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(1) Ab.tract 

Th/;! accuracy of attributing exposure 1n occupational environme'ts vas 

asaessed vithin the context of a case-control study (the Cancer study) thi\t 

invest1gated a~soc1ations ot 'd1tterent sites of . cancer vith a multitude ot 
- l" 

substances tound 1n wor);. situations. .,. Il team of chem1sts/engineers , 

attributed exposure after revieving job descriptions that vere usually 

obtained by interv1eving' Cancer study subjects~ The present study 

invest1gated the val1dity and rel1abil1ty of the chemists' ~~ure 

aalessments through sèven trials of inter-rater and 1ntra-rater agreement. 

Compat:1sons vere made 1) among the chemists and 2) betveen the c~emists, 

considered singly or 1n groups, and external raters who possessed expert 

knovledge of 1ndustr1al env1ronments. ~In a11 trials, the agreement 1n 

ldentity1ng vhether an exposure vas present or absent vas good to excellent 

('average Kappa.: s.of; i-O.59.:0.01). Agreement in judg1ng the 1ntens1tyof 

exposure 'las somevhat lower Ci-O.50.:t.0.07l. The accuracy ot attributing . .-......... 

exposure by 1ndiv1dual chem1sts and by chem1sts who used a consensus method 

vas 1nferred to be qui te good • J 

. , 
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(u) ai ... 

L'exactitude de. l'attribution d'exposition dans lès environnements 

occupationnels a été évalué dàns le contexte de l'étude cas-tt'moine qui 

examinai t les associations entre dit rérents 5 i tes de cancer et une 

multitude des substances que l'on trouve dans les milieux de travail ~ Les 

descript 10ns d'emploi obtenues sont revisées par une "équipe de 

chimhtes/ingénle·urs utilisant une méthode de consensus pour attribue!;' 

l'exposition aux substances. ta·présente étude exUine la validité et la 

fiabilité des !!valuations des chimistes en utilisant sept essais de 

concordance inter-evaluation et intra-evaluatton. Les comparisons de 

l'attribution des expos1 tions ont été- effectuées 1) parmi les chimistes et 

2) entre les chl~lstes, co.nsidéré individuellement ou en qJroupes d'une 

part,et des évaluateurs externes possédent connaissances spéCialisées des 

environnements industriels d'autre part. Dans tous les' essais la 

concordance pour l'identification de la présence ou de l'absence 

l'exposition varie de bOnne à excellente (moyen Kappa.:!:, S.D; ï .. O.59.:!:,O.07). 

La concordance pour le jUgement de l'intensité de l'exposition est quelque 

peu plus faible Ci)aO. 50.:!:,O.07). NOUS pouvons d~duire que l'attribution de 

l'exposition par des chimistes individuelle et par des chimistes utilisant 

une méthode de consensus est assez bonne. 

\ 
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( 1) Intl'9c1uc:t1OD ' 

ane goal ot epldelllol091c research 15 ~ to i!:!entUy factors that are 

det~r~1nant,\of dlsease. This 11ne of research 11 1mportant 1t disease 

•• chanisms are to be understood and 1f appropfiate preventive stepa are to 

be taken. It 1s crucial, theretore, to evaluate the accuracy of the 

ep1dem10109ic data used to establiah associations betveen disease and 

erposure. 

Variou. mechanisms May invalldate the results of an investigation (ct, ,~ 

Xleinbaum et al., 1982). The internaI validlty of any epidem10log1cal 
1 

investigat10n requires, &JIlong other thinga, aecurate ascertainment of 

outcome, luch as Symptoml, diseà.e, or death, and of the factors that lIIay 

be a.soc1ated vith outcome. Th1s latter grbup of variables lncludes 

confoundlnq factors and those factors that are under 1nvestigation; 1e,' the 

ezposure va~1ables CLast, 1983).~ Even though considerable effort is lIIade 

in 'epidemiologic studiea tp obtain accurate measures of out come and 

ezpo~re, errors in measurement' can st111 occur vh1ch May 1nvalidate the' 

reaulta of the investigation. 

The aceuraC1 of the aseertalnment of outcolIIe and ezposure partly dependa on 

the design of the study. Por example, the deterlllination of disea •• outÇOllle 

through retrospective cohort and case-control studies lIIay be inaceurate 

becauae of changes in the classification of diseases or in dlagnostic 

cr1te~1f' SimUarly, the aeeuracy of measuring an exposure'·that occurred 

ln the past will depend on Many factors, such as the letting for the study 

and the accuracy of records and of information obtained fram respondents. 
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Sœe ctata can be 
, 

COBDOn exper1ence 

u.ect to 1nd1cate vhether a group 0~1nctlv1dual. 
are at h1gher r1sk. FOr examPl~\ company 

hav1ng a 

records 

4eta1l1ng vorker employmant may'be h1ghly accurate for ~lac1n9 verkers in 

,ob categories. Thase records, hovaver, may not 
\ 

prov1de adequate 

1nformat10n for determining precise exposure to chem1ca\\ agents. In 

general, the quality of exposure data viII dimin1sh al one ~OOkS further 

back 1nto the Qpast. Th11 ia particularly relevant tor st~1es that 

lnve.t1gate dlseaàes vhlch tate a long period of t1me before expression, 

auch a • .ost cancers. 

TVo general types of error. arise when m.asurln; exposure. The first i. 

du. to random flu\:tuations abOut the true exposure values. rhe second 

occurs vhen the measurementa are systematically hlgher or lover than the 

true value.. Both ot these errors,.operating slngly or together, may alter 

the estimate of the aSlociation betveen the .xposure and the di.ease. In 
; 

case-control studi.s, tor example, it the only errors in measuring exposure 

are random and 1f the error rates are identical in both diaeased and 

non-diseased groups, the estimated excess risk viiI be shitted tov.rd the 

null value (cf, Barron, 1977; Copeland et al., )977; and Greenland, 1980). 

This il tnovn as non-difterent1al, 

8imply, misclassit1cat1on bias. 

- -- ~~~ - --_._---_..:....-.... --------

random, milclasertication bias, 

... 
or 

----~------------------.--------~-
L 



3 -

(1.1) OCCUpatiODal- Zp1cJea101ogy 

"-
There 1s usually a great dealof uncertainty 1n,1dentify1ng the prec1.e~ 

agents that existed in occupationa1 environments. Most occupational 

stud~es, therefore, have used job records to ind1cate whether 'persons 

employed in a particular jOb or industry were Buffering adverse health 

efrects as a result of their employment. This has been a profitable 

endeavour since there have been Many reports of exceS5 risk of disease in 

part1cular occupational groups. For exemple, excess risks for lung cancer 

have been found among' steel foundry vorkers (Blot et al., 1!}83). 

Use of job titles, however, m~y obscure an association if not all workers 

with a given title are exposed to the active agent (Hoar èt al., 1980). 

EVen if an excess risk of disease was defected fOr an occupational group, 

it would be difficult to infer which of the substances was the responsible 

agent CSiemiatycki et al., 1981a). ln addition, the use of job titles May 

result in a 1055 of statistical power when occupat1on~ having a common 

,exposure are not combined (ibid.). In recent years, there .have been more 

attempts to go beyond job titles and to identify and quantify the extent of 

7 
exposure to 'substances. This il a difficult task which require6 nove l 

methods (eg6, Mancuso et al., 1977; Hoar -et ~l., 1980; Beaumont and Weiss, 

1981; Lubin et al., 1981; Siemiatycki et al., 19S1b, 1982; and 0e1zell and 

Nonson, 1982). The credibility of results based on these new methods 

depends on the accuracy of the exposure measurements. The assesament of 

( 'the accuracy 
l 
of one of these methods (Siemiatycki et al., 1981a) 18 the 

subjeçt of this thesis. 
o 

, t 

1 
" ----------------r------------------------------~-----------------------------.-.-'-------. 



-, 

The accuracy ot any 1nstrument May be evaluated.in te~ms ot two componenta. 

The first component 16 whether the instrument actually measures what it 1s 

intended to measure. This 15 . known as val1dity. Prec1sion, or 

repeatability, of the measuring instrument ,1s the second component ot 

accuracy. This latter component ls also known as reliability. 

Varlous types of valldity have been defined {Abramson, 1979}. Face 

validity refera to the belie! of the lnvestlgator that the instrument under 

consideration evidently measures what 1t 15 intended to measure. If many 

other "experts" be11eve that the measure ls credible then the measure la 

aaid to have consensus- validity. Crlterion validity, on the other hand, 

refera to·th~ correlation of' the measure und~r consideration with one that 

has higher face or consensus va11dity. Certainly, the best crtterion la 

the true value of the variaple. In the absence of knovledge of the truth, 

other measures which have been shown or are believed t9 have' a hlgh level 
>, '" , ot validity May be used as a comparison. Criterion validity can be turther 

diatinguished,along temporal 1ine5. Thua, concurrent validity refers to 

" the correlation vith another instrument when both measurements are made at 

the same time. Predictiv~ valldity, on the other hand, i5 determined by 

the ability df the instrument under evaluation to predlct some other 

Il •• sure. 

rh. determination ot the criterion validity of an instrument that measures 

past occupatlonal exposure 1s a diff1cult matter since another independent 

instrument, wh1ch has been shown or believed to be va11d, must be used as a 

Il 



\ 

( 

5 

cocparison. Often, it is impossible to find even one instrument to measure 

past èxposure. The ascertainment of the reliability of the measuring 

instrument may also be difficult since multiple measurements of exposure 

for aIl, or a subset, of the observations must be made. 

The d1ft1culty of evaluating validity has led some investigators to use, as 

a surrQ9ate, the agreement obtained by comparing tvo or more instruments, 

neither of whiph could be considered a val1dated criterion. For example, 
. 

in the case of, evaluating X-ray films for pneumoconiosis (eg, Liddell, 

1963), the comparison of the judgements of fan y rat ers (ie, inter-rater 

agreement) va$ used to indicate the validity of the approach. 

,/ 

(1.3) The ·canèer Stu4y· 

. 
This thesis 1s concerned vith the accuracy of the assessment ot exposure in 

a m~l'ti-cancer site, multi-exposure, case-control study known as 

"Monitoring the occupat1onal Environment for Carc1nogens" (hereafter, this 

viII be referred to as the Cancer Study; Siemiatycki, 1979; Siemiatycki et 

al., 1981a; and Gérin et al., 1983b). The Cancer study vas designed to 

generate hypotheses concerning the potential association of 13 cancer sites 
, 1 

vi th approximately 300 substances found in occupat1onal environments. 'Male 

patients, pos1tively d1agnosed with cancer in Montreal hospitals,' vere 

entered into th! cancer Study if certain e11g1bility criteria vere 

satisfied. Questionnaires were administered for the pu!pose of obtain1ng 

information concern1ng aIl prior occupat10ns. For each occupation, 

specifie information vas sought concerning the exact tasks performed by the 

subject, mater1als and machines used, and the general vorking enviro~ent. 

-
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\ 
Using this data, a team ot internal raters consist1ng of chemists, 

industrial hygienists, and e~gineers determined whether the subject, in 

each of his occupations, was exposed to any of the substances under 

consideration. (These internal rat ers .... ill be referrE:d to as chemists in 

this thesis.) A consensus approach to attributing exposure .... as used by the 

team of chemists. Level of exposure vas also assessed using 

semi-quantitative scales. 

Cl.4) Objective of the 'lhes1. 

"" 
A series of trials were designed- to invest1gate the accuracy ot the 

.chemists 1 assessment of exposure. (The use of the liord "trial" in th1s 
, ( 

thesis refers to an experiment designed to evaluate the accuracy ot- tl}e 
-
" 

chemical coding of the chemists. ) The degree of inter-rater ~nd 

intra-rater agreement in the attribution of exposure vas assessed between 

individual chem1sts and bet .... een chemists, considered singly or in groups, 

and external j udges .... ho.. had expert knowledge of certain industrial 
• 

env1ronments. 

Thi~ thesis reports on sevan ,trials that .... ere designed to meet the 

objective of the study. Not aIl of these trials .... ere designed and 

implemented by the author. The principal investigators of the Cancer study 

(Ors. Siemiatycki and Gérin) designed four of the trials while the author 

was responsible for des1gning and implementing the remaining three. AlI 

( trials, however, have been analysed by the author. 
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( 1. 5) OUtl1ne of the '1'hesb 
.,....... 

'Chapter 2 rev1evs publ1sheà epidemiological studies that have investigated 

the rel1ab11ity, val1d1 ty, and inter-rater agr,ement of ascerta1n1ng past 

" exposure in occupational environment s. In ~dd1 tion 1 a rev1ev of the 

med1cal and ep1dem1olog1c 1iterature related to the ascertainment of 

aqreement 1s also presented. only stud1es that 'Jere directly relevant to 

th1s thesis 101111 be discussed. statistical methods used to evaluate 

aqreement vill be presented in Chapter :3. 

The object~ve of this thesis and the means by wh1ch this objective vere met 

are presented in Chapter 4. ,.. brief de6cript1~n of the seven trials Yi11 

also be presented. 

Chapter 5 ilS concerned vi th describing the materials that were common to 

each ot the trials. An overviev and description of the relevant teatures 

of the Cancer study 1s presented first. Folloving that, the professional 

and educational background of each of the chemists and the external raters 

are discussed. 

,..Chapter 6 outl1nes the qeneral methods used in the tri~ls. Methods of 

cod1ng exposure are expla1ned first. This 1s then follo'Jed by an overv1ev 

~t the stat1st1cal procedures. Las t ly, the computer program that was 
. 

specificdly vr1 tten by the author for use in th1s thesis w11l be br1etly 

descr1bed. 

~ 
In Chapter 7 the reaults of each trial 18 reported. The trials are grouped 
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according to vhether comparisons vere being made: 1) betveen individual 

chem.ists, 2) between 1ndi vidual chem1sts and external judges 1 3) between , 

chemists, coding exposure by consensus 1 and external judges and 4) for a 

code/recode of ident1cal files by the chemists using the consensus 

approach. The format of presentation 1s 1è1entical for each trial. A brief 

recapitulation of' the purpose of the trial, a d1scuss1on of the materials 

and' methods relevant to the trial, and ,the results, are presented. The 

results of the seven trials are synthesized in the tinal sections of th1! 
o 

chapter. ' 

- 1 

0\ discussion of the resul ts and possib1l1t1es for further research are 

presented in Chapter 8. ' 

A glossary of terms and abbrev1at1ons 1s set out in Appendix 1. ThoBe 

terms that are particular to th1s thes1s are defined in the glossary. The 

reader 16 cautioned, however 1 that not a11 techn1cal terms are detined in 

the glossary or in the text. Reference can be made to Last, 1983, for 

those terms that are in common use. The contents of Appendices 2 through 6 

are sho .... n in t,he Table of Contents. Supplementary --data related to the 

analysis of each trial v111 be found in Appendices 7 through 13. 

( 

.~-~---- l 
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( 2..0) ..ne" of tbl 1:p1.4ea1.o1ogi.C Li. teratare 

( 2..1) Introduct1œ 

Two types of ep1demiologic atudies vere included 1n this revlev: a) thoae 

that measured rel1abilHy, val1dity 1 or inter-rater agreement of 
\ 

determin1ng past occupation al expoaure; and b) those that atudied 

inter-rater agreement in other areas ot research that could be relev~o 

th1& thesis. 

A reviev of the statistical methods used to ascertain agreelllent betveen 

ratera judginç qualitative data 16 presented 1n Chapter 3. 

(2..2) Ie'llab1l1ty and Valldity of Oc:cupational ~un Data 

J~vholm et al., 1981, retrospect1vely studiech the relaUon of 011 IIIllt to 

C4U\cer Il\orbidity for those ind1vidu&ls ellployed in the turning and gr1.nd1ng 

departments of a Svedistl. factory that lIIanufactured bearing rings. Exposure 

to 011 mist .... as determ1ned for each individual 1n the cohort according to 

the calendar year of employment. Average expoaure vaa est 11Î1ated for thoae 

years prior to and subsequent to the installation of exhaust ventilation 

equ1pment on certain piecés of machinery. In the lat ter instance, exposure 

was est1.mated by measur1ng the densi W- ot 011 mist when the ventilation 
~ 

equipment vas operating. It was found that these measurements .greed vi th 

thoae recorded frqm previous surveys. For the Ume period prior to the 

introduction of exhaust equipment', exposure ..,as ascertained by measuring 

Ulbient levela when the ventilation equipment vas disabled. TO validate J 

thes. latter') lIeasurtlIIents, men .... ith over 2.0 years of experience wer .. 

''\. _~~I - __ ~~ _______ _ 
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expo.ea ~o 011 .lat ln a sealed room. The density ot the mist in the room 

vas about as 1 high as that measured vhen the ventllaUon"equipment va.s 

cUsabled. A questionnaire vas then admlnistered to determlne whether the 

atmoaphere ln the room resembled past conditions. Nlnety percent of these 

vorkers indic.ted that the air vas mistier in t'he past than ln the present. 

In another study of the valldity ot past exposure data, Pershagen and 

Axelson, 1982, compared the results of t'W'O case-control studiea at a 

Svedish copper smelter (Axel son et al., 1978; pershagen, 1978). The 

object1.ve of both ot these studies vas to de termine the excess rlslt oi lung 
\ 
''-...J" 

cancer for vorkers exposed to inorganlc arsenic. Cal\es and controls ln 

both studles vere derlved trom the same sampling trame uslng tvo sources ot 

data. In the study by Pershagen IStudy 1) 1 cases and referents vho resided 

'1 ln the area near the smel ter vere selected trom a nat 10nal mortall ty 

registry. In th. study by Axel son and co-vorkers (Study 2), subjecta vere 

selected trom a local pa.r1sh regrster. Exposure to arsenic vas asaessed 

differently ln the t'Jo studies. In study l, intervie"'s of next-of-Un "'ere 

employed to el1cit information concernlng the subject 's employmellt and 

possible eJ:posure to arsenic. In Study 2, company records and exposure 

lIeasurements vere utilized. The sensitlvlty (Se) and speclflclty ISp) of 

responaes to speci tic questions "'as a.sses~ed uslng company records as the 

criterion. The Se and Sp of responding to the question vhlch aslted "'hether 

the vorker 'al •• employed at the smelter vas about 98%. The values ot Se and 

Sp tor the question vhich lnqu1red ",hether the vorker vas heavlly expo.ed 

to arsenic vas estimated to be 46% and 91%, respectively. The value of the 

odds ratio (OR) for etposure to hlgh levels of arsenic vas lo",er (OR.7.3) 

than the value of 10.1 f?und from using company records. The results of 



--~--:Q 

( 

11 

thta .tudy lncUcate that qu •• tionnaire. are u •• tul ln a ••••• 1ng pit 

expolure, but thelr use lIay lead to an under'IUJnation ot exce •• r1ak. 

MacalulSo et al. 1 1983, conducted a cale-control study ot e1ght occupational 

expolures 1n relation to resp1ratory cancer. oetal1ed descriptions of each 

subject's occupations vere obtained by interview. Tvo difterent systells 

for lnterrlng past exposure vere used and the relative rldai derlved trom 

the tvo measuremen ts .... ere compared. The first system made use ot an a 

pr10ri job/exposure matrix (ct, Ko...r et al., 1980; Hoar, 1983; and Hs ieh et 

,al., 1983) .... hich had been desiqned by the lnvest1gators. The teu vas 

composed of chellists, occupational health phys1cians and ep1demioloq1sts. 

The second method evaluated exposure by the IUle tee ot inveltiqator. on a 

subject-by,-sublect basis. 

~ 
EX~,r-e vas assigned on a tive-polnt sc.de ranginq trOll no to hiqh 

exposure. M analysis of 698 job descript10ns coded for a.bestos and 

polycyclic aromaUc hydrocarbons (PAR) .... as reported. The frequeney of 

exppsure vas biqher for the job/exposure matrlx system - 39\ vtt 25% tor 

asbestos and 54\ vs 43\ for PAH. For both expolures, use of the 

job/exposure matrix yielded a larqer number of occupations coded in' the 

"~ov" exposure categories. About the same number of occupations vere coded 

as hlqhly exposed to
O 

asbestos. The team of t,:aters, hovever l 'coded 27% Dlore 

occupations as be1nq h19h~y exposed to PAHIt. Fair agreement 1 tor 

attrlbutinq exposure to both asbestos and PAR on the tull- tive-point sc~l., 

vas observed for the tve ~stems ot lIeasurement Caverage'1ndex of crude 

agreement, p. • 60%; average xappaCi) • 0.341. As ,expected, there was 

better agreellent vhen a collapsed two-point scale (categorUed as exposed 

." 
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and not expo.ed) v.. ua.a Cp, • 79'; i • 0.56). ~-Ua1nq the ...... II.nta of 

\ .xpoaure by the panel of ratera aa a criterion, the aenl1tivity and 

~C1f1c1ty vas evaluated tor the job/erposure matrlx. por asbesto., the 

Se and Sp ..,as 85\ and 77% (~.O.53), respectively; for PAR's the Se vas 88" 

and the Sp vas 73% (l-O.58). The exposures derived by the panel of raters 

conslstently ylelded h'gher ORs than did the job/exposure matrix. por any 

erposure to asbestos, the team estimated an OR of 1.9 versus 1.4 for the 

.. trix syatem - tor any exposure to PAH the odds ratios "'ere 1. 9 and 1.1. 

agreement (uaing 1) betveen the tlolO measurlnq instruments ..,as 

for expolure to PAH. Yet 1 the di tference ln the two odds ratios 

for sure to PAH ..,as larger than that observed tor asbestos. Thil 

effact may be due to the manner in vhich the final exposyre assesament tor 

•• ch individual ..,as derived trom the job titles. A more likely possibility 

i. that agreement may not be correlated ..,ith differences ln estlmates of 

relative risk ln a simple vay. Other factors, such as the prevalence of 

exposure and the sensit1vlty and spec1fic1ty ot the lIIeasurinq instrument, 

.. y play a considerable role in the relation bet..,een agreement and 

dUferences 1n .r;isk ratios •• 

The va11dity. ot an expoaure assignment scheme deaiqned for rout1nely 

recordip9 occupational exposure to,potential tarclnoqens .1n a chemical 

plant 'vaa reported by Greenberg and ,Tamburro, 1981. Expoaure to 22 
.r 

chemicala used ln the ~anutacture of synthetic rubber and plastics vaa 

under consideration. Expoaure vas asssigned to each IoIOrker on the basis of' 

calendar year of ellployment, the area in the plant 1n whtch he WorkecS 1 and 

the specific job furict10n that vas performed. Exper1enced sen10r employ ••• 

trolll the cOIlIpany were chosen from each area ot th., plant to rate elpo.ure 
""'-......-

\ 

.J 
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to th ••• substanc •• on a se~.n-point, rank-ordared acale. _fhese judgea met 

as a group and axpoaure assessmenta vere made by cons.naua. Cumulative 

expoaure to each aubstance vas estimated by mul tiplying the expoaure r'anlt 

by the tlme period and then aueln; over all tille periods. The validi ty of 

the lIIeasurements vas indlrectly inferred by examining exposure to vinyl 

ehloride ln four cases of hepatic angiosarcoma. It vas postulated that 

aince vi.nyl chloride vas a knovn rislt factor for hepatic angiosarcoma, that 

the average cumulative exposure based on, the measurement system would be 

high.r among cases than controls. Such differences vere, in fact, observed 

tor vinyl chloride and for tvo other substances that vere used ln the 

process1ng of vinyl chloride. The authora conclud.d that the expoaure 

classification system vas val id. 

Sosko!ne, 1982, examlned inter-rater and lntra-rater agreement for 

aas.aslng exposure to elght substances at a petroehemlcal plant in the O.S. 

A. aix-point, ordinal scale, vas used to indicate the dègree of exposure to 

each of these substances. The employment record of each subject vas 

obtalned from company records. Each job WolS deserlbed by' the locaUon ln . 

the plant, the specifie occupation, and the car~ndar year Of the job. 

(This ,vas referred to as a "job titIe".) A' panel of rater,s, constsUng'of 

an lndustrial hygienist and one of the researchers, attr1buted exposure to 

'each job title for the purpoâ~ of obtaining estimates of exeess risk. 

Subsequent to this, a 10\ randoll sample of all job tttl.s was taken so that 

inter-rater and intra-rater agreement could be studied. A second panel 

COIlpoaed of ,fi ve senior company aupervisora havin; 28-40 years exper1.nca 

evaluated th1s subset of job t1 tles. The industrial hyglenht who 

~ticipat.d in the original asaelaments of expoaure allO coded expolure to 

~, 

ç , 

-
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thea. ,ob ti tlea • 

The compar1son of the expolure a .... aments betveen the tirat panel and the 

lndustrlal hyglenist 1 vhich approximately measund intra-rater a9reelllent 1 

showed lit tle agreement above vhat vould be expected by chance alone vhen 

the full six-point scale vas used (average ~ over a11 substances, 1 -

0.13). A9reement improved aomevhat vhen a collapsed three-point scale "as 

utllized (i-O.26). Agreement betveen "the f1rst and aecond panela vas also 

poor (i-' 0.25). 

, 

" , 

Aqreellent lmproved lubstantially (i-O.6) when exposur.1 vhieh ",.re ratea 

"medium" ln !i ther reading vere excluded tram the analyais. ,.he authot 

'~ncIUded on this basis that a seale vh1ch excluded the medium exposure 

category m1ght be preferable ta a graded one. This conclusion 11 not 

justiUed sinee it 15 based on comparing exposures that vere only judged 

h19h or 10.., in either reading. For example 1 a job' description 'JOuld be 

excluded trom the analys1a if 1t .... as judged 10 .... 1n the tirst reading but 

medium 1n the second. ThUG, a highly biased subset ..,al chosen for 

compar1son. It 15 theretore not surprising that th~ degree ot a9reement 
''-c, ----- ï 

'vas substant1ally 

The poer level of agreement observed in these comparisons lIIay have been due 

~o the inexperlenct of the panels ln attributing expoaure or to an 

inconsistent use ot the codinq criteria. The paucl ty çt detaU provided ln 

each job title could also have been a source ot sub_tant-lal varlabil1ty. 

