer and- non-
malignant respiratory disease. 0il folliculitis has frequently been reported
among those working with straight oils, while irritant and allergic contact
.dermatitis are the most freguent skin disorders associated with soluble ard
synthetic metalworking fluids (reviewed by Taylor). (47 - Proliferative skin
‘ dlseases, including keratoses and malignant tumors, - have been found among
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., workers ‘on metal - machining. jobs in -an engine : plant

“workers .exposed to Stl'alght and soluble oils by direct skm contget or ‘through
" oil. 1mpregnated ‘elothing. (43) In- Britain, this has been best documented for - .

" scrotal carcinomas ‘and’ eplthehomas among: workers exposed to straight oils ~

- and.probably soluble oils (reviewed by Waterhouse).(49) A recent case-control - .
** study in. Connecticut has demonstrated a similar association between squamous =~ "' -
. cell carcinoma of the serotum and employment. on metalworkmg jobs presumed ..

" to- involve. outtlng fluid exposure (toolmakers, ‘toolsetters, . screw: machine ..

. operators)

* Airborne - mists from- machmmg angd grmdmg operatlons are known to

. contain droplets of respirable sizé (less than 5 um). . Lipoid pneumonia and:

3 ‘impairment of respiratory fLSncnon have been reported arnorig workers exposed ..’

to such respirable mist.{

There is disagreement, however, about the. S

prevalence and .severity of these effects, and several investigators have failed = .

to. demonstrate respiratory, dysfunetion in coolant exposed workers. 52,53) In
‘a-recent cross-sectional. evaluation of 164 bearing plant workers. exposed to

. .straight and. soluble oil for a ‘mean duration of 16 years, Jarvholm foun? % ) »,

'SIgmflcant excess. in resplratory symptoms relatlve to office worker controls.

‘ He was unable to demonstrate dlfferences in splrometnc measures or: x—rays.':.';'.':.» .

. Since- 1970 several reports have lmked cancers other than ‘those of the,

g sk1n with work in: occupatlons or plants with cutting fluid: exposures. In. 2

, populatxon—based ‘case-control study, Roush. found a strong association between - .
- sinc-nasal cancer mortality.-and jobs ' with presumed’ cutting’ fluid  exposure. 54) '

In .a similar. study, Sllverman démonstrated- a slight association between bladder“"
" cancer mortallty and metal fabrlcatlon and machlmst work (55) v '

q“i””'

The smo—nasal and. bladder cancer. fmdmgs are-.isolated reports but\". L

seireral studies. have ‘found .a - relatlonshlp between cuttmg fluid - mist. exposure

- ‘and -cancers of the dlgestlve and respiratory. systems., Waterhouse .reviewed "' . '\ .0
228 cases of-scrotal cancer in. oil mist exposed workers from the Blrmmgham L
~ Regional Cancer. Registry and found 51gmf1cant excesses of suosequent Prtmar% e
. malignancies. of - the. skin, respiratory system and upper’ dlgestwe tract.! L
~ 'Dubrow- and: Wegman- reported associations between stomach, colo-rectal, . " -~ =
. pancreas, and respiratory . cancers with work a,?) machiniSts in- ‘Massachusetts, S

o using age standardized mortality odds ratios. 5

A Decooﬂe, calculated ‘oa'use'~specific Standardized rsxortahty ratios - among,v-*:",' o

excess of respiratory cancer (38 observed, 33.9 expected) and digestive. cancer*'

There was a slight -

(59 observed, 49.6. expected) for ‘white males employed.5 or-more years:.inm oil= _ : -
mist exposed jobs. - For those first. employed before 1938 and with at. least’ - K
20 years latency,. there was a significant two-fold excess . of cancer of the - .

.stomach and large intestine ‘(15 observed, 7.6 expected). = Although esch of
the- three ‘main classes of cutting fluids was used at the plant, no attempt
was made to. distinguish among exposures. = A proportional mortality study of
deaths among ‘workers in an engine plant similar to that. studied by Decoufle .
has also . revealed significant excesses of lung and gastrointestinal "cancers,
particularly of the pancreas among those with more than 20 years of
employment ‘ ‘ ST
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: Of partleular relevance is a cancer mcldence study by Jarvholm m a
‘ Swedlsh bearm% plant which is reported to be very similar. to-the plant, in thls
“vmvestlgauon. ‘Among machining workers - exposed to- acid-refined ‘mineral

. oils, there ‘were. four scrotal cancer cases but no excess in lung or digestive -

-« cancer. . Among grmders who worked with. soluble cutting fluids with nitrite -
“ " additives. and  mineral oil contaminants, there was a statistically.significant. =

. two-fold: excess in. digestive system cancer (15 observed, 7.8 expected) ‘among "
. those with more than 5 years of service-and.20 years latency There were 6 - .
- -stomach: cancers in .this group, while 2.6 were expected.  No excess’ ‘of ling . . o

“-‘cancer was noted 'among grinders. Jarvholm has also: reported a cluster of

~cancer cases (several sites) among women wrapping bearing . rlngs covered w1th E

an. antu-ust 011 contammg N—phewl‘l'ﬂaphthylamme

In ‘a prev1ous study by the UAW at '8 dlfferent bearmg plant (2) the';"ﬂ

: major findings: were statistically significant excesses in proportional mortality SN
"...from stomach  cancer (PMR=1.39), rectal cancer (PMR=3.07), and stroke -

B (PMR=1.37) among white men. There was a strong association between stomach

. cancer- and grinding exposures after. control for “age and country of birth. . ]
~+ Other fmdmgs included excess’ lung cancer among women grinders, and an ill-. -~/

' -defined syn_drome diagnosed but probably misclassified as "chronic alcoholism" -«

. -among grinders. © There was an elevated- PMR for cancer of the pancreas.in .
" grinding-exposed’ workers in thlS study . (PMR 4/2 2 1.79) - that: was .not /-

= _statlstlcally s1gmf1cant.
o ‘One’ study
‘. - f’;cancer mortahty,(‘:“ however the study group 51ze and follow-up perxod were

extremely hmlted AR . o , SRR

Exposures to synthetlc abraswes, ‘which are potentlally present in metai—;'

o working plants, have received far less epidemiologic attention than- cutting - @ '

“fluids. -Several :reports however, have recently appeared. Sparks found excess -

" deaths from ‘pancreatic cancer, stomach cancer, stomach ulcers.and aleoholz rrs :

" .in a proportional mortahty analysis. of 931 .deaths among jewelry: workers.

Other - causes ‘of death associated. with alcoholism, such .as cirrhosis and‘“y‘
~-accidents, were not in excess. ‘Stomach cancer and ulcers, but not pancreatic . =~

of ‘a populatlon exposed to 011 mlst reported no excess of‘.f‘

cancer or-alcoholism, were elevated in the subgroup of polishers, presumed to =

experience exposure -to abrasive dusts. Wegman found excess digestive cancer

.- (stomach, esophagus, large’ intestine, rectum ' and liver)' and‘ non-malignant

. respiratory, disease deaths.in a. proportional mortehty analysis- of 968 : dezzthss -
-among - workers in a synthetxc ‘abrasive - product’ manufacturing plant.

Conelusions could not be. made about the association of cause-specific 'mortahty_f- E

< with specific jobs or exposure. Jarvholm. has reported a similar excess of

- digestive system. cancer -and. 'non-malignant respiratory disease incidence in'a .."

group of workers. employed ‘in" abrasive product. manufacture, 62) and also . a
~ten-fold: risk -of ‘Stomach eanc(r ?mong bearing ring polishers usmg ‘pastes
containing waxes: and- abrasives. (6
" mortality odds ratios for colo-rectal and other disgestive cancers among workers
- manufacturing - o&;txoal lenses” and frames possibly exposed to abrasives and'
‘cutting fluids.(84). A role for abrasive dusts in stomach -cancer etiology is

supported by the finding of elevated stomach cancer SMRs in a cohort of
British cement workers.(83) n the group with the likely highest exposure, the’
"SMR exceeded 3.0 and was not accounted for by confounding due to social clsss.
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. .Human Epldemlology ‘Other Factors

Nonoccupatlonal factors in the epldemxology of stomach colcn and rectal

.+ cancer have received considerable -attention. ~Stomach  cancer mcxdence is
. strongly associated with ethnie baekground. Annual male age-adjusted incidence
. . per.100,000 population ranges from the.world's high of 91 among Japanese to -
“a low of 10 among white U.S. men. Eastern European rates are in the mid- .= .
' range, . three to four times higher than U.S. rates.(66) Rates for Japanese

' close to’ the low Japanese levels. Schottenfeld"

| " than for stomach ecancer. Staszewski

"';Imlgrants to the U.S. are intermediate between the rates for country of origin R

. 'and destination.(67) . However, rates for first-generation Polish migrants to the.
~ U. S. remain very close to the Polish rates.(ag)'l Several tn\restsgators have -
" argued that the Japanese pattern suggests a ‘dietary effect 67

_ and.others = |
-, contend that the Polish data suggest a. genetic factor. ’I‘he migrant findings -

" have also not been analyzed with respect to changes in- occupatlonal and other RS

L envrronmental factors. -

. Stomach cancer rates have also been sssociated with the use. of mtrate
fert1hzers in - Chilean communities' in one stuc('la( _and‘ w1th ‘the mtrate Ce e

“concentratlons in publlc water supplles in another

In the U S stomach cancer 1nc1dence is great (r asrnong men than women' - "

and greater among blacks and- hlSp&DlCS than whites.\7 Among white males

in the 1970s, stomach cancer incidence was somewhat hlgher in the Connecticui- - - -

SEER area than in all the SEER areas combined (average annual age—ed usted K

. ’mcldence rates per 100 000 populatlon of 14 3 and 12 7 resgectlvely)(

IR The’ hlghest rates worldwxde for colon and rectal cancer are’in the U S., .
partlcularly in- Connectlcut, ‘and lowest in Jap. n) ‘Eastern. European rates. are - .. -

points out that:colon cancer . '

-incidence in Connecticut has increased 165 percent. among white men and 192 - - L
- percent among: white women over the past 30 ‘years, while rectal cancer ..
incidence- has remained stable. ~Colon cancer incidence is generally twice . -that + -

:'-“Of rectal cancer. except in several Eastern European eountries . where the -
i il"dlfference is much less marked and in some' cases absent, (71) :

The change in colon and rectal cancer mcxdence among ‘migrants toward

".the rates ‘of the: country of destmatlorl is' mueh more marked for these sites.
i

‘notes that this effect is strongly -

. apparent among. Polish migrants. There has been. considerable speculation that L -
. .dietary factors influence the national differences and migrant patterns in cancer’

- ..of 'the colon and rectum,-with, hlgh l‘lSk possxbly associated wath dlets hlgh in

jfats and ammal protem.

Patterns of cancer, mortahty are affected by’ alcohol consumptlon

'.'_,,'0!‘0 har ngeal, esophageal and liver cancer are clearly associated with heavy e
pharyng S)p g y g

“aleohol intake.( Associations between colo-rectal, pancreas and lung cancer
" have been reported, but the lite a ure is inconsistent -and. the relationships are
- not considered well-established. Although one recent study found a strong
positive association between alcohol and stomach cancer mortality, most other

- studies have been negative or ambivalent, 74 Confounding by workplace
exposures was. not considered.
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DISCUSSION

V'kStudy Populatmn

- The specxflcatlon ot' the candldate study populatlon (cohort at’ r1sk) is .

| ;‘beheved to be quite complete, because the -local union -records were -

. exceptionally well maintained; only 1.2 percent.additional candidates were

.~ identified from the employer's pension record. Vital status ascertainment

should be quite complete for those who died after age 65, when pension and: - "
- social security systems are very likely to be informed of 'deaths. Former - " :

. employees who had died by ‘the"time of the study closing date and who had ..,

. not yet received any social:security benefits are more likely to be lost. A
- .rough estimate of the size of this group can be based on: the distribution of

" 'the known deceased over year of -birth. Workers born after 1917 would not R

" "have reached. age 65 before the end of thé study period. In fact, there is a

i drop ‘in- the numbers born per year from .the 5-year period prior: to 1917 to_,_-. o
---the: followmg 5 years: from approximately 35 per year to 15 per year. There is - %

. “a general trend downward.over this period since only 12 members of the study

' ‘population were born after 1927.- Thus, perhaps 120 additional members of .~
* the candidate study population, less than 5 ‘percent of the total, were in fact . .:
- deceased and would have qualified for the study populatlon (20- per year dechmng S

“ 1"“

- to 0 per year over the perlod 1917 to 1928)

' Some - déaths. occurrmg in’ the years 1982-1983 may have ‘beén ‘missed

| because the pensxon and soctal secunty sources did not fully cover-that interval;. .

“the “local ‘union- .records -were the .only -source on vital.status for the’ Iast-'“”“

. approximately eight ‘months of the study period. Based on the the trend for o . =
“numbers of deaths, annually, in the period 1978-1981, approximately 120 or -

'less ‘than 5 percent of total known deaths in the candidate study. population -

';,“may have been mxssed. Thus the total defICIt is belleved less than 10 percent S

s The use of a welghtmg procedure to ad]ust intervals of exposure duratlon
S (tos reflect proximity in- time to the date of death) was intended to discount = .
. .the contribution of those with low potential risk of long lateney. work-related -

‘disease. . Because 'this- procedure incorporates latency effects. into the duration

~ variable, it has advantages over the common technique of fixing a minimum 0"
duration of employment and analyzing subgroups defined by duration intervals. - . .
Furthermore, on biological grounds it is more plausible to use a continuous
-:function in addressing latency rather than a step function, as is done implicitly'
" -when, for example, a 15-year minimum exposure latency prior ‘to death.is used” -~ -
- ,—.j_.:(equal welght for exposures earller than 15 years pmor to death d1scount1ng R
all exposures subsequently) ' . : , Lo

: Cau.se of Death

It is unlikely that mlsclassxflcatlon arxsmg from the use of transcnpts
has had any impact on the results, interpretation, or coneclusions in this
investigation. First, actual death certificates were obtained for all cases
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. involving outcomes of special interest and, second, for the 400 cases where =
. - both a certificate and a transeript-were available, the veracity of the transcrlpt R
.- ... was very high.” Less than 10 percent of this’ group was. discordant on the 3- - . .
- oo digit ICD codes. derwed independently from certificate and transeript; most of R
77 . the discordant pairs involved ‘choices between non—mahgnant condxtlons of” no i
“‘consequence t'or this study. N o

S -‘“Job Hnstor:es

o The 6 3 percent of the study populatlon lackmg ]Ob hlstory is probably L et
- "largely comprised of relatlvely short-term. employees whose employment interval’ : -
" fell between the dates. . of the semor1ty lists. utilized and workers from-the .- * "'
. Meriden plant who quit by 1970, before appearing on a seniority list. Others R
.. missed’ may.include women whose names changed (very few instances of this~ : .-
.. were found using pre-married names obtained from death cert1f1cates) or those - . -
- with undetected name spelhng changes or érrors, oL R

FOP employees Whose employment 1nterval fell largely thhm the per1od.'7" '

1 944-1972 mamly short-term job:changes (i.e., less than two years) might have - -
- been mlssed using sampled seniority lists. - The majority of the: study -population- R
- was hired before 1940; for them, the pre-1944 cumulative exposures based on. . v
“extrapolation from -the 1944-1972 period probably involve some mlsclass1f1catlon.f',",...‘ ;o

... This is’ partlcularly true because . World War I mtervened in the course of most i
-~ ‘workers' job: histories: - This' mlsclassmcatlon would result in” underestlmatlon;_f_
", .of .observed effects related to particular exposures. -Also lacking in job history’, 7 :

""*-was any employment prxor to or. t'ollowmg employment at this bearmg plant -

. Because a worker s _]Ob history was specxfled for as many as seven pomts S s
~in_time, the number of distinet exposure categories in. which workers acerued’ ™ - -
.- 'work duratlon is an- indication- of the mobility across exposure.categories. For .

1,297, or -73 percent of the study population, the number of different exposure;

_‘,._i;]'-,categor1es assigned was 1 or 2; for 8.3 percent, 4 or more dlstmct exposure -
.. categories ‘were assigned: Thls md:cates _that - moderate stablhty exlsted in .

~.. this 1ndustr1al populatlon ‘ : Co

Exposure Identlﬁcatxon

, “While senlorlty groups 1dent1f1ed from semorlty llsts for the: most part L
_)'::‘correspond to relatively homogeneous .work activities,. they were somewhat -
- "deficient ‘for clearly separatlng grmdmg jobs from related assembly jobs, and
- for dlstmgmshlng grinding in oils vs. water-based cutting fluids. Many of these"
 jobs are done in physical proximity to each other so that even correct
. identification does not allow clear exposure attribution. The fundamental basis .
" on which exposures to oil- or. water-based cutting fluids in grinding operations
S, were dlStlthlShed was the assumption that oil-based cutting fluids were used

largely in race grinding while water-based fluids were used in all types of
grinding. However, according to historical accounts, there were  frequent -
exceptions to this: general pattern, exceptions that are not retrievable using

3._}1’:
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any available data source. There are many jobs or seniority groups where the

‘worker had exposure to particular processes such as grinding, although not a
- grinding. machine operator — e.g., many skilled - trades, material handling or.

" other support personnel ‘Finally, sampling seniority lists at four-year intervals R
. allows undetected intervening exposures of up to four years' duration. Thus - & " .
. all findings should be 1nterpreted recognizing that miseclassification has caused - .. .-

a diffusion of attributable cases mto non—causanve exposure: categorles, thus '

_ dlmlmshmg observed effects..

B Other Analytxcal Conslderatmns i

: Informanon on some 1mportant potentlal confounders such as ~diet, - L
"~ smoking or aleohol. use was unavallable. Origin. of birth is a partial surrogate .~ ....7 -

¢ for some of these. _

Standardxzed proport:onal mortallty ratio -"_(SPMR) a'n\al'y:sis has the . -
- limitation' of being ‘conditional on death and thus, giving no 'direct estimates .- -
- . of absolute .risk of death for particular causes. Risk estimates for specifie . =™

causes may be overestimates if ratios for other causes are. low — for exarnple,-f

because of -selection effects related to hiring practices. - However, .in this " " .
study, the PMR for all circulatory disease was 1.00,. mdlcatmg that selection. . i~

- for healthy workers: has not. resulted in overestimates of mahgnancxes by virtue. ...

of. depressed cireulatory - dlsease "PMR’ for stroke,’ overall, ‘was less than 1,0, ...
- -as expected ‘but’ that for artenoslerotlc heart: dlsease was 1. 10 a, statlstlcallyﬂ._d;
g,,_f@Slgnflcant elevation (P=. 002).-" The’ exposure ‘group with the hlghest PMR ‘for - "o uv i
" coronary: -heart _disease. was Machlmng, il - Cutting Fluids' (PMR=1.2, ‘not - =~ - . : "~

51gmfxcant) - This elevatlon is difficult to. interpret in relation . to workplace

~ diet, smoking and selection risk factors, but implies that PMRs for other causes ..

- Whlch are attnbutable to workplace exposures. underestlmate risks;

The SPMR and loglstm regressxon S'VIOR analyses used the reference o .

: ‘,"";'._Eetes of the U.S. national population. SPMRs- for colon cancer and stomach - A

: “cancer.. would probably ‘have been lower: if - Connectic¢ut reference rates had
been used, as -state ‘rates for these sites are ‘higher than national rates.(70)

- The case-control analysis is not affected, relymg as it does:on internal reference . |
~ populations. = The logistic regression, in using.the national rates, should not - ..
i produce’ biased exposure effeet estimates but, instead, -would. estlmate the.- ‘

- ‘general study populatlon SMOR relatlve to. the nat:onal rates. ‘

Loglstlc regression proved to be a cons:derably more powerful metlo‘d’ "

_ than-crude odds ratio analysis of 2x2 tables because: - 1) the logistic regression .” . "
. took: duration of exposure into account whereas the crude odds .ratio analys1s o

" excluded those ‘of short duration and treated those of .larger.duration as all of
the same risk; 2) the logistic regression controlled for age, year and origin " -

~ confounding; 3) multiple exposures could be assessed simultaneously; 4) while
fitting the exposure duration with an exponential dependence may not be very .

appropriate biclogically over "the full range of durations,; it does result in a - -

‘high emphasis on long duration' and hence long latency exposures, as is
appropriate for long latency diseases. - In the case of malignancies, an
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exponential time-dependence may even be appr &rlate as suggested by some-~
‘ 'ammal and theoretlcal models of carcmogenems. ‘ : ‘ ;

. There is-a large hlghly szgmflcant -excess of dxgestlve dlsease mortahty :
in this study . populatton, prlmaruy in cancer of' the stomach and panereas. - '~

", These excesses were observed: using external reference populations (SPMR), = =

" "-internal (case-eontrol) and both (SMOR), and after control for confoundmg by R

- orzgm of blrth._

Stomach cancer was assoctated with grmdmg exposures but not machlmng‘ '

g exposures. . Other ‘groups. with elevated proportions of- deaths due-to stomach .. -
cancer - included ‘the . machinist and. tool . grinder skilled- ‘trades: and -
Assembly/Packing. Workers: in the machinist and tool grinder categories can " . -
- be exposed to cuttmg fluxds and precxslon grmdmg act1v1ty in the normal course R ]
S 'of thetr work YL : ‘ e -

Birth in Canada was observed to be -a large rxsk factor for: stomach’i o

‘cancer proport:onal mortality in both the SPMR and logistic: regression: analysis.
(adjusted OR=2.6). However, vital statisties" for the Province of Quebec indicate -

" that' age-ad]usted death rates, for stomach cancer in that province are elevated-n.-—‘:,' :

”""“by ‘only- 25-—30 .percent’over the’ period 1965-73 .-compared with. the rest of,
' Canada(7 - This elevation is - conmderably smaller: ‘than- that lmphed by the .. 7%

' '"’loglstlc regressmn results.- ThlS could be a consequence of one or 'two of the™

. ‘stomach ‘cancer deaths among the Canadian-born (who'in general were hired - -

' at an earlier. .date) p0551b1y having early grinding experience not reflected’ in” L

" job histories since 1946. - If so, this unphes the Canadian :birth effect s,
overestimated. and. the o‘rmdmg effect underestlmated. Evidence .for this . - . .

- mlsclasszflcatlon was also observed in‘the proportions of. Canadian-born workers -» " 1

. with any - grinding - duration " in ‘relation’ to. their date of .termination. .. For . .

- Canadian workers terminating 1950-1954, 12 out of 37. (.32) had any 0“I‘mding.i L

experience. For the periods of termination- 1955-59, '1960-64, and 1965-69, -

the respective proportions with. grmdmg experlence were 48 (14/29) .69 (27/39),

-"3'Vand .36 (31/55).

The prlmary prlor hypotheSIS to be tested- in. this study has been
confirmed: stomach cancer proportional ‘mortality is associated with o‘rmdmg

. in" cutting " fluu‘)ls This finding replicates the results of a previous siudy.in
similar plant

‘Although the estimated elevation is slightly higher for. mwec: ‘-'

" water- and oil-based cutting fluids, with’ greater statistical significance than,‘-'f LR

-, for water-based cutting fluids, this dlfference is not testable with any certainty

"“and is confounded by the type of grinding. The types of grmdmg where 011— .

~ based cutting fluids were used {form  or race grinding) may ‘also have produced
the ‘greatest concentrations of water-based cutting {luid mists. The failure to’
observe a stomach cancer excess in the machining workers {in SPMR and SMOR
analyses),r who used straight oil cutting fluids, supports the conclusion that the
“stomach cancer excess is associated with water-based fluids. =~ Alternate
- interpretations are that the association is with abrasives alone, or with oil-.
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o based ﬂuxds but only in the presence of some other co- ~factor such as abraswe:
debris. - , :

. It was not p0551b1e to dlstmgmsh I'lSkS assoclated w1th exposure to the‘
. main. groups of likely careinogenic exposures in this populatlon — nitrosamines,

~ polyeyelic aromatlc hydrocarbons and synthetlc abrasives. The speculation that -

- nitrosamine exposure is a key carcinogen in machining and grmdmg environments
“has been based largely‘on the identification of nitrosamines in synthetic fluids,

e 'In .this and other epldemlologlc studies, however, the predominant.fluids appear l; N

. to. have been straight oils ‘and water emulsified oils - ("soluble fluids").

_ :Nltrosamlne generation is plausible in' the soluble fluids which may have used
.- organic’ amines as. emulsifiers and the mtrlte antl-corrosmn agent but this has; |
_ ;‘;not been systematlcally studxed. | o : e

, Fmdmg the . most certam grlndmg effect usmg the broad deflmtlon of" -
crrmdmg may reflect misclassification in _assigning exposure status, may be the
- result of considerable worker migration among a set.of jobs related to grinding, .
cor.may simply reflect the smaller' numbers in the more specific groups. - Another

' - possibility is that the carcinogenic exposure is.in faet’ dispersed more widely ~ - . .
., .-than simply splash and: mist generation at grinding -machines. - Of the 18 . -~ .
- stomach: cancer deaths.in workers with any cumulative ‘duration in Grinding,

- Comprehensive, 3 ‘were workers whose job exposure category of longest duration

- ‘was grinding operator (jobs 8,11,12,13) and-4 were grinding inspectors. (job-14). .~ |

“The. proportion who were inspe'ctors (4/(9+4)=.30) .is.greater than in the general L

“ ".g,ﬂpopulatlon (all causes-of death; 88/(323+88)=.21),. suggesting a" more general: <
' “exposure than. just-at: grmdmg machlnes . For example, -anti-corrosion .oils are -

" -used throughout metalworking- areas where ‘water-based cutting. fluids pose a

" constant. corrosion threat. : C}ne report in- the' hterature found a carcmogemcf‘- AN

| hazard from one: such 011

_ " The assocxatlon of cancer. of the pancreas wnth machmmg and crrmdmg
‘is the second major. finding, The strongest -association was found for machining .