The conclusion that 1. scale .... hic:h excluded the "medium" expoaure level "' •• 

preterable to a polytomous Ic.le il not justit1ed on the ~baa1s ot the 

- -------------- ~ 
1 
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anal ys1 1 prev1ou51y ai.culs.c!. As expected, the reauIt.. 1.11a1cat. that 

there va. better agreement vhen the categorie. of the Ica1e vere COIIbined 

in th. analyl1a. 

(2. .3) Intar:"rater lIqr.-nt in ether Ar... of Kplll.m.olOW 

Stud1e1 of agreement between ratera who alseued .. trait on a categorical 

Icale have been reported in varlous fields of epidellliology and JIIe~iclne. 

N~y of the ploneering studies involved in ilSsess1ng pneulloconiosia in 

mlnera through the uae of X-ray Ulms (cf, Liddell, 1961, 1963, 1972, 197., 

1977 and 1980; Llddell and Lindara, 1969; RossUer, 1972; Felson et al., 

1973; Copland et al., 1981 i and Musch et al., 1984). There have a150 been 

nUJllerous studies of psychiatric alSessments of mental 1l1ness (eg5, Spitzer 

et aL, 1967; Fleiu et al.; 1972; and spitzer and Fleiu, 1974). Review. 

of other worka will be found in Fletcher and Oldham, 1964, and loran, 

1975a,b. 

(2. • 3 .1) rbe De".lOl1Mllt of a .ev .cal. for Detera1D1Dg 

The vork on radiographic classification is relevant to this thesis becau •• 
-, 

ot t,he methods used to develop a lIore accurate scale for judqing the ntent 

of pneumoconios16. In "'hat follovs, a description of thh procesa vill be 

traced by revieving the \/Orl!. of Liddell, 1963. 

The development of a nev IScale for claICHy1ng the ntent of 

pneulloconios i6, as measured by the profusion of slIall opac! ties on chest 

.. 
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film. 1 began in the late 1950. vhen the Jlational coal BOard ot Gr.at' 

Britain beg&n monitoring more than one-halt million coa1 miners vith X-ray 

equipment. The goal ot the surveillance proqram, as deacribed by Liddell, 

vas to detect the extent ot pneUllloconiosis in vorkers and to moni tor the 

dust suppression program at each eoll1ery. The lut objective vas met by 

determining vhether pneumoconlosis in these minera vas progress1ng or not. 

At that time, a tour-point acale of the International Labour Organization 

(ILO> va8 in uae. It vas the beliet of some reaearchers that the profusion 

of small opacities could be classif1ed more accurately if a more continuous 

scale vas used. Thua, a' nev tvel ve-point scale vaa introduced by L1ddell 

vhich vas eventually adopted by the International Labour Organization. 

(This scheme 11 nov knovn as the uICe/Cincinnati classification syateJl.) 

In thia scheme, the Ulm vould be classif1ed into tbe major (or .. tor.al")~ 

lLO c;~tegory that vas considered th4t more l1Jtely. The adjacent lLO 

category that had bun g1ven secondary consideration \IOuld also be 

indicated. A reading of 1/2, for example 1 ' 'indlcated that the rater 

, cl .. s1t1ed pneumocon10sis 1nto cat~gory l, but 0)eriouslY considered 

category 2 as an alternative. Sinee the formaI ca~egor1es of the lLO 

scheme vere retained in the experimental system, a comparison of the two 

ayatellls could be made direcUy by collapsing the n~v scale into the four. 

formaI categoriea. 

*\In 1963 Liddell undertook the tiret of a series of experieents 1n filll 

readill9. The objective ot th1s exper1J1ent vat to demonstrate that the 

erperimental classification system, hav1ng 12 categories, va. as reliable 

a. the one sanctioned by the lLO. 
'1 

VaUdation of the nev' acale vas achieved 

r 
'""" 
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through the asses~lIent of inter-rater a9reemen't .• 1'VO sets of fUma vere 

used in the trial s. The tint set had been prevlously" read by the ratera ... 
usln9 the ILO classltlcation scheme only. These films vere not re-read 

L 

using the new s,ystem. Another set of films vas read three times by the 

readers uslng the né .... system only., 

) 
(' 

Intra-observer a9reement vas measu~éd tor both sets of films and compared. 

For these purposes, the readin9~ of the second set of f11lns, .... hich .... ere 

read uslng the experimental system, vere collapsed to the equivalent 

four~point sc.l~ of the ILO system. .It .... as found that the degree of 
I;~ , 

intra-observer agreement vas hlgher vhen the nev classification system .... as 

used. 

Inter-rater .greement, using only the second set of films, vas assessed 1n 

a var1ety of .... ays. Comparisons vere made of the second reading of eaeh 

judge vi th that obta1ned from a consensus of the three. The consensus 

version .... as derived ln a joint session after the fllms had been read for a 

thlrd time. The second method vas to compare these assessments vith the 

median val ue obtained three' independent readings made just prior 

to the jOlnt session. d~rect comparlsons of the second read~ng Of~ 

each observer made. In aIl cases, the experimental 

classification shoved the least amount of inter-observer error. 

From these experlments, Liddell vas able to conclude that the nev 

a1xteen-point scale v.s more reliable than the ILO'system. Confirmation of 

thi. concluslon ..... s obt.lned 1n further experiments (op. cit.). 

-
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l (3.0) A...n.ev of ItaU.Ucal llethod., fOI:' 

.. twea .. ten VbO an J~ QualltaUft Data 

rf 

In thi. chapter, the .. taUstical methods used to describe and •• Umate th 

extent of agreement between raters who asseas a qualitative variable are 

pr •• ented. The intent i8 to provide insight concerning the interpretation, 
, 

the atrengths and the weaknesses of the methods that will subsequent1y be 

u •• d in this thesis. For a full account of the procedures uaed in 

aeasuring agreement tor continuous and discrete data, the· reader is 

directed to the many reviews which have appéared recently (eg, Landis and 

Koch, 1975, WOlfson, 1978, Fleiss, 1981, and Kramer.lan~nste1n, 1981). 

(3.1) ..... urinq ..... nt betveen Tvo bter. Ju4g1JuJ an 

Attr1but. on a ~Polnt Scal. 

The simpleat s1tuation arises when tvo raters asaess a trait of n subj.ets 

on a acale c:ons1sting ot two mutually exclusive ~ategOr1eS (a d1chotODOuI 
// 

/' 

or tvo-point scale). The joint di,tribution! of rater assesament, which il 
" 

obtained by crosstabulattng the judgements of both ratèrs, 1a presented as 

a standard two-by-two contingency table (Table 3.1). The notation used in 

the ta.ble is that of Fleias, 1981. The entry 1n each cell of the table 

refera to the proportion of subjects 1n the table with the appropr1ate 

cOllbinat1on of attributes, present or absent 1 as determ1ned by the tvo 

raters. For example, the proportion of subjects scored ftpresent ft by both 

raters 1a denoted by Pzz. The proportion of aIl Bubjects judged positive 

(negative) by Rater 1 ia Pl. (Pl. ), and by Rater 2. ia P.l (p. 1 ). These 

proportions, which are known as the marginal proportions, are obtalned from 

-----.---- - --------------_--.-- .. -_._--- l 
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the table by .u.alng the cella 1n the "present" Cor "absent"\ catègorYi' 

thu., Pa.· Pu + Pu' 

Table 3.1 
• n 

Descriptlon ot the Dat. Arisinq frolll TVo Rate.rs Claaa1tyinq 

\ 

a Trait on a TvC)-Po1nt Sc,le 

Rater - 2 

Absent Present 

Absent Pu Pu 
,. 

Pl. 

Rater - 1 1 

Present pu. PH Pl.a 

P.l P.2 1 

. 
The a .... slllenta ot the tra1 t by the two rat ers are nid 'to be (design) 

independent if, for each subject, each rater clau1 fies the tra1 t without 

knowledge of the other rater 1 s assessment. If, in addition, both rater5 
p 

employ d1t·ferent sets of criteria, then the observed agreement 'Would be 

expla1nable by chance alone. If this 18 true 1 then the assessments are 

Itatistically independent. Thu5, the e.xpected value for any ceU can be 

determ1ned, using the multiplicative law of 1ndependent events, by simply 
~ 

lIul t1ply1nq the appropr1ate proportions in the margins. 
-

For erample, thé 

expected val Ut ot PlI' E( PlI), 15. calculated trom the formula E(P I1 ) • Pl. 

r P .1' 

_. 
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The assessment ot agreement (or dlsagreement) can be framed ln terll\s of , 
" three quest1ons. The tint question asks \lhether there are di t terences 

bet\leen the observera in the1r estimates of the prevalence of the tra1 t. 
, 
'Ir the, àns\ler 15 1n the affirmative, then 1 t 16 of 1nt,rest to determ1ne 

whether the d1fferences are stat 1atically sign1t1cant. The second qùes~1on 
, 

inqu1res \lhether the extent of agreement observed ln the table 16 due 

solely to the t\lO ratera randomly allocat1ng subjects into these cells. 

This question 1s d1fterent trom the f1rst ln that 1 t addresses the problem 

of testing .... hether the agreement observed in the table (1e 1 1n the Pu and 

Pz 2 cells) 1s above .... hat .... ould be expected by chance. The third question, 

which 15 re lated to the second, 'asks \lhether the extent of concordance or 

d1scordance in the table can be measured using summary indices ot 

, . 

:f 
~--,---

______ o_. ___ • ___________ ~ ___ ~ .... ---'· ~ 
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(3. 1. 1) ~e.t1n; vbetber there are Differenèe. betveen Rater. 

" -
'ln tbelr _ttu.te. of Prevalence 

An estimate of the frequency, or prevalence, of the trait in the study 

population can be ob.tained for each observer i namel'y pz. for rater-1 and 
, 

P.l for rater-2. These estimates can be compared, and their differences 

statistically tested us1ng MCNemar's test of non-independent samples (see 

Bennett, 1967). The test stat1st1c, vhich is asymptot1cal1y distributed as 

a chi-square on one de9ree of freedom (dfl, is calculated ~: 

-------------------

Pu + Pu 

(3.1.2) Te.t1n; Whetber Agreement 1. Greater than tbat 

Expectecl by Chance 

It" is instructive te display the hypothetical data of Table 3.1 in li 

different format, as 'shawn in Table 3.2. Here, the tvo discordant cel~s, 

P1 2 and Pl1 , are combined into one. Observed and expected values for each 

cell can be obtained from Table 3.1. The expression, pattern of 

concordance, (Bennett, 1972; SiemiatycJti et al., 1982) .... 111 be used ta 

reter to this tabular presentation of the jOint distribution of rater 

assessment. 

_.~I;I_- -



2.2. 

Table 3.2. 

Observed and Expected Values of the Pattern of Concordance 

for n Subjects categor1zed on a Tvo-Po1nt Scale by Two Raters 

No of Raters Attributing 

the Factor to be: Observed Expected 

Present Absent Number Humber 

2 o ~ X P2. X P. 2 

1 0 

l l 

o 2 

Total: \ 
n n 

" --- ---------------_.~-------
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The format Qf the data preaented in Table 3.2 suggests a comparison betveen 

the oblerved and expected numbers. Such a comparison can t.ke several 

forms. For instance, the èquality of the observed and expected v.lues in 

the concordant cells (2-0 .nd 0-2) can be statist1cally tested. The null 

hypothes1s for thls test states that the sum of the tyO concordant cella is 

equal to the expected sum; i.e., 

The test can be performed by assum1ng that the sus of the two concordant 

cells, P. = Pl1+ Pa2' i6 distributed as a binomial variable. (This sum ia 

also knovn as the index of crude agreement.) The tvo independent 

parameters that specify the distribution are the probability ot an event 

occurring in any given trial, P, and the number of trials, n. A trial 1a 
\.... 

def1ned vhen both raters judge a randomly selected subject trom the atudy 

• 
population. An event 1a defined vhen both raters judge the trait either 

present or absent. The expected probability that the tyO ratera viII .gree 

that the trait 1s either present or absent, p, is calculated trom the 

formula p = E(Pl1+ Paal. The total probability of observ1ng a value of P. 

greater than p, can be obtained by summing aIl values of the distribution 

greater than the observed Po' The normal distribution can be used .s an 

approximation to the binomial Yhen the product ot the num~er of sUbjects, 

n, and the 1ndex of crude agreement, Po • (PlI + Pal)' 1a large. Since the 

square of any standard normal variable i6 distributed as a Chi-square, then 

the usual Chi-square test on l degree of freedom can allo be used. The 

latter test i6 s1mpler to pertorm arithmetically. For the concordant ~d 

discordant cells, the ditterence ot the observed and expected numbers is. 

aquared and then d1vided by the expected value. The required atati.tic 1s 

tormed by summi~9 the.e tvo values. 