‘in.oil, a relatwely well-defined .exposure category in that machining on- multl—

'-spmdle lathes. was -a distinet category on semonty lists over the’ entire job

history period, and has always been. done in oil. The concurrent fmdmg of an

- association. with grinding, broadly defined, but only for workers whose date of
_hire.came before. 1933, suggests that the relevant exposure there was mineral
- oil cutting fluids as weil becsuse straight oils began to be replaced: by squble.'
_oil cutting fluids in.grinding 'in the 1930-40s. However, because work histories

. for the period prior to 1948. were based -on extrapolatlon from those subsequent. . -

‘to that time, conclusions concermng ‘workers with early dates. of hire (e.g.. - B

.1920s) are necessarily tentative. \Ievertheless, three of the nine pancreatic

. cancer cases in grinders had hire dates prior to 1920, and the mean hire date s
" .for these nine grmders was 1925, while the mean hlre date- for all grmders.'-'

not . dying of- dxgestive cancer was_1930. . This supports . the inference that .
exposures to early, probably acid- ~cefined mineral oils, may have been the cause.
of the pancreatic cancer in grinders. While solvent- refmmg of lubricating oils,

 has been reported to reduce their carcinogenic potential and such refining now. @
has largely replaced earlier acid-refining, nevertheless the cancer of the =

pancreas excess in this study gives no indication' of a downward trend over
hypothesized a priori, although earlier and subsequent reports in the literature:
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show. there have been other indications of excess . pancreatic cancer in
l metalworkmg populatlons.(z 58 50) S ‘ . o

The model for colon cancer showed a dependence on birth in the U S. -

_Ll'with an ‘odds. ratio ‘of 1.6. This. effect is probably a consequence: of usmg
. /national.reference rates; Connecticut colon cancer incidence is hxgher then - .
- national ‘colon: cancer rates and has, been rising for a-number of years

- This analysis. suggests that the mcrease 1s lxmlted to 'U.S. born

There were exeess . proportlons of deaths. from cirrhosis of the 11ver

' fafnong both white men-and white women which were not. statistically 31gn1f1cant

- Among the men, these excesses were present in Mmost grinding subgroups, but""f"; L
.~ .only the group .with 10 or more years of grinding in. water/oil ‘tl‘luxds sustained:. - -
~ a significant . increase ‘in cirrhosis’ (PMR=5/1.5=3.27, p=.04). . Case-control .

fanalysw -also revealed the same significant finding when crude odds ratios were"
calculated (OR=3.01, p=.05); however, the magnitude 'and strength of the
' associations between non-malignant dlgestwe diseases and. grmdlng exposures ' .
dropped .considerably with: logistic regressxon. Although. all 10 women dying

. of ecirrhosis held assembly or inspection jobs in grinding areas, it is tmposmble .
. to conclude . anything about job-specific risk. because 89 percent of women: in o

';I"_the plant held assernbly and mspectmn Jobs

Liver cirrhosis is strongly lmked wnth alcohohsm in this soc:ety, yet in-

.. this study group there was no excess. mortality. from. aleoholism (only four,;’.‘.-f;:__:.i‘-ff“

ndeaths) or. from; most other causes associated with alcohohsm (accxdents suicide,, "

"""‘:.‘:cardxomyopathy, oropharyngeal cancer).. There  was .a° small, non-SIgmflcant--f

"."-}proportlonal excess,in mortahty from one cause, esophageal cancer, which has

. . :been associated with. aleoholism. - Proportional mortality from liver cancer was. T
C elevated in several exposure subgroups, but numbers were qulte small ' a

Other mortallty studies in similar workmg populatlons exposed to cuttlng o

-", fluids  and/or. abrasives have found. increased mor?alxt from aleoholism but’ not .
~ from eirrhosis or other aleohol related. diseases 2,6 These mconmstenmes.-_

-~ in. the mortahty patterns, both within and among these various: studxes, strongly .

suggests errors in the identification of underlymg cause of death. It 'is plausible,

’ perhaps probable that death' certificates are unreliable’ indications of either
- aleoholism or - liver disease unless they have. been filled out by. attending: -

" physicians - thoroughly familiar with' the decedent's -medical history. In the .‘
.. absence of such knowledge a medical examiner or a physician who only treated :

~ . the patient briefly prior to death might be inclined to make a. diagnosis of

. cirrhosis or alcoholism based on general findings suggestive of hepatic disease

_such as jaundice or a palpable, firm liver. Non-alcoholic, chronic’ hver disease R

“might thus be misclassified' simply: because it is atypical and: therefore -

unexpected. Support for this type of diagnostic bias was noted in the bearmg‘
. - plant study whieh is a éompanion to the current investigation,' (2) In that study
"~ there was a large excess in "aleoholism" "deaths, all 12 of which had been -
given by medical examiners as the cause of death. In the present study the

‘death certificates for the .cirrhosis of the liver deaths occurring in grinding
‘were almost -all filled out by attending physicians. (14/15). :

Non-aleoholic chronic liver disease has been associated with a wide
variety of toxic agents in the environment and on the job. Pransky, for
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- example, reports such illness among:. refrigeration engineers, . chemists,

o drycleaners, rubber manufacturers. and workers -exposed to tetrachloroethane -f':
. and plutonium. 77)." More’ dlrectly relevent to this investigation are reports of =~ .. |
‘the hepatotoxic. effects of chronic and acute exposure to -high doses of .+ -

-+ nitrosamines.(78,79) - The passibility that cutting - fluids and/or ~abrasives:”

i exposures can- cause: chromc liver. dlsease requires further mvestlgatlon. Itis .« .-
unlikely that this can be -done..in mortahty studxes unless there lS access to LR

‘ "--medlcal records and autopsy reports

L ~'I.ung Dlsease

Based: on SPMR - and crude mortality- odds ratio analyses, ‘there was.no i

istatlstlcauy 51gmf1cant elevation in lung cancer, although in the exposure group

-exposed to oil: smokes — forge, heat treat, headmg and annealing -- there was |
- a 50 percent increase in proportional mortality. The SMOR analys1s, in contrast,
produced a statistically s:gmflcant association between duration in- forge heat‘

treat exposures and lung, cancer . (odds ratio=2.0, 25 years exposure, p=. 035). o
;" Another. _relevant exposure - in ' this group was siliea dust from descahng B
" operations,. - Because the reference rates covered the period-1950 to 1980,

“while study deaths oceurred into 1983, and because lung - cancer rates are
~increasing, ‘the estimate of the study populatxon SMOR for lung: cancer is a

- “little larger than it should be; however,’ the ‘exposure effect estimate: should -
CF 7 not be sngmflcantly affected. This " flndmg supForLX the prlor hypothesns that,_;l R
e _,‘:lung cancer is. elevated 1n thls exposure group . Lo

: Most exposure groups had SPMRS for non- mallgnant resplratory dlsease .3'§ E
' -considerably smaller than ‘1.0, as- expected: for an industrially employed,. T
. population: free.of inhalation hazards The main exception was grinding .in "

. water/oil {believed to have the highest exposure to water--and oil-based cuttlng

 fluid mists), but the excess (PMR=1.36) was not statistically significant. - Case- -

"‘”l”control analysis, .comparing grinding with other jobs believed not .to carry.

'f‘\,respiratory disease - risks, produced -a crude mortallty odds ratio of . 1.5, also-_'{g"‘ Lo
not statlstlcally significant. However this finding is consistent with a 51m11ar PR

‘pattern in ‘another bearing plant ‘A parallel excess of stroke was also

observed in -these two studies for grinding exposures,. although the previous . .

_+ -Study showed a. general excess of stroke in many . job categorles that ‘was
‘ ,unexplamed No such general excess was seen in this study ‘

g Cancer of the Lymphoponetlc System

Tool and dle workers and tool rrrmders experxenced an unusuahy lara"ea
proportion of deaths due to 1ymphop01et1c cancers (PMR=9/1.84=4.389, p= 003)
. No other group had a similar elevation. This was not a hypothe51zed effect.
The . sites :of cancer were primarily leukemia (four -cases), lympho- o¢r
reticulosarcomas (two- cases) and "other lymphatic cancers" (two cases). This
pattern suggests no particular etiology. Solvent use by this group of workers
‘may. distinguish them from others. This finding merits further investigation
into the history of this work at the study plant.

J3<

_36_



~ act1v1t1es

ooncr;osious AND RECOM'_MENDATIONS

‘ ‘Thls study prowdes strong support for prev10us f1nd1ngs of excess. stomach =
.- cancer proportional mortality among workers in plants. where' metal o
’;*]-machmmg and abrasive grinding are -major sctivities. . It conflrms an. =
~association of stomach cancer with grinding jobs and: with water-soluble‘ﬂ R
.. cutting fluids,- The consistency of several epidemiologic' investigations : - -
.. makes it very likely that the observed. association is causal. ' Additional -
epidemiologic investigations accompanied by thorough industrial hygiene =~ -
~ evaluations are needed in order to examine possible associations between - . | .°
- health outcomes. and' specific chemical exposures. Current and historic
 patterns of cutting fluid and abrasive use "have ‘not been adequately
. documented and requnre both qualitative and quantltatlve examination.” - . .. .-
. Particular attention should be directed to identifying. potential exposures: -

to, mtrosammes, polyeyelic aromatic hydrocarbons,. abrasive partlculates

- . formaldehyde, and other organic volatiles. The effects of mixed or
" sequential exposures should be considered.along with determinations of =" -
. - the physical and chemical properties of particulates, such as particle = . -
~.size -and surface absorption- characterlstlcs, generated by wvarious’ ‘-
: manufacturmg processes. T T

This study also supports pre\nous flndmgs -of mcreased proportlona;—f . :
mortahty for cancer at dlgestlve system sites- in: addltlon to stomach... . oo
Cu .The: strongest findings' are  for' pancreatic: cancer, with statistically .

. 'significant increases among ‘men’ with both. grinding and ‘machining - Jobs, .
- The: posntlve relatxonshlp between pancreatlc cancer with .duration in - v o
\ ... jobs using “straight' oil cuttmg fluids’ is ~evidence  for | occupatmnal RO
causatlonp These flndmgs require further elaboratlon '

-Other mortallty studles in the bearmg and related mdustrles have been -
" inconsistent with respect to possible lung cancer excesses. In this. study,
7. as.with the- prlor eompanion bearing plant: study,(z) ‘there was no overall -~ -
- lung. cancer excess nor an association of lung cancer with the machining -
"~ 'and -grinding jobs. most llkely to produce cutting fluid  and: abrasive - .
. exposures. However, the prior study suggested a disproportionate number .. - R
~_ of lung cancer. deaths among decedents [rom -forging and heat treat .
. Jjobs. ' In this study there was an adjusted odds ratio for lung cancer_of” e
© 2.0 {p=.04) for 25 years duration -in these jobs among white men. ' This
. finding cannot stand on its own; there ‘have-been no other published’
- reports’ of mortality among forging workers. However there has been =
. eoncern expressed about the effects of exposures to potentlal carcmogens N
generated bﬁ the pyrolysis of lubricants and quenching oils during forging .
80)  The hypothesis that forge, heat treating and related work
" is associated with lung cancer strongly warrants more substanhal

1nvest1gat10n

' Several other fmdmgs are con51dered more tentatlve and requnre turther‘

validation:

40<
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'a. - Excess chronie liver disease proportional mortahty, possrbly",ﬂ
. associated with grinding exposures and possrbly mlsclassmed on
_ 'death certlflcates as cirrhosis (or alcohohsm(Z)) : '

bl ‘,An assoclatlon between liver- cancer and - machlmng exposures
common to tool and dre, machxmst and productlon machlmng work ST

e ..',An assocxatlon between lymphopmetlc cancers and tool and d1e SR
‘-K‘exposures.“_‘- oo : . . :

.'5; ", This study did not provnde support for prlor fmdmgs(z) of mcreased e SRR
“ .. proportional ‘mortality from rectal cancer among' white. men'in bearing = -~ .-
© plants.. Ther was a weak mdlcatlon of 1ncreased stroke 51m11ar to a B
prlor fmdmg SR - : :

6. . ",Desplte the need for further study,. the present flndmgs confirm - the
"~ ' necessity of stringent measures to control exposures to cutting fluid and. -~~~ = 7;
. .~ abrasive aerosols in this. industry-as a' prudent publie’ health  measure.
. Until such :time as scientific investigations are able to distinguish risks' .. -
- associated with SpElelC ‘metalworking processes, chemical exposures.or ,~
- levels of exposure, cutting .fluid mists and.related aercsols should be
+ " reduced to the lowest feasible level. - Design, installation and. maintenance.
_ -of local exhaust ventilation systems for grinding and ‘machining: operatlons :
. 'need to be improved . to. capture . airborne particulates ‘and organie. - .
g _._volatlles.~ ‘Wheel: ‘dressing ‘procedures - (shaping" grinding - surfaces with. -
.+ .- diamond), ‘which ‘are typically done at -the grmdmg machme mth or\;’
Lo "wrthout lubrlcant deserve spec!al attentlon IS ST

2 In addltlon to ventllatlon other methods should be employed to reduce‘
. -the - generation and exposure. to known and. suspected carcinogens ‘in
. cutting fluid environments. Splash guards should be installed- whenever .  "': <.
possible and. maintained- in good repair. The force and direction of = <. .~
coolant streams should be-adjusted frequently to reduce mist generation. .- - .
.. The speed ‘and pressure at metal-tool interfaces should be kept as low . '~
. as possible to reduce frictional heat and particle dispersion, ‘A prrorlty?.u RS
“f'should ‘also be’ placed "on maintaining low levels of known and suspected
' carcinogens .in - circulating - cutting fuids; conditions for - ‘nitrosamine.
. ‘'formation should be' eliminated; biocide use should be reduced in favor.. ... -
;- .of other means to curtail microbiologic g'rowth ‘There is. a particular - - -
- neéd to reduce skin. contact with cutting fluids,  especially synthetic: = ' .
t'1u1d?é because of the abxhty of mtrosammes to penetrate human [
- sfcm - oy . -
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Figure 1

‘ Sourca and Seleetion of Study Populatlon :

Cumulatlve Pensxon F 11e

(124 Addltlonal Cand:dates)

: Sources :
_Loeal Union Card Files ‘|~
- n=10,372. ' - n=3692
"Merg'e
| L
Candxdate Study Populatwn
'n=10,496

- Vital Status Determinat'ion o

Deaths known to Local Union:
n=2124 (1680 satisfy '

" study population eriteria)

:

© Additional Deaths in: Pension File:

|- n=172 (164 satisfy study ‘
: _populatlon criteria) . :

"'j.,Addxtmnal Deaths from: Social Securl‘ty
1 n=301"(183" satlsfy study . populatlon E
" eriteria) .

Population n=2597

Known Deceased in- Candidate Study

' Death Certificate Information

¥

Job History from Seniority Lists -

' Final Study Population Selection

|" Study Population " '{ Insufficient
l - n=2027 - ' Information to
T ‘ | Apply Study
Population Criteria
- n=54 '

pa—

Study Population with Cause
of Death and Job Historyl

n=1766 (87.1%)

'Did not Qualify

. .

c

for Study Population '

E n=516




Table 1 .

Cause of Death Ascertainment in
~ Relation to Vital Status Derivation

Study - Population with

. VitalStatus © - . Study Population | Cause of Death "
— : T %
~ Known Dead in - ‘ S e S .