--~- ----_. ~-----

, 1 
, 

~~~---
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The extensibn to more than tvo raterl tollovl by apply1ng the fundamental 

theorems of probab1l1ty to calculate the expected numbers. For three 

raters, the pattern of concordance vill have four cell, represented by the 

number of subjects in which aIl three raters agree that the trait i& 

present (3-0) or absent (0-3), where tvo raters attribute the presence of 

the trait and one does not (2-1), and vhere one rater judges the trait 

present vhile the other tvo clalm it is absent (1-2). Let Pl represent the 

total proportion of subjects judged present by rater i. The expected value 

for the 2-1 cell, for example, can be calculated by summing aIl three 

products havin; the form Plx PjX (l-Pk), i1j1~. That lS, the expected 

number lS calculated as 

Pl X Pl X il-Pl) .. Pl X Pl X (l-Pl) .. P2 X Pl X O-py)' 
1< 

As in the tvo rater situation, a statistical test can also be performed to 

de termine whether the number of observations in the concordant cells is 
c 
'\ 

\ 

greater than that expected by chance. 

( 3 • l .3 1 In41ce. u •• a to ..... ur. Agr ... nt 

~ 

A number of indices are available vhich summarize the extent of agreement 

by considerlng the jOlnt and marginal proportlons of Table 3.1. These 

measures of agreement may be classified into tvo broad categorles: a) 

indices that combine the values in the cells and the margins vithout 

referring to expected values and bl those that take into account agreement 

that vould be expected by chance alone. These latter measures are referred 

to as chance-corrected indices. 



! 

2.5 

} 
J 

Table 3.3 lista eight measures that do not correct tor expected agreement 
,1 

and three that take ch~ce agreement into account., The simplest and most 

widely used measu~e i5 the index ot crude agreement, or overall proportion 

ot a9reement, Po, which s1mply sums the proportions in the two concordant 

~ells. This index, theretore, measures the extent ot agreement by equally 

weighting each ot the concordant cells. It has been suggested by some 

authors (ct, ROQot and Goldberg, 1966) that chance agreement must be taken 

into account when using this measure. Thus , these authors developed the Al 

index whose main teature is that its expected value is equal to 0.5, 

regardleas ot the values of the marginal proportions. The proportion ot 

spec1tc agreement, PI' represents the conditional probability that a second 

rater attrlbute5 the trait present given that a randomly selected tirst 

observer also made the same attribution (Oice, 1945). Th1s index may be 

uaed vhen the trait is judged to be absent more otten than present. In 

ettect, concordance i6 treated asymmetrically in that it i5 evaluated vith 

respect to the value ot the Pl2 cell, independent ot the PlI celle In a 

aiailar manner, the index PI' tests concordance given that the trait 1. 

judged to be present more often than be1ng absent. Xendall and Stuart, 

1961, proposed the theta and phi indices wh1ch bath measure the strength ot 

the association betveen the r~1ng5 ot tvo observers. The phi or tau-b 

inde., vhich ia proportional to the square root ot the Pearaon Chi-aquare, 

a1.0 retlects the amount of clustering about the concordant cella (Land1. 

and ~och, 1975). 

A .... ur., vhlch haa be.n u.ee! ln cybernettc theory, ha. been 1ntroduee4 .. 

1 
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an agreement statistic bY~ddell, 1963, and Liddell and Lindars, 1~69. It 

~is called the average amount of information transferred, 1. Higher values 
l, 

of the statistic indicate that larger amounts of information are 

transferred from rater to rater lihich, in turn, indicates less 

inter-observer error. Thus, the inverse of l is a measure of the amount of 

Inter-observer error. l is calculated from the formulae: 

l .. 11 - B 

vhere 11 .. 

and B 1: l 

such that Pl' > 0, Pl. > 0 and P.i > O. 

Although not apparent from this formulation, the index i6 composed of a 

part that measures the maX1murn amount of information available for 

transmission and another part vhich measures the amount of informatlon lost 

in the transmission from one observer to the next. In fact, the index rnay 

be Iiritten as the difference of these tvo quant1ties. The ratings of 

either observer can be taken as a source from which the information i8 

transferred vithout disturbing the resulting value. Thus, the 1ndex i. 

symmetric vith regard to vhich rater 16 taken a6 the reference. Note also 

that the definition includes tables having more than tvo categories. 

Each of the uncorrected indices rnay be used to evaluate agreement. Whether 

agreement 1s to be mea6ured symmetrically about the concordant cells and 

vhether marginal proportions ahould be accounted for is dependent on the 

problem at hand and, perhaps most of aIl, on the predilectlon of the 

investigator. It 1s important to be avare, hovever, that the use of each 

-- .. _--,_._-~-:----------

_________ 1 
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inde ... y confer a different 1nterpretat1on of the data < •• e Fle1 •• , 1981, 

for an exuple). 

-

• 
c 

, . 
> , 

J 
\ 
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'l'able 3.3 

Indiees of Agreement for 'l'YO Raters Jud9in9 

an Attribute on a TVo-Point SealeCl) 

Index Formula (2) Referenee(3) 

Index of Crude Agree- l 

ment or Overall Prop-

ortion of Agreement 

p. Proportion of SpeCifie Pu 1 p. 2 

A.ent 

" 
p • 
,~ 

proportion of Specifie Pu 1 P.' 2 
,/ 

Dis.greement 

Al Index ot Adjusted Pii CPi. + p. i ) , 

Agreement t,------------------ 1 

(, Pi. P. i ) 

\ 

'''YI Alternat. Index of CPs +~ ) / 2 l 
J2 

Agrée.ent 

( ,. 1 

- .. 

- ---~,~--, "1 t 
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\ . - 2' 

( 

table 3.3; cont1nued 

In4ex .... Porllula(2 ) lteference(3\ 

).r taab4a-r 2 s p.- l 3 

/ 

• .hl or tau-b 4,S' 

1 Average ADQunt of (.ee test) 

Inforaation 

tranaferred 

( 
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Table 3.3, continued 

Index RUle Formula(2) Reference(3) 

• Pi 7 

1 Kappa 8 

2( Pu Pu - Pu Pu ) 

r-ll 9 

, . 

( , .. 

--, 
-------------..~,--------"~-----

........ 
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Table 3.3, continued 

(1) s •• Table 3.1 for d.finit1on. of the .yabol. u.ed. 

(2) p. • (Pa. + P.a )12; 

P.'· C Pl. + P. 1 )12. 

(3 ) Reference. are: 1) ROCJot and Goldber9, 1966 

2) Diee, 1945 

3) GOOdman and Kru.kal, 195t 

4) Kendall and st uart , 1961 

5) Kendall, 1955 

6) Liddell, 1963, 
j' 

and 1.1dde11 and Lindar., 1969 

1) Scott, 1955 

8) COhen, 1960 

9} Maxwell and Plll1ner, 1968 

.. 

( 

$$ • 
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(3. 1.3.2) SaNry Indice. tb.at ACCOUnt tor CbaDce ..... nt 

Rone of the above-mentioned indicea account for the level of agreement that 

vou1d be expected by chance'when the raters' Observations are atatiatically 

independent of each other ~ Regot and Goldberg, 1966,. suggested that aIl 

aummary measures ahould be reported with the expected values. Another 

method is to incorporate the expected values directly into the index. In 
. , 

tact, when expected agreement 15 taken into account under the constr~int ot 

atatiatical independence, most of the uncorrected 1ndices can be 

tranatormed 1nto one idenUcal est1mator ot agreemeAt. The procedure 

1nvolved 1n this tranaformation 15 to subtract the expected agreement, Il, 

trom that obaerved, Io, and then to standardize to the maxi~um possible 

Thua, the tranaformation oomaonly 

uled i.: 

NU) . -_.------ (l) 

N(I) ha. a .. ximua value of one and a minimum value of 

TVa of the thr.e indices 11stea 1n Table (3.3) that account for chance can 

be der1ved usinq this transformation. . The lap~ index ot COhen, 1960, i_ 

obta1ned when any ot the uncorrected indices, except tau-b, are .ubst1tuted 

for 10 and wben the correspond1nq eat1mate of Il ia calculated as_um1ng 

atati_tical ind_pend_net. Scott'. ,index (1955) cao be calculated when 

---------------_.- --
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the constraints of marginal hom0geneity and statist1cal independence are 

.1multaneously applied to the calculation of 10 (Landis and Koch, 1975). 

The index of Maxwell and P11liner, 1968, r 11 , 1s der1ved from other 

considerations (see next section). 

C3.2)'fbe Interpretation of Chance Oorrectea In41cea 

.. Intra-cl... eorrelation Coefficient. 

standard analysis of variance (ANOVA) models can be used to measure 

agreement betveen raters vho are judging either continuous Or categorical 

variables. Either tixed or random effecte modele can be considered in this 

context (see Bartko, 1966, and Landis and Koch, 1975), but for purposes of 

illustration, a random effects model containing subject and observer 

etfects viII be cons1dered. Folloving the notation of Landis and Koch, 

1975, the number of observers randomly selected trom a larger population of 

potential observers is represented by d. Each observer judges the trait, 

denoted by the variable Y, for each of n randomly selected subjects on a 

continuous or categorical scale. The standard model 1a: 

where 

(2) 

~ • is the overall mean; 

Si • i8 the Bubject effect for the ith subject being rat.d; 

Dj • i5 the observer effect for the jth rater; and 

'ij ,J\s the residual error. 

Ta _ak. atatistical inference. fro* th1s lIOdel (equation 2) lt 1& .nuecl 

1 
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that the Si are normally, 1ndependently and idêntically distributed vith a 

mean ot zero and variance ~.l (1e, NID (0".2», the Dj are NID (°"4 1 ), 

and the eij are NID (0,~.2). Homoscedasticity is assumed for each term 

~ince the variance tor each ettect is considered const~nt acros! all 

levels. Normality i6 only required vhen tests of signiticance are 

computed. , and e i ; are also assume~ to be mutually 

independent. 

, . 

Consistent estimates ot these componenta ot variance are obtained trom: 

.. a 
fi. 

~ . ---------------
n 

. ----------------

.. 

vhere MS., MS 4 , and MS. are the mean squares tor the subjects, the 

observers, and the residual error, respectively. These components are 

given the tolloving interpretation (Landis and Koch, 1975): 

_.2: 1s an indicator of "vith1n subject effect" or "betveen observer 

effect", since 1t estimates 
<i 

the variab111ty of 



( 
( 

( 
) 
raters. 
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fd 2 : is an indicator ot the " .... ithin observer effect" or, "bet .... een 

subjeet erteet" sinee 1t estimates the variabill ty in the average 

judgements over aIl subjects. Theretore, it re~reaents inter-observer 

disagreement. 

,.2: represents the variability unaccounted by the main eftects. 

A coefficient, rho(p), based on these components or variance 1s used to 

measure inter-observer variation. It ls deflned (Fisher, 1958; Bartko, 

1966) as the rat10 of the .... ith1n-subject var1ability to the total 

variabllity; v1z: 

f 2 • 
p .. ------------------~ 

1 

Bartko, 1966, presents criteria .... hereby the rho coefficient CAO be 

interpreted as a vith1n subject ~ntra-class correlation coefficient. The 
r-~J 

selected analysis of variance model must be approprlate to the situation 

and the ass,umpt1ons implicit to the model must not be v101ated (ie, 

1ndependence of each factor and homoscedasticity). 

.. 

-----------------' -----------. -
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If these crlteria are met then consistent estimates ot the camponenta of 

variance can be obtained. The rho coefficient can then be interpreted as a 

corr~latign co~fficient bet~e.n observers since 

p •. -------------------------

var ( x i j) x var ( x i k ) 

.. 
A consistent est1mate of p is obtained by replacinq the variances in the 

formula defining rho vith ·the1r corresponding estimates. Thua, for the 

above mode l 1 

n x ( MS. - MS. ) 

) . ---------------------------------------
d X NS d + n x' MS. + MS. x (n(d-!) -dl 

Thil coeUicient can be used to indicate the aJIIOunt of inter-observer 

error. Small values of rho indicate that the sum of the variances due to 

the observera and due to 1ntrlnaic error la qreater than that attributable 

to the subjects; i. e. : 

,/ 

\ 

ThuI, the observera can not conl1stently di.cri_1nAte betv.en subject.. On 

the other hand, a value ot rho about equal to one implle. thAt elther the 

1n;r1nS1c error and the betveen-ob •• rver var1ab111ty la al 1 .. 11 ablolut.ly 

~- --------------' .. -. ~-- ~. 
J 
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or 11 b) Dall vith respect to sub'ect varia.bllity; Le.: 

or 

This laIt inequality indlc~tes that there May be difficulty in lnterpretlnq 
~ 

the vdue of rho as a measure of 1nter-observer bias. If, for example, the 

varla.blllty betveen subjects 1s very large compared to the other sources of 

variab1llty, then a high value ot rho can be obta1ned even though the 
\ ,j' 

aDOunt of observer variation may be lubstant1al. TO ensure a correct 

lnterpretation of the intraclass coefficient, a jud1cious cholce of 

lubjects mUlt be made 10 that there 15 not "excess1ve R subject variation. 

The three measures that account for chance agreement (Table 3.3) are 

related to intraclas8 correlatlon coefficients derived from uslng different ..,. 
MOVA ' modela. Flehs, 1975, demonstrated that COhen's Jeappa index 

a.ymptotically equlvalent to the intraclalS correlation coefficient derived 

from the random-effects ABOYA model having subject and observer effecta. 

Scott 1 s pi index, whlch simul taneously ,aSSUllles hOllogenel ty in the lIargina.1 

proportions and statist lcal lndependence, 1. asymptotically equi valent to 

that obtained trOIII a model vhere the observer effects, SI' are lubsUiled 1n 

the relldual error terme The index ot Maxwell and P1l1iner, 1968, 1. 
J 

developed trOll the flxed-etfecta MOVA mode 1 uslDq only observer and 

subject eftecta. 

------- -- --~---------,-------, -
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(3.3) ~ Dppa ID4es 

As vaa previoualy d1scusaed, the three indilces in Table 3.3 that are 

corrected tor chance agreeuent can be interpreted, asymptotically, as 

intraclass coefficients. The advantage of Jeappa 15 that Hs corresponding 
) 

intraclasa correlation coetficient, unl1ke the index of Maxvell and 

Pliliner , corresponds to a random-etfects model vhlch includes obaerver and 

nb ject e ft ects . Onlike Scott'. P1 index, it doea not aaaume marginal 

hoIIoqenei ty. 

The 1nterpretation of the.e indices as intraclass correlation coefficients 

1s uae~ul in determin1ng vhich measure is appropriate in a 9iven s1tuation. 

In ~t1cular, the uae ot Jeappa llIay be queationed vhen the nUIIMr of 

oblervera are thought to be t i xed . For elCUlple, in this theals, 

cocparisona 1n attributing exposure are made betveen_cancer study chemiat •• 
/ 

Use ot the tlud-eHect. model may be preferred lif theae ratera comprl .. d 

the uni verae of posàlble ratera or 1 f a comparl$on apIOn9 a particular 

subaet of raters vi th1n the Study 15 required. On the other hand, if theae 

raters are considered to be a sample ot 0111 possible chelliata, and the 

reaulta are to be generallzed to the universe ot potential ratera, then the 

random-etfects model vould be approprlate. It la a •• ueed in thi. the.la 

that the latter ls the caa •. 

In an effort to provUe a qu&l1tative fraaevorlt for tnterpr.Un; lappa, 

Land1. and loch, 1977., have arbitrarlly elas.1t1ed ran;e. ot value. of 

-- ---1- -, ---
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kappa obta1ne4 frœ luge lupl •• 1nto qual1 taUve deqrees of agr .... nt 

(Table 3.f). This clas.it1cation Ich • .e ha. not been va11dat.d 1n any 

re.earch context. 

fhere are tvo notevorthy proble.s .... hen usin9 Itappa &1 a ... sure of 

a9r .... nt. Tbe f1rst 1. tbe pot.ntial d1ft1culty that zay reluIt 1f tbe 

non-11nearity ot its defin1tion (equat10n 1) 15 also manitest 1n its 

1nterpretat10n. For example, 1t i5 not clear that an 1ncre.ent 1n 

.9r ... ent trom ,. 0.55 to 1 • 0.60 (9' 1ncrease) represent. a 9r.ater 

1.prove.ent in -true" aqreement (as measured by ditterences in sens1t1v1ty 

and specUicity betveen the rat ers ) than tbat obta1ned trOll an 1ncrease 

froc 1 • 0.2 to 1 • 0.4 (100'). The second probl •• 1a that compari.onl ot 

values ot Iappa troc ditferent populations may not be meanin9ful it the 

prevalence. in the tvo populations differ (ThompSOn, 1982, and walter, 

l'B3). In general, theretore, the rather limplist1c classification sche .. 

of Land11 and loch may not De appropriate. In the abaence of .cre 

laUstactory interpreUve criteri.a, hovever, the1r scheae vill be uled 1n 

thls thes11 to qualltatively indlcate the extent of agr .... nt. 

,. 

l 
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Table 3.t 

Qualitative Interpretation of the Value. of xappa (1) 

Ouaa taU ve 

• Interpretation 

Jeappa of A9reellent 

0.81 - 1.00 Almost perfect 

0.61 - 0.80 Excellent 

O.tl - 0.60 

0.21 - O.to Fair 

\ 0.00 - 0.20 

\ 

< 0 poor 

Cl) Adapted frOil Landh and xoch, 1977a. 

1 J _ ...... - ._----- ---_.- -



(3.3.2) Dt1aat1D; tbe· 'Ia1:1aDce of UpJJa 

ASyaptot1c eatilllates of the vuiance of ~appa bave been der1ved Clee 

Fleiu, 1981) • SII&ll auple varlance eat ill&tes have not been reported 

al thOuqh, theoretlcally, they ean be estillated us1ng resUlpl1nq techniques 

su ch aa the jackknife and the bOOtstrap (M111er, 1974; Etron, 1981; Etron, 

1982; and Flelss and Davles, 1982). It 1s usually asaulled that for large 

s .. ples ~appa 18 nOr1l\ally distributed but, to the author'a knowledge, thi. 

has not been expllcltly verlt1ed. For slIall sample s1:ea, Kappa can not be 

distributed norlllally sinee lt 18 deUned in a non-lin.ar way, 1s tinitely 

bounded at. both ends of 1h range and 1s poaitive1y skewed. FIe1as and 

Davie., 1982., reported that the jackkntte procedure tunct10ns quite weIl 

for samp1es havinq lIore than SO subjects. Sillulation ot alla11 5aaple 

var1ance est1mates and COIIparison vi th reaampl1ng esUutes are currently 

in proqresa for n<50 and vUl be reported elsewh.re. 

( 3 .3 • J) Interpretiq tbe Value of Kappa vbeD 

tben are a Iaall haber of Dbeenat10aa 

t'he val~e of ~appa ba.ed on 5 .. 11 auple alz.a 1a quite un.table. 1'h1l 18 

illuatrat.d vith the follOVin9 e.ample. Suppose that the eIUaat.. of 

prevalenee for tvo ratera judqlnq a trait vere bath love Suppose aho that 
, 

very fev aubjecta vere.aval1able for obae?vat1on. conl1der the follÇ)Vlng 

---~--- ,---- -------.....,,=---
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two cont1ngency table.: 

R-2 .-2 
+ + 

18 1 19 17 1 18 

.-1 
+ 1 o 1 + 1 1 2 

19 1 1 20 18 2 1 20 

1 • -0.05 , • 0.4' 

.II. 
There 1s excellent aqreelllent in both tables using the index ot crude 

agreellent (.p,. 90%\. However, the two values ot Kappa tell a d1fferent 

story: poor aqreement 18 1ndicated in the t1rst table (, • -0.05) but good 

agree.ent 1s 1nd1cated 1n the second (, • 0.44\, The large ditferences 

betveen theae two values 15 due entirely to the smaIl changes in the 

•• rginal proport ions that resul ted vhen the PH celi vas chanqed trom 0 to 

1. In et tect, the est1mate ot Kappa 1& related to the number of 

ob.ervations that are used to test agreement. This number 1 vhich cao be • 

regarcSecS aIS the "effectiv}t sample aize", ta a function of the expected 

.qr .... nt obtained tram the marginal proportions and the total sample size. 

the highly discordant val.ues of Kappa observed ln the example prelSented 

&bOY. cao be underatOOd in teritS ot ettective sample a1:e. In the tirat 

table, the 18 oblServat1ons in the absent category 15 about equal to that 

vh1ch vould be expected by chance. Thus, only tvo observations are bdn; 

l 
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lubject.ed to the -"test" ot a9reellent. The value of Kappa il about zero 

11nce zero out of the rema1n1nq tvo observations "pa .... the test. In the 

leoond table, there are three observations to Icrut1nize for a9reementj one 

out of the three passes, thus y1e1d1n9 a value of Kappa of about one third. 

The m.nipulation of only one data point, under tfe constraint of .. con.tant 

value for the index of crude a9reellent, had a profound effect on the val ue 

of Kappa. From this, 1t would appear that the variance of Kappa 1n either 

table should be very large. The variances, as derived from asymptotic 

theory, ~ere computed for the tvo examples presented aboNe. The estimates 

ot variance l\n the fint case 16 about' zero but 1& much higher (0.46) in 

the second. Apparently, asymptotic theory i6 not appropriat. tor such 

SlIall sample 61ze6.- W1thout accurate estimates ot variance, and the 

resultant confidence 1ntervals, it ia diff1cult to correetly interpret the 

staUsUe. 

" 

One further problelll can occur when smaIl suples are uaed to evaluate 

aqreement. This difficulty 1& illustrated by cons1derinq two examplea in 

vh1ch both observers are in complete aqreement; viz, 



1 

{ 
\, 

If 

~" ... 
'1l 

2-2. - R-2 

+ + 

0 0 0 1 0 1 

R-1 

+ 0 2.0 20 + 0 19 19 

o 20 20 1 19 1 20 

p •• 1.0 P •• 1.0 

Pc • 1.0 PI • 0.905 

1 II: % • undef1ned 1 • 1.0 

The f1rst panel of th1s eX&Jllp1e, in wh1ch the value of Kappa 1. undefined, 

illustrates that th1s index 11 not ent1rely 6uitable to si tu.tions for 

wh1ch perfect &qreement 16 encountered. In this thesi., the problem of 

und.fined val ues w111 be c1rcuDlvented by sett1ng 1 to unit y in a11 such 

c1rcuastances • 

f 
----------------------------~--- --/' .. 



( 3 .3 .4) 'l'be Nana.. val Ile of Kappa 

The max1m~ value that rappa can _ttain in any situation depends on the 

distribution of the marginal proportlons. Thus, when tvo raters prod'uce 

different marginal dlstributions, then, as Cohen, 1960, pointed out, the 

upper 1imit i6 less than unity. COhen la~led th!6 quantity as l •• s and 

shoved that it can be calculated trom the formulae: 

PU! - Pt 

1 ••• • 

vhere 

• r Ili n ( Pi., P. i ) • 

• r ( PI. , P.l ) . 

The calcul~n of 1 ••• proceeds by replac1ng the concordant cella (Pll) 

vith the smallest marginal value correspond1ng to that value of 1 (ie, Pl. 

The dlscordant cells are obtained by subtractlon. Table 3.5 

presents an example of the calculation of l •• s' 

( 

J -
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'Sample Calculation 

R-2. 

+ 

12. 3 15 

1-1 

+ l 4 5· 

13 7 J 20 

, • 0.53 

46 

Table 3.5 

of the Hax1mUII value 

13 

+ 0 

13 

~ 

R-2 

+ 

2. 

5 

7 

' •••• 0.77 
<" 

of l.ppa 

15 

5 

1 2.0 

The ratio of 1 to '. IX (hereinafter denoted as l') repu.ente the ratio of 

agreement to the maximum amount of agreement permitted by the marginal 

proportions. This quantity lndlcates the amount of agreement within the 

table after taking lnto aceount dlfferent marginal distrl?ut1ons produced 

"by the ratefs. ,'15 not a standard1zed index (equation 1) and, to the 

author's knovledge, 1t can not be 1nterpreted as an intraclass correlation 

coefficient. ' .... has not been generallzed to the case in VhlCh there are 

more than tvo observers. 

l 
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(3.3.5) DteDdon of bppa to Kul tiple cate9Ori •• 

aD4 Multiple .. terl 

Kappa has been extended to the case in WhlCh two observers rate a variable 

having m mutually excl usi ve categories. Let i represent the ith ro .... and j 

the jth column of a mxm contlngenpy table created by crosstabulating the 

tvo observers' ratlngs (Table 3.6). The general formula for Kappa 15: 

Po - Pc 

1 ., 

l Pc 

vhere 

Po" t Pi j 

and 

. PI ., t ( Pi. X p. 1 ) • 

The aer1ousne.s of each disa9reement in the table can be t.ken 1nto account 

through the use of ve1ghts (Cohen, 1968). This 1s the most general 

formulation for 1 and ls referred to as "we1ghted Kappa". Large sample 

VilrUnCe6 have been obtained for the we19hted and unwughted versions of 

Kappa (FIelSs, 1981l. 

An ANOVA model for multiple raters jud91ng a trait on a dlchotomous 

varlable has been used to generalae Kappa. The model contains subject and 

( observer effects and uses the defln1 tion of the 1ntraclass correlation 

coefficlent to denve.ln estlmator for Kappa. In the general si tuatlon 
1 

where d raters judge a variable contal.ning m categories, the data can be 

,---- - _ ..... 
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displayed as in Table 3.7. The variable x1j represents the number ot 

judgements by the raters into category "j" tor subject "1". Kappa can be 

caIcu1ated us1ng the' formùla (Fleiss, 1981):' 

( n m2 

1 • 1 -

vhere 

Xi j Il 16 the number of judgements into 

category "j" ~or subject "1"; 

n .. the number of subjects j 

m • the number ot categor;;1esj 

and 

, 1\ 
summary sJat1S~1C can also be cal culated for a set of independent 

, Q 

estim.tes ot Kappa (Fleiss, 1981 j Chapters 10 and 13). Each value ot Kappa 

ta veighted by the inverse of 1 ts est imated variance. 
! 

A summation i6:then, 

made over a11 values and then i5 norma1ized by div1d1ng by the süm of 'Ute 
\ 

inverse of the variance. A test for homogeneity of the'tncÙvidua1 valu~S". 

ot Kappa can a1so be calculated. 

Further extensions to other more compl1cated situadons' hav~ been 
» 

( 
considered by Land1s and Koch, 1977a,b,c, ICraemer l ,1980, Tholllas et al., 

1981, and Hubert and Gql1edge, 1983. , 
. 

- - - - - Cl ...------------,....--------
--- .. - ~~-~.--- .---.-- .--...... , -' ....... I~~.--..~~.,-~~"''''~ ....... _-----.,. .. 
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Table 3.6 

Description or the D.ta for TVO Observera Rating a Variable 

l 

2 

bter-2 3 

Il 

l 

/ 
/ . 

Pu 

P .1 

hav1ng m Mutually Exclusive categories 

Rater - l 

2 3 4 Il 

Pu Pu 

Pu Pu Pu 

p •• P •. 

p. 2 P .l P. , P .• 1 l 

r 

1 
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Table 3.7 

Description of the Data for More than TVa Raters Aslign1ng 

Values to a variable having DI <:ategor1..s (1) 

Subject: 3 

n 

- .1 -.. -.. 

(1) Ki) 1s the nuaber ot judgeaents by the d raters into cateqory -l· for 

subject -1-. 

/ 

• 

-------
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( 3 .4) other ..... am of Agr..-nt fOl" l1li1 tipI. 0bMI: nra 

( 3 .4. 1) ~ta of • ~lty for tbe lIarg1.Dal ll'opoc UCIU 

It ~. been proposed that COChran' S C 1ndex can be uaed to t •• t the 

~ no.oqene1ty of the marg1nal proport1ons aaong tvo or more ratera (see 

S1eqal, 1956 and Flelss, 1965). The stat1st1c 15 asymptot1cally 

d1atr1buted as a ch1-square v1th d-l degr!es of freedam. TO calculate Q, 

the data should be d1splayed as 1n Table 3.8. The quant1t1es are def1ned 

a. tollovs: Yj' are the rat1nq5 (0,1) 91ven to the tra1t for subject 1 by 

observer j; t j repreaents the number ot rat1n9S vhere ~ value ot -1- vas 

g1ven for sUbject 1. (Thua, t
1 

1.5 just the sum of the Y, J over aIl 

ob.ervers, j-l,d, tor each subject, 1.) C 1a calculated tram the toraula 

(Fle1as, 1965): 

1D-l) ( D t Y,. 2 - y .. J ) 

Q. ---------------------------

Otber t.ata have been sU9ge.ted by "nneU, 1~67 1 1~68, 1972. 
?< 

\ 

-------~----------

, 
-
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(3.4.2) fte ....... ,cnty _AIiI~._IIlIl't IDiez (*AI) 

Yar10us other ind1ces of agreement have been proposed for multiple rater •• 

Ar111 tage et al., 1966, propo •• ~d three related indices of agreeaent tor 

dichotODOuS data; i.e.: the Mean Najority Agreement Index (MMAI), the Mean 

'a1r Disa9reement Index (MPOI), and the Standard Deviation Agreement Inde. 

(SDAJ). AlI theee indices are uncorrected for expected a9reement. 

Only the ~ viII Dt deacr1bed here. Najor1ty a9reement, for any one 

aubject, ia det1ned if more than half the observers judge the trait to be 

aba.nt (or present). Consider, once ag.in, the hypothetical data in Table 

3.8. Let P, • t , / d. Thus, majority agreement 15 obta1ned if Ip,1 > 0.5. 

The Najor1ty Agreement Index, MAI, ia def1ned as MAIl- 12 P, - l 1. For 

e.aaple, if 3 of 5 observers acore the SAme for • subject then Pl - 1/5 and 

MAI 1 • 1/5. 

The MMAl 1. juat the arithaetic _an of the Nt\l over aIl aubjects i vil:: 

MNAI - IMAIi/n.' 

NNAI can atta1n a uxaua value of one but 1t. m1n1.ua la dependent on 

vbether the nuaber of Ob.ervera 1. an even or odd nUllber. In the case Of 

ho ratera the NIUU 1. 1d.nUcal to the 1bde. of crude agree_nt. 

-- ------- ----~ --------- -
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Table 3.8 

~cr1pt1~ ot the Data tor 'l'VO or NOre Obaervera llat1ng 

a Trait on a ~point,Scale tor n Subject. (1) 

Ob.erver 

1 2. 3 o 

l 

2. Yu 'u Yu '14 Yu t 1 

J.-\t 

l'i 

SUblecta 3 1 . 
1 

1 . 
1 

n Yn1 Y. 2 '112 'a. .... Y. II t. 

y.. . ... 'n. l ' .. 

Cl) •• ter to the teat for the det1n1t1on of the •• quant1t1 ••• 

.. -- J .. 
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(3.5l .~ 

Yariou. aetbod. have been· rev1eved that sumaarlze asreement betv.en 
~ 

ob.ervers judging qualitative data. The analysia ot inter-rater agreement 

vas distlngulshed Along tvo broad I1nes. The tirst dealt vlth testing the 

equality ot the marginal proportions. The second considered methoda that 

would indicate the extent ot agreement. Data di.play technlque. (e9, ~the 

pattern of concordance-) and swnmary measures of agreement were d1.cu.sed. 

Tva types ot summary measures of ·agreement vere presented; those that d1d 

and did not correct tor chance agreement. 

For the purpoae ot th1s thesls , 1t vas felt that no s1n91e .. thod would 

.uffice to portray inter-rater agreementi nor was 1t practieal to u.e aIl 

po.sible methods. As a consequence, the tollowing tour comple.entary 

.. thod. vere used: 1) stat1st1cal tests for the equa11ty ot the .arg1nal 

proportions, 2) patterns ot concordance, 3) the index ot crude agree .. nt 

and MMAl and t) value. ot Kappa vere esti.ated betwe.n raters. 

1 
./ 

Il 

-- -.--...........-,.....-- ----------,---.-~--_. 
1 -
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The CAncer Study vas desiqned to concernlnc; 

aalocia~lons of varlous sites of cancer vith occupational exposurea. 

Exposure to substances vere aacertalned by • team of chemist. vho revleved 

aetailed lob descriptions usually obt.ined by intervieving sub)ecta. 

(4.1) Oblectt". 

The objective ot the pre •• nt Itudy va. to evaluate the accur.cy of the 

c~i.ta' ........ nt. of expoaure. 

( 4 .2) 0ftl"1ev of the ft'1ala 

Seven trial. (Table 4.1) v.re u.ed to ev.lu.te the ext.nt of .;r .... nt in 

attributin; exposur. betveen different r.ter. vho vere 9iv.n the.... lob 

a.acriptlon. to code. The •• ve~ tri.la fall 1nto the follovin; four 

cat~1e., d.pend1n; on the nature of the r.ter. beln; coepared: 

Cl) the ratera vere individual cheallta fra. the cancer study 

1ndepend.ntly oo41n9 the .... f11 •• ; 

(2) scae ratera vere che.lsts tra. the cancer study, codinc; expoaur. 

ind.pend.ntly ot each other 1 and other. vere knowledveable pereon • 
• 

( 
rra. 1nduatry j 

(3) aoae ratera vere elp08ur. U{.. a qroup, ua1"9 a 
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con .. n.u ... t~, and otherl vere knovledge.ble per.ona from lnduatry, 

and 

(4) the aaae group of cancer study che.iat., u.lnq a con •• n.us .ethod 

ota attr1bute expoaure, was qiven a set of filea at tvo different 

tt.es. 

The triala w.re nàmed, wh.re ~appliCable, accord1ng to the type of job 

de.cription ... pIed. Some trial. coapar.d the a ••••••• nt of espo.ure for 

job d.scriptions that were clasaifted by induatry (the Palnt Manufacturin9, 

Netal Industry, 

(Veldln9 Trade 

Ch •• ical Nanutacturinq 

Trial) . oth.r trials 

and Rubber trlals) or occupation 

(the General Compari.on and 

COde/lecode triala) uaed tvo ... ple. ot job d •• cription. taten froc the 

cancer Study. The trial. took place ov.r the la.t tour year. (1981-1984). 

, ............ ~ ,"-r -,,-
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Table 4.1 

catalogue ot Triala 

BUllber 
-' 
~ber ot 

Yeu of of Jobs Ratera f 
Trial purpose Trial (1) External Cheillats \ 

"-

Pa1nt Nanu- TC compare the cod1ng of 2 1981 5 1 

tacturing Cancer Study Chelliats vith 

Induatry an external rater. 

Velding Tc compare the coding of 2 1982 18 3(Z) 2 

Trad. Cancer Study chemista to 

a qroup of veldera and 

.nqineera from induatry 

and academi •• 

Metal TC compare conaensus cod1n9 1984 7* 2 • 
of Cancer Study chelliata 

vith industrial hygieniata 

•• ployed at • coemunlty 

h.alth depart •• nt. 
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Table 4.1, cont1nued 

Trial t 

Che.iea} 

Manufact­

ur1n9 

General 

Purpose 

To compare codlng ot an 

1ndu.trial hY9ien1at to 

a con.ensua eoding by 

cancer Study chemiata. 

TO cOBP'Ce codlng .-on9 

3 cancer Study Cheaiats. 

COapari.on .. nta ot 4 cancer study 

ehe.iats who reviewed 

job descriptiona tra. the 

cancer Study. 

.uber 

Yeu or or Jobs 

IUllber or 

llatera 

Trial (1) External Chemists 

1984 5+ l 

1981 15 o 3 

20 

-
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Table '.1, cont1nu.d 

BUilber BUilber of 

~in Year of of Jobs Raters 

Trial Purpoee Trial (1) External Chemista 

Code/ TO compare consensus coding 1984 23 o 2 

•• code tor lOb descriptions that 

vere rated by the 

cancer study Chemist Team 

at tvo difterent ti •• s. 

(1) AlI jOb descriptions vere tAken from 1nterv1eva of subjects 1n the 

cancer Study, except for thoae 1nd1cated v1th a "*" in vh1ch interv1evs ot 

l 

non-d1seased persons vere obta1ned at 1ndustrial locations in Montreal and 

v1th a ".",1n vh1ch job descriptions vere tabricated tram company recorda, 

(2) The three external raters attr1buted expoaure as a team. 
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(5.1) Il »eac:r1ptlO1l of tbe Stu4y: "lblltorlD9 the OCQIpatlOD&l 

The work tor th1s thesis took place vith1n the context ot this study 

(reterred to as the Canc~r Study). Only the relevant te~tures ot the 

Cancer study are described belov. 

The Cancer Study vas des1gned to discover ~ssociat1ons betveen ditterent 

sites ot cancer and substances found 1n occup~tion~l env1ronments 

(Siemiatycki, 1979, Siemiatyck1 et al., 1981~,b, 1982, 1983a,b; ~nd Gérin 

et al. , 1983, 198" ) . A case-control approach vas taken. Patients 

diagnosed vith cancer vere eligible tor adm1ssion 1n the Cancer Study it 

certain criteria vere satistied. A team of chem1sts/engineers, ua1n; 

detalled job descriptions usually obtained by interview, evaluated 

lite-time exposure to about 300 substances. For the purpose ot obtainin; 

e.tillates of excess r1sk, cases tor each si te could be com~ed vi th 

community controls and/or vith subjects hav1nq- Any ot the other types ot 

cancer (Thomas \et ai • .I 198"a 1 1984b). 

-~ 
) 

1 
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(5.1.1) Select10n of eue. 

Patients were eligible for registration in the Cancer Study as cases if 

they yere: 1) male; 2) between the ages of 35 and 74 years in the ca1endar 

years 1979 to 1984; 3) newly dlagnosed, at a Montreal hospital, wlth any of 

13 primary sites of cancer (stomach, esophagus, colon, pancreas, liver, 

testes, penlS, ~ldney, lung, bladder, prostate, lymphatic tlssues, and skin 

or eye melanoma) WhlCh were posltlvely confirmed by histological 

eXaJllinatlon; and 4) domlcile in the greater Montreal area at the t1me of 

diagnosis. Names of eligible cases were obtained from records held in 

pathology departments ln participatlng hospitals. 

(5.1.2) Interview Procedure. for Sub3ecta 

A two part questionnaue/lnterview (QI) .... as used te el1cit relevant 

lifet1me information for those subjects .... hO could be interviewed. A 

self-admlnistered q~estionnalre vas mailed to the subject or to h~s 

next-of-kin li, for any reason, an interview could not be performed. In 

the first part of the QI, an outllne of the subject's lifetlme york history 

was obtalned by the use of a self-~dminlstered questionnalre (SAQ1). 

Personal data and relevant lnformation for each occupation was obta1ned in 

the second part of the QI. The accuracy of reported occupations has been 

ver1fied by Baumgarten et al., 1983. 

Deta~led descrlpt10ns of each subject's ocçupations vere obtained. (These 

are referred to as job descriptions.) Info~atlon was requested re9arding 

the speclflC jOb functlons, materials and machines used, and the general 

r ------------------- ... 
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vorking environment. Specifie questions have been developed for various 

types or jobs (egs, velders, 
\ 

painters, farmersi see Appendix 2 for some 

questionnaires in current use). The questions vere open-ended 50 that the 

lntervie~ers were able to probe as deeply as possible. The objective vas 

to form as clear a mental picture as possible of the environment of each of 
ù 

the subject 's occupat ions. The interviewers vere encouraged, vhen 

necessary, to consult vith the chemists prior to eonducting the interview 

so that possible ~biguities in interpreting the job descriptions could pe 

lroned-out 1n advance. 

(5.1.3) Attrlbutinq Expoaure from Reportea Job De.cr1pUona. 

" For each reported occupation, a team of chemists attributed exposure trom a 

checkllst containing approximately 300 chemical and physica1 agents (Gérin ~ 
'",-

et al., 1983, 1984). Team members vere trained che!ists 1 engineers or 

1ndustrial hygien~sts famlliar vith indus trial processes and vith 

commercial and industrial environments in the greater Montreal area. (As 

prev10usly noted, these raters vill be referred to as chemi stS. ) 

Information concerning exposure was' taXen from the 1iterature (see Priee, 

1982), from discussions vith industryexperts, personal experienee, and 

from occupational health surveys (eg, OSC, 1983). 

For each job, one ot the chemists determined the Standard Industrial (SIC, 

1970) and occupation codes (OCC, 1971). Next, exposure to each of the 

substances 11sted on the chemical coding form was determined. The type and 

extent of exposure was 1ndicated using tour semi-quantitative Beales: 1) 1 

average dose or concentration, 2} frequency of exposure dur1~rmal 

J 
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worltveek, 3) type of expolSure (contact), And 4) the degree of certa1nty 

that the exposure .actually occurred Clevel of confidence). 
vi 
i' 

/ 
, 

At least one'other te.am member rev1eved each file. The 

t 
Y ?~ 

chemist vh~ f~rat 

assigned exposure to. subject' s job description 16 referred to as the 

pr i DJBry coder. The Chemist, or chemists, vho subsequently reviewed the 

primary çoder's assessment i5 referred to as the secondary coder. The , 
complete process will be re!erred to as the consensus coding. 

A ~st1n9 of aU exposure assessme.nta VOla per1.od1c,ally produced. 
. , • 
Th~ . 

purpose ot the Iiat vas .~ allov the chem1at to reference past exposure 

assessments for simil4lr types ot jobs. The ab1.11ty to consult prev1.ous 

assessments helped to ensure that the cod1ng was uniform OVer t1.me. Th!. 

type of list 1.5 referred to as an exposure Budi t t rail. other deV1.cea, 

such as per1.od1cally rev1ev1ng aIl job descript10ns, vere also uaed to , 
s~andard1ze the coding process . 

." 

~ . 

\ 

" J 
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(5. lot l Yar1abl.. OH4 te Diat 1.DfU1ah the Type aM x....l ot JCQOeare 

As indicated abov~, tour variables, ret~rred to collect1vely as the 

ezposure varlables, vere used to describe th~ typt and lev~l or exposure to 

each substance on the exposure coding !orm. These varlables are descr1bed ,. 
belov 1n IllOre detail (Table 5.~. (See Append i x 4 ror a f urther 

explanation ot hov these variables are utilized.l 

COncentration reters to the average dose to vhich the subject vas exposed. 

The scale dces not make reterence to any absolute scale of measurement (eg, 

molecules per unit volume of air) or to accepted ma,imum permissibl, doses. 

Criteria have been developed for coding specltic substances and classes of 
\ 

substances on the chemical cheeklist. These-criteria vere used to help 

.' 
ensure that each substance vould be eonsistently coded over aIl job 

descriptions. '. 
Level of confidence indicated the certainty that the exposure aetually had 

oceurred. The rater's confidence of the assessment depended on her/hiS 

abil1ty to eorrectly interpret the job description. This, in turn, 

depended on the quality of the interviev and of the chemist's knovledge of 

the job situation. A value ot "possible exposure", for expmple, impl1ed 

that the chemist vas uncertain that the exposure had occurred, even if high 

values ot frequency and concentration were assigned. Such a situation 

eould oeeur, for example, if the ehemist was undeeided whether e1ther of 

tvo substances vere used. in a proeess, but vas fairly certain that the 

vorker vas h~ghly expos~d to one of them. Thua, both substances would be 

eoded vith a "possible" level of confidence • 
... 

L 



65 

Description Qf the POur variables Cs.c! to Indicate the Type and 

IAvel of Expoaure for Each Substance on ttM Expoaure Checltl1at 

Expoaure Scal. o.~ 
~ 

Deacr1pt ion 

(-
Variable 

COntact Type of expoaure o - no expoaure 

1 - reap1ratory 

2 - cutaneoua 

3-1and2 

Frequency AverA9. fraction ot tta. o - no expo.ure 

"here con tact occurred 1 - <5\ ot the time 

2 - 5 to 30\ 



''l.-

table 5 .1, continu.e 

bpOaure Descript ion 

variable 

Concentration Averag. dose (1) 

Level ot 

Confidence a ••••••• nt (l) 

Scale Osee! 

o - no npas ure 

l - "lov· 

2. - .... diUJII .. 

o - no exposurl 

l - po.lible npo.ure 

or "lov" 
,/ 

2. /probable expoaure 

or "lildi UII" 

3 - aImait certain 

exposure or 

"h1qh" (2.) 

(1) Reter to the text and Append1x 4 tor a discussion. 

(2) The terl! "any" 1a used to reter to expolure at levela l, 2., or 3. 

..... 

Il _____________________ --- ______ r ____________ ~ ___ ' w __ ~____ "_ 



: 

( 

61 

(5 . 1. 5 \ IOteAUal ~cn of knX" iD Attrtbatuaq 

..,.,.un frca .Job nHcr1ptlCU 

It ia dUtlcult to acc:urately attribute exposure from revtewlng job 

descriptions. Even if ~ chemiat has considerable knovledge and coding 

expertence, there are at le&st three possible sources or error that can 

oeeur. The firat i5 the difficulty ot accurately lnterpreting the job 

description. For example, errora in correctly identltyinq ~aterlal5 used 

at a plant may result if t~e jOb descript10n la amblguous. The second 1. 

incomplete knovledge of 1ndustrl~1 proeesses and materials. The th1rd i_ 

the lacx of consiateney of applylng the coding criteria to the expo_ure 

variables. 

(5 .2\ "lec:t1on Md Dtlcr1ptloa of .. tue 

Ratera from the Caneer study (Table 5.2) were chosen froc chemi.ta who vere 

emp10yed at the time of each trial. Chemists 1 and 4 were the Most 

experienced raters havlng been lnvolved in the Cancer Study since Us 

inception. In particular, Chemist 1 was one of the principal 1nvestigators 

and Chemist 4 vas respon5ible for initially revieving almost aIl neV files 

(ie, primary cod1ng), Chemi6ta 2, 3, and 5 vere employed mostly at5 

secondary codera. Chemist 6 vas lnvolved ln the design of the Cancer study 

but did not have Any day-to-day experlence coding exposure. 

,( 

---------------------------------------------- --------, -



68. -

Ta.bl. 5.2 

Description of th. Prot ••• ional Experience of the Che.i.~s vho 

participated in the Agree.ent Tria.ls 

Expert1se: 

Prote •• ional Title/ Coding prior te 

~ 
Principle WOrk on Experience Cancer 

Che.lat Ch.lllist Coding TeuC l) Study 

t 

Chellist l Che.istCPhD)/princ1pal 1979-84 

inves t 19& ter 

Che.lat 2 Che.tat/ 2nd coder 1980-82 

Che.iat 3 Ctlelltat/ 2nd coder 1980-83 Paint .t; 

Che.lst 4 Engine~r/ lat coder 1979-84 pulp and 

paper, 

lIinerala 
i 

Chellht 5 Che.i.t/ 2nd coder 1982-84 pa.int .f; 

Chelliat 6 Chem1at C PhD)/ special 

projecta (2) 

(1) This retera to vhether the chemist worked as a primary coder (lat .. 
coder), as a secondary coder (2nd coder), or ln special coding projects 

lIIore than 50% of the tille. 
. 

(2) This chemist had no extensive experience ln codlnq ~Ipoaure but va. 

( 
1nvolved in desl;ninq the Cancer study. 

_ .... - ~ . __ ... ~~ .............. 



( .~ 

,1. 

1'he external judg •• vere •• lechd becau.e of the1r pre.UMd detall~ 

Jtno.vledg. of proc..... and .ub.tanc •• that vere und 1n varioua vork 

ai tuations. The external raters 
j 

vere elther experienced indu.tr1al 

che.1ats, industrial hygien1st., or vere ~ct1vely involved 1n monitor1ng 

ln4u.trl~1 envlronments. Table 5.3 presents ~ brief portrait ,of •• ch of 

the .xternal.raters' profesa1onal expertence. 
l' 

fable 5.4 list. th. rater. who ~tic1pated 1n th. trials. 

J 
-----_..:...-_-------.(~ ...... ---~~_ .. -- ----~-------------- -
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Table 5.3 

Deacription of the ,,"ore •• 10nal Experience of the External 

Jucl9" who part1C1pated in the Aqr .... nt Tr1ala 

~~~_~.,.l ProfeaaiOn Experience 

,Judge (s ) 

paint HBnufacturing ~rial' 

,Judge 1 Induatrial hyg1en1at Olt about 10 y.ar. 

J 

manufactur1ng company. • 

rielding 'Inde Trial 

,Judg •• 2: a) Engineer involved 1n about 10 yeara 

welding research an' 

education. 

b) Welder trolll trade about 10 years 

association. 

c') Act 1 ve ln train1nq ef >30 yean 

veldera in 1ndustry. , 

--'----_._------....:...--..,,_.-.,..--, ..... ""'''--- _. -,_.------ --........ ------......... _----~-_"<I_-~-----_.- ~ 
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Table S.3, conUnued 

External Protession Experience . 

Juc!qe. 

N~t~l Industry Trial 

Juc!q •• 3 TVo indu.trial hY91~1ItJ about 5 year. 

•• ployed at the DSe each 

Sacre-Coeur. 

Cb~.ical Nanufacturing Trial 

Judqe 4 Industrl~l hyq1enl.t about 7 year. 

at a large Canadlan 

ch •• ical manufactur1ng 

cOllpany. 

, ' 

( 

-----~~-~ ==t'. ... L 
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T&ble 5.4 

ltatera vho Part1cip.ted in each of the TriAls j: 

Trial Chemist (s) Extern&l Judge(~) 

paint'Nanutactur1ng Chellists 1 and 2 Judge 1 

weld1ng Trade Chemists 1 and 3 

Che.leal Nfg Chelliats 4, 5 (1) Judge 3 

Chellists 4, 5 (1') JUdge. 4: 

lubber Industry Chellists 1,2,3 (2) 
1 _______ _ 

General COmputson Chelltats 1,2,4,6 

) 

COde/Recode Chell\ists 4,5 (3) 

(1) Thls ."as a consensus coding performed by thes~ cheœists. 

(2) 1\ Final coding, produced by one'ot the chemists atter revieving the 

three asseasments ot exposure, vas also avallablè for analys1s. 

(3) This vas a trial in vhich jOb descriptions vere coded at t'Jo d1 Uerent 

tillles by these chelliats ua1nq the consensus approach. 

, ,\ 
--------------------
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• 
(6.0) lletbod. 

In thl.6 Chapter, the methods eommon to a11 tri.ls 1Jl.11 be described. 

SpeciflC deta~ls for each trial viII be found ln t~e ~aterlals and Hethods 

sectlons ln Chapter 7. 

(6.1) COd1ng PrOCedure. 

il 

In e.ch trlal, aIl raters l.ndependently assessed exposure after revielJlng 

an ldentlcal set of job descnpt1.ons. ln five of the seven trlals, job 

descriptlons .... ere selected trom the hIes of the Cancer study. Only those 

Job descrlptlons vhlCh had been obtained by lnterVlelJlng SUb\cts ~ 
ellgible. In the remalnlng t .... o tr1.als, Job descrlptions were /~~ated 
from company reèords (the Chemlcal Manufacturing Trlal) and by l.ntervievlng 

vorxers at t .... o lndustrlal plants (the Metal Industry Trial). The specifie 

crlteria for selectlng job descrlpt1.0nS .... 1.11 be dlseussed in Chapter 7. 

The nufuber of substances used ln each trlal depended on 1Jhlch coding form 

1Jas belng used at that tlme l.n the Cancer Study. Three ditferent exposure 

codlng forms, containl.ng 172, 270, and 300 substances, 1Jere used ln the 

trials. 

In order that aIl raters lnterpreted the coding critena l.n a s l.milar lJay, 

some external judges lJere gl.ven tra1.ning in the use of the coding system. 

other external raters 1Jere assisted in their exposure assessments by a 

senior chemlst (Chemist 1), vho did no~ otherlJise participate ln the' 

specifie trial, and the author. In no lnstanee dld the chemist or the 

~-------, L 
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t' 

author auqq •• t to the ratera ~hich substances ahould be attribut.d. 

AlI ratera had acoess to the 5ame literature, althouQh only the cheaiata 

vere able to reterence aIl data available in Cancer Study records Ceg, the 

expoaure audit trail). 

'. 

( 

) 

l 
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(6.2) ltathtlcal Netb04. 

var10us indices, measur;es and data display techniques vere used to 

de termine the degree ot ilgreement among the ratera. TVo methods of 

analysis vere performed: a) agreement vas measured over aIl substances and .' 

lob descriptions taxen together ;,. and b) agreement WilS assessed for each 

substance separately. 
\. 

( 6 .2. 1) Structure of tbe Data' set. 

The data sets generated trom the agreement trials ve e silllilar in 

structure. In general, there vere d raters vho at tributeJ exposure to s 

substances tor 'a s4lII1ple ot n job descriptions. The tour ex~ure vari&bles 

vere scored by each rater on different four-point scales (each ~ed: 0, l, 

2, and 3). Each data record, theretore, contained an identification code 
1 

for each substance, 'a variable that identified the job description, and 

values tor each of the four exposure variables attributed by each of the d 

ratera (Table 6.1). 

) 

\ 

._------------........ -------- --- --, - ------------ J 
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Table 6.1 

General structure of the Data Sets Used 1n the Analysis of each Trial 

Rater Assessment tor the Exposure variab1es(2): 

Contact Concentrat ion Frequency Level of 

Substance confidence 
Code Job 
Cl) Ro Rl al .•• Rd RI R2 ••• Rd RI R2 ••• Rd RI R2 ••• Rd 

xxx xxx l c c .•• c c c ••• c c c .•• c c c ... e 

xxxxxx 2 e c ... c e c ••• c c c ••. c c c •.• e 

'" xxxxxx 3. e c ... c c c ••. c c c ... e c c ... e 

xxxxxxo · ... · · ... · · ... · · ... · 
xxxxxx n e c ... c e c .•• c c c ... c c c ... e 

l'l . 
~ 

. . . . . . · ... · · ... · · ... · · ... · 

...... · ... · · ... · · ... · · ... · C, 

1 

yyyyyy l c c ..• c c c ••. e c c ••• c c c ... c 

yyyyyy 2 c c ... c e c ... c c c ••• e c c ... Q 

yyyyyy 3 C c ... c e c ... c e c ... c c c ... c 

yyyyyy · ... · · ... · · ... · 
yyyyyy n c c ... c c c ... c e c ... c c c ... C 

'II 

,( t • 

J -------------------------------------------~~~-----,----- -
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(1) OBly tvo of tbe a a"'tancea .. e ahcMl he ..... 

(2) 'l"be 1.tter ·c· la uM4 to lDd1cat. the val_ 0, l, l, l tut ,ven 

91 .. a to ,ach of t~.zpoa ... var1ab1" by .. y of the raten, '.1, 12, ••• , 
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Of ccncdrdance v.. c:.leulate4. III adcUtiOft, tvo auMary 1ndice. "-A 

.... ur •• of agrNMnt bttween pa1r. of ratera. The ind •• of 
---

crua. qr .... nt (cx ov.ral1 ,proportion of .vr .... nt), P" vhleh do.. not 

cor:rec:t for chance ~r"_nt, ,~. ctto..n btcau.. 1) 1t luaaarll •• , ln a 

.,...tr1c v.Y, the .xtent of avr .... nt 1ft. coaUnv.nc:y table by .... 1n9 
• 1 

the COftCOC'dent ceU., 2) lt 11 ... y to lnttrpc'.t,. :S) 1t can bt u." for 

QOfttlntenc:y tabl.. conta1n1n9 .exe tban t~evor1.', and .1 1 t t, 

.ueh a. th41 _an NajOl'ltr 

The K.ppa lndez, vh1ch tû •• ehaftce agrNMnt tnto 

-=ount, va. Itlected .. the •• cond .uuary lqclex. The • trtngtba Md 

Chapt'.r 3 • 

..... nt ..aav.U rater., CQn.1a.re4 •• • 9Z'OUP, vu ....... u11ft9 the 

..u and ~ner.l1'" .appa in41cea. Tbe •• vere c~n btc&u.. of tbtir 

a1.11~1ty vith the lnd1ces uaees ln tM pa1rv1 .. analyse •• 

. ~ 

awq 4' 

1 

l 
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cou~ !Ml. MltIIDI 

.rhe Ob,eet1~ ot tU. tirlt .a1ya11 wal to t.tt_te an ·awr~· le .. 1 ot 
~ 

..... nt over aU .ub.tance. on ~he •• peaur. c:ôd1nV IM.t, on ... thod, 

vIl1eh Md been e.pl0ye4 ,1aevhere C StealatycU et al" 1'12);r c:œblne4 the 

attribution of .~ure over aU .ubatance. and jOb d.scription.. Tllb 

.. thocJ of ...... 1"9 aqne .. nt 11 refentd to a. the coll.pstd t,.JJlt Mtbod. 

,Q 

..... .-nt. for .aeh- .utnltance •• parately. The conUnvency table. ue then 

coablned lnto on. by addln9 the valut. of the corr,spond1ft9 ~1l.. 'l'he 

r .. ultlnv COfttinv.ncy tabl., conatltin9 of ft ll'-ob.ervauonl, 1. ntened 

to .. the coll.p'td t.JJ1.. The ju4ge .. ntl~ for JIOI:'e than tvo rater. c:aan be 

CQIlb1necJ 1n a .iaUu ,vay. 

J'or any lob d •• cr1ptlon, • 1uge nuaber ot lubstance. vere COc!ecl al 

non"expoe.4 by aU ratera. If a' of tM 1 aub.tances' had a non-.ero 

prevalence ot .spoaure, al eaU .. ted byany of the rat.rl, tt .. n there would 

,be n.. fi",') Ob .. rvat1.onl c:ode4 a. non-eXi'Oled. Th11 lubht C&I1 not be ' 

excluded frca th. analyatl a'.ply becau .. aU jud9t1 attrlbut*" no ezpoaure 
1 

to the.. lub.tance.. There 11 val uablt lnfonaatlon ln the fact tbat a 

certaln DuNI' of aubatancea vert juelvecl antnt by aU of the raten. 

Thertfor.~ t~ nuabtr of abeenation. uled in the ana1,.11 11 equa1 to the 

nuu,r of job ducr1ptlœa tu..a' the nUùer of lubltanc:.1 on t~ tlpollU(t 

dltd11.t (n JE al. 

\ , 

--------------------~-~~~--)_4~,C--~-·,'-----------.·-· .--~--~----.--,-.----:~~~.~ 
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"... t.4rat Itep.. to obtatn .ach rat.r'. ..U .. t. of the frequency, or 

pn.alen~, Of,_expoaure at each left~ Of ~tld.n~. 'l'he denœtnator for 
, 

thea. caleulaUona 11 equal to the. total n~r of ... ur.a, n z a. The 

~ual1ty of the.. ..tt.at •• vaa te,t.ct 1aOft9 ail rat.r. ualnv COChran'. Q 

.tatlatle. M~'. Katcbect .alrl 'l' •• t va. u •• d to t •• t equallty bttveen 

.aCh pa1.r ot rat.r •• 

The •• coneS It.p _lnYOlved VI'QuplnV tM judV ... ntl of' .ach ratel' 1nto tvo 

eatavort •• , expo.ee!, at on. or 1IOr. l.vell of eont1.s.nc:e, and e..,.u; or 

not, at al1 otMr le.ela •. J:zpur. at the h19b, "':lua or hlVh, or at any 

lave 1 , of eonUa.nce va. con.U.r.d. 'l'.... ob,.ri.d and • .,.cted nUilben for 

.acb pattarft of concordance va. calculatH for th., varlou. catetOC'l&atlOft. 

of .xpoaura. 'l'he Ob.erved nuaben ver. obtalned Irae the ceU. of the 

contlnv.ncy tabla. ~ the • ..,.cted n.r. ver. calculated, -frOID tM 

... vlnal proporU,ona u'1:nv the '.thoda d.acrlbM ln Chapter 3. In Addit10n 

to the.. tabl.. the Mean bjOl'1ty A9r .... nt Ind,1 CNMAIl- 'and the 

,aneral1nè1 Kappa (1) lncl •• ver. &110 calculatee!. 

The thl~4 ~tep vaa to ...... the .at.nt Of,agr .... nt bttveen all ~.lbl. 
... 

patre' of 'rater. ba.ect on the aboVe IChe.. of c.tetor'l&tn9 .zpoeura. 

tvo-by-tvo conUftgency tabl.. ver. er.atect for e.cIl palr of rater' and 

certaln ~ .... nt .~.t1.tlC1 (P., à· ancl '. ') .ra calcul.tet. 

fOr' nch .apo.ur. v .. lûle (contact, fr.qu.ncy, COtfc:eftu.uœ, and l.v.l of 

c:ontld.nce), agr .... nt vu c.lcul.ted betVND e_ ,.it of ratera. rbe 

U bs 

-
, 
" , 
~ 
\ 
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'J 
index of crudt agr .... nt, 1, and 1 1 ver. cal cu lat!d frOID contin;.ncy table. 

that utlll •• d the original four-point Ical •• of .... ur ... nt. unve1;hted 

.aUNt •• of K.ppa ver. u •• d 1n th.s. calculaUon. linc. no ... n1n;tul 

ve1;hUng schelle could be devia.a. Agrttllent for a COIIpoa1 te ~n4e. of 

expoaure, pr.v1oualy uaed for an.lyl1ng e.poaure/.tte a.sociation. 

(Si~lliatycki· et .1., l'83a), vaa alao ....... 15. 'l'hi. ind •• val obt.ine4 by 

COIlbining 
., 
frequency 1 concentration and level of conUd.nce , 

lIulUpl1.c.Uvely. (Thil index v111 De rere~ •• the syntb'tic indu.) 
-

Lev. l ot conf1d.nce v.. u •• d to ve1;ht the inde. ln t.rm. of lt • 
.. 

r.11ab111ty of •••••• II.nt. Th. inde. had only 11 distinct catevorlea lince 

each of th •. three variabl •• va. coded 0, l, 2, or 3. Cert.in value. of the 

aynthetic ind •• can bt arrived at in lIore than one vay. For e ... ple, the 

value 12 can.~ obta1ned froll 2.2.3 (frequeney x concentration. lev.l of 

confidence), fram 2x3x2, or froll 3x2x2. Therefore, the exposur. to a 

lub.tance that va. codea vith a h1;h a.gree of. confiaene. ana .ed1ulI level. 

of concentraUon and rrequency va. a.aUM.d to bt iaenUeal to a .ubltanc • 
. 

tbat vu c:ocled v1 th a Hdiull level of confidence, a h1gh fr.queney of 

occurrence, and a med1um concentration levtl. FOr the purpoae of analYling 

inter-rater agr.ellent, • nev c variable va. cre.ted by arb1trarUy 

categor1z1ng the .yntheUc index 1nto thrte inttrvah l 0-0, 1-6,' and a-l7 

.( 1e 1 no, "me<11ulI", and "high" '-e.po.ure levela) • 

d • • -
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/ -the _ pllt'poae ,of thl. analy.i. vaa to obtain. auuuy .. aure of .9r .... nt. 

t'hla v .. ' .ch~.v.d , 

coRting.ney tabl •• 

a. d.'Cttbed &boY., by çQablnin9 •• ch of th. • 

1nto on. ~llap •• d· 'table by almatn; the v.lue. f~ 

•• ch c:.ll. It a19ht appear that th. or 191n&1 unit of ob.ervaUon C le, the 

lOb d.acrlptlonl had be.n r.pllc.d by th. -"polure-.. .Y poolln; the d.ta -

ln thll vay, hOvever, a •• thod h., been d.v.loped vh1ch approxlaately 

.. a,ured tbe nt.nt' Of 89fH .. nt IverlM1.d ClVef a11 lub,tance. - under 

con'ld.ratton. 

ln -Appendix 5, 1t 1 •• hovn that the lnd.'r of crueSe .9r •••• nt, av.rag.d av.r 

a •• t of contingency t.ble., l' 1d.ntlcal to th.t ealculattd frOil the 
. 

coUap •• d table. A heurl.tic proof 11 91v.n th.t ,hoVI that th. av.rag. 
o 

- upected val ue for thla 1ndex .nd the Ivar.ge valu. ot llppa are 
6 

.pproximataly equU to that ol:/tained trom the collap.ed t.bla. l'rOll th ••• 

'con.ld.raUon., it can be tentatively eoncludedc that thi ••• thod provleSed 

an approximate Il.an. of averaqlnq agreement over .11 1IUbitancei und.r 

con.1der.tlon. It .u.t be empbaltzed, hovaver, that thl. conclu.ion ha. 

not be.n r19oroully v.rifled. 