Local Union Records -~ 1680 . 1584 94,3

Kndwn_.lDeadiiﬁv‘_ IR
Pension File but -not “ "

. in Loeal Union -Records " - . 164 o 152 RN

"Known Dead in Social
Security Files but not

 in Local Union-or x : : S
Pension File . o183 .. . 142 T8

| - Total 2027 o 18718 92,6




’I‘able 2

Exposure Categorms Defmed for Bearlng Plant

TITLE o n , ' JOB EXPOSURE NO.

" FORGE s e 01
', HQT/COLD HEADING =~ -~ - . - 02,
. MACHINING (OIL CF) . - | S - 03,

-~ MACHINING (WATER CF) .. = . 04

* MACHINING -(UNKNOWN OR MIXED CF) - - .05

- MACHINING (SECOND,. OIL cF) -~ . . 06

MACHINING,GREY IRON. = . = - R S

+  FILING . B e T 08

. HEAT TREAT, RINGS - S - R
HEAT TREAT,BALLS L S 010

~ GRINDING (OIL CF) o S ' S 11

- GRINDING (WATER CF) . = ' : e 1l2 0
GRINDING '(UNKNOWN OR MIXED CF ) - 13

.- GRINDING, INSPECTION ST 14

PLATING e o - - 18

. LAPPING: ; o : S coonl6
L, HONING. = -~ - - S X SR
POLISHING o ‘ .18
STAMPING; PUNCHING; RETAINER MACHINING 19,
;LABORATORY ‘CHEM, METALL. 20
. WHEELMAKING. - L e ee2l
© . TOOL GRINDING(PRODUCTION) ‘-.s"*;;ﬁ"t‘Lzz-ﬁﬁz:, Lo e
. ASSEMBLY;GAGING; PRESSING SALVAGE vg?i v“Wrnzzf,;u St
© -PACKING:-. . o \‘.24‘11
- . SHIPPING; INVENTORY STORAGE MAT. CTL MISC o250

f,INSPECTION BALLS,FINAL. 26 .

- SKILLED TRADES, ELECTRICIANS(MAINTENANCE) 27
SKILLED TRADES,MACHINISTS (MAINTENANCE) . 28 -
SKILLED TRADES OTHER'(MAINTENANCE) .29

7+ MILL SUPPLY 30
- PRODUCTION CONTROL(STOCK HANDLING) S o 31
" .TUMBLING .~ o ' ' 132
- CLEANER, BEARING PARTS | ,  S | ' 33 .
~_ STEEL HANDLER _ ' ' 3 ‘ 34 -
. QUALITY CONTROL, STANDARDS CHECKING - 35,
ANNEALING & PICKLING - , : : 36
. FOUNDRY, BRONZE . 370

. TRUCKING,GARAGE = - ' - 38

. SKILLED TRADES,MILLWRIGHTS; (MAINTENANCE) 39 .
SKILLED TRADES,PLUMBERS & PIPEFITTERS(MAINT.)40',-

. BATTERY CHARGING - 41

'~ 'BOILER HOUSE B ‘ g ' 42
PATTERN MAKERS ' - 43

" PRINTING PRESS , S 44
LAUNDRY . . . , o 45
OILERS , 46
'BALL SHOP,MIXED = 47
SKILLED TRADES,BRICKLAYERS; (MAINTENANCE) 48

- MAINTENANCE (NON-SKILLED) 49

TOOL & DIE MAKERS . 50
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- Table 3

Sample of. Semonty Groups Identlfled from Semonty
Lists wlth Ass:gned Exposure Categ-ory '

o _ EXPOSURE - o S -
SEN. GROUP~ NO. - SENIORITY‘GROUP'TITLE‘A
SenIorIty LISt of 1946 . ' '
P ‘104 -+ 01 - FORGE SHOP- OILERS
‘ 7‘ jlll,' .09 FORGE SHOP-DIE & TOOL HARDENING
- 100 "0l FORGE SHOP-MISC.
400 - 03~ AUTOMATIC DEPT.-MALE |
- 8503- .- 12-: GRINDING & ASSEMBLY-0.D. GRIND o
©2507-. - 11 - GRINDING &’ ASSEMBLY-CUP BALL- RACE :
- 8l2 23 . GRINDING & ASSEMBLY-FEMALE, ALL
577 - 24 GRINDING & ASSEMBLY-ASSEMBLY & PACKING
. 604 08 . BALL SHOP-ROUGH BALL GRIND - SMALL  BALL
© 606 -~ 50 'BALL SHOP-DIE DEPT. o
' 800 -~ 25  SHIPPING .~
"~ 906 .35 PLANT ENG. -MILLWRIGHT
©929 .. 43 PLANT ENG.-SWEEPERS & PORTERS
1403 28 = MECHANICAL-MACHINING ‘ L
1411 ~. -~ 39 MECHANICAL-MACHINE ASSEMBLY & REPAIR .
1504,.* ,211 PURCHASING WHEEL ROOM. '
SenIorIty LIsts of 1950 1954
1 " 01 . FORGE SHOP-FORGING- MALE -
lS,j"15f36;fﬂFORGE SHOP-ANNEALING- MALE "
+20.0 ... .03 . MACHINING-BAR-MALE -~ - .~
'B;zs,,,-«v;04 - ‘MACHINING-LATHES- MALE3-'”'
S07%5..0..7 .02 BALL.'SHOP-HEADING:@ — :
7100 - 12 . GRINDING & ASSEMBLY- BORE
105 12 GRINDING & ASSEMBLY-SURFACE -
115 11 ' GRINDING & ASSEMBLY~BALL RACE ' ...
120, 23" GRINDING & ASSEMBLY-ASSEM, .
125 '31° " GRINDING & ASSEMBLY- GENERAL
200 + - 23 - PRESS-FEMALE -
205 '+ 23 GRINDING&ASSEM, FEMALE 1
230 - 14  INSPECT.-GRND.&ASSEM.-MALE
375 © 28 MECHANICAL-MACHINISTS-MALE .
400 '~ 28 MECHANICAL-BALL PLATE MACHINING.
430 ‘23-"'MECHANICAL GAUGE & APPLIANCE- FEMALE
Senlorlty LlStS of 1958 1962 1966 1870
‘ 1 01 FORGING _
720 " .03  MACHINING-BAR -
7 25° 04 MACHINING-LATHE .
40 11 '~ GRINDING & ASSEMBLY - '
50 47  BALL SHOP-HEADING,GRINDING, GAUGING
55 12 PRESS,PLATING GRINDING PERFEX.
- 105 01 - PLANT ENcpfaLACESMITH o
128 27 -~ PLANT ENG.-ELECTRICIANS
190 50  MECHANICAL-TOOL AND DIE
195 28  MECHANICAL-MACHINISTS
200 12  MECHANICAL-GRINDERS
230 22  MECHANICAL-CARBIDE TOOL GRINDERS
245 50

MECHANICAL-GAUGE & APPLIANCE S{<

A sample of 283 distinct Seniority Groups.
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Table 4

Selected Values of Weighting Punction Used in
Calcu]atmn ot' Cumulatwe Exposum : '

% 20 - 15 125 0 100 75 . 5

Cow(d . .989 .993 - .953 731  .500  .269 .119.  .049.

Time of Egﬁosuré (t) in Years Prior to Death?

".018. - Lo

“1."‘ w(t) = (1 + e 4(12 5 ‘t)) 1. é cumulatwe 1oglst1c dlstnbutlon. ‘

S Penod from mld-pomt of exposure mterval until death.

1
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, Dnstributmn of thte Men in Study’ Popu]atlon in
‘ -Ha]or Exposure Categorxes Used in- SPMB Analyses\ ‘

“Table 5

Duratxon in Ex[:m»su:'el

(Mos.)

. Exposure Variable?

* Machining
" ALl CF

. 0il CF ,
© - Water CF -

: ‘JGrindig'g "

‘Co‘mpreh'ensi've I
- Restrietive ©

- Water/Qil CF -

- Water CF

Forge and ‘Heat -‘Treat' . ;

TooI and D1e -

o ,.?‘_-"Tool Grmdmg

‘ Machlmst

‘ Assem bly, Packagmg

-‘Less than 40 . .

n

1263

1341

1453 |

972
© . 1209-
. 1341

1385

1460
L1449

1323

1328

834
. 78.9

87.5

~90.4
'f85.7’
9.3
953 :
4.6

'86.4

L “Izjo'. ’

40-118 - -

- n

111
127
59

o910

130,
86
7

. 'fSZ 2

35

83

1.3
2.3 ..

5.4 .

120 or More

n -

158 10.3
64 . 4.2
20 1.3

350
193
105

131

48 31

126

70 46

8L 5.3

Cs ad

8.2 .

Job CategorTeS

S I

8,11-14,31

S '11-13

11 .
12

'if‘56;_ij‘l?aﬁ”
R
E: I

'23-26,30,35

R Cumulatwe exposure duratlon has been welghted accordmg to mterval pmor to- death-l :

- see Methods

‘2. See p 10 for def1n1t10n of exposure groups.
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Table 7

Construction of Outecome Variables Iiég‘d S
. in Case-Control Analysis (Crude Odds Ratios) |

Pmmary Exposures, o

578-999

572-377

‘Quteome - ICD Coded Underljmg Cause of Death of Interest
‘Case Control Excluded
Stomach' Cancer 151 . 1-143, 170-289, 150, 152-163, © Grinding, vTool
L S ‘318-459 578-999 . 290-317, 460-577 & Die.
“Colon Caneer . .- 153 1-149, 170519, -  150-152, 154-163, - Machining .
S ' n 578-999 520577 o
Cancer c')f‘Recvtum“ 154 . ‘ ;-1—‘149‘, 170-459, - °150-153, ‘1535 163 . Tool &l'Die"‘ﬁ,v ‘
B I 520999 460519 S
~ Cancer of Pancreas 157 1-149,.170-288,  150-156, 158-163 . ' Grinding,
- - 8 318-459 520-999 290-317, 460-577 "—Machlmng T
- All- G.L Canégr © 150-519 1 149, 170 289 S 160-163 290 317 Grlndlng, A
: D e 318-518 519577 ¢ - . Machining,: -~ . " -
‘ PRI ‘ "'v!-:zTool & Dle;- BRI
Cancer of .Lung - 162 1-149; 17()}459;' © 160-161, 163, .. -*Forge R
‘ o . ' 520-999 ' 460-519 -  Heat Treat .- -
- Cancer of Lung 162 '1-149, 170-289,- 150-161, 163, = Grinding -
PR | '318-459, 520-999 ©  290-317, 460-519
_",_‘Lympnoponetnc . 200-209° 1-149,160-189, - - 150-159 ‘Tool Grinding,
Cancer ' 210-999 N ‘ Tool and Die:
“Non-_Mahgnant 491-519 - 1-150, 152-159, 151, 160-163, 200, - Grinding = .
" Respiratory . 170-199,201, - 202, 203, 208 - e
Diseasel 202-207, 209-999 . =
- Non-Malignant ‘ , [
Digestive 520577 1-149, 170-289, 180-163, 290-317, - Grinding -
. Disease : .+ ... 318-459, 578-999 - 460—519 '
" Cirrhosis of Liver 571 © 1-149, 170-459, 150-163, 460570,  Grinding 7'

1. Includes:

chronic bronchitis, emphysema,
chronie obstructive lung disease.

54<

interstitial lung diseases,



Ascertamment of -Job History and . Cause of |

' Table ]

Deat.h in Study Popu.latmnl

stay
" Population - -

o fStudy
Population
With. Job
History

'_ "St'udy L

-~ Population -

with Cause

of Death -

' Study Population -

‘with beth -~ =
.. Job History and : .
"~ Cause of Death

. Total”

- White Men - -
h White".‘_wbmén ;
- Non-White Men

N’on‘-’_;White ‘deen" .

%

20271000

1898 93.6 .

%

1878 2.6

\% ‘_

1616

943 -

12

%“

1766 " 87.1

220'”:‘7'
AR
gfl.n

. 1 " Sex and Race. not rehably known for
(death certlﬁcate) mformatlon. '

G

1
A

stﬁdy population without f‘\c\au'se, of - death” - S



" Year of

’I‘able 9

Dlsm‘butlon of White Men in Study Popu]atxon by Age . of Hnre, Age o

‘ at Deat.h and Year of Death and by Ougm of Bn'th

s,

o Qrigin ' of, Birth“

" C. Europe

Canada

' Othei'

B Totall

. Age at

. Hire - 15-
. 40-

. 90-"
80+

30; o

- 495
270
145

.39

52.1.

28.4

15.2°
4.1

T

46

64

45

19
2

Lovaoe o

%‘

n

18

52

24
T

9% .

on

45
92

61

35
1.

—opD I e
B O w

» -2 * L]
oty -

. 664
478
100

43.8

.31.4
18.1
6.6

“Age of .

3.Deﬁth 30~

- - - 291 .
304
LT85+

. 55-
65-

131

o225

13.8 .
30.6 . .
~32.0
23.7

23
L62
88

1.7
13.1

35.2
50,0

13
g5
55

93
720
136

T et ©

.A __
PP WL

150
. 385
L7503
. .-504

9.9 o
_-33.1‘ S

-~ 1950~

- Death _
o ‘ 1960-

. .1970- -
. 1980+

. 109
275
438 -

129

115
28.9
46.1 "
13.6

40
- 75
57

22.7
.42.6
"32.4
- 2.3

35
46

66

- 14

217
28.6"
'41.0-
8.7

45

86

90"
13

19.2

36.7
38.4
5.5

229

482
651

- 160

Total
%

© 951

623

C 176

11.6 - -

161

106

15.4 -

234

100.