In addltion, tht confid.nce tntar'l.le of tht •• U.at •• of 
'" 

xappa d.rivea 
, .... 
frOli the collap'td t.ble lIay not be interpret.ble ln th. ulu.l .tati.tica] 

.. n.a.- .evartheles. , the conUdenet int.rv.ls are pra •• ntea a •••• an. of 

incUcaUnq th. varlabU1ty of the "Ulllata •• 

/ Î 
/ 

Il .acond problem vl th this an.lysl. va. that the ........ nt ot expo.ure of 

J 
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OllIe e&abltance by a rat.r .. y have Hen con_Iated Vith hllIMr ........ nt 

, • • 1 \ 

of other .ub.tanc... l'Or .x .. p1e, 1. t 1I1ght 'be .Xpect.4· tha~ IlO8t raterl 
1 

vou14 not be able to d11Ungul1h vh.th.r ~pblbOl. or cry80tU. ub .. ta. 

aln.ral forll, ver. pr ••• nt' ln th •• nviron.nt 'or ~ .ubj.ct worklng ln an 

lnaulaUon ~u'lacturln9 plant. ThU~~' th. 'r.t'~~ 'would attrlbut. equal 

l.vela of expo.ur. to bath .ub'tanc... ',In th' analyll. or ~r .... nt 

blt","n tvo .uch ob •• rv.rl, thi. 1d~U1ty" to dl.alalnat. ~tVl'~ th. tvo 
, b .. 

tonal of ube.ta. voule! probably lnUat. IIOIt .... ur •• C?t a~ree .. nt. 
1 

,he corr.laUon 1 of expoaure bttveen' lOIMt .ubltance. ,aay atf.et the 

lnt.rpr.taUon of Kappa. It vU 1 be r4l!caUea trOll Chapt.r. 3 that xappa _y 

be lnttr~.~.t.d ae an lntra-c:la .. ~~r.latlon COIftic1.nr d'r1ved frc:. a 

randoa-.tf.c.ti AIIOVA .04.1., on. of th. fundoental ••• h.puon. or thl1 

lIOd.l 1. th.t th. verlabl.. ule4 to .... ur ... poaur •• hould be autually 

tncl'pend.nt. rhu., th. correlaUon ot the a .... aaent. of upoaurt _y, 

\ 

aU.ct thia 1nt.rpr.tauon ot Kappa. ~ 

on. ,0lutl0ft te th1t probl,. 1. to group aIl corr.lat.d Ifub.tane .. Sonto 

c.te«Jorl.1 and th.n •••••• the .gr •••• nt ,;ithln .ach c.tegory. ' Thl. 1. 

unatt.lnabl.t ln pr.ctie. bec.u., th,re ta no rel1able, prier lntor •• tton 

that could predlct vhleh substance. art ,corr.lat,d. Th. pt'obl.. 11 .ar. 

eaally r •• edl.d, ho~v.r, by ~nveat19~1n9 .gr .... nt for •• ch .. par.t • 

• ubatane. on th. chemleal eh.eklist. \ 

Tb. "'lolaUon or th. a"WIlpUon ot constant vi th~~-r.t.r and v1th1n-,ubj.c:t . 
varianc. ln th. AIIOVA modela 15 another concerne The .tructu~. of th. data 

ua.e! ~tn·;·.ac:~~nalyse. vas .ueh that there vere s' substance. that had be.n 
.r ,~ __ • .{ 
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attribut" F ... nt by at l ••• t on. of \ t.....-r.t.r. and tber." ver. (.'!".~.l 

, . 
• ub.tance. vith, COIIple,t.ly nul1' •• pur. 1ftfonation. 'l'he variance for 

" thil latter ,ub •• t v.. td.nUcally IUO vh.r •• " for the foner, the 
, . 

varhnce,~ hacJ ...0. f1Jt>1t. v .. lu •• 1\, Theretor., hœoaced ... ttc1ty v ... v1ol.t.cl 

vhen aU • .ub. tf,llce' vere conai 
\ 

M' 1nt.rprtted •• an 

.iaul ~aneou,ly. Thu., .X .. ppa an only 

c:bance. In 'the e ••• of ..... ~tn qn ... nt for acr. than tvo obltrver., 
) 

,bow'ler, x,p~ table.. an ind.x ot &9I'",.nt, .inee 1t 

va. calcul.t.d 

".2.&' .,.,. .. ~Sa Of .'.!I_t fair ..... ta ... 

,OIS tbe ...... c:Iaac*l,..t 

-. 
'l'M •• c:ond ~. of an.ly.t. con.ld.r.d, •• parat.ly for .ach .ub.tanc., the 

- 1 

',.t.nt ,of qr .... nt bet""1) .ac~ patr' of rahn. The conUn,.nc:y tabl •• 

t,bat v«. u.ed to produc. t,h ... ' .t.tl'tlC", ha4 only tvo cat'9ort.'t 

.zpot.d,.t any l.v.l of confUenc., and not •• po .. d. An analy.1I va. 
l 

.-rfora.d for .ach patr'ot 'r .. tera. The lnd •• of crud! .. 'r .... nt, .', ~ ,1 
ver. calcul.t.cS for .ach .lIb,tanc •• 

Tbe •• tabl.. ver. cOIIp08.d of .... 11 ... pl." (nc%3). S1nc. ..t1aat.. ot 
- . 

Kappa ~t.lntd from table. hav1nq sJllall ... pl •• "Y be h19hly un.t.blt CM' 

, oaapt.r 3), lIOre, nUance vas placed on the index of crud •• gr •••• nt a. a 

.... ur. ot qr •••• nt. A qu .. litative ticheme for lnt.rpretaUn9 a9rt ••• nt 

Ma.d on thlt 1nd.1 "a. u.td in thi. thtli, (Tabl. 6.2.). 

,1 
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tab1. 6.2 

..Qual1taUye Interpr.tatiOn of the v .. lue. of the Ind •• of cruel. 
/"' . 

A91' .... nt f'OC' eonUftgency :a.b1e. hav1n9 .. S .. U au.ber of Oblerv .. Uon.· 

., 
. QualitaUve 

'. Interpr.tat 10n 
, . 

of A9re ••• nt 

<;. 

. . 
excell.nt 

10- ~ 

<70. 

... 

o 
A COIIputer prC)CJru va. vrUt.n ln the ro.~ 1~9u&9' to faell1t .. t. the. 

analya.18. value. of ,p., 1 (v.1Vht.e! and unvt19htecU, ... yaptoUc and 

,ackknlfed •• tLaat .. of varlance of. «, '" confid.nc. tnt.rv.l. of l, and 

valu.. of 1.\11 for pair. or r.t.r. art calculated. The progr.. &1.0 

calcul.te. M &rithHtic av.rav. of lappà tlUaated for any nUllber of 

table. ane! M av. rage b .... e! on vt19hUnq each lncUv1du.l valu. by the 

rec1proc:al of U. ..Uaat'd varianc.. AlYJIlptottc or j.cJtJtnUed vi-a;tanc .. 
~ 

cu be u •• d ln th. calculaUon.. Tè.ta of hol10geneity acrO" .tr.ta can 

al.o obtaln.d ln the latter tvo c •••• ( .. e. 1'1.111, 1981 \. 
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driven from an SPSS (.le et al., 1'74; Hull and .1., 1'81\ out~ut fl1. 

Obtalnecl by uaing th. CltOSSTABS proceclure, \1'1 th opt ion "lo specifieeS. 14 a 
57 

reault, there 1& conaiderab~e flex1b1l1ty ln prepar1ng data for analyl1a. 

'other mea.urea ot allOCiation and agreement calculateeS by SPSS ca~ allO De 

obtaln.d; Along vlth list1ng, ot the eont1ngency table.. The KAPPA Fo;r .. 

1. run ln t~ .econd jOb .te-p ua1n9 th. 'SPSS output tU. a. d.\ •. 
c?p~na Ar. 1I1pl .... nt.d tbrOlUJh th. ua. of • I.AaEtS fU.. ~~ _ANELIST 

par ... t.r. and label. for •• ch Kappa table art apeclfl.d ln thl. tlle. 

Each output pag. 11 Utl.d, dat.·atutpt4 and labelect by the n... of U,.· 

tvo rat.r."and the atratà. Thl. proc.dur. of ~oc ••• lbg data 11 lilll1ar to 

the on. r.port.a by Dewar and Slell1atycU, 1'84. A ccpy of the FOVru 1. 
~ 
pre.entee! in Appendix 5. Furth.r docllMntatlon and ~ an up-to-date 11lUnv 

la available tr~ th. author. 

.' 

1 

-

.. 

......:..._------------:-----~------------------'------------- .--,---- ... 



, ' 

( 

() 
87 

(7.0) ftt ~. 

(7.1) ,.....t 'Ir1ala .. tweeta èaDcer Itu4y CbeIl1at. 

In tvo triala (ie l , th. General COIIparison Trial and the ltubber Indultry 

Trial) int.r-rat.r aqreeINnt vas as.esaed UIOng ind1vidul chemi.tl. 

(7.1.1) flle GeDenl 

Pive verk histor1.s trOll the cancer $tudy vere randOlllY •• lected troe a •• t 

of fl1 •• that haa not yet been sUbj,cted to the eons.n.u. eodlnq proc •••• 

The Uve workers had held an a9gregate of 2.0 dlfterent jobs. These joba 

ce.prls.d the llIaterlal tor th1s tr1al. T1111e per10ds ot employment 1 and 

occupation and 1rtdustry classif1catlons tor eaeh ot these lOb delcrlptionl 

are pr •• ented ln Table A.7 .1. 

POur chem1ats trOlll the cancer study (Chemiata l, 2, " and 6) independently 

1eputed exposure us in9 an exposure coding form eontainln9 172 lubatance •• 

Table 5.2 descr1bes the prote.atonal experience of thes. ratere. 

(1.1.2.2) ... ultl 

Erposure va. attrlbuted tor 105 ot the 172 substance. on the expolure 

cocUne,; torm. The proportion ot erpesures aec:ribed at each' level of 

confidence 1a presente4 ln Table 7.1.1. On average, approx1mately aeven 

erposurea per job description vere coded. Differences 1n the attrlbution 

of exposure bet';'een cheillsts, at the hlqh leve1 ot conUdence, vere not 

~--- - - ----~--O"'"----

' ... 

l 
L 
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there- vere s19nltlcant difterenees at th1s level -of 

contiden Chem1st l, and Chemists 2 and 6 (Table A. 7 .2). Host of , 

tbe diUerences in the elt1mates of prevalence were due to Chem1stl 1 and 6 

attr1butlnq sl19htly lIore medium cont(dence level uposùrea. 
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Table 7.1.1 

proportion of Exposures Alj>cribed at each Leve l of 

~ l... 
Confidence in the General Comparison Tri;al (1) 

Proportion ot EXPQ8ures Attributed 

Present at Confidence Level: 

Rater LOlo' Medium H1gh Any, 

, % 

Chem1st 1 0.4 1.7 2.9 5.0 
" 

' ..... 
, 

Chemist 2. 0.3 0.6 2.3 3.2 

(~? 
"< 

Chem1st 4 0.0 0.2 2.6 2.8 

Chem1st 6 0.2 1.8 2.4 4.4 

Average: 0.2 2.6 3.9 

1 
/ 

(1) The denom1nator used to calculate the percentage~ 18 e,!ual to the total . \ 
number of exposures cons1dered by a rater. This' 1s eqùal to 20 job 

( 
descriptions X 172 substances (3440 exposures). 
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~' 
Ob •• rved-: Md Izpected nUllblrs of .xpo.ure. tor each patter!' of concOrdance 

-.one; the four ratera 1. pre •• nt.a ln Table 7.1.2.. l'Or lach COIIpar1son, 

the obllrvld nuaber of IXposur.s la sign1f1cantly greater than wou Id be 

ISPlcted by Chan,CI alonl (Chi-square > 1.0, P « 0 .. 001). Very 900d 

agr"lIlnt UIOn9 the four ratera (Table 7.1.3) va. a~.o lhd1catecl by the 

h1gh value. of the M.an Nàjorlty Agr .... nt Index (lOCAl ~ 0.96) and Kappa CI 

;t 0.52). Agr.ell.nt va. IxceUent at -the hlgh9-1lvel of confidence (averag. 

over aU ratera, P, • 98%, 1'" 0.6; rabl, 7.~.')_and vat aU9ht\y lover at 

the uelium or hlgh lev'l (avlrag, 1. 0.54) and at Any level of confid.nce 

C average It • Q. 52. ) • Agr •••• nt val 900d (averagè 1 • O. ft; 'fable A. 7.3) for 

the four Ixpo'ur. variabll. (11 , contact, concentration.. ~requenc:y 1 and 

1,vIl of confid.ncI) and the aynthlt-1c index; the lowest agrHMnt vaa 

ob.lrv..s for the acale deUn1ng CQnc.ntraUon CI. • 0.40). 

" 

o 

) 

JI 

, i 
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Taltl. 7.I.Z' 

....., of .. c.r. Attrlbutl!' !!po .. r'l 
; 

...... , of Ixpou'" ObHn" ... __ eted .e Coati .......... 11 
9 

IiI) Me4t .. or Rtl!! 
O ... r....pact •• Oba.rvad iapacta. 

,., 
OINtery" lipaétü 

pr.Hat AbHIlt 

4 0 
" '7 0.0 46 0.0 46 0.0 

l 1 " 24 0.2 , 31 0.7 )6 O., 
'-..J 

2 Z li 12.7 42 24.6 4J 2S.1 

" 1 l 79 lU •• 117 US.S ln 441.9 

0 4 32,. 3102.0 lill 2939;2 31U 296S.4 

!!!!!. Clh ~ ~ ill! ~ l!.!! l!!2 
Chi ....... " CS)I !lli! !!!:.! lU.O 

(1) the .... ce .. nu~r ofaxposur .. r.pr •• eut. thl dt.erlbutloa of .'I .... ot c.lcul.tld ua4.r the ...... eton of .cacl~ctcal 
lGllepeadeace. • .... oc •• c:aleal.tu .., catqodabil the JuclleMntl of .. ch raC.r loto Cwo catl,ort ••• "po"., .t • or .,r. 
1 • .,. .. of coafldea~, ..... xpoeed, or aot, IC .U otlMar le.,.l •• 

(2) ,.. total t1U"r, of _poIQre., 3440, 11 aqual CO 20 jolt •• crlpUoae _ 171 ,,"'tance •• 
U) ftt. " a t •• t, GD 1 df, of the oull ..,,othe.,, tMt the oMenad nu_ra 111 the concord.nt ceU. (4-0 .... ~) ate ...... 1 to that 

.... ct .. ." chanu aloae. 0 ' 

~ 

l' Iptlil:tN: .>' ,. "1 't t ;,.: .. ,'~',,",,,,,~ ...... , t· 

J 

w .... 
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'l'able 7.1.3 

over.U Î.9r .... nt Mong aU htera for Ez)ocure cate~l&ed at Tbree'" 

Lenla of COnfidence ln the General c:capar1.oft Trial Cl) 

Index 

A 

A9r .... nt indice. for J:lIpOaure' 

càtegorlHcJ at Confidence Leve 1 t 

B1C)h Ne41ua Any 

or R1C)h 

o.,. 

0.60 

(.5', .61) 

0.'6 0.'6 

0.53 0.52 

(.52, .55) (.51, .53) 

u.ecl ln the cal cul ation •• • .... nt vu caleulated by categortalnC) the 

ludge .. nu of eacb ~ter 1nto tvo categoct. •• z expoaecl, at one or lIOre 

levela of c:oftft.dence,-ancl expoaed, or Rot, at aU otMr leve1 •• 

~------------------~\--------~------------~~ 
\ 

. _-------~--------.'_, ---~ .. - .,...' 
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'l'able 7.1.ft 

r~rv1.e AIIIr .... nt lJaing the Coll.paed Tàble Nethocl for J:xpoture 

cat~lzed et tvq Level. of Confid.nce ln the 

General oa.parl.on TrlalC~) 

bter palr p, 1 95. C. t. l' 

C2} for 1 

.1gh confidence Level 

Che. 6 ..,c_. 1 5. 97.8 0.58 0.19 - 0.67 O." 
Che. 6 - Ch •• ft ft8 97.8 0.55 0.16 - 0.6ft 0.57 

Che. 6 - Che. 2 ft8 98.1 0.5' 0.19 - 0.68 0.59 

Che. 1 - Che. ft 57 97.8 0.59 .0.51 - 0 .. 68 0.63 

Ch •• 1 - Che. 2 57 98.1 .0.63 0.5' - 0.71 0.72 

Che. ft - Che. 2 56 98.' 0.66 0.57 - O.7ft 0.70 

Averag. (3) 1 98 .. 0 0.60 _ ... ---- O.~ 
Av.rage C' ) t 98.0 0.63 ------- . 0.68 

- Any confidence Level 

Che. 6 - Che. 1 85 97.5 0.50 0.'3- - 0.57 0.5' .. 
Che. 6 - Che. , ~ 97.6 0.50 0.ft2 - 0.58 0.65 

Che. 6 - Che. 2 69 96.' 0.51 O.ft. - 0.59 0.61 

Ch •• 1 - Che. ft 68 96.1 0,.19 "O.t1 - 0.56 0.70 

Che."'1 - Chea 2 7ft 96.1 0.50 0.t3 - 0.58 0.65 

Che. ft - Che. 2 67 97." O." 0.56 - 0.72 0.69 

Averll9. C 3) t 96 •• 0.52 ------ O." 
Awrall. (ft) 1 96.7 .0 .. 5ft ------ 0.68 

0 

4# 

", __ ' _._"...", _____ . ______ -_-.. _._. __ ... ___ .... h-lJI 1 
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Tabl. 7.1.t; contlnued 

(1) 'l'he total naber of .xp08U1'U, 3040, equal. 2~ j~ ü.Q'lpttona. 172 

.ubatance.. A,grH .. nt v •• calculatecl by catetOl'lalnv the jucJve.nt. ·of 
( 

each ra~.r 1nto tvo le".l. t' • EpeeS , at on. 01' IICX'. 1 • .,.1 .. of ,confidence, 

an4 .xpo.ecI, or IlOt, ,at aU other'.le •• lI. 

(2) 'l'Iii. repr ••• nta the naber of .JpOa.ur •• attrlbut" ,,:_nt by both 

rater •• 

(3) The .ver. lnclWS •• -QOIIpar1.on1 vith Cheal.t 6. 

Ct, Tbe averave •• elud •• coapar1.an. v1th Cheal.t 6. 
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A ...... t. aDalyall of v.. ptl"fcné4 fOI' .acta of, tM 10' 

... t~ attl"~butecJ -II)' an" of the four clle.tata. ~taUe4 r.,uUI are 

I".tort" iD tabl •• A.1.t aa4 A.7.S. lnt.r-c-.t.r atC' .... nt, avel"agM ov.r 

a1~ patl'Vi'. caaperlaoaa, 11 tabulatM ewer fo. c-an9.. of •• poaur. 

preval~ce vhlc:b 'VV. .1ao .ftc-aged ov.r ,the c:btat.t.' ........ n.t. C'iabl~ 

7.1.5l. 

can.taat owc- tlle t ...... non-"I'O ~..,al.nce 1" .... 9 •• {averag_ .\ III 0.50 and PI 
~ 

, , -
• ".2\) • ..,.,.. .. 1" , tbec-. vu. tl".nd tovu-d poor.r agr .. _nt.. tM, 

a".. ... ~evaletlCe ot eqoaun ln«eaMd Ctr'CII J • ., '5.2' to J. • 83.6'l. 

1'be ... r... nl_ ot u.,. fOI' ,Ile lOS ... tance. ta. 0.50l va. ·.l~t 

. t ... tipl to tut qbta1MCJ Ulint the ooUaJH4 tabl. Mthod over all 172 

1._tMC\ltI Ü • 0.52l. ~n va ••• cen.~t • .-nt tOl"l of the 105 

-.ua.*an~ (1.., P. tt lOt, -tabl_ 1.1.6).' ,TMI". v .. ~ alJI"H_nt' fOC' 14 

.. .JHtancea (70. $ '" c~) .... _ fœ vblc:h . .,r .... nt .. poo&' (Pt -

c1Otl. 
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Av.rat • •• 11:'\118. AVr •••• nt tor EXp08U' cate90rl&" at .Any Lev.l of 

OOnf1d.nc. a. a 7Unct1on of Av.rag. Pr.val.nce of Expoaur. 
• h 

ln th. Gen.ral coapar1aon Trlal 
- .. 

A.verag. 

A9r •••• nt' Cl) 

M.an , of , 
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,.,.ravect OV.r the tour ........ nt. ot e.po.ure. 

(2) , valu •• of . ». aneS , for each .ub.tance wr. obta1necl ~y averaq1ng 

,.gr .... nt over .11 pair. of f.ter •• 

(3) Aver.gect oy.r the '105 .ubttanc •• ln vhlch .xpo.ure v •• cod.cl pr •• ent by 

.t lea.t on. r.t.r. 

'ct) Averagect OYer aU 172. .ub.tance. on th ••• poaure checkU.t.' l'Or th. 67 

(172.-105) .ub.tance. for vlU.ch 'XPO'W:. va. not cocJ.4, valu •• of P. and , 

ver. both •• t to aml ty. 
, t 

(5) Averagecl oy.r the ........ nt. of '.~~re u.ln; the coll.p.ed-table 

"t~ (T~l. 7;1 •• ,. 

C,) The 4iffel'ence in the.e ho nuaber. vu du. 101'.ly to rOUft41t1., _1'1:01'1., 

--... , . " 

.' , ' 
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: l ' , fable 7.1.6, cont1nu~d 

Cl) A9r .. _nt tor .a~h_ 1ncUv1dual allbltance, ~ver&CJed over 'aU tour 

~ .. a ... nta ot expoallr., va. cat~orl.e4'.. fOUOW.: 

'P. ' 

Excellent ' 

(1) Averàged over the 105 aub.tancea 1n vh1ch expoaure val codea 

JC' ... nt 1n at leut one job deacriptlon by one ,of the four cbe.1"t.~ 
~ , 

(3) Aver ... .ct \over an 172 lubltancea on the expO.ure check111t.. Po&' 

,the '1 (l7~·lO~) .ub.t"'~1 for vh1ch eQo.ure vu net C04e~' in any .job 

~eacr1pt1on, v.l~'1 Of", and 1 vere .. t to ~tty. 

C4.) Aver ll9" OYer tM Il. ,.11;" of ratera uain9 the cOlla,.éc! table 
1 

_~bOc1 ('lUl. 7.1.'). 

(5 ) 'the 41ft,rence ln t ..... tvo IUllltt.1 và. due 801ely to rouncJln9 

er'l'Ol"l. 
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(7 .1.2) 'De autatak lD4uatzoy trial 

(7,,1.2.1) Katenal. aa4 MetWa 

. 

, . 

\) " 
l' 

... 

pift.en jOb d.scriptlons vere s.l.ct_d tra. Cancer Stu4f aobj.cts ~' 

ha4 been employea ln th. rubber "1nauatry. Th. induatrie. ln whlch 

th... jOb. ~ere ,cla •• lfled v.re dl.tributea as follOVS1 80' ..ang 

rubber prOduet. lndultri •• , 13' ln the vbolel~l. of -ator v~.~ and 
M ' , . 

prodUC~'1 and " ln p'ubl1.~ln9 and println9.' 'The .pec~f1c oc:~aUona, 

industri •• ' ànd Um,- perlOd. of e.ployment t'or each of the .. , job 

descriptions are liate4 ln Table A.8.l. 

'th. tbre. participatin9 che.t.ta fra. the Cancer stUdy (ebt~l.ta l, 2, 

and 3) attributea •• polur. froe a eh.cklist containlng 270 lubttancea. 
, ' 

tabl. 5.2 de,eribés the profe •• ional experi.nce of the raterl. In 

.addition, à" foarth •••••• m.nt of .xpoaur, '(~.ferr.d tO'.1 tbe ,in.l 

Coding) v •• d.rIved alter • round-table •• eting of th. thr .. che.llt •• 

At tut Ua., a general con.enIU. va. r.achea v1t~ regard to ... lgnt-nt 

.z~Ure 'to lpecifie luo.tance •• job 

de.cription ana re-evaluated exposure ... lgnaent •• 

• 
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!ht.rty'; Uvv. of t~ 270 .ub.tande. on tM expoaure cocUng fons ver. 

'attribut.d in at l ... t on. jOb de.cription in any, of th. tour coc!ingl. 

!Venty-nine .ub.t~c.s ver. ori;:na11y cod.~ by the thr .. che.t.t.1 an 

ac!c!i tional .iX \Pt"'. a4de4 lrL the Ftna1' CocUng. The trequency ,of 

e~.ure at .aeh 1.ve1 of contidence is exhlblt.d ln \T~1. 7.1.7. In 

t the original thr!- •••••••• nh, A:he average P,roport1on of • xpo. ur. 

j~dged pr ••• nt, at any 1evel ot ,QOntld.nc., va. 3.". Thi' 1. rou;hly 

equival.nt ta attrtbutih; cnln~ ezpoaure. per job c! •• cript1on. The 

d1tter.nees ln the •• tl .. t., of prevalence at the hl;h
u 

l.vel of 
0, 

, confidence ",.~e ... 11,. There' ver. '.lgnlt1cant cUff.r.nce. CpcO.Ol) 1 

, . 
~v .. r, in, the •• eati_t.. at the ueSiu ,or, high, or at uy leve1 of 

c:cm:f1dence (Table A.8.2). ThiS va. ~t~y, due ,to Chailt. 1 and 2 1 

attribut ln; • h19ber hw.ber of expoaure. at the ..dlU. 

con'fla.ne.. Thar. vere aany DÔre expoeur.. attrlbuted ~n 

Codlb9.than-in the original thr.~. . \ 

"{Ji 

Of ,the 15 lob d.scrlption. 1. aiaplay~ 1~ fabl. 7.I.a. 

A.I.' for the' CCII'I.te U.t).\ Sub.tance. that ver. b19hly pr.valent 
1 

ver. rubber Caverao. eçoaure pr.valence • 100'), 
~ , "J L 

1 
e~boft black (12.,) 1 

1 

IOl"ents ('Ml, pyrolysls and coabuaUoa t ..... (67". aulpbur (5ft) 1 

. J 

and arcutte: naptha. ('A). Larg. cl1ff.relu:e. ~/ e.tiut •• of 

1 Je.valence bet,,"n' the raten ""'r:' ~"" tOC' ~ .... tan::..: 

.Cbut.t ~ at.t~lbutecJ no eZJO*ur. for t1taniua 4iozlde and .arOliat1c 

~. 'ancJ for tbe tbr .. 801~t.,' benhD." tol"'lIe, ancJ ayl .... 

.-
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,. 
" 

~bl. rat.VI ~.t1 .. te. of prevalence .. ,the' 9'eneral cla •• of solvents '1 
." ' . 

VM 1 hovever 1 ln 11ne vith the other two ratera. The eaU.ate. of 

prevalene. fre. the Flnal 00d1ng are also dlaplayed-ln Tablé 7.1.8. 
. 

cc.pue4 to, the ,average of the c:od1ng _of the three chealatl, U of the 

19 .ubatance. l1ate4 ln th1. table vere 9lven h19her e.t1.ate~ 1n, th~ 

Pinal' verdon, vhUe only thre. vere 91ven lover e.tiaate.. 'The 

4tffer.ncea ln .It~ .. tel v~l.d fre. a f.v.perc.ntage ~lnt.:up to 100'. 
.. 
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Table 7.1. 7 

Proportion of Exposures Ascr1bed. olt Each Le,val_ of. 

\ 

.ater 

C~Îlllt 1 

ctaellilt 2 

Ch •• ilt 3 

'J'inal COding 
.f) 

Oonf!denee in the Rubber Indu8try Trial Cl) 

"' ."h,': p~oport1on of Exposures Attr1buted 

Law 

, 

p.o 

0.3 

0.0 

0.0 

pre.ent :at Confidence 

, . , 

l ' 
Med1utt\ 

, 

,1.6 

i 1.0 
1 

'o •• 

1.0 

1.8 

H1gh. 
r , 

2.3 

\ 
3.6 

Level, 

Any 

, 

'.0 

3.4 

5.4 

,\ 
." 

<-

'" 

, ' 

, ',:;.' , 

' ... 

(1) The denomlnator used to calculate the percentages 18 equal te the total 

nuaber of exposures cônlidered by a rater. This' 18 'equa! to 1S job '--

descript10ns x 270 substances (4050 expolurel'. 

". ' 

... --,]< 

.. 

nI • 
... "" " . 

fi 
" 

N, 

. 

" . 

',' 

,1 

h. 

" c 
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Table 7.1.8 

Prevalence of Exposure ~or Selecteâ Subst.nces Ascribed at Any 

Level ot Confidence in the Rubber lnduatry Trial (1) 
7 

prevalence of Exposure as Attr1buted by: 

Substance Chem 1 Chem 2 Chem 3 Average Final 

ot three 

chemiata 

Ilubber 100 100 100 100 100 

Carbon Black 87 80 80 82 100 

Sol vents 73 80 53 69 87 

Pyro1ys1s " COmbustion 

Fume a 80-. 80 40 67 80 

Sulphur Dust 53 73 47 58 80 

Aromatic lIapthas 53 80 33 56 73 

Aromatic hydrocarbona 67 80 0 49 7 

, ArOllaUc Mines 59 27 S3 44 100 

Al1phat1c hydroearbons 67 33 20 40 0 

'" 

-----------::-------------'t!s;-,---~ ~,.. -~-.. --.- ~ ~~ ........ - .T ... ..., ... ' • ___ .. __ .~,IfI.:~."..,~_. ---
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Table 7-.1.8, continu.d 

Prevalence of Expolure al Attributed by: 
J 

Sub.tance Che. l Chell 2 Chell 3 Average Final 

of three 

chell1ats 

. , 

AIIb.stos (Chrysotile) 53 40 21 40 60 

ralc 33 47 13 31 53 

Clay Dust 27 20 40 29 27 

Benztne 53 20 0 24 53 

Tolu.ne 53 13 0 22 53 

xylfne 53 13 0 22 53 

Mineral Spirits 20 0 t7 22 60 

Adhesives 20 33 33 22 27 

Lead COJIlpounde 27 1 27. 20 20 

Ti tani Uil Diolide 40 2.0 "O-~ __ 20 33 

< 1) perce~tages are bas.d on asseluents of elpoaure ta 15 job 

description.. Substances vere selected tor inclusion 1n thi. table 1t the 

average prevalence of the three chelli.t'a codings was greater than 20' (1e, 
... ' 

expolure was c:oded pre.ent in at lea.t 3 job descriptions). S.e Table 

A.8.4 for th. c:ccplete 11.t. The judge.ents of .ach rater vere cate90rized 

( 
1nto npoaed, at Any level of confidence, and not expo •• c!. 

, ______ ---------------___ -- ___ ~ _____________ ....... __ -~ 'Ok. _ - _ ~ -



( 

- 106 

The pattern of COQcordance MOn, tbe tbr .. chea1.ti 1. pre"ftted 1n Tabl. 

7.1.' for .zpo.ur. clata1tleeS by tbrH l.vela of confid.nce. l'Or .ach 

c:œparl.on, tbe Ob .. rveeS nUllber Of .rp08ur •• vu a 19ft 1 f1c:aJ!tly br9.r t'an 

woul4 be npecte4 by chue:. (Ch1-square > '5.5). v.~ CJOOd Mr .... nt .... 9 

the, thr •• che_lata vu also 1n41c.te4 by the h19h value;a of the Mean 

... ,or1ty Agr .... nt Jnctex (MNÀI ~ 0.97) anel lappa Ca ~ 0.51, r~ 7.1.10). 

For .ach pair of rat.n, &9rH .. nt va. aa ••• 1ed at thr .. coapoaU. l.vlla 

of confid.nce. let",..n .11 pa1ra of rat.ra, v.ry good aqr .... nt va. 

Ob •• rved at the h1gh, Mdiua <QI:' hlgh, or at any l.ve} of conf1dence 

eav.rage 1 • 0.5., av.rag. P •• 97.7~, rable 7.1.11). Inter-rater 

.gr .... nt va-' g.neraUy CJOOCS for a11 four .zpoaur.· varlabl •• an4 the 

aynthetlc 1nd.1 e.v.r~. •• 0.6', Table A.8:3). TM l.ut MOunt of 

.gr .... nt .., •• ObHrvecl for concentration (av.raqe , •• 0.61). 

/\ 

------..---.,.-* - _.-~- ·~ __ -GI~l 
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Table 7.1.9 

~ 

--...r of "~eT. Attribut!., lare.ur., ....,., .of .~U. Ohenecl a_ IQecc .. _.~Ccnlflde1lce W..,elz 

ha .. nt 

3 

2 

1 

o 

Abe.nt 

o 
1 

2 

3 

- Total (2). 

,u~ 

OIiiUYJ' ! .... Ci:d' 

" 
44 0.1 

32 6 .. 3 

as 266.7 
J 

3819 3776.9 

4050 - ~ 
aü...,_r. (3): ~ 

"-41.. 01 11ah Ally 
~etftd -- -.xpect:ed Ob.er .. d --!x,.cted 

sa 0.1 61 0.2' 

67 12.9 70 13.8 

96 337.0 94 393.0 

3830 3660.0 382S 3643.0 

40)0 4050 ~ 40SO - - -
ill.:.! .!!W: 

(1) The .... ~t .. ~( of •• ,o.ur .. r.pt •• entl tha"l.ttlbutloa of .l' .... nt calcul.t" vad.r the ••• u.ptloa of .t.tl.tlcal 
ladependatlee. Alr .... nt va. calcula,cecI bJ cateprlalftl t. jud.e ... t. of .. ch rater b,to tvo cate.odel: - e"po •• cI. at 
_' or _n. le.,.l. of coaf!de'DCe. IIGII exposed. or DOt. at aIl other 1 • .,.h. 

(2) !he toCal 'uu.ber of ezpoaure •• .050. t. equal to 15 job ".crtptl~ " 270 aub.tane ••• 
(l) ths. la • t •• t, OQ 1 df. of the ... U IIypotheaS. that tha oNer'" ...... r. ln the ÇOIIcQlclant cell. (3-0 aad 0-]) an aqul 

to that ..,actecl bJ chance a1one. 

,j 

_' .. .1 

... 
0 
~ 



"--<J) ~ 

( 

- 0 108 -

OV.rall A/fr .... nt UICft, '!'br .. Che_t,ta fOI' bpoaur. C&t.,orlaet at 

'lM" Le.,el, of <:oftU4ence ln the ..... 1' Indu.try lTtal ( 1 ) 

..... nt IncUce. for Itapoaure 

Catep-tzecJ at contleSenee ,r.e.,.lz 

lI1gh Any 

MMAI 0.'8 O.,, 0." 

~ 

Ita~ 0.57 0.61 .().5' 

'" C.I. ( .56, .5" ('''', .63) ( .58, .61) 

c, 

(1') 'l'he Ptnal Cocllng 1. IlOt inclueS" ln tbe.e r •• ult.. A total of '050 

.zpoaur.. • 1S job .eacripUonl x 270 el.,oaure. vere uNd ln the 

calculationl. Aqr .... nt v.. calculateeS 'by c:ategorlz1ng the j~49 ... nt, of . 

• ach rater lnto' tvo cat~l.'1 ellpot,R ~ at one or. ao&"e 1 • .,.11 of 
1 

confid.nce, aneS ezpeeee!, or net ~ at aU other level •• 

r 

----"--... _~ -... -----_./ ..... --_. __ ._-_. --_ ... ,..;...... -
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'fable 7.1.11 

C&teCJC)rl'" at 1'VO te .. l. of COftUde .. ce ln the aubber Induatry 'frlal (Il 

P. 1 t5' C. 1. 1 • 

K19h Conf1dence Level 

dM. 1 - Che. 2 57 t8.1 0.5t 0.50 .. 0.67 0.61 

Chea 1 - Chea 3 59 '8.3 0.62 0.5' - 0.70 0.6' 

Chea 2 - Che. 3 ., 97.9 ~' 0.51 0.&2 .. 0.60 . O.,~ 
l'inal - Che. 1 7& '7.7 0.60 0.52 - 0.67 0.75 

Flnal .. Chea 2 7& 97.t 0.61 0.5' - 0.6t 0.78 

nul .. Chu 3 16 '8.0 0.64 0.57 - 0.71 0.84 

Aver ... (3), '8.1, 0.57 ---.,.- O." 
AveracJe ( .. h -- ,, .. 0.62 Q.19 

An, ~f14ence ~Y.l 
'. 

. Chea 1 .. Chea 2 ,10& 97.4 0.65 • O." - 0.72 0.68 
. - l 

T Chn 1 .. Che., 3 7' ".3 - 0.57 0.50 - 0.65 0.74 

Che. 2 .. Chea 3 70 ".~ , 0.5.& 0.46 - 0.62 0.65 

ftna~ - Chea 1 133 ".2 
.; o." 0.63.- 0.71 0.80 

. 
~ 

Flnal - Chea 2 117 '6.8 0.63 0.57 .. 0.69 0.7. 

ftnal ,-Chul 9' t6.8 0.5' 0.51 - O.u 0.91 ;; 

!! , 
t1.'. 

.. 
AveJrage{3 )a O." ()." \ ; 

Averat. C 4) 1 H.9 0.63 ... -.. -- o." 'i 

( . J 
f 
1 

, 

.:= .. # ; ~ 
.1 
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(1) !he total nÎaber' ~f, ........ 1. equal to' 15 ,.' ""cl,tlœ. X 2"0 

a_tance. • t050,. A9nft ... t v.. ca1et.11at.. by <:at .... l.lft9 tbé , ... ,....t. 
Of- tach rater lnto t1lllO 1.".1.1 .xpoaecl,. at one or Il0l:'. lev.la of 

cciaUcJence.; an4 txpoaed, or DOt, at a11 ot_r 1 .. e1 •. 

(2) .'1'Ilt. r ....... nt.. the nuaber of 'zpoauz:'. attribut", pr'.4tnt by bOth 

rat.I'.~ 

(3) Tbe <."'1'1119' .xclu4.. the c:a.parlaonâ of tbe lndtvlcJual c .... l.t ' • 

..... _n~. vt th tut ~f tM Flnal COcJ1ft9. 

(., -~ avel'ate lnclu4 .. ,tbe oa.pàr'l~. of the iD4tY1cJual c .... t.t' • 

..... _nt. , ri th that of tM nnal COcJ1.nt. 

" -

~-

" 
" 

, , 

~ I:~,: 
, l,." +1 

-.' ... 

.' 
, ; 

'" 

j . 
.' 
l 

Î 
J 
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\ , 

. , 
i 

,f· 
. 1 

.J 
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_ ta tlte ~OU. "s.al,. ..,.at. ualyait of • ..-t ' .. ptrfOCMC1" 

'fOI' eacb of ta, 35' .... tan •• Vh1Cb Wc. attdbu~.4 ln any of the fC!ur 

cocJ1ftg.. IIpOaUl'. vaa cat~lncJ ... 1pOaed, at any 1 ..... 1 of confid.nce, 

.. ,IlOt .1pOM4. ;»talle4 r .... lta •• r.portfd ln 'l'abl.~ A.'.' and 1..8.5. 

Inter-rater aqr .... nt, ... rat" OYér, the thc' .. ~llOfta of, the cheatata, 

for f"ive .r&ft9*tl of, a .. rav. .XJIOIIur. pt_val.nce-, 11 pr ... nte4 ln Table 

, '7.l.U. ,(_t. that tbere .... 1'. U ,ubat.ce. attrlbutecl by the. t ..... 

. 

.. 

abou~ tiquaI ualJl9 the xa". lndu (aftrate 1 • ' 0.18). "l'he .,.lue Of tM' 
f 

lncJ.lI of cr.. aqr .... nt Vu auch .,19he.l' for thot. aub.tanct. ln the loveat 

~_ •• I.Dc:è l'anc)e U ca.pu:ec1 to tbou lh the h19"'r pr_val.nn raftgea. 
, . 
CI.uly, tiser. vu aa.e dlaClX'4an.ce betveen the elleal.t. ln codlb9 t .... 

.... t&D~., Ilhce •• cellent 119Z" .... nt va. obaerve4- for only tbr .. of the 2.t 

a"ltMeee U., P. ~ tcMJ tabl. 7.1.13l. fhere v .. CJQOd -lI9r .... nt Ob.erve4 

fOr: 13 aUbitanc:ea (7~ S p. < fO') 1 ~ the". vu an equal n ..... e of 

• ... tancn tor~lèb, ........ nt VU JlOOC' . CP. c 7ot). 

r 

-- " 

, , 
Ir 

.--.---' 

. \ \ . 
Il 

. 
" 

" 

-_,%9 '* u.l'!;., 4tJ _il 1 
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'fable "''''1.12 

A .. r~ 'a:l.rvi. .. Afr .... t fœ lqoaure cat.~l.e4 aJ My ,,-.,.1 of 

COIl~14eD.Ce ~ a wunctlon of A"ra9~' ~.y.lence ot Ppoaure 

A .. r.,. Ire.aleace(l) 

.... ,Ile. , 

o .. O. 0.0 

> 0 - 10 5.3 

:11110 - 30 20 .. 3 

>30 - 50 

>50 ' 72.2 

'IOtai. (3)1 32.0 

,,) 1 3.t 

(5) s 3.t 

.' 

lD the .ubber, lnaultry Triai 

.......r , of 

Jotal 

, 261 83.3 

13 '.1 

5-

., 2.2 

'21 10.' 

270 100.0 

270 . 100.0 

. ' , .. 

A9r .... nt, CZ) 

P. 'c'1 

~ 

100.0 1.00 

,to.3 o.u 

0.21 

61.8 0.21 

,71.1 0.3' 

73 .. 3 O.U 

" .1 C 6) 0.93 

".3(6) 0.5' 

-~ - , , 

.. 

.< 

'" 

, 

.. 

, , , 
1 
1 
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-
(1)' ~ 011 ..... _ .. t. of .... Qr. tô 15 jOb cl.acrlptl0ft8 and a.,.l'~ 

over the OC'191nal C041ft9. by ta. thl' .. che.lata. 

Cl) valu .. of P. and a fOI' .ach .ubatance ver! œta1ne4 by aWl"A91D9 

..". .... nt, fOI' • ..,.u. "Haae4 at any ~ ... 1 of conf14.ft~, MIOft9 the 

t .... c .... tat. on1.Y" 

CS) AYeI'A9" ove&" the zt .Ub8tan~. fOC' vhlcb. expoeur. vu cod" pr ... nt by 

an, of the thl'M cbelllata. 

( .• ) A.,.I'~ 0'1er aU 170 aubatanc=H on the eapoaure cbeckU.at. ~ the 

lU (170-U\ .... tanc.. fOI' Vhlch eapoeUl'e vu DOt COlle.! 11'1 any job 

4eacr1ptlOft, •• 1.... of P. and « Yen .et to ua! ty. 

(5) Aver~ oy.. the thr" pair. of rat.,..a '11"9 the collapae4 table 

.. tbod CTabl. 7.1.11l. 

(6) '1"Ile 41ff.r.~ "'tween u .. _ t~ n"'_ vat ct_ 10 '1"OUft41D9 erZ'OC. 

GIlly. 

. " 

-; = 
/ . 

." 

r 
hi 
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... il 
Dt..triblltion Or the bte':'t of ·A9r .... Dt for 1n41 vtdual a_t..,Cft 

~ 

Vblcb vere ·1.t-trl.bllte4 Prea.nt at Nay LeVel of COGlta.nce 

~ftt· 

(1) 

.. 
or 

Exetl1e1lt (2 ) 

'1'otal. Il)a 

'th 

C5h 

- ~ 444'4 

.. ..).. ~ 

1~ t_ aubbir Induat,ry 'trial 

.... 1' of 
. 

luba.taacea 

.uaber , of 

Total 

3 1.1 

13 t .. 8 

13 1.1 

. U 10.7 

270 100.0 

270 ·100.0 

) 

A"l'afJ·-

~""ftt 

P. , 
, 

'7.0 0.55 

10.2 0.21. 

62.3 0.23 

0.28-

97.2(6) 0.12 

97 .. 3 (,) 0.59 

. 
""' 

4! -
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~le 7.1.13, contlaued 

, 
U l "P' .... nt for e~ lncJ1v14ual lub.t&l\ce, aver~ over the thr" 

cxlg1nal ........ nb of .~ur., vas ca~e901"l.ed as fol10V1 * 

Pi 

~ Zzcellent 

, . 
<70% ~ 

C 2 ) acell.nt agr .... nt vu aUaln" for the follovf.n9 IUbatanc., ( ••• 

Table A.8.Sl: 

.. 10er duat 

(3) Aver~.cl ov.r the 2.9 lub_tance, for vhieh .rpoaure ..,a. C04.d pre •• nt 11\ 

at 1 ... t on. job cl .. crlpUOft by on. ot thè thrH c:M~llt •• 

ê:ocJtd ln any jOb 241 (270-2" .ub.tancel toq, Vb1C~' ur. vu not 

4eac:rlption, . valut. ot p, ~ 1 ir. ,to unlty .• , 

(5) "veraq.d over . the thr.. pa1r of r-atera ua1ng the collaPMd table 

~th04 (Tabl. 7.1.111. 

(6) tb. cUfter.net bet,,"n tbn •• t1llO nuabera vaa du. t'O -roUft41ng error. 

Oft1y. 
, 

-
e 4~ 

a 

j 

'( 

1 
1 



( 

( 

lU .- • 

.... 
) 

'!"he nnal COdlng, va. cSerlv" alter a Il.tlng of th. three ch«!lIliats •. It 

caly approlriaat'I" a tru. con.ensu. rating slnee only one chellliat 

r.-a~a19Jled '.x~ure ba.ea on th. aec-ls10ns ruch.a durin9 the lIleeUng. A,\ 

.1gniflcantly lug.r nUllber ot eXpC>aure. ver. attrlbutecl ln thi~ cod1ng 1.8 

r • 
Slx subitance. Clnorgan1c-p1911lents, 1ron 

" 
dust, rubber dUit UIIIOnia, t1n fUlle., and COIIbustlon producta of natural 

Cl •• } vere idaed to the lht-of 29 that v.r. attr1butecl or1g1nally. Thes. 

subltances, hovever, .~count.cS for only O •• , or th.e total prevalence of 

ezpoaw:-e (1. , 5. oU ) • Therefor., the origlnal 29 substances v.r •••• lgnecl 

ln NIlY IlOt. job, descrlptions than had been at trlbut.d 1n the original 

• 
thre. COd1ngl. The co1,lecUve knowledge of th, three che.tats Ilay have 

been responslbl. for th., largtr proport'1on of t!xposures attribut.d • 

.. rhapa, the.t tect vu allO du. to a IUbc;:onlc:lous tend.ney ?y t)le ratera 

to I*)Oth-out d1IaC}rH .. ntl by &4jult109 thelr rat1ngl during the Ileetiog. 
'-

PurtherllOr', the ebeal.t whO rec:ocJtcl th. Ul.s may haye 1l1s1nt.rpr.tecl th. 

ct.cialons that had been aaclt durlnC} the Il.etln9. 

" 

" 

s 
l ' 

~ 
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( '. 

( 7 • 2) '1'ri~. that c:cçared the ,.. ...... nt. of apoe ... of 

The purpoae of these trials 'Ue, the Pa1nt Manufacturtng and the weld1ng 

Trad~ trials) vas to measure the degree of agreement 1n· attributing , 
ezposure bet"een individual chem1sh trom the Caneer Study and external 

judges • 

. 
(7.2.1) '1'be raiDt Nanufacturln; 'l'rlal 

(7 .2.1.1) Katenal. lftC! Netboa. 

Five job descript10ns "ere selected tr01ll Cancer Study lubjects who hac1 been 

ellployed in the pa1nt manutactur1ng 1nduatry (Table .\.9.1). Four joba 

involved 1l1x1ng or paekag1ng ra" matertals vhile the lUth entaUea 

operattnq a furnaee whlch converted lead metal to lead oxlae. 

Three rat_ra, t"o froll the Cancer study (Chemists 1 and 2.) and an externa1 

rater (Juage 1), 1ndependentIy" assessed expasure trom a check 11 st 

contalnlnq 173 substancea. (One substance vas added to the exposure coding 

torm containln; 172 substances.) A description of the pr9fels1onai 

erper1ence of the ratera vaa presented in Tables 5.2 and 5 .. 3. " , 
1 
-\ 
" 

( 7 .2.1.2.} ".ul t. i 

~ ( The each level of confidence - ia proportion of expoaures attributed
d 

at 

preaeilted 1n Table 7.2.1. Forty-tvo of the 173 subatances on the expoaure, 

1. ~ 

,1 
,~ 

''1. 
cbeckl1a,t ver. codea " pre.ent 1n at least one job description by at .l~aat i'! 

~~ • 

i 4 QI 
, ' 1 

t, 
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one rater. The .verage proportion of exposures imputed at any level of 

confidence vas 
, 

6.4%, or about elev~n exposures per job description. The 

Cancer stuày chem1sts coàed a greater number ot exposures at the high 

çonfidence level than 'the external judge. The difterences, however, were 

only significant Cp<O.05 i Table A.9.2) betveen the erternal judge and 

Chemist 1. In addition, Chem1st l assigned about 4.5 tim~8 as many 

erposures at the medium level of contidence as did the other ratera. For 

the most part, Chemiat 2 and the external judge attr1buted ' erpoaure only 

vhen they vere highly confident that the erpesure had occurred. 

Substances havin; an average prevalence ot exposure greater than .0%, at 

any level ot confidence, are presented in Table 7.2.2.. CEstilllates of 

prevalenee for each ot the 42. substancea are g1ven 1n Table A.9.4.) FrQD 

lh1. subset, aIl ten substances at tributed by the erternal judge were 

aacribed by Chemlst land tvo substances Crylene and toluene) vere not 

codeà by Chelll1st 2.. Chemlat 2'a estlmate of prevalence for "solvents", 

however, agreed weIl vith the other tvo ratera. 

------------ .. _-
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Ttible 7.2.1 

Proportion of Exposures Ascr1bed at Each Level of 

COnfidence 1n the Palnt Nanufaetur1nc; Tr1al .< 1) 

Proport1on of Exposur.a Attributed 

Present at Confidene,e tevel: 

Rater tow Medium H1gh Any 
\ 

t , t t 

Q 

" 

JudCjle 1 0.0 0.7 3.7 t .• 

Chellist 1 0.8 3.1 5.2 9.1 

\ 

Chellist l 0.8 0.7 4.3 5.8 

1.5 6 •• 

.... " 
(1) The denoe1nator uaea to calculate the percentaq •• 1 • .quaI to the total 

nUilber of expoaur.. eonai4ered by a rater\ rh1. 1_ equal to 5 job 

descriptions X 173 substance. (865 •• poaure.). 

-----------;;--~----------- - --- -
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Table 7.2.2 

Prevalence of Ezpoeure for Selected Subatance. Aacribed at 

Any Leve1 of contidence ln the 'aint Nanufacturlng Trial (1) 

preval_no. of Ezpo.ure a. Attrlbuted by: 

Sub.tance JUdge 1 Che.Lat 1 Ch •• lat 2 Averaqe 

of three 

ratera 

, 

'ainta and varnl.he. 100 100 80 93 
\.... 

Bo1vent. 100 80 80 87 

ArOliatic HydrQCarbona 80 80 80 80 

Mineral .pirita 40 ao 80 67 

Metal Ozlde Duat 40 80 60 60 

Lead COIIpounda 40 100 20 60 

Altphatic 

Hydrocarbona 0 80 80 53 

Lln.eed 011 20 80 60 "l'53 

lCylene 80 60 0 ., 
roluene 80 60 0 ., 
organlc oye. 

and Pipent. 20 60 40 40 

Il 

r 
---------------c-------~.~ -_."- i- -..r 

_. 
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r.ble 7.2.2 1 continuea 

Cl) .ercentage. are baa.a on ........ nt. of expo.ure to 5 job ae.cription,. 