1529

1. 10 cases missing origin of birth information,

!
o

A
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":zTable 12

Comparison of Conflicting Causes of Death Coded
from Death Certificates and Transcribed Death Certificates

Transcript ~Certificate ' Age  Year .ICD Version R

=
[

S12. 419,
.13 419,
14 419,
15 490,

L First'Subsé£ (selected forgcodingIcompléxity)  :‘j“ '

©151.9 . 150.0° .83 .0 75
185.0 151.0 - . 64 .. -  §5
185.0 © - 410.0 . 88 . .. 60

~ -185.0 - 480.0 ... 75 .. 56 -
0191.0° 7 210.0 . 46 57,
187.0 ¢ - 153.0 .. - 73 . - 58

197.0 .. - 174.0 - - 62 . 52

~197.0 - 174.0 63 - 82 -

.202.0- - 204.3 < 75 - 83"
290.0 571.0 . 37 - . 55

- 410.0 - 250.0.. - 62 56 .

. 450,0 - 410.0 . -S54 58
'480.0 - . 493.0. . - 47 - - 51

553.3  s33.1 . &8. 74

572.0 430.0 59 - 57
782.0° - - 850.0 . 52 57

Aommﬂq\mp‘wm'w R

ol
N e

e
- W

=
o
- Y- Y. Y- R, Y, . Y -

Séc‘_q'ndf‘Subs‘e't "(‘s‘el“éc"téd:l_,__fof"‘_G.I,.; or l‘u‘n"g.'v.c'ﬁ(f,f-br ‘c"ir"\i'r'ho‘s;i_is o

450,
154,
197,

: 440,
.- 400,
. 571
383
493.

© 871,
+-410.
- ..433.
-400.,
400.

- 500.

- 500.

. 540,
486.
880.
5§30,
830.

.65 o~ . L 5By
64 72
. 52 SRR Y
72 .. 68 -
76 - L 55
.43 “70‘,‘-_‘
. .8% . . 82
82 50
- 54 70
62 . 81
69 - 68
.83 . 53
80 . 56 .
73 52
67 - . B3
42 .51
54 . - . 68 .
63 R
36
44

90.

.- 153,
- 153,
- 153,
- 250.
- 250.
410,
S 410,
¢10.
¢12.
412,

HOWOO OB W -
OO0 00O00COoOOVVLWOOOOWOO O

6 534.
7 571,
“18° 571.
3 890,
0 850.

COOO00C0CoCOOWWVLOOWVLOLOOO
OV IO T NON GO\ OD (0 MK O\ OO~ DO

Ul Ul on
s s O

All ICD codes given in ICD-8.

o
o
A



10 < 41 uMoOys 10u pue pajjei-¢ eue san|eA-d’

'

. 'UOSS10d UD paseq BsImaay

. 10
‘0°'G< SPBIDadxd JO§ PaJsznbs-1yd H-W U0 paseq S|EAUB81IU| SDUBP) JUOD pPur SBN|BA-d |
X-3 TT'V ‘Ty'O tL°0 618" € ] . 30101NS
S00° tL' 8- v8°'0 ‘Zvr'o 65°0 vt 0S (o] SIN3QIJ2V 1V
vt 0 Iv'T ‘SS°0. . S1'} LO" 9 L SILIUHAIN DINOHHD
o) =Toll » S8'1 ‘L6'0 - vE'L - B 9T - | GE ! HIATT 40 SISOHIYID
. T0'0 BLV '25°0 - 96°0  TH' OV Of ¥30IN 1YN3IC0NA ONY DI1Y¥1SVD 171V
90" 95°¢ vS 4 "66°0. (22 rS 19 - 9L WILSAS u>_pmmu_o 40 S3Sv3asIa v
: . €9°C ‘610 06°'0 €EE'€ - > . : B ‘ YWHLSY
o]0 3 I vz'1 ‘ZS O 08°0°  v6bT ot e ,._‘,. R VWIS AHIW3
90°0 - TEL "OLO 960’ AR : > LE BT . S ) VINOWN3ING 11V
86°0 - _.0I°t 'SL'O 16°0 €L €O} v6 o  S$3ISV3ISIAQ ANOLVHIIS3Y 1TV
oy EL'T “EOL ‘ELO L8'0 . . LT'9El . Bl .- SND 40 SNOIS3IT ¥VINDSVA 11V
z00" LTOL  LVL PO - O} 60685 059 ozo oz_azquz_ 35v3ISIAa 1¥V3IH J110¥310S01Y3 1Y
z0'0 ¥O°'1 '96'0 = 00| ~98°¢£88 188 . © WILSAS AHOLYINOY¥ID 40 S3svisid 17V
izt . 8"y ‘TE'0O T 99°0 LS 0} L. m2<ozo ASN3S ONV.WILSAS SNOAH3IN 40 SISVISIA 17V
1€°0 '85°Z '65°0 €T 1 89°6 - L -5Y30Y0SIA ALTTYNOSH3d ONV' D IL0dNINOHIASC ' TvINIW
' "0°0 ov "'89°0 .00+ . EV 9T 9z "s1d 4<zc_h_mh:z u_Jom<huz INIYO0ANI "D1DUIIIV
G1°0. 061 mn o ' 98°0 10° L 9 m:mm~h u_h<:az>4 ¥3IHLO 40 3IDONVD
170 v¥6'1 '€9°0 . O} - 68701 zh : R AUENGER!
.90°0 9p'T-"05°0 YA} Tr's. . 9 - <zoum<m04:u__uz ONV YWOJYVSOHJWA
€0°0. 0S5} Lo © €0} vi 9z LT YIONVD DI1II0dOHIWAT TV
‘00 61Y°CT “vv'O- 660 80°9 9 : zuhm>m m:o>auz TVHINIO ¥3IHLIO ONV NIVY¥E 40 d3IONVD
19°0 mv.u‘wmw 0 ot v v6°9 o : : AINQIX 40 ¥3IINVD
LL o . EV'T 'SL'O T AN 60° 11’ v ¥300v18 40 ¥IONVD
i .G9°€ "00°0 . 00°0 T80 0 .SI11S31 40 ¥3IONVD
Ng 00 €Ep’'L ‘OL°0O- - 001 .€E0" 6T 62 31V1S08d 40 ¥3IONVD
) ) bE°Z 'ST0 60 LE'v . b, NINMS 40 ¥3IDNVD
Lo o . €4V 'SLO T6'0 LY 06 : >m<ozooum GNY . AYVWIY¥d - ONNT 40 HIONVD 17V
BO” ~ €L'E T TI'T '96°0 €Er't . 6L°9) ve " SVIYONVd 40 ¥3ONVD
28'0. - B68°T ‘1L O "GE°F - 99°9 -8 AINO ANVAIND - ¥3IAIT 40 H3IONVD 1V
9E ") 62°'C ‘18°0 o9E "1 TN ]| 14 , <7 WNL23¥ 40 ¥IONVO
vo" k4-2a 4 88"} 'EO} 6€°} 95 62" iy ; uz-mubz_ 39¥V1. 40 ¥IONVD
100" > 10°Ly. ZL'T ‘Ev°} L6} vLoLy . 6€ _ HOVWOLS 40 ¥3DNVD
€0" 16 T TH'E "LOY €8} L - el " SNOVHJIDSI. 40 ¥IONVD
100°> 06°ST 6L} '6T°1 -2} 9l ‘06 LEL - WNINOL1¥3d OGNV quomo u>_hmmu_o 40 33IONVD
10 9L STt ‘PO v L9 00E " (443 - . .ﬂ,, - . . - SWSV¥1do3aN h2<zo_4<z v
. zES!t SHLV3Q V104
d bS 1HD ~ UiWd S80 _HIV3IQ JO 3SNvO

15 %56

dx3

~G=thoEEm Jo :o:a..:n sIBax o._os_ 10 mv :o:a—zaom %:um JOo uap 3::5

n~ oﬂnm&

=< uy _:ama uo m&m:aO vouov_om ..ou mo:wm 3:3..02 -n:o;..oao..m ku.o..wo:ﬂm

60<



1°0 < 3

umoys

Jou pue pajielr-g eue San|ea-d " ‘uOSS10d Uo paseq BsImuaylo

10 G< Sp2)23adxa 4oy paJenbs-|1yd H-w uo paseq S(BAJ3IU} BIUAP! JUOD PUR SIN|BA-d 1
S X - A 4 €L "1E'O 090 Ot. 54 6 o o ‘ - Lo o . _3a1oins
zo. " s8'§ Z6°0 ‘br°O v9°'0 - .Zr'Tv X A R ST SIN3JIDDV v’
. 710°0 6Z°C 'OV O . 96°0° €ECT'S s .- ) L e STLIMHAIN DINOXH)
.. 68°L " v8°F "06°0 6TV . 95°TT 62 . ... .. L .- Y3IALT 40 SISOHUAID
80°0° . .E0O'ZT ‘650 "oLL . EV'E oy . it T o ¥3270 TYNICONO ANV DTY1SVO 17V
o} L'z, SS5'1 "L6°0 Tz +O°PS 99 - - T S ‘WILSAS IAILS3DI0 40 SISVISIA v
PR 90 E '2T'0 rO 8T - c - S e . ' VWHISY
Lo 6c't ‘es'0 €80 zo'ee 6b--- - Lo - VWIS AHIWI
0E" O 82°) ‘'S9°0 160 ., 6} SE ze . S - - R _YINOWN3ING TV .
oL’} LOV "ILO L8°0 €C 56 €8 . g.” : _ v © . S3ASVISIO A¥OLVAILSIY 1V
S Ky - LO'} ‘SL°O . 06°0 65 vl 4 N I e SND .40 SNOIS371 ¥YINOSYA 17V
500" or's - Lt ‘€O oL} .6V ¢ES S8 - - ozu ONIONIINT " 3SVISIA 1¥vIH D11083105018318V
100" . .bO'} 'S6°0. 00" |, vE 008 68L - . - . WILSAS AYOLVINDYID 40 S3ISVISIA v
ST ‘Ob'4 -'6C°0 - P90 Er' 6 9 - . SNYONO ISN3IS ONY WILSAS SNOANIN 40 $3ISVISIO 17V
“E6°C LSO Ty €6V L. © T S¥30u0SIA ALITVNOSY3d ONV IILOHNINOHIASY TVINIW
00 9v'I '69°0 L6°0 99°¢2 €T - s1a 4<zo.p_zh:z.o_4om<huz.uz~10002m_u_umu444
20'0 80z ‘z¥'O ¥P6°0  6€°9 9 S c . anssIyL u.»<:¢z>4 Y3IHLI0 JO ¥IDONVI
16°0 S1°Z '0L°0 €Z't  8L'B6 4 : . . AU ERGER]
R “EL'T ‘9v'0 =T A BL'V . 9 A - <zouz<m04:o_hum GNV. YWODYYSOHIWA
95°0 - 83°'} ‘6L°0 -1} or €¢ e - S .- Y3ONVD DIL3I10JOHJIWAT 11V
10°0 g8z'z ‘Or'o 66 0O SZ°S s zuhm>m m:o>auz IVYINID ¥IHLIO ONV NIVHE 30 YIONVD
"oL'o Se'ZT ‘SO0 Ty .ET'9 L oo . : ) _ -~ -~ AINGIX 40 ¥3IDNVD
_to'o €6°F ‘09°0 ~80°4 - - LV O} [ S R ¥3aavig 40 H3IOHVD
PR iv'F 00’0 .- 00°0. - 89°0 . o e : T ’ SI1S31 40 d3DNVD
-$0°0 6r-4 ‘TL'O. vO'4 - zTO'LT 8T - e . 31VLSO¥d 40 ¥3IONVD
o 99°¢ ‘8C2°0. PO’} S8 E v Lo ) : NIXS 40 d3DNVD
. 8Y0 Sy 'SLD° €670 S0 ¢8 9L - >m<czooum ONY’ >m<z_aa ONNT 40 ¥IONVI 1V
80° "60°E - .6°C '96°0 S} 61 Gt ce T ‘ o mquz02<a 40 YIONVD.
T vG§'L .- 88°'T °‘6L°O RE-NN 86°G . 6 - .- - AINO A¥VWIdd - ¥3AIT 40 ¥IONVD TV
_ 6S° 1 vz 'eg’o0” AN €T°6 €1l N o R WN103¥ 40 AIONVD
co’ "T5°G .. .67 -"90°} -1 AN €692 e - . : uz_hmuhz_ 3I9¥v71 J0 ¥IONVD
100" >. t8’'8l 06°C '05°} BO0'Z - v8’'S!i €ec- o L - s o HOVWOLS 40 ¥3DONVD
€0’ 08V ;7 9ZT'E 'LO’} L8’ Iv:9 4 S T © SNDVHJOSI 40 YIDNVD
100> .6€°82 98" ) - ‘EE} . LSV 1bTye 8zy . - . zauzoh_aua ONY m2<omo u>_hmuo~o 40 ¥IONVD
S00° ss'® 81 'S0’ - TR Lo'eeLe sie - T e T mzm<4a0uz Fz<zu_J<z 1V
oBeEl - . . S R o . m:h<uo w0l
“ DS IHD 1D %56 . Ynd dx3

a0 . T THIVIG 30 33nv5

~3:0E>O_QEM uo :o_um._:ﬂ SLED § m._oz ._c cs :o_ua—saom hvzum Jo :oE 323 uv .
ul :ucuﬁ jJo momsao vﬂuu-vm 10] mosﬂm 3:3.62 —a:o:._oao..m cvn_u..uv:ﬂm

E mmnm.r

6i<



1o

Y

:BQ:m

JOuU pue.