Subatance. vere .elect.a for inclu.ion in thi. tab'le 1f the aver&ge 

prev.1enc::e of the three ratera' coding. v.. 9re.ter than 40' ( le, expo.ure 

vaa code4 pre.ent ln at leaet 2 job ae.criptions'. See Table A.'.4 for the 

coeplete 111t • 

.. 
? 

l , 

f 
" -~--------------- .. -
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For each pattern of concordance pr ••• nt.d ln Tabl. 7.2.3, the naber of 

Ob •• rve4 expoaur •• va. a1gnif1cantly lU9.r than wou1d be •• pected by 

... 
chance a10n. (pcO.OO1). Aqr .... nt ..ong al1 rate~. va. .xcell.nt at •• ch 

1 ... 1 of confid.nce deplct.4 ln Tabl. 7.2.' CNNAI ~ O.", 1 ~ 0.57), and 

va. gr.at •• t Cc • 0.76) at th. h19h l.v.l of confidenc.. The re.ult~ of a 

patrv1.. analy.t.. (Tab1. 7.2.5) lndlcated that th.r. va. v.ry good 

agr .... nt at al1 l.v.l. of confid.nce (av.rag. P.. '6.8'~ av.rag_ 1. 

0.59). • .... nt bet",..n the .xt.rnal juclge and the two che_tata va. 

hlghe.t for .xpoaur. a ••••• ed at the hlgh 1 ... 1 of confid.nc •• For the 
t 

four •• poaure variabl.. an4 the lynthetlC 1nd.. (Table A.'.3), lIOderat.1y 

good Il9r .... nt va. Obaerved Caverag. 1 • 0.'3) for the tvo COIIp&rt..on. vith 

the .xt.rnal judge. Palr- agr ... nt Cav.rag. 1 • 0.36) va. ob.erved, 

hovever, for the Ical. d.finlng cOl'u:entraUon. A hlgh.r degr.. of 

atr .... nt va. ob .. rve.s for the COIIp&rlaon of the codt.n; of the ho che.l.t. 

Caverllge 1 • 0.511. 

1 
-----------------------------------~};~.----~--~--~~------------------~~------------~~ -
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~.bl. 7.2.3 

~,r of "teTe Atttl'-tlRl ~.fO!Ur.t llallet of, bpt).ur.e_C)U~~~" 1.".c;t.II,.~.Co1lfld~ ...... 1: 
'. 

h.an' 
R11h Meat_or RiCh AnZ 

i5bii.ned bpected li.an.Ci Expected Oiitiened bpected A .... "t 

3 o la 0.1 23 0.2 Zl 0.1 

2 1 18 4.8 - ZZ 8.2 28 S.6 

1 2 24- 104.4 40 136.2 4Z 125.6 

o 3 805 755.7 710 720.4 772 733.7 

!!!!!. (2): ID.. !!! &6S !!! ID.. 86S 

Chl=!9 ... t'e Cl): !!.:.i ~ .lld 

(1) The .... et .. QU"'~ of •• poeur .. rapr •• ante tha dl.ttl~tlOR of ." .... nt caleulated onder the a •• u.,t1oo of atatl.tlc.l 
l ........ ace. "'_nt •• ealeulated by cateao~l.laa the 11141 .... n'. of .. ch rater inta tvo c:atelOrie.; expoaecl. at oue 
01' _~. l .... la of c:oufldence • .-ail .xpoaed. or not. at aU otber len1&. ' 

(2) The total ~ ofaxposar ... as. l ....... 1 to 5 job .ac:dpticma 1l 173 au-b.Uncea. 
(3) 'rIats le a t •• t, .. 1 IIf. of the DUll bypotheab that tha obeenad nu.bers ln the concordant cella U-o aNl 0-3) are ~ua1 

to Chat ..,.ct" .., daance aloae. 

# 

... 
N .., 



1 , 

( 

• 

12.' 

Table 7.'2..' 

OV!lraU A9reement AIIonq a11 Ratera for Expoaure categorlzea at 'l'~ee 

Levela ot Confidence ln the P.~nt N.nufacturlng Trial (1) 

~r.ement Indice. tor Expolure 

Categor1zea at COnfidence Levelt 

Index H1gh NediUlll Any 

1 or H1gh 

, 

0.97 0.95 0.95 

0.76 0.51 0.66 
1 

(.72., .80) -( .53,.61) (.62, .69) 

(1) A total of 865 e.poaure,. 5 job d.scrlpt~ona 1"113 "'Ubstance. v.re 

ulea 1n the calculationa. A 41chota.ous expoaure.scal. va. ~.ed tor esch 

coa~1.onl expo .. d st on. Or lIOre lev.la of conUdence and expoae4, or 

,not, at a11 ot~r le're1a. 

" 
1 

d __ ~ ______________________________ ~ ___ ._( ______ ~ __ ~ ____________ ~ ______________ .-__ ~ ____ ~·l~.~ 
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Tabl. 7.2.5 

Patrv1 •• Agr •••• nt u.lng the oo11a,..4 Table Nethod for E.po.~re Çat.90r1z.d , 

at TVO Lev.la of confid.nc. ln the 'alnt Nanutacturlng Trial (1) 

.. ter Pair J. 1 95' C. I. l' 

. , (2) for 1 , 

Blgh COnfid.nce Lev.l 

Ju4g. 1 - Chell 1 2.5 97.4 0.69 0.57 - 0.82 0.78 

Ju4ge 1 - Che. 2- 19 96.7 0.56 0.11 - 0.71 0'.91 

Ch •• 1 - Che. 2 '2 97.8 0.62 0.52 - 0.73 0.82 

Averaq.f3}a .o. 97.1 0.63 0.86 
A~rAge(lh -- 97.3 0.62 0.85 

Any confidence Level 

J~ge, 1 - Che. 1 32 '3.1 0.52 0.'1- • 0.63 0.83 

Judge 1 ... Che. 2 23 '7.1 0.50 0.37 - 0 •. 63 0.58 

Che. 1 - CheIl 2 '2 '7.8 0.62 0.52 - 0.73 0.12 

Av.rage (3) 1 95.5 0.51 0.71 
AYeraq. (1) • ... - 96.2 0.55 ----- 0.7' 

l' - ,. 

...........-.-~._--------- ----1- .~ - pc; 
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~ Table 7.2.5, contlnued 

u'e4 lb tbe calculatlon.. A 41choto.ou. expolure aca1. va. u.ea for e.ch 

coeparl.onl expoeecl at one or more 1e.,.la of confidence and expoaed, or 

not, at t~ other levela. 

(2) Tb1. repre.entt tbe nuaber of expoaure. codeeS pre,ent by bath ratera. 

(3) The aV8racJe exclude. tbe COIIfU'iaon of the ho ehe_tat,' 0041"9'. 

l') '!'he aver~e lnclude. the COIIpu'iaon ot the two che.1~ta' 0041n9'. 

- le 4t ... -



, 
, 

( 
A palrv1 •• an.ly.h v~ perf~ (Tabl. A.9.t) for .ach Of the forty-tvo 

f 

.ub.tance •• ttrlbuted by any of 'the r.t.ra. M ln the previoua tri.18, ~ 

diChota.ou~ _zpoaur. ,c.l. va, u •• a. Th •• v.r.ge lnt.r-rat.r -agr .... nt, 

bet~.n t~ tvo ch •• i.t. and the .xt.m.l judV., v •• t.bul.tea ov.r four 

ranv.' of .verag. expoaur. pr.v.l.nce (t.bl. 7.2.6). 80th .uaaary .... ur •• 
\ ' ) 

ot .'r .... nt decr .... vith incr •• 'lnV pr.val.nc.. Excell.nt .vr .... nt va. 

ob •• rv.a for 18 of th. t2 '.ub.tanc.. (Tabl. -7.2.7). Th.r. ver. 16 

.ub.tanc.a for vhlch aqr .... nt v.. ,ood and .19ht for vhich agr ••• nt v •• 

poor. 

\ 

\~ 

\ , 
{ , , 

.... 1 4*,~ *S 

_____ ,1 
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1'abl. 7.1.6 

Average Pairv1.e Aqr •••• nt for Expoaure cat.gorlz.d at Any_~ev.l 
~ 

------------of Confid.nce a. a Funet10n of ,Average ~val.ne. of --------

Expo&ur. ln the 'alnt Manufaetur1ng Trial 

IIUIlber of Sub.tane •• 
~ 

Av.rage 

Av.rage pr.val.ne.tll ln Prevalenee aange Agr •••• nt (2) 

R.ang. Mean .UIlber , of P, 1 

\ , , Total , 

0-0 0.0 131 75.7 100.0 1.00 

> 0 - 20 12.5 15.0 86.2 o." 

>20 - &0 33.3 7 t.l 67.1 0.2.9 

• 
>to 62.2 , 5.2 60.0 0.1.9 

.. -
/~ 

Total. (2)s 26.6 &2 U.3 77.& 0,.36 

(3 )s 6.& ln 100.0 9&.5(5) 0.85 

" (th 6.& 173 100.0 95.5(5) 0.51 

( 

t 
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Table 7.Z.6, continued 

Cl) expo.ure to·tive job de.cr1ption.' and 

.ver.ged over the 

(2) V.lues of P. and i fOc 1OIDt~~~~~ vere obt.f.ned by .veraq1.n9 

.F .... nt betveen the utern.l ~udge and. -th~ two che.1Ita~ 

(3) ?-veraged over.ll 173 .ubstance. on the expoaure checJtl1at. For -the 

131 (173-12) substance. for vn1ch expoaUre v •• not COde4, valu •• of P. and 

1 vere .et to unlty. -
(4) Averaged over the tvo COIIpar1aons betveen the externat judge and the 

che.lats u.1ng tbe col1a~e4 table .. thad (Table 7.2.5) •• 
. -

(5) The d1fterence 1n thes. tvo nwaber. vaa due .o1ely to round1ng .rr~ •• 

\ 
\ 
\ 

/ 

i 
-; 

d 
----~--------------------------~---~ 
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table 7.2.7 

Diatribution of the Extent. o·f Agn .... nt for Indiv1dual Substances 

vhlc~ vere Attr1buted Pre.ent a~ Any Level.ot OOnfideqce 

in the Pa1nt .. anufactur1n9 Trial 

Averaqe 

(l) Substances Agreement 

Buaber 'of P. 1[ 

total , 

Excellent (2) 18 10.4 92.2 0.63 

16 9.3 76.9 0.23 

, 
8 4.6 45.0 0.03 

Totala (3) 42 23.3 77.4 0.36 

Cf) , 173 100.0 94.5(6) 0.85 

CS} 173100.0.95.5(6) 0.51 

--~~------~----~--------------~-------r\------- -
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Table 7.2..7, contlnûed ~ 

(1) Agreement for each individual 
!(ft 

substance, averaged over the coapar1sons 
o 

betveen the external 'udge and 
) 

the two chem1ats, val categor1zed as 

follolls: 

p. 

~O% Excellent 
,1 

" 

<70% Poor 

1 (,) Excellent agreement vas attalned for the follov1ng substances (8ee 

Table .\.9.4): 

Amphlbole Asbestos Sillca Oust calcium Ox1de 

Metal Oxlde Fumes paints, varnishes Cobalt ox1de 

Copper ox1de A11phatic; alcohols Heating 011 

Methylene ChlOrlde J Benzld1ne Raphty1amine 

o-to1uldine pape, dus,t Goal dust 

Pesticides 

Combustion products of coal/coke 
.. 

Allphatlc ~aturated haloqens 

\ . 

lf ' ,-----.. -. -_.~-_. --__ -.....w-.. ~ 
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Table 7.2.7, continued 

(3) Averaged over the .2 substances f~r vhich txpoaure vas coded present in 

.t least one job description by one of the three ratera. 

(4) Averaged over aIl 173 substances on the expoaure checkliat. For the 

131 (173-42) substances for vh1ch txposure vas not coded in any lob 

description, values of p, and , ~ere set to unlty. 

(5) Averaged over the tvo comparisons vith the elterna1 rater ualnq the 

co11apaed table method (Table 7.2.5). 

(6) The difference ln th ••• tvo nWDbera va. due .0181y to round1ng.errors. 

,f' 

-l 

J -----_. -~" . .,---- 1. 
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(7.2.2) 'Be ve141D9 'fradè fr:ial 

(7.2.2.1) nKat.rials u4 Metllo4. 

Eighteen job descriptions trom tourteen lub jects vbo had been e.ployei .s 

velderl or solderera vere aelected to~ thls trial. Fourteen ot these lob 

descriptions ..,ere trOm velding occupations, and one n,ch troll industriAI 

• mAchinery, eng1ne and related equipment, motor vehicle .echanics and 

repair, and teaching in a vocational institute. Employment' occurred in 

industrles as diverae AS appl1ance Ilanutacturing and pulp and paper. The 

speclflc occupations, induatries and time periodl ot •• ployaent for each 

job description are listed in TAble A.lO.l. 

TVO che.ists frOll! the Cancer study (Chelliata l and 3) and a panel of three 

external judges (Judges Z) ascertained exposure trom a cbeckllst ot 270 

substances. The protesslonal experlence of the ratera vere d.scribed in 

Tabl_s 5.2 and 5.3. 

Exposure vas attributed ua1ng a coding tOrii containlng 2.70 subatances. In 

normal pr:oduction coding , certaln subetances vere asslcjned exposure levels 

automatically by the COJaputer entry syatell vhen" the presence ot certaln 

other lubstances vere ind~cated. Durlng the trial, 1t vas .. auaed by the 

che.tata that expoaure for thele' additional substances ~uld be 

autOllatlcally coded. Sinc. thia did not occur, the data for eleven 

substances vas lost. Thua, on y 259 aubstance~ vere used ln the analys1&. 

f --------, ._'- -~~ ... -""-- ... --.--- --. -
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( 7 ,2. 2 • 2) ".ult. 

Expoeure to 88 d1fterent aubstances vas ass1gned ln .t leaat one job 

de.cription by Any of the r.tera. On aver.ge, thère vere 21 e.~poluree per 

job descrlption attributed by the three ratera (aver.ge prevalence 8.2%), 

Chelliet 1 ass1gned the largest nUilber of exposurea (9.7\) &nd Chel1iat 3 

attributed the greatest nUilber of hlqh confldence level erposures (6.5%; 
4> 

Table 7.2.8). The chelllsts asslgned, at any confldence level, one-quarter 

to on.-balf ~e exposure. than did the panel of elternal ratera. Moet of 

the d1ftennc.. ln the esU.atee of prevalenc, of exposure betveen the 

var10ue palrs of r.ter. vitre a19nltlc~t (pcO.OS; Table 11..10.2). 

Sub.tances that vere ••• ignea,"At Any level of confidence, an .v.rage 
~ 

prev.lence of erpoaure greater th&n 30% are pre.ented ln Table 7.2.9. 

Thare va. f.1rIy good .gr .... nt among aIl ratere in estlaating prevalencf 
l 

for each of theae eubstance.. Pour sub.tances attributed by the che.iat. 

Caeta}, dUit, eUicon carblde, alneral spirits, and solvents) vere ~t codea 

preaent by the ~el of elternal ratera. CEstillatel of prevalence for aIl 

88 aubstances vUl be found in t.ble 11..10.4.) 

_____________ ""~-._._:_ .. _........L_ ... ~ .... _,_~_~ l 
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Cheillat 3 
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'l'able 7.2.8 

.J 

Proportion of Expoaure. Aacr1bed at Each Level of 

COnfidence 1n the weld1n9 'l'rade Trial (1) 

... 

Proportion of Expolurea Attributed 

, 

0.9 

1.7 

0.0 

.re.ent at Confidence Leve 1 : 

1.0 

.3.4 

1.9 

H19h 

, 
Any 

, 

4.7 6.6 

4.6 9.7 

6.5 " 8.' 

Ave-=-agel, 0.9 2.1 5.3 8.2 

( 1) The denOilinator uaea to calcub:te the percentage. 11 .qual to the total 

nUilbet of .. po. ures cons1c!ered by a rater. Thi. 11 .qual to 18 job 

de.criptions X 2.59 substanc .. (4662. exPosure .. >: 

------ -------------------+---

, 
( 
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prevalene. of Ezpo.ure for $elected Subatancea Attr1butea 

at Any t.vel of Confidence 1n the ~,ld1n9 Tr.ae Trial (1) 

( Prevalenee of Expoaure aa Attr1butea by: 

Subatance Judge. 2 Ch •• iat l Che.lat '3 Average 

of thre. 

ratera 

, 

Metal Odde PuMa 89 94 100 " 
.Ur0gen Oz1de. 83 9. 100 93 

carbon Nonox1de 89 9. 83 89 

OlOlle 78 9.f ,. 89 

Arc velding FuIIe. 83 94 83 89 

Iron FuIIe. 83 89 83 85 

Abraa1ve Duat 61 83 89 80 

Iron DUIt 72 83 72 76 

Mn FUlHa 83 61 89 76 
,.. 

Hydrotl uorl c acid 39 78 100 72 

Hydrochl~1c actd 39 83 ,. 72 

Acetylene 78 56 61 65 

Ga. veld1~g FuMa 72 50 72 65 

. 1 
------------~---------- ------------------------......... " 
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Table 7.1.9, continuecS 

Prevalenca ot Expolllre a. Attr1blltK bys • Subatance JUdge. 2 Che.1st l Ch.et.t 3 

Of thre. 

rater. 

, , , 

MU4 Steel Duat 72. 78 33 61 

Met.l Dust 0 9. 83 59' 

ryrolyaia 6 " 78 59 

(1 -Mlneral Sp1rit. 0 72. 33 57 

lb PUlle. t4 72. 50 -56 

n l'JIMa 56 50 33 l6 

Sillcon C&rbU. 0 78 56 " 
Iron 0.14e. 78 0 56 .\ 
Àlua1na 6 78 39 U 

SOlventa 0 72. 33 35 

( 1 ) percentag.a are ba •• 4 on ........ nt. of .xpur. to 18 'Ob 
. 

4 •• c:r)ptton.. Sub.tanc •• vere .electecS for lnclu.lon ln tht. table lt the 04 

averaqe pr."alenc. of the thr.. a ....... nta of e.posure na fre.ter than 

Table A.lG.4 for the eoapl~.te Uat. 

----_ ... _._-_._,- -
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the anal,... of ~""ftt, U.'lftq the colla"'" table .. thod, 18 pr ••• nted 

in tabl.. 7.2. .10 to 7.2. 14. fOr .ac:b cc.pu1..an bUecI -on cateqc;trlalft9 

.xpoaur. at one ex .ar. 1.v.1. of confid.nce, the ObHrvécJ nuaber of 

.xpoaur .. ln the concordant ceUa vu al9ftif1cantly larg.r t.han vould be 

npectecl by chance (tabl. 7.2..10). v.ry 900d &9r .... nt UIOftg the thr .. 

rater. vu a1so lndicatecl by the h1gh valu •• of the Mean Majorlty A9~ ... ent 

Incle. (NNAI ~ 0.'31 and Kappa (, ~ 0.62. , Table 7.2..11}. A9r .... nt for e.ch 

pair of rater. 1. pr ••• ~ted ln Table 7.2.11. EXcell.nt agr .... nt betvten 

tbe 1*'*1 of .It.mal juclqea and the ho c;be.t,at. vu ob •• rvH tor .xpoaur • 

.. _aecI at the h19h, Metius or hlgh, or at any 1.".1 of confid.nc. 

Ca .. racJe P.. ".~ and , • '0.61). the 4egr .. of c:oncordanc:e vu h19her 

for the tnt.r-eheIl1at cœpa&'laon. J'or: the c:caparlaona bet,,"n the ~.l ot 

'uclgea and the tvo cbnl.t., atr .... nt vu IlU'ginaUy good for the .eal •• 

d.fining CIOIlcentrat1on and frecru.ney ( ... r&ge & • 0.,351 tabl. 1\.10.3) '"" 

about .quaI for U. r"'1n1119 variabl.. Caver ... 1 • 0.,45}. • .... nt vu 
better toc t'he lnter-cbetl1at a.pariaon (averag. ov.r aIl variabl.. 1. 

0.'6). "'1. 

\ 

-./ 
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table ., ~2. 10 

RUaber of ~teTI Attrfhutfn, !!po_ure: ...... ber of ~po_r'l Q\JII.ned .nd!ltPect.ed _____ L~fl.e1R:e_J.eyel~ 

h ... nt 
Rt,h Hedlu. 01 H1lh ADZ 

Absent OMetved 'xpected Ob •• ned lxpected Ob .. rved Expectea 

3 0 127 0.7 IBO l.a 196 2.5 

2 1 104 36.3 145 69.3 162 85.4 

2 147 662.0 198 884.5 237 968.6 

o J 4284 3963.0 4139 3706.4 4067 3605.5 

!.!2!. (2): !!!! .iill. ~ ~ ~ ~ 

Chi ... quare (3) l 336.5 lli:.!. lli.:! 

(1) The expected nu.bet of espoeule. Tepre.entl the dl.trlhutfon of .rr .... nt ealculated und., the a • .u.,tlon of Itatl.tlcal 
Independance. "T .... nt va. calculate4 b7 catelOT1&tua the j~al ... nt. of .. ch rater iuto tvo catelOrt'l: expoted •• t OQe 
or .ore le.el. of confidence, .ad •• poI_d, or not. .t ail other le.ell. 

(2) The tot.l nu.ber of es,oeure" 4662, 1. equal to 18 Job deectlptlona z 259 aubet.nee •• 
(l) Thi. 1 •• te.t, on 1 dl, of the null hypothe.l. t.h.t the obeety" nu.ber. ln the concotdant celll (3-0 and 0-3)-ar •• qual 

to that expected b1 chance alone. 

.... ... 
~ 

) 
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table 7.2.11 

rhre. Leve18 of COnfidence ln the _14in9 Trade Trial Cl) 

catecJOr1zea at COnfldence Leve 1 : 

Index Me41ua Any 

or Hlgh .. 

0.96 0.9' 0.93 

Kappa 0.64 0.61 0.62 

95' C:I. ( .62, .66) (.62, .66) (.60, .H) 

Cl) A total of "62 .xp08ur... 18 job a •• c:r1pttona x 2.59 expotJurel vere 

u.ee! ln the calculation., A;re ... nt va. calcul.ted by C.t~lz1n9 the 

judge.entl of •• ch rater lnto tvo level.: ezpoaed, at one or acre levda of 
\ 

confidence, ancl-e.poa.cl, or not, at aU other level •• 

-------_ ... - _.- - -,. ----.--'" 
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Table 7.2.12 

'a1rv1ae A9r .... nt U'ln9 the COllap •• d Table Nethod for Expoaure 

cate9«lae4 at TVO Level. of COnfidence in th. We ld1ng Trade Trial (1 ) 

.. ter ,alr nu P. 1 95% c. I. " 
(2) , for, 

-------- > <-
-~ 

B19h conf1dence Leve1 
Il 

Ju4ge. 2,-Che. 1 139 96.7 0.63 0.57 - 0.68 0.64-

Ju4ge. 2,-Che. 3 170 96.1 0.63 0.58 - 0.6~ 0.76 

Che. 1-0.. l 176 .. 96.5 0.66 0.6~ - 0.71 0.82 

AveraqeC3 ): 96.' 0.63 0.70 
AveraeJe(4) : 96.' 0.64 .- 0.7' 

--~-

Juelge. ~o.. 1 223 93.3 0.55 0.51 - 0.60 0.10 

Judge. 2-0.. 3 224 ".6 0.61 0.57 - 0.66 0.10 

Che. 1-0.. 3 303 97.' 0.69 0.65 - 0.13 0.75 

" AveraeJeC3l :, 95.5 0.58 0.10 
Averaqe (4) : -- 96.3 0.62 0.72 

" 

1 ---_._--,----.....,./"--. ,'- -:. J 
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• Table 7.2.12, conttnued 

Cl) The total nuaber of e~ur.a 1 6662, la .quaI to 18 job a •• cr1pUona Ir 

259 aUbstancea. Aqr .... ,n1: v .. calculaUd by c:ate9W1z1ng the judge.enta of 

each rater 1nto 2 levela: .xpoaed l at one or .ore levela of confidenc., and 

e~ed, or not, at a11 other le".la. 

(2) Thls Qpre •• nta the nUllber of expoaure. attr1buted pre .. nt by both 
-'"""-..;:.. - -- --------

ratera. ----~ 
--~ 

(3) The average .Jtc:lude. the COIIparlaon--Of-t~ tvo c:he.lat·. coc11n9. 
-----------

(,) TIM aver~ 1nel ude. the c:OIIparilÇm of the t~ cheillat '. cod1n9 • 

• 

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

\ 
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fI» cJetallecl re.uI t. of the analyai. ot .-gl: .... nt for the 88 substanc .. 

At. tr1buted by any of the tbr.. rat ers 11 reported,J;n 'l'~'1e A.I0. t. Average 

illter-rater acJt' .... nt, betv..n, t~ che.ists and the panel of lu4ges, 1& 

tabulat" over Uv. ran~. of averàqe .1rpOIure prevalence ('l'abl. 7.2.13 l. 

'l'he lnde. of crud. agr .... nt var1e4 con. 1 d.r'ab 1 y acro •• pr.valence rang ••• 

'l'he ux1aua value vu obaerved in the lov •• t prevalenee range Cp,-93.n, 

an4 the ain1aua value vas ln th. 20-SOt range Cp,*53.2t'. There did not 

appear to be any .uch relaUonshlp for the kappa index vhich, a. noted 

Fenou.Iy, i. not a 900d tn4tcator of agre ... nt v,ben ••• 11 ... ple. are 

. e.ployecl. ...1n9 the .Itent of aA)r .... nt on thh foraer indez, 1t va. 

tounel that tIMre vu excell.nt agr .... nt for fO of the 88 sub.tanc.s 1n 

vhlch eXpoIure wa. attr1buted (Table 7.2.14). 'l'here vere 22 lubstances for 

wh1ch &gre ... nt vas 9004 ancl 26 tor wh1ch. agrN .. nt va. IlOOr. 

L 
'----- - -, ---------~-------------~--~-----------------
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- Table 7.2.13 

Average Pa1rw1H Agree •• nt for Expoaure Categor1zed at Any Level of 

COnfidence as a FUnction of Avera,e Prevalence of Exposure 

in the Welding Trade Trial 

awmber of Substances Average 

Average PÎ'evalence( 1) in Prevalenee Range Agreement (2) 

Nean , of P, 1 

, Total 

o - 0 0.0 171 58.0 100.0 1.00 

> 0 - 10- 3.8 38 3.3 93.1 0.26 

>10 - 20 1 •• 0 13 78.1 0.3. 