POl

-z @ar san|ea-g cowm_oa UO pOsSeY 9StMILO

10 G< mvmuumnxc J0 Uuumjwmn.zu H-W VO Ummmn w_m>Lmuc. WUCQU__CO. PUC SHNCA-g )|

et

SIN1Q103Vv 1V

I '61°0 "0 S €
9L°'p ‘000 000 £€9°0 10 S1LIYHGIN DINOUID
8L0° . 99°p "16°0 - 9z°'¢ ore’ L JIALT 10 SISOHBYID
0L €000 . 00°0. 80 . O : ¥3570 TYNIAONA NV D1H1SYD 1TV
ve o - ¢ "99°0 oz I+ 1Ee°8 o1 ) .=u~m>m IALLSIDIA JO $ISVISIU TV
88°L '00°0 - 00'0 8C O o - “ VAHILSY
L't 000 000 et o VRIS AN
, Ly 'V ‘SO0 iv'o - "06'¢v - (4 A : . YINOHN3NG 1Y
80 66'C oL'1.'1z°0 8y .0 St O B C T SISVISIO AHOIVHIASAY 1TV
. 001 tZ') 'S5 0 z8°0 tL sT (XA . SNJ 40 SNOISIY ¥vVINISVA 11V
S0 - 04V €L 10t - 0TV . LviL 98 OHD ONTANTONT ISVISTQ LAVIH D1L087 1950144 L8y
. 1G4 000 . 000 86" 1| o} "SNVOHO 3SNIS ANV WILSAS SNOAYIN 40 SIASVISIA 11V
. S0°'8 ‘v0'O0O . vyl 69 0 | 'SYIQUOSTA ALITVYNOSYIA GNV ' IT10AUNINCHDASH " IV ININ
050 . BE'Z ‘99°0 T viL "6 - °sIa 4<zo_~.ch:z.u_gcm<buz.uz_zuoczw.u_cau;d<
65°G ."6E°O 167} LS C- INSSIL JLAVHAWAT cu:ho 40 YIINVO
. vr8'y 000 0070 €914 o (AUEEIER|
19°G "800 - I0°t -° 660 ' ) <zooz<m04:u_hmz ANV VROJYVSOHdWATD
oz't ‘€T O 98°'0 S9'y v o - YIONVD D1 LI T0dUHINAT TV
9°'C ‘000 000 - TV 0 R WIL1SAS m:c>auz IVYLINID H3IHLO ONV NIVH8 40 YIONVD
€E6°L "LT'O 1¢°¢ 16 0 z B o AINGQIX 40 H3IONVD
69°9 ‘'t0'0O 1T E8 0 I ¥30AvId 10 Y3IDNND
16°1-'90°0 £€5°0 6Lt [ qucmo 4«».2&0 ¥3IH10 40 JIONVI ‘
L6°'C "LL'O 261 - v9'E L "SNYILN .1V 40 YIIONVD
ZE'O te'z 'e9’0 oz} 6V ¢t 6 . m2<ozo IVLIINGD 1V 30 ¥3IONVD
L9°'0 oL’z ‘vL' O vTo Sb O} (o] 1Sv3I¥g 10 ¥3IONVD
L 1’6 'vO'O €9°1 t9°0 - ' NIXS 40 ¥3IONVD
2070 Lz'T 'es’0 . 0L .. SE'9, L >m<czoqu OGNV AYVWI¥d - DNNT 40 ¥3ONVD v
. ’ "OS°E ‘LEQ Le" t6'¢ 2 . SY3YIMVY JO ¥IONVD
11’z ‘00’0 00°0 ~Zvy o - AINO AYVWIYD --¥3AIT 40 ¥3IDNVD 1V
S S6°b ‘L0 LE'L - 9p'| T o ; “WN1D3Y 40 ¥IONVD
e 0 ze'z '09°0 T 08'9 . 2] INLLSIINTD 3IDYVI 40 YIONVD
: 08°'€ 'ELO 50} 061 - -2 _ HOVWQOIS 30 ¥3IDNVD
: L .9L's '00°0 000" ts'0 .0 SNOVIHJ0SI 40 ¥IDNVD
to'0 "99°1 ‘p9°0 £EO ) “ 6V GH. 9t z:uzo-zum GNV SNYDYUO m>__mmc_o 40 ¥30MVD
6L:°0 LE'}Y 'B6B°0 (o1} 1G°ES 65 _m:wqdaouz INVNDT IV V1Y
: oze SH1vV3O 1violL
12 %56 und ~dx3 Hivad 40 ;3sNvO

d 05 THD

<E0

~$:tho_aEm uo :o:a..:D w._aow o._oE ._o 8 :ozm—:aom hﬁ:um uo :0E03 YN
_—a ut 5@09 Jo mamsao kuow—um ._8 mo.umm 3:3._02 E:o:._oao..m cou.c..mc:ﬂm

e egdel

YA



.J—Underlying o

‘Table 18

, Standardlzed Proportmnsl Mortahty Ratios. for Selected
: Causa of Death in Whlte Men by Orlgm of Birth

ltaly

- Stroke

(Mean)

| USs. . C. Europe Canada = .
. Cause of . o e o
Death R - ’ .
Al Causes - S 951 ‘ 176 161 114 -
Obs/Exp PMR. p* - Obs/Exp PMR p . Obs/Exp PMR p . Obs/Exp PMR
" Malignant Disease . - B
All Cancer 223/198 113 .05 . 42/30. 1.40 .02 43/3L 137 .02 17/18. .93 -
- Digestive = '85/56. 1.50,.001 . 17/10. 1.66 .03 °  20/9.7 2.06<.001 - ,’7/5 1115 =
- . Esophagus. - 9/4.8 1.88 — [ 1/.69 1.45 — ©3/.73 4.13 .08 - 0/.39 . .00 --
- Stomach - "16/10. - 1.53 .10 6/2.3 2.58 .06 - 9/2.0 4.58<001 - ~2/1.3 ’1 50 —
- Colon - "30/19.. 1.61 .01 4/3.3 1.23 — 3/3.2 .95 — . 2/2.1 .98 -
‘Reetum '8/6.3 . 1.28 — . 2/1.3 158 — 1/1.1 .89 — - '3/.74 4.06 .0
-. Pancreas 15/11. 1.36 — 3/1.7 1.714 — 3/1.8 1.69 — © . 0/1.0. .00 —
Liver o 7/41 170 - - 079 .00 — - 1474 1.35 — .0 D/.450 .00 —
Lung - - © 0 ..60/64.0 .93 — CT/7.2 0099 — ) 10/9.1° -1.09 —. - 3/4.1 .74 -
ymphopoxetlc 1917, ‘1 10 — 3/2.6 l 16 — ©3/2.7 1100 = - U 0/16 500 —
Non-Malignant Disease |
" Digestive 54/41. 1.30 .05 < 6/5.9 101 — - 7/ L.14 — . 4/3.5 113 —
Cirrh. of Liver 28/20. 1,41 .07 - 3/1.7 L.75 — CL1/2.4 0 .42 — - 2/.88 2,27 ~-
- Respiratory .. 55/63. .88 — “9/12. .74 — o 12/11 107 — 5/8.5 .59. --
- All Cire. Dis. 524/530 .99 — '110/109 1.01 — - '89/94, .95 — 73/72. 1.02 --
-Artersel. 'HD . . 396/363 ‘1. 09 — 77/69. 1.12 — " 66/62. 1.06 — 53744, 1.20 .CI
*All Dis. of Skin - 1/.67 1.50 — - 0/.13 .00 — 1/.12 8.44 — . 0/.08 .00 —
54/74. .73 — . 21/20. 1.06 — 14/15. .36 — - - 13714, .86 --
Age at Death  66.4 74.1 696 - 76.9
(Mean) , ' ,
Year of Death 1970.5 - T 1863.7 -1968.2 1968.3

1. Based on 2-tailed test of: sxgmflcance (Mantel-Haenszel X2 used unless Exp. Iess than -
5.0, then Poisson-P used).
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Table 19

Standardized Proportional Mortality Ratios for Selected Causes of Death

in: White Men with Exposure to Cutting Fliids in Machining Jobsl

Mineral Oil

Machining Water-Based
_ All Cutting Fluids Cutting Fluids Cutting Fluids
40-111 Mo. 120+ Mo. 120+ Mo, 120+ Mo.
Underlying
Cause of
Death
All Causes 111 158 20 64

Malignant Diseases

Obs/Exp PMR p¢

Obs/Exp PMR p

Obs/Exp PMR p

Obs/Exp PMR p.

All Cancer 24/23. 1.04 — 45/30. 1.48 .005 9/4.8 1.89 .10 17/11. 1.52 .06
Digestive - 12/6.6 1.83 .05 18/9.4 1.92 .005 - 3/1.3 2.38 — 8/3.8. 2.09 .08
Esophagus 1/.55 1.83 — 1/.72 1.39 — 1/.11 9.23 — 0/.27 .00 —
Stomach 3/1.2 2.53 — 2/1.9 1.06 — 0/.13 .00 — 1/.80 1.11 --
Colon 4/2.2 1.82 — 6/3.1 1.96 — 1/.47 2,13 — 2/1.2 1.72 —
Rectum 1/.72 1.38 — 2/1.1 1.85 — 0/.12 .00 — 1/.48 2.11 --
Pancreas 12/1.3 1.56 - 5/1.7 2.92 .08 1/.25 3.99 — 3/.64 4.67 .06
Liver 0/.47 .00 — 2/.70 2.85 — 0/.09 .00 — 1/.30 3.29 —
Lung 7/7.5 .94 — 9/8.9 1.01 - 4/1.7 2,39 — 2/2.8 .73 -
Lymphopoietic 2/2.0 .99 — 5/2.6 1.89 — 0/.39° .00 — 4/.98 4.09 .04
Non-Malignant

Digestive 9/4.6 1.94 .09 6/6.1 .99 — 0/.71 .00 — 1/2.4 .41 —
Cirrh, of Liver 6/2.1 2.82 .04 1/2.4 .42 — 0/.31 .00 — 0/.82 .00 —
Respiratory /7.6 .92 — 6/11. .55 — 2/1.6 1.23 — 1/4.0 .25 --
All Cire. Disease 61/62. .98 — 91/93. .98 — 8/11. .74 - 40/39. 1.03 —
Arterioscl. HD 50/43. 1.16 — 70/61. 1.14 — 7/7.8 .96 — 30/25. 1.21 --
All Dis. of Skin - 0/.08 .00 — 0/.11 .00 — 6/.02 .00 — 0/.04 .00 --
Stroke 5/8.9 .56 — 8/15. .54 — 1/1.5 .68 — 4/6.7 .59 --
Age at Death 87.4 70.4 70.6 71.1

(Mean)
Year of Death 1971.0 1968.9 1978.5 1964.3

{Mean)

1. Cumulative exposure duration

see Methods, page 10.

has been weighted according to interval prior to death;

2. Based on 2-tailed test of significance (Mantel-Haenszel X2 used unless Exp. less than
5.0, then Poisson-P used).



Table 20

- Standardized Proportional Mortality Ratios for Selected Causes of .
Death in White Men with Exposure to Cutting Fluids in Grinding, Jobsl

Grinding Grinding
Comprehensive Definition Restrictive Definition
40-119 Mo. 120+ Mo. 40-119 Mo. 120+
Underlying
Cause of
Death
All Causes 210 350 130 193

Obs/Exp PMR pt

Malignant Diseases

Obs/Exp PMR p

Obs/Exp PMR p

Obs/Exp PMR p

All Cancer

42/41. 1.03 — 75/69. 1.09 — 20/27. .74 — 46/39. 1.19 —
Digestive 11/12. .32 - 40/20. 1.96 .001 /7.6 .92 — 24/11. 2.11 .001
Esophagus 2/.95 2.1 — 2/1.6 1.25 — 0/.64 .00 — 0/.89 .00 —
Stomach 2/2.3 .86 — 13/3.8 3.39 .001 2/1.4 1.48 — §/2.1 3.76 .003
Colon 4/3.9 1.01 — 13/6.9 1.89 .02 3/2.6 1,17 — 7/3.8 1.83 —
Rectum 1/1.4 .74 — 3/2.3 1.30 — . 0/.83 .00 — 3/1.3 2.33 —
Pancreas 1/2.3 .44 - 9/3.9 "2.33 .04 “1/1.5 87 — 6/2.2 2.78 .05
Liver 1/.88 1.13 — 0/1.5 .00 — -1/.55 1.83 —° 0/.84 .00 —
Lung : 12/12. .97 — - 13/21. .62 — 8/8.8 .90 — 7/12. .58 -
Lymphopoietic 4/3.7 1.08 — 5/6.0 .84 — 0/2.4 .00 — 4/3.4 1.19 —
Non-masalignant
Digestive 16/8.9 1.79 .02 18/13. 1.34 — 12/5.8 2.07 .01 10/7.4 1.34 —
Cirrh. of Liver 8/4.0 1.99 — 8/5.5 1.46 — 65/2.8 2.13 — 6/3.1 1.6 —
Respiratory 10/14. .71 — 28/25. 1.12 — 11/8.8 1.26 - - 14/14. 1.01 -
All Cire. Dis. 111/119 .94 — 200/203 .98 — 70/71. .98 -- 105/112 .94 —
Arteriosel. HD 82/80. 1.03 — 143/136 1.05 — 54/49. 1.10 - 72/75. .96 --
All Dis. of Skin 1/.16 6.34 — 1/.26 3.84 — 1/.10 10.4 — 1/.14 7.00 —
Stroke 13/18. .73 — 34/32. 1.08 — 10/9.7 1.03 — 21717, 1.23 -
Age at Death - 67.8 70.2 65.8 69.7

{Mean) ‘
Year of Death 1969.6 1970.5 1971.2 1970.5
{Mean)

1

1. Cumulative exposure duration has been weighted according to interval prior'to death;

see Methods, page 10.

2. Based on 2-tailed test of significance (Mantel-Haenszel X2 used unless Exp. less than
5.0, then Poisson-P used).
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Table 21

Standardized Proportional Mortality Ratios for Selected Causes of Death in
.White Men with Exposure to Oil- or Water-based Cutting Fluids in Grinding Jobsl

Grinding Grinding

Water-Based Cutting Fluids - Water/Qil Cutting Fluids
120+ Mo. 120+ Mo,
Underlying '
Cause of
Death
All Causes - 70 | : | 105
Obs/Exp PMR pt Obs/Exp PMR p
Malignant Diseases |

Al Cancer . 1T/15. L1T - . 24/20. 119 —

. Digestive B 9/4.2 215 .06 S 14/6.2 228 .002
Esophagus ‘ 0/.34 .00 -— - o 0/47 00 -
Stomach _ : 3775 4.00 -..08 L _.5/1.2 415 .02
Colen ‘ o 2/1.4 142 — , 4/2.0 1.98 —

"~ Rectum . - 2/.46 435 — 1471 140 —

.Pancreas . , .2/.80  2.49 -— o 4/1.1 . 3.50 - .06
Liver C . 031 -~ W00 — . 0/.46 - 00 ~ — -
‘Lung ' ' _ 3/4.7 64 - 3/5.9 51 0 —
Lymphopoietic , 3 19— _ - Dd/1.8 D0 -
Non-Malignant Disease
Digestive | 1/2.8 .35 -— 9/4.0 2.27 .04
Cirrh. of Liver ‘ 1/1.2 .81 -— o 5/1.5 3.26 04 -

_ Respiratory : 4/5.0- .80 — . . Lo 10/7.4 0 1360 —
All Cire. Disease o 41/40. 1.04 — ’ : 52/62. .84 —
Arteriosel. HD 31/27. 115 -— . - 35/41. 85 -
All Dis. of Skin 0/.05 0 — - - 1/.08 13.2 . -—.
Stroke = ‘ 4/5.6 .72 — o 13/9.9 0 1.3t -
Age at Death - 683 70.5

(Mean)
Year of Death 1971.6 1969.1

+ (Mean) -

1. Cumulative exposure duration has been weighted according‘ to interval prior to death;
see Methods, page 10.

I

. Based on 2-tailed test of significance (Mantel-Haenszel X2 ,sed unless Exp. less than
5.0, then Poisson-P used). 6&8<



‘Standardized Proportional Mortality Ratios for Selected Causes of
Death in White Men with Exposures in the Skilled Trades

Table 22 -

- and in Forge/Heat Treat!

Tool and Die

Fofge/Heaf Treat

‘Machinists Tool Grinder.
: - 120+ Mo. 120+ Mo. 120+ Mo. 120+ Mo.
Underlying C : : ‘
- Cause of -
Death
All Causes - 48 81 52 131

Obs/Exp PMR p

Malignant Disease

Obs/Exp PMR p

Obs/Exp PMR p

Obs/Exp PMR -

(Mean)

'All Cancer 8/9.4 = .85 — 16/15. 1.05 —- 14/9.8 1.43 — ' 35/25.1.39 .0:
Digestive - 7/2.7 2.58 .04 6/4.8 1.25 — 5/3.0 1.68 — 11/8.0 1.37 -
Esophagus 0/.21 . .00 — 2/.35 5.65 .10 - 0/.22 .00 — 2/.60 3.33 —
Stomach 1/.47 214 — - 1/1.0 1,00 — -3/.58 5 14 .04 - 3/1.7 1.78 ~—
Colon 2/.97T 2.05 — - 0/1.6 .00 — 1/1.0 1.00 — 2/2.6 .78 --
Rectum 0/.29 .00 — 0/.56 - .00 — 0/.34 .00 — 3/.94 3.18 —
Pancreas - 2/.52 3.86 — 1/.86 1.16 — 1/.55 1.82 - - 0/1.4. .00 -
Liver. 2/.18 11.00 .03 2/.36 °5.52 — 0/.21 .00 - . 1/.62° 1.61 --
Lung 1/2.9 - .35 — 3/4.2 .71 — . 3/2.8 1.08 — 11/7.2 - 1.54 —
. Lymphoponetlc 0/.81 00 — 5/1.3 387 02 - 4/.84 475 .02 0/2.1 .00 —
Non-Malignant Disease
Digestive 4/1.6 2,47 — 5/2.9 1.74 — 3/1.9 1.61 — 7/4.9 1.42 —
Cirrh. of Liver 3/.59 5.05 .04 1/.99 .01 — 0/.69 .00 — 1/1.8 2.18 —
Respiratory 5/3.8 1.32 — 4/5.6 .69 —- 3/3.8 .80 - 9/8.8 1.02 -~
. All Cire. Disease 28/28. 99 — 49/49. 1.01 — 29/31. .94 — 69/78. .89 —
. Arteriosel. HD ' 21/18. 1.12 — 34/31. 1.08 — . 23/20. 1.13 — 54/51. 1.06 —
- All Dis. of Skin - 0/.04 .00 — - 0/.06 ,00. —. 0/.04 .00 - 0/.09 ..00 —
Stroke ‘ - 6/4.7 1.28 — 5/8.1 .62 — ' 4/5.1 .78 — 9/13, .72 --
Age at Death 74.3 72.5 1.7 70.5
{(Mean) S
- Year of Death 1973.0 1968.5 .. - 1969.2 1566.9

1. Cumulative exposure duration has been weighted according to interval prior to death;
see Methods, page 10.

2, Based on 2-tailed test of significance (Mantel-Haenszel X2 used unless Exp. less than

5.0,

then Poisson-P used).
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Table 23

Standardized Proportional Mortality Ratios for Selected Causes of Death in White Men
and White Women with 10 or More Years in Assembly, Packing and Related- Activitiesl

‘ ‘White Men White Women

Underlying Cause - ' .

of Death

All Cauges 126 , S 128

Obs/Exp PMR = p¢ Obs/Exp PMR. - p .

~ Malignant Diseases

All Cancer ©.31/25. 1.23 - - 36/30. 119 —

Digestive 13/7.4  1.88 02 . 11/9.1 121 -~

Esophagus - 1/.59 1.68 — 0/.31 00—

Stomach ‘ - 5/1.4 3.50 03 1/1.1 92 -

Colon ‘ 6/2.5 = 2.44 08 6/4.0 1.49  -—

Rectum . 2/.84 2.37 - 1/.83 .21 -
. Panecress ‘ -~ 0/14 .00 - ‘ 3/1.8 1.71 -
- Liver . : . -0/55. - .00  —. - 0483 .00 -

Lung _ - 9/7.7 1.17 . - - 4/3.7 0 1.07 -
' Lymphepoietic 1/2.2 46 = EE /2.1 10 —

Non-Malignant Disease

Digestive - 9/5.0 1.0 .08 4/46 87 =

Cirrh. of Liver 5/2.2 2.33 . - 4/1.5 2.09 -
" Respiratory 5/8.8 37 - - 3/6.3 .48 -

All Cire. Disease " 68/73. .94 @ - 72/72. 1.01 -
‘Arterioscl HD » 51/49.  1.05 - 53/43. 1.24 08

All Dis. of Skin 1409 108 — 017 00 . —

Stroke ‘ 8/11. .74 - 11/15. g3y -
Age at Death 69.1 ‘ 715

(Mean) . ‘
Year of Death 1969.7 1974.7
(Mean)

1. Cumulative exposure duration has been weighted according to interval prior to death;
see Methods, page 10.

2. Based on 2-tailed test of significance (Mantel-Haenszel X2 used unless Exp. less than
5.0, then Poisson-P used). C
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Table 24

SPMRs for Gastrointestinal Diseases in Selected e
Categories for Durations of 10 or More Years!

Malignant Disease o Non-Malignant Disease

‘ Cirrhosis
o All o All of -
In White Men - n G.L. Stomach Colon Pancreas Liver Digestive Liver
. SPMR ‘ |
Machining
All CF . 158 192 (1.06)2 1.9  2.92 (2.85) " 0.99 (0.42)
Qil CF . 64 S 2,09 (1.11)  (1.72)  4.67 (3.29) - (0.41) (0.0)
Water CF 20 ©(2.38) (0.0)  (2.13) (3.99) (0.0) (0.0) - (0.0)
Grinding | _
) ‘C'omprehensive_ 350 1.96  3.39  1.89 2.33 (0.0) . 134 | 1.46 .
" Restrictive 193 2.11  3.76 .83  2.78 0.0y - ©1.34 0 1.96
Water/Oil CF. 105 2.28 4.15 1.98 3.50 - (0.0) 2.27 . 3.26
Water CF 0 2.15  4.00 (1.42) © (2.49)  (0.0) (0.35) - (0.81)
. Machinists 48 . 2.58 (2.14) (2.05) (3.86) (11.0) 247 '5.05
' Tool and Die 81 1.5 (1.00) (0.0)  (1.16)  (5.52) 174 (1.01)
Tool Grinders - 52 1.68 - 5.14 (1.00)  (1.82)  (0.0) 1.61 (0.0)
Forge & HT 131 137 L78  (0.78) (0.0)  (L61) L4z 2.18
‘Assembly, Pkg. 126 188 3.50 2.44  (0.0)  (0.0) . 1.80 . 2.33
" All Categories 1532 152 1.97 1.39 1.43 1.35 1.24 . 1.34
In White Women
'Assembly, Pkg. 128 1.21 (.92) 1.49 1.71 (0.0) | 0.87 2.59
. . All Other - ‘
.. Categories 92 1 0.78  (1.23)  (0.72)  (0.86)  (0.0) 1.61 1.3

1. Cumulative exposure duration has been weighted according to interval prior to death;
see Methods.

2. Based on fewer than 3 cases observed: in parentheses,

PEAS



Table 25

Crude Mortality Odds Ratios for Association of Stomach Cancer
' with Exposures for 5 or 10 or More Years Durationl

5 or More Years Exposed - : 10 or More Years Exposed "
Case ' Control  OR p(2) Case Control - OR - p
‘Machining | -
AL CF 3 15 87— 2 18 53—
Comparison Exposure 11 346 - (1.0) 11 346 (1.0)
. Grinding '
Comprehensive 14 353 1.80 12 13 248 2.37 .03
* Restrictive 9 198 2,06 . .09 . 8 135+ 2.68 = .04
Water/Oil CF 6 111 2.45 - .08 5 69 3.28 .04
Water CF - 3 7 1.76 - ki 50 - 2.72 - .14
Tool Grinding 3 49 277 .13 3 37 3.67 . .08
Comparison Exposuré 10 453 - (1.0) 10 453 (1.0)

1. Cumulative exposure duration has been weighted according to interval prior to death;
Controls exclude specific causes niso associated with the exposure; Comparison Exposures
exclude exposures also associated with cause of death of interest; see Methods.

5. Pisher Exact Probability.
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Table 27

Crude Mortality Odds Ratios for Association of Colon Cancer

with Exposures for 5 or 10 or More Years Durationl

5 or More Years Exposed

10 or More Yeafs Exposed

(1.0) -

: , - Case Control " OR . p(z) 'Case Contfol . OR - " P.

- Machining - ‘ : - : o
All CF' 9 177 .34 — 6§ 125 1.27  .—
- 0il CF 5 117 .13 — 2 53 1,00 -
Water CF 339 2.03  — 1 13 203 —

Comparison Exposure 14 370  (1.0) 14 370 (1.0)
.Grinding _
Comprehensive 15 386 .06 — 13 277 128 . —
..Restrictive . . 9 219 1.12 - .7 150 . 1.27 —
- Comparison E&posure 18 - 491 .'1'8‘ 491 (1.0).

1. Cumulative -exposure duration has been weighted according: to interval prior to death;
Controls . exclude specific causes also associated with the exposure; Comparison

Exposures exclude exposures also

~ Methods.

2. - Fisher Exact Probébility.

"'?KL(

associated with cause of death of interest; see



Table 28

Crude Mortality Odds Ratios for Association of Cancer of Pancreas
| ~ with Exposures for 5 or 10 or More Years Durationl

5 or More Years E;@Sed - 10 or More Years Exgosed.

Case Control OR pl2) Case Control OR p
Machining ‘
All CF 5 178 258 .14 .5 124 371 .05
Oil CF L4 117 3.15 A1 3 - 352 9.31 .05
Water CF -2 37 - 4.97 .10 1. 11 8.36 15
Comparison Exposure - 4 368 (1.0) 4 368 (1.0
Grinding
Comprehensive 9 382  1.02  — 9 267 146 . —
. Restrictive 7 214 °  1.42 - 8 146 1.78 200
Water/Oil CF 4 122 1.42  — <4 78 - 2.22 .16
Water CF 2 83 .1.04 - 2 52 1.66 -
Comparison ExposureS  11. 476 (1.0) 11 476 (1.0)

1. Cumulative exposure duration has been weighted according to interval prior to death;
- Controls exclude specific causes also associated with the exposure; Comparison -
Exposures exclude exposures also associated with cause of death of interest; see
Methods. ‘

2. - Fisher Exact Probability.

3. This comparison group includes Machining jobs; see Table §.
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"Table 30

Crude Mortality Odds Ratios for Association of Cirrhosis of Liver
with Exposures for 5 or 10 or More Years Durationl

- 5 or More Years Exposed 10 or More Years Exposed -
Case Control OR ©opd Case ..Controt OR ~ p .
' Machinists . 3 80 1.65 — 3 om0 —
Comparison Exposure 32 1088  (L.0). 32 . 1058  (L.0)
Forge and Heat Treatd 4 176 111 — . 4 129 . 1.51
_ Cbmparis‘on Exposure - 6 . 292 (1.0) _ | : 6 292  (1.0)
Grin‘ding‘ _
_Comprehensive 12 382 1.53 8 247 1.46  —
Restrictive - 8 199 - 1.81 - 6 136 . 1..99 -—
Water/Qil CF 6 111 .43 — 5 69 ‘ 3.26 .04
Water CF 3 78 1.73 o 1 51" 0.88 -
Comparison Exposure 10 450 | (1.0) 10 450 (1.0)

1. Cumulative exposure duration has been weighted according to interval prier to death; -

Other - Causes of Death exclude specific causes also associated with the exposure;
Comparison Expsoures exclude exposures also associated with cause of death of
interest; see Methods. -

2. Fisher Exact Probability.

3.‘ Forge and Heat Treat in this analysis includes Tool Gmnders whd may also havz
oerformed heat treatment of tcols.
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Table 31

Standardized Mortality Odds Ratios from Logistic Regression Model
of Association between Stomach Cancer and Grinding Exposures in White Menl

n=1532 - df=3
Predictors/ Estimated ‘ : v
Risk Factors Effect Removal from Model2  Adjusted Odds Ratio
‘ Coefficient, SE A(-2InL} p1 P2 :

(Constant) o .256, ,240 - - - - 1.29
Expected Cause of , _ a : -

Death Odds3 - 1.00, — == = -

-(age, year adjustment) LT ‘ o ‘ ‘ S
Birth: Canada . . .940, 424 . 472 - 015" - 2.56
Grinding, ‘ ' .

Comprehensive : ' ' : : S

(duration in months) .00270, .00130 3.91 024 - 2.25

(25 yrs. exposure)
Tool Grinding . ' ‘ ‘ : =
(duration in months) .00406, .00327 1.65 .10 W20 . 3.38
- . : - . (25 yrs. exposure)

1. Final model of iog (odds)-of having diéa from stomach cancer:
In (15p) = .256 + 1.00 In (T=r + .940Ig + .00270Xg + .00406Xy
where: | |
r; Is age-, year-, sex-, race- specific proportional mortality Eater_for

: , i
stomach cancer in U.S. population in 5-yr. intervals; In (1-r;) is
log (odds); ’ ' ' ‘

| Ig is indicator of Canadian birth {1 = Canada, 0 = not);

- Xg is weighted duration of exposure in Grinding, Comprehensive in
' months (see Methods);

X7 is weighted duration of exposure in Tool Grinding in months.
2. Change in - 2log(likelihood) for removal of single risk factor from final model, one at
a time, and associated P-value: 1-tailed (py) for hypothesized effects, 2-tailed (pg; for

athers.

3. Effect estimate fixed at 1.0 in estimation procedure.
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Table 32

Standardized Motality Odds Ratios from Logistic Regression Model of Association
Between Cancer of the Pancress and Grinding and Machining Exposures in White Menl

n=1532 df=4
Predictors/  Estimated o
~ Risk Factors Effect Removal from Model?  Adjusted Odds Ratio
' | : Coefficient, SE A(-2InL) p P2
(Constant) - -066, .32 - - - 0.93
Expected Cause of : R
~ Death OddsS (age, .00, - - - - : -

year adjustment) -
Machining, Qil CF . o ‘ o
(duration in months) - .00765, .00266 5.98 007  .014 9.9
_ , - (25 yrs. Exposure)
Grinding, Comprehensive, L
- (durations in months) - .00050, .00224 4.8
' : (25 yrs. Exposure
Date of Hire .and DOH = 1918)
(Months after 4/1933) .00235, .00322 10.5 - .009 .018
‘ 1.1 .
(25 yrs. Exposure
and DOh = 1933)

Grinding - Date of Hire .
Interaction -.000034, .000014

1. Final model of log (6dds) of havingv died 'from cancer of pancreas:
' In G%? = -,066 + 1.00 In (1"-r‘) ¥ oo7sst + ooosxG + 00235001{ - .000034ITR
where: | '

ri. Is age-, year-, sex-, Irace-—specific‘ proportiongl _mortality rate for

I

cancer of 'pancfeas in U,S. population in 5-yr. intervals; In (l-ri) is log (odds);

XM Is welghted duration of exposure in Machining, Oil cuttmg flmds, in
. months (see Methods);

Xg s weighted duratxon of exposure in Grmdmg, Comprehenswe deﬁmtlon
in months; ‘ :

'DOH is date of hire, in months later than April, 1933 (approximate population
mean date of hire); ' _

ITR is date of hire, Grinding {Comprehensive) interaction (DOH x X3) in (months}.
2, Change in - 2log(likelihood) for removal of single risk factor or group of risk factors
from final model, one at a time, and associated P-value: 1l-tailed, (py) for

hypothesized effects, 2-tailed (ps) [or others.

3. Effect estimate fixed at 1.0 in estimation procedure,
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Table 33

Standard:zed Mortality Odds Ratics from Logistic Regression Model of
Assocxatlon between Lung Cancer and Forge, Heat Treat Exposures in White Menl

n=1532 S df=1
‘Predictors/ -+ Estimated o ‘ o o '
Risk Factors Effect - Removal from Model?  Adjusted Odds Ratio
] ~Coeflicient, SE A(-2InL)  pq Po

(Constant) =187, .124 , - - -
Expected Cause of ‘ : : ‘

Death Odds® (age, : :

year adjustment) - . 1.00, — — - -
Forge, Heat Treat ‘ '

(duration in months) .00230, .00120 3.29 035 . .070

(25 yrs. exposure)

Final model of log {odds) of having died from lung cancer:

Ly

In GP-E)_ = -167 + 1.00In (T + ouzauxF

where:

r{ is age-, year-, sex-, race-specific proportional mortalitly_ rate for
| P

lung' cancer in U.S. population in 5-yr. intervals; Ln‘ (l-ri7 is log (odds);

Xp is wetghted duration of exposure in Forge Heat Treat, Heading
and Anneahng (see Methods) ‘

 Change in - 2log(likelihood) .for removal of single risk factor from

final model, one at a time, and associated P-value: :1-tailed (py) for
hypothesized effects 2-tailed (py) for others, L E

Effect estimate fixed at 1.0 in estimation procedure.



Table 34

Standardized Mortality Odds Ratios from Logistic Regression Model of Association
Between Cirrhosis of Liver and Grinding and Machinist Exposures in White Menl

- Predictors/
Risk Factors

(Constant)

Predicted Cause of
Death Odds3 (age,
year adjustment)

Machinist

- Grinding, Water/Oil CF

n=1532 . df=2

Estimated ‘ " ‘

Effect Removal from Model? Adjusted Odds Ratio
.Coefficient, SE . a(-2InL) p;p p2 '

147, .201 = - - 116
' 1.00, — = - - -

00602, .00265 342 03 0T 608

(25 years exposure)

.00340, 00287 1.96 - .08 .16 - 2.77.
S ‘ (25 years exposure)

~ Final model of log (‘oddé) of having died from cirrhosis of liver:
o} , ’ ry ‘ . .

In {15p) = .147 + 1.001n (T + .00602Xy + .00340Xg

where: |

ri is age-, year-, sex-, bace-specific proportional mortality rate for
5 I‘-

. 1. :

cirrhosis of liver in U.S. population; in 5-yr. intervals; = In (1~ri7 is log .
(odds); . ' ‘

Xy is weighted duration of exposure in Machinist (skilled trade), in months
 (see Methods); : ‘ )

X is weighted duration of exposure in Grinding, in Water/Gil, in months.
Change in - 2log(likelihood) for removal of a single risk factor from final
model, one at a time, and associated P-value: 1-tailed, {pl) for

hypothesized effects, 2-tailed (pg) for others.

Effect estimate fixed at 1.0 in estimation procedure.



Table 35

Goodness of Fit of Logistic Regression Models
' for Key Associations

" Qutcome - Ekposure | | Exposure Strata (Mo.) = Total
. | | ' 0 1-50 51-150 151-350 351+ |
Stomach = Grinding,
Cancer o Comprehensive
. Total No. in Stratum =~ -83 121 232 ° - 243 53 1532
No. of Cases Predicted =  16.96  2.09  4.94 - 839 . 2.60 - 34.99
No. of Cases Observed P ¥ ¢ 3 ‘, 5 8 9 » 35
Cancer of = -Machim'ng,
Panecreas Qii CF
Total No, in Stratum. - 1336 - 29 118 - 4 - 5 1532
No. of Cases Predicted! - | 18.7 .54 2,52 1.81 . .74 . 24.412
" No. of Cases Observed k 18 1 3 1 1 24
Cancer of " ' Grinding; :
Pancreas ‘ - Comprehensive
~“Total No. in Stratum 883 - 121 232 243 © 53 . 1532
'No. of Cases Predicted! 12.42 1.72 2.81 .37 310 24.422
No. of Cases Observed - 13 21 5 .3 24
Cancer of Forge, Heat
Lung Treat
Total No. in Stratum : 1312 28 76 99 17 1532
No. of Cases Predictedl 65.7  1.91  5.34  7.82  2.20 82.99
‘No. of Cases Observed 64 2 - 3 72 83
T
2: A * 1nf L¢i)+51X1+BZX2”J ) ‘
1..  No. Predicted = < 1+ e ) © ; s: over stratum

(See Tables 31-33 for coefficients Ay, By )

2. Regression estimates used were approximate because they are averages over successive -
interations of oscillating final convergence, causing sum of predicted to differ from sum

of observed.

—
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APPENDIX

MODELLING PROPORTIONAL MORTALITY

_ USING LOGISTIC REGRESSION

" Traditional Analysfs of Proportional Mbrtality '

, Analysis of mortality patterns in a study population that consists of all
deaths oceurring for some specified ceohort (over some time interval) has
- traditionally been accomplished either with 1) external standardization for age
at death, year of death, sex and race, using some reference: ?opulation, as in
standardxzed proportional mortality ratio (SPMR) analy51s or 2) internal
.standardization either by stratification on confounding covariates, where
~ feasible, as in case-control analysis of proportmnal mortality (i.e. conditional
- on the death of study- populatxon members)( ) or by estimation of covamate
effects using logistic regressnon in case-control analysis. ~

The limitations inherent in SPMR studies include the‘inability to directly
assess exposure and confounding except by defining distinet subpopulations of -
- presumed equivalent exposure and covariate status. Besides the loss of power’
- with diminishing population size, there is the.problem of non-comparability of
© SPMR estimates across populations of different age, year of death, ete., " The .
‘description of exposure effects in relation to duration and latency (remoteness
of exposure experience in time) is similarly inhibited in SPMR analysis. Another
limitation is that of: selection effects operating on the cohort that result in
~its not being a 'stratified random sample of the reference population (i.e.
-stratified on age at death, year, etec.). This selection arises-in three primary
. ways in occupational disease studies: 1) selection for healthy individuals at
hiring, 2) selection for sustained good health in populations specified.as having
some minimal duration of employment, and 3) the specific ethnie compositions
of industrial workforces, aside from race (for which reference population data
is specific). These selection effects have to.be considered in the mterpretatlon
-of SPMR results. '

Case-control analysis largely avoids the problem of selection effects on
the cohort except to the extent that selection is associated with departments,
" job.classifications or exposures. (Early attrition from an industrial population
due. to adverse health effects of exposures is a general source of bias for all
types of analysis, tending to cause underestimation of exposure effects.)
However, case-control analysis based on discrete risk factors (coatingency
tables) suffers the same loss of power with Increasing stratification into
subpopulations of equivalent exposure and other risk factors as SPMR analysis,
and case-control analysis using regression methods must expend substantial
statistical resources in estimating the usual covariate effects (age, year of
death, etc.) that are freely available in an external standardization (SPMR).



In studies where the excess number of observed cases, over expected, is barely .
‘statistically significant, a more efficient analysis than tradltlonal SPMR or
case-control contmgency tables is needed. »

A Logistic Regression Model for Proportional Mortality.

An efficient model- should incorporate - the, known dependence of
proportional mortality rates on age at death, year, etc.; should allow for some
'deviance from these expected rates arising from a general selection effect in

.. the cohort; and should allow estimating other simultaneous effects, both discrete .
(e.g. origin of birth, type of work) and continuous (e.g. cumulatxve measures

of exposures) and possible interactions.

One approach that has been deveIOped is to model the odds of death
having oecurred due to some’ particular underlying cause compared with all
- other causes by using the logistie regress:on method: '

a+by X{ +bgXo=... -2 _
{ 1._Pp_) Rt St or log (15 ) = a+byX;+bgXs+...

where p'is the probabzhty that a death was the result of the underlylng cause
’ spec1f1ed.(3 : - . ‘

- In order to utlllze the reference populatlons known proportlonal
mortahty rates the expected odds, specifiec for age at death, year of death (m,
‘5 yr. intervals), sex and race, are included in the model in the form

‘ .
X1 =log (75

~where r is the age, year, etc., specific proportional mortality rate for the
specified -cause, in"the reference population. The model is now:

log (‘fin_ )-'—' &"“b,l ].Og (-I_‘I'_) + b2X2 t oves

In the absence of any other effects (i.e., bp=bg=...=0), we would expect a .
= 0 and by = 1 if the study population is a strati ned random sample of the
reference population; otherwise, if selection is acting on the cohort, a and b
will jointly reflect that selection. Ideally one would like to constrain by o
equal 1.0. This would result in the intercept ag being an estimate of the
standardized mortality odds ratio (SMOR) for the entire study population relative
to the reference population, adjusting for exposure and other risk factors
included in the model. This can be accomplished using available statistical
packages such as BMDP.(3) .
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Use of the expected odds of death from a particular cause, in the
- regression model, is an example of using a multivariate confounding score, as
proposed by Miettinen,“’ but in this case based not on the observed data but
on that of a reference population. A single variable is used to summarize
the joint effects of age and year of death.

Risk factors or exposures that are modelled by the terms biX; are
presumed to modify the expected odds uniformly over the covariate strata in
this- model, i.e. by a fixed factor independent of age at death, year of death,
et¢. Inclusion of interaction terms would allow assessing covariate-risk factor
. interactions, such as an exposure with chronological time dependence {due to.
 changing nature of exposure): bjjXjXj where X; is an exposure measure, X; a
. chronological time measure, appropriately offset by some mean value..

Modelling the odds of death from a specific cause provides an exact:
estimate of the actual cause-specific mortality rate ratio associated with an
exposure in the full eohort (in the absence of selection eff?r) ), because the
mortality odds ratio is identical to the mortality rate ratiold) in a stationary
population when the exposure is not associated with any other causes of death,
When selection is present, the intercept estimate allows separation of that
selection effect that is common to the f{ull study population. Therefore, the
resulting standardized mortality odds ratio estimate for an exposure is an
estlmate of the actual standardized mortahty rate ratlo. '
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