>20 - 50 32.8 19 6.' 53.2 0.15 

>50 7t.3 18 6.1. " 70.' 0.37 

, 
Totals C3): 26.0 88 29.8 77.6 0.27 

(t): 8.8 100.0 92.'(6) 0.75 

C5}: 8.8 259 loq.O 95.5(6) 0.58 

( 

~ L ------",.-------- " '- -Q 
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Table 7.2.13, cont1nued 

(l) Based on the assessments of exposure to 18 job descriptions and 

averaged ever the three cod1ngs. , 

(2) val ues ot p. and 1 for each substance vere obtained by avelSaging 

agreement betveen the panel of external judges and the two .chelllists. 

(3) Averaged ov,er the 88 substances for vh1ch exposur;e vas coded present in 

at least one job description. 

(4) Averagee! over a11 259- ot the 270 substances on the expolure checkl1st. 

Por the 171 (259-88) substances tor wh1ch expolure vas not coded 1n any job 

descr11ption, values of P. and It vere set tQ unity. 

CS) Calculated us1ng the collapsee! table lIethod (Table 7.2.12\. 

(6) rhe -dUterence between these tvo values vas due 801ely ta round1ng 
J 

errors. 

p , , 

. . , . 
/ 

1 t 

.. \, 

-- -- ~ 
1 

~1 ~f _--..-_._---, ..... _-_ .... -~_ .... ,--_._~ ~ 
" 
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Table 7.2.a 

Distribution of the Extent ot Agreement for Individual Substances 

which vere Attributed present at Any Level ot COnfidence 

Agreement 

(1) 

) 1 

Excellent(2) 

'oor 

Tot:als (3): 

(4 1 : 

(5 ): 

in the weldin9 Trade Trial 

lfullber ot 

Substance. 

lfUilber 

40 

22 

26 

88 

251 

2.51 

, ot 

Total 

15.4 

8.5 

10.0 

34.0 

100.0 

'100,«' 

Averaqe 

AÇJreelllent 

P. 1 

, 

95.1 0.38 

81.5 0.'30 

47.7 0.07 

77.6 0.27 

92.4(~l 0.75 

95.5C6l 0.58 

r 
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Table 7.2.14, continued 

(1) Average &qreement for each individual substance, betveen the panel' 

of external judges and the two chemlsts, vas categorized as follovs: 

P. 

Excellent 

70-90% 

<70% Poor 

(2) fXcellent agreem.nt vas attained tor the tollOW1ng subltances (a •• 

table A.lO.4): 

Inlulation material dust Construction site dUit 

Cement duat Glasa fibre. 

Solder alloy dust Concrete du.t 

calcium ollde calcium carblde 

8ickel dUit Copper 4ust 

Sllver dust C&cIaium 4ust 

COke 4ust Co~lt dust 

Arc veldinq fumes AIUllinUli fume. 

Sllver fumes Aliphatic alcoboll 

Ionizinq radtation Pa1nta and varn1she. 

8ickei compounds caultic solution / 
Toluene l'urpenUne 

Perchlorethylene lDOrganic acid .olution 
• -

combustion products ot naturai gal < 

COIDbust1on product'a ot coal/coke 

• ICi ne duat 

Br .. s duat 

AlwUnum dust 

Ctlro.e du.t 

inc duat 

Tin dust 

.aturai 9as 

Iron fume. 

Bronze 4ult 

Cyan1de. 

ACrOle1.n 

Cutt 1n9 fI u1ds 



7 

'. 
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Table 7.1.14, cont1nued 

(3) Averaged over the 88 aubstances for vh1ch expoaure vu coded 

present in at le .. t one lOb descr1ption by one of the three r~ters. 

(4) Averaged over all 259 aubstances under con.1deration. For the 171 

(2.59-88) aubatance. for vhich expoaure va. not coded 1n any job 

de.cript ion , va1-u •• of P,' ~ 1 vere .et to unity,_ 

(5) Av.ragec1 over the COIIpari8Ona ot the cheahts and the external 

ludgea uain9 the collapaed table aethod (Table 7.2.12.). 

(6) The differenc. in the •• tvo nuabers va. due 801e1y to round1ng 

errora. 

.J 

--,,-:;-"'-------
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( 7 • 3) !da1. tut cœparH the COn .. n.ua eoafav of the a..l.ta 

Vi th tut of DUrnal Ju4g •• 

The purpose of these trials (the Metal Industry and the Chemical 

Manutactur1ng tr1als) vas to meaaure the agreement in attributing 

exposure betveen external judges and cancer Study chemista vho uaed the 

consensus approach. 

( 7 • 3 • 1. 1) Kater1al. and Metbocla 

() 

Seven job descriptions vere obtained by interviev1ng aeven workers 

employed in tvo factories in the Montreal area that vere engaged in the 

tabrication of metal products. The tvo plants were chosen by our 

collaborators at the Départeeent de santé coamunata1re à l'~pital 

Sacre-COeur (referred to as DSC) becaus. .apir1cal .xposure data -to 

occupatiQnal agents had been collected. The data was obtained through 

the ose's environmental DOnitoring program of selected industriea. The 

program vas bas.d on a walk-through of the plants by trained industrial 

hygienists. Dur1ng these , visits, the hygien1ata Ileasureci 

concentrations of sOIIe airborne llaterials in the vicinity ot e.ch 

.aployee. In addition, aaterials and machine. used by the eaploy ... 

ver. recorded and a ehellieal breakdown ot the materials vere Obtained 

troc the Ilanufacturer. variation, over ti .. , in the quality of the air 

and in the materiala uaed couIc! not be ..... aed .inee on1y one Vi.U 

w .. aade to each plant. 

, 
-
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workera vere eliq1ble for aelection if: 1) they were employed at elther 

of the tvo planta At the ti.e of the triAl, 2) induatrial hygiene data 

bad been coll.cted for the vorker, and 3) accordinq to this data, the 

vorker hAd been exposed to a "typical" aet of exposures found in the 

plant's enVironment. In addition, aubjects vere chosen trom ditterent 

occupations vhich were fairly repreaentative ot the operatio~a at the 

two planta Caee Table A.ll.1). Th. interviev vas pertor.ed at each 
, 

plant by a bilinqual interviever tram the cancer study. only the part 

of the que.tionnalre concerned vith each aubject'. current eaployment 

lt vas intended that the •• flle. would be placed in the production 

etre .. of the C&rtcer Study. In order to prevent the ch •• iat. fra. 

r.alizin~that a .pecial trial va. underway, lt y .. nece.aacy to cre.te 
',-

hiatory tor each subject. ,reviou.ly coded job 

trOID the file. of the Cancer Study vere .elected for the 

purpo •• of coepleting the york hi.tory ot each subject. The criterion 

tor selection ot these other lob descriptions vas only that they .bould 

be reasonably compatible vith each other. For ex .. ple, jOb, 

de.criptions tor COIlpany .xe,cuttves in IUlrelated tield. vere not 

&daisaibile. lt bec ... neoea.acy, becau.e of tl •• con.traint., to 9lve 

the che.i.ts all .even file. at one tiae. EVen thou9h it vas 

iapo.a1ble to coneeal fre. tlle che.i.t. that the.e Ule ..... re not part 

of the routine codlnq, 1t i. beHeveeS t .... t tlle codinq vu not affecteeS. 

two cllellhta (Cbeaiat... and 5) cocled .spo.ur. u.lnq tlle conN.,.U. 

"ttlOCl. Espotaure vu ..... aed fra. AIl expo.ore eocl1nq fora c:on.lat1fl9 

. ~ 
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of three hundr.d .ubstances. The chem1.ts' profe.s10nal eEparlenc. va. 

de.crlbed 1n Jable 5.2. 

TVo indu.tr1al hyg1enlsta from the Dse (Judge. 3) coded expo.ure uslng 

information der1ved tram the occupat10nal monitoring pr09ram. The 

coding va. done at tvo •••• ion. vith one of the principal investigators 

of the cancer Study (Chemist 1) and the author present. The.e persona 

h.lped the hygieniats quantity exposure to •• ch subatance. TO en.ure 

tbat no bi.a v.s introduced by the preaence of th. investigatora, the 

tollov1nq procedure v.a folloved tor e.ch lob description: F1rst, 

v1thout intervent10n, the preaence or aba.nce of each auccea.ive 

.ubatance l1sted on the expoaure codinq ton va. 1ndicat.d by the 

hyqi.n1sta. FOIIC;Wlnq the 1dentification of an .xpo.ure, the 

hyq1.nl.ta a •• lqned cod.. to •• ch of the tour .xpoaure variabl... At 
, 

that polnt, and only then, did the re •• arch.ra interv.n. if lt vas 

thought that th. rat.ra vere· not certain bOY to cod. the .zpoaur.. Aa 

a r •• ult of thi. proce •• , it 1. belleved, but by no •• an ••• aured, that 

,the crit.ria u •• a for oodinq the e 1p08 ure variabl.. va. roughly 

con.i.tent vith t~t u.ed in the cancer Study. 

the hY9l.n1lt. perforaed tvo ..... _ntl for .-.ch aubj.ct. The Urst 

........ nt .ntaU.a u.in9 the .zpotIure data that 'had been coll.cteeS 

during th. occupaUonal .~~. Thil coding vas then updated aft.r 

reviev1ng the lob description, whlc:h bacl been prevloualy obta1.ned by 

int.rview. thia latter COdlnq of the ntemal rat.r., vh1ch uNd the 

lob description and the industrial byq1.ne 4at. , Vas coaparecJ tlO' the 

conAnsua cod1n9 of tbe chetl1ats. 

---- ----. \ *' 
1 t 
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(7.3.1-.2) ... ulla 

Silty-tive of the 300 aub.tance. on the elpoaure cod in; forll vere 

attributacl by the ratera i., at l .. at one jOb de.cription. The 

proportion of aubatances attributed &t e.ch levei ot contidence ls , 

pre .. ntecl ln Table 7. 3.!. The proportlon of expoaure. attributed by 

the che.tata 1 at Any lavel of confidence, was 4-.". Th1a ilS rou9h1y 

equlvalent to attributing It expoaurea per job de.criptiO~. The 

external ludge. coded a auch luger nuaber ot expo.ure. (5.8'). The 

differenc. ln a •• lgning elposure at the hi;h level ot -confidence was 

-not aiqn1f1cant (p>O.OS), but a a1gnif1cant ditrerence va. Observee! for 

expoaure categori.ad at the lledlU1l or h19h and at any leve! of 

confidence (Tabla A.ll.2). 

A Il.t of aubatanca. ln which expoaura wa. att~lbute4 in DQre than two 

job de.criptions i. gl~en ln Table 7.3.2. (Sa. Tabla A.lI.3 for the 

coaplete Hat.) Of the 18 substances listed in tha tabl., four were 

not at tributed bythe • che.ists: .111COn carblde, tOluen.~ II&ngane.e 

fu.ea, and aineral oil • 

... 
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Table .7.3.1 

Proportion of Exposures Aacribed at each Level 

of COnfidence in the Metal Industry Trial (l) 

Proportion of Expoaures Attributed 

Present at COnfidence Level: 

Rater Lov Medium Hi9h Any 

(2.) 

Consensus 0.2. 0.3 t.2. t.7 
.( . 

Judges 3 0.1 1.0"'(; t.7 5.8 

Average: 0.2- 0.7 5.3 

(1) The denom1nator uaed to calculate the percentages la equal to the total 

number ot exposures cona1dered by a rater. Thia 1. equal to 7 lob 

de,scripUona x 300 substance. (2.100 expo.urea). 

c-~' 
--~--------------~--------------- ------~----~----------~-~~--~-------_.---- -
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Table 7.3.2 

Prevalence of Expoaure for:' Selected Subatances Aacr1bed at Any Level 

of COnfidence ln the Metal Industry Trial Cl) 

Prevalenee of Expolure as Attributed by: 

Substance eonsenaui External Average 

Judges of two 

rat1nga 

Net.Uic dUit 85.7 71.4 78.6 

Stainleas at .. l duat 71.4 71.4 71.4 

Aluai"a 71.4 57.1 64.3 

Are velding fUMa 71.4 5.7.1 64.3 

MUd ateel duat 42.9 71.4 5'.2 

Abra.ive duat 57.1 57.1 ~7.l 
,r 

Iron fuaea 57.1 57.1 51.1 

carbon ItOftOzide 57.1 57.1 57.1 

.1 trOCJen oz1ae. 57.1 57.1 57.1 

Netal oxide fu.ea 57.1 57.1 57.1 



t 
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rable 7.3.2, contlnued 

Prevalene. ot Expoaure .s Attrlbuted by: 

Sub.tance COn.en.us External Av.rag. 

/ Judge. ot two 

rat1ngl 

\ 

ozone Z8.6 57.1 n.9 

SOlvent. 28.6 57.1 42.9 

.iekel fUM' 28.6 57.1 12.9 

Ultraviolet radn. 28.6 12.9 35.8 

Silicon earbide 0.0 57.1 28.6 

Toluene 0.0 57.1 28.6 

Nan9ane .. r ..... 0.0 57.1 28.6 
) 

Kineral oU 0.0 57.1 28.6 

(1) hrcenta.;e. vere baaed on a ....... nta of exposure to 7 lOb 

de.criptions. Sub.tance. vere ael.et.d for -1nclu.ion 1n this table if the 

aver&ge prevalene. of the ooding' by con.ensu. and by the panel ot judge. 

vas greater than 30% (le, expoaure va. coded pre.ent 1n at least 2 jOb 

de.cription.) • (S .. 'l'able A.ll."3 for the co.plete liat. ) The judge .. nta • 

of e&ch. rater vere cat~lu4 into expoaed, at any level of conf~clene., 

and nOt eÇOMd. 

-~_. ----------------
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" Agr.e .. nt wa. • ••••• ec! for expoaur. c.tegorized .t the h19h, .. dlua or 

h19h, and at any level of conUd.nc.. For .ach patt.rn of concordanc. 

corr •• ponding to the •• cl ••• ification., th. ob •• rv.a nuaber of eZp08ur •• in 

th. concordant celll wu great.r ttup\ .xpect.e! by chance don. (Table 

7.3.3). Very good agreement wa. alao indicated u.1n; the.~ indic •• 

(average, • 0.58 ane! averag. P •• 96.1'1 Table 7.3.4). Aqr .... nt wa. fair 

for _ach expoaure variable (average,. 0.46; Table 7.3.5); it wu lovest 

for the acal. def1n1n9 conc.ntration (, • 0.38). 

• l 
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Table 7.3.3 

'attern of COncordance by Level ot COnfiden~e ADon9 ~ .atera 

Aacr1b1nV EKpOSur. ln the Netal Indu.try Trial (1) 

.uaber of .. ter. .uaber of Exposure. Oba.rved and Expected 

Attr1butlng Exp: . At. COnfidence Level: 
.. 

81gh Mediua or Klgh Any 

Preaeat Ab.ent o E o E o E 

2 o 43 3.1 56 ,., 56 '.6 

1 . 1 76 155.8 79 182.3 

o 2 1981 1941.1 1965 1913.3 1960 1908.6 

rotaI (2): 2100 2100 2100 2100 2100 2100 

Chi-square (3): ".2 64.1 60.6 

1 

._------~~ ----- ".----------------~-,~~ -- ,. j ,----7 -' 
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Table 7.3.3, oontinued 

(1) ~he expeeted nuabers represent the distribut10n of agr .... nt calculated 

un4er'the aasuapt10n of statistical independenee. Agree.ent vas calculated 

~Y eategor1zing the judge.ents of e.ch rater 1nto tvo categor1es: expoaed, 

at one O~.DOre levels of conf1dence, "and exposed, or not, at all other 

levels. 

(2) ~he total nuaber of expoaurea, 2100, 1. equal to 7 job descript10ns ~ 

300 aubstances. 

(3) This i. a ~est, on 1 df, of the null hypothes1a that the obaerved 

nuabers .1n the concordant cells (2-0 and 0-2) are equal to that expected 

by chance" alone. 

, . 

--- ----------~-_._-. -
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Table 7.3.4 , 
Agreement us1ng the Collapsed Table Method for Expoaure catègotizeà at 

Three Levels or Confidence in the Metal Industry Trial (1) 
,; 

95% C.I • 

tor 1 

l' 

\. 

A9reeme~t Jndices for Exposure , 

Attributed Present at Confidence Level: 

H1gh 

53 

96.2 

0.55 

• 46 - .64 

0.58 

Medium 

or Hi9h 

66 
o 

96.1 

0.59 

.51 - .67 

0.59 

) 

Any 

68 

95.9 

0.59 

.51 - .67 

0.65 

_""'..--.....~ ~y...-;h<.rJ.~ ....... "'~.....-_ 

~ 
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• 
Table 7.3.4, cont1n~ed 

(1) The total number of exposur~s, 2100, 16 equal to 7 job esér1pt1on~ X 

300 substances. Agreement vas calculated by cate90r1z1ng the judgementl ot 

each rater 1nto 2 levela: exposed, at one or more levels of conf1dence, and 

" .~posed, or not, at all other levels. 

(2) This represents the number ot erposures attr1buted present by both 

; raters. 

!' 

) 

• 

- ) 
1 

-

\ 

L 
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Table 7.3.~ 

Expoaure Var141b1 •• and the Synthet1c Indes 

in the Netal Indultry Trial (1) 

COntact Frequency Leve! of 

traHon conneSene. 

95.6 9 •. 6 93.6 95.2 

~-
K 0.51 0.47 0.38 0.52 

95' CI .43 -.60 .40 - .~. .31 - .U .45 - .60 , 

for 1 

K • 0.59 0.59 0.50' 0.59 

• 

Synthetic 

Ina.sU} 

~ 94.3 

0.44 

.37 ~ .51 

--------~------------------------~-------- ------------------------------------------------ -
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Table 7.3.~, conUnued 

/ 
/ 

Cl) on.. total nUllber ot eçoaure. 1 2l~ 1. equal ta 7 job de.cr1ption. x 

300 .rtancel. rho «'g.nal lcal.. ail' .. ure .. nt (four eatecJor1eu) ve:e 

uNd for eaeh of tbe four ezpo.ure variabl 1. 

(2) The aynthet1c inde. 1. 4ef1ned a. trequency 1 concentration 1 lev.l ot 

COIlt14enee and 1. cat~1Eed 1nto thr.e level.: no, .... dia .. 1 and "h19h-

ezpoaure. 

~--------------~----------------~----------~---------------------------------~----._---"--~-----._- .. 
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A separate analys1s of agrH_nt vas perfonaed for each of the 65 

sUbstance. attr1buted 1n e1ther of the tvo codlng.. oeta1led re.ults are 

reported ln Table 1..11.3. In Table 7.3.6, 1nter-rater aA)rH .. nt l. 

pre .. nted for four ranges of average expoaure prevalena. The inde. of 

erude a;ree .. nt for each of the thrH non-zero prevalence range. ia about 

.qual. The value of 'appa for the tvo upper prevalena rangea va. fa1rly 

h19h h ~ O .• ,}, but vas zero for the lovest range. of the.e 65 

substance., e.cellent agr .... nt va. ob.erved for 13 (Table 7.3.7) . 

..... nt vaa 900d for .5 substances an4 vu poor .. vell lubstance •. 

, 

-



:. 

1" 

Table 7.3.6 

Average Palrv1.e Aqr .... nt for Expoaur. cat4t90r1zed At Any Leve! 

of COnfldence .. a FUnction of Averaq. Preval.ne. of Ezpo.ure 

Aver.;e Prevalence(l) 

, 

o - 0 0.0 

> 0 - 10 6.1 

>10 - 30 19.1 

>30 54.6 

Totala C2}: 22.7 

C3h 1.' 

(4): 1.' 

1n the Metal Induatry Trlal 

.uaber ot Substances 

1n rrevalence Ranqe 

235 

20 

29 

16 

65 
"-
300 

300 

, of 

Total 

78.3 

6.7 

9.7 

5.3 

21.7 

100.0 

100.0 

p. , 

100.0 1.0 

85.7 0.0 

77.7 0.60 

81.1 0.34 

95.9 0.86 

95.9 0.59 

-~--- --- - --~---·---~. __ -""'~A_--:_-~-"-----------------""""------- -.. 
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Table 7.3.6, contlnued 

CIl aasecs on tM ..... -...nt of expoeure to .. ven 'Ob descript lonl aM 

(2) Averaqed over the 65 substance a for vhich upallure vas attr1buted ln at 

C 3) Aver&9ed over aIl 300 aubstances on tbe upoaure c:heckl1at. l'or tbe 

235 C 300-65) subatancea for\. Vhlch eçoaure vu not coèled ln any jOb 

aescrtptlO1l, val .... of p. and , vere .. t to unlty. 

Ct) Obtainea troa Table 7.3.4. 

.. 

i t 4' 

~I 
/. .. 'j 

" 

-
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rabl. 7.3.7 

Diltr1but1on of th. Est.nt of A9r .... nt for Individuel Substance. 

vh1ch ve~e Attributed rre\ent at Any Leve1 of COnfidenc. 

A9r .... nt 

(1) 

Elc:.ll.nt (1' 

Total. Cl ) 1 

(th 

(5): 

in the Netal In4u.try Trial 

8uaber of 

Totel 

13 t.3 

45 15.0 

7 1.3 

65 11.7 

300 100.0 

300 100.0 

Averag. 

A9r .... nt 

P. 1 

100.0 1.0 

'7.0 -0.01 

81.1 0.34 

95.9 0.86 

95.9 0.59 

\ 

~. --~ .. ~. ______ -,._ .. _-_,.;...._, _w--
. ' ------~~-~-----------_._~--~.---------
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~ Table 7.3.7, èonUnlad 

(1) Aqr •••• nt for each individual .ubstance was cat.goriz:ed al follovsl 

Excellent 

<70' Poor 

(2) Exeell.nt aqr .... nt va. atta1ned for the follov1ng sub.tance, (.e. 

Table 1..11. 3) 1 

xylen. Tolu.ne Di-lsocyantate 

Al1phatic •• t.n Pyrolysl. and coebu,t10n fue. 

SOlderlng fU8 •• 1l1ualn1U11 fua •• 

Sllver fU88. Lead fumes 

carbOn black . Pa1nta and lacquer. 

carbOn IIOno.1d. .1 trogen onde. 

Inorgan1c plga.nt. 

(3) Averag.d over the 65 lubstances for vh1ch exposure was coded 

present 1n at lUit on. ,ob description. 

(,) Averaq.d ov.r a11 300 substane., on the .xposure checkl1st. For 

the 235 (300- 65) substanc.s for vh1ch e xpoaure vas not coded in any job 

descr1ption, v.alue. of p. and 1 vere ,et to un1ty. 

(5) Average4 lover aU rat1ngl us1ng th. collapaed table •• thOd (Table 

7.3 •• ) • 

( 

--
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( 7 .3 .2) ne o.a1ca1 Mlmufactur1D9 !rial 

( 7 .3.2.1) ater1a11 lID4 lletb041 

Job descript ion6 for thu trial were produced frOil job funct1.on sheeta 

supplied by the indus trial hygiene depart.ent of a large. Can.d1an chemical 

manuf.cturer. Enullerated on each of these forma wa5 the job title, the 

departllent in th. plant in ~hit;h the vork..r "'.1 ellploy.d, the preciae 

function, to he perfonned by the ellployee, and the m.chines, t001s and 

materials that veuld be used on a re9ular b.sil. Flve of th.se jOb 

funct10ns vere chosen fram different areas df one of the manufacturer'. 

plants., The.e weu tben transformed into jOb deshipt10na, with the help 

\ 

of an industrial hY9ienlst trOll the COIIpany (Judge 4) and an interviewer 

froll the Cancer Study. Hateriala, machines, and protectlve equipment vere 

tncl uded in the jOb description. In .ddl t ion, the general working 
\ 

environment 1n th. area in vhlch the jOb v • ...--..vppo .. d . to have t~ken place 

waa also mentlon.d. The jOb descrlptionl l.ck.ed details that vould 

normally be brought out durin9 an interviev Ce9, frequeney of chemical 

spills, etc). Revertheless, it vas felt that these job delcriptions could 

provide il auffic1ent amoun: of information, that \IOuld enable the ratera to 

_ accurately code exposure. 

As in the previous trlal, it was 1ntended thilt the Cancer Study cheaiat • 

... ould review th .. e job descriptions as part of the production coding 

process. In order to prevent thelll from rea11z1ng that a spec1al trial \las .. 
under\lay, il 11f.t1me job'history WOlS created for each hypothetical Bubject 

. 
by selecting previous1y coded job descriptions 

l 
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tra. the fU.. of th. cancer study. The cri ter1a for .elecUng the •• 

job d •• crlpUon. have been prev10':laly d •• crlbed 1n the Mat.rials and 
".,. 

Method ••• cUon of th. Netal Indu.try Trial. ~ 

"TVo ch •• i.tl (Cheai.t. 4 and 5) cod.d upoaure u.iog the consensus 

.. thod. Expoeur. Val u ••••• d .trOll an e.po.ure codlng torm conl1.t1ng , 
of 300 aub.hnce.. ,The prot.al1onal experi.nce of the chemllta"'as 

111uatrated 1n Tabl. 5.2. The induatr1al hyg1en1at tram th. oompany 

codd expoaure tr~ 1oforaaUon on the lob funcUon aheeta and other 

1nclu.tria1 hyg1ene data on r.cord, and frOID hi. g.n.ra! knowl.dge of 
1 
1 

the 1nduatr~al .nv1ronaent. The cod1nq va. don. at tvo a.1I10ns Vith 

one ot the pr1nclpal 1nv •• t1gator. ot the Cancer study (Che.lat 1) and 

the author pr ••• nt at the tirat 1 •••• 10n on1y. The procedure. vere 

1denUcal to that d.acrlbed 1n the Nateriala and M.thod ••• ction of th. 
'" 

... tal Indu.try Trlal. .:rvo job de.cription. vere coded ln th. fint 

•••• 10n and the r ... ln1nq thr.. vere cod.d by th. uterna! judge don •. 

The occupatlon. and U •• , periode of •• ploya.nt are pre.ented 1n Table 

A.12.1. 

'..., 
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(7.3.2.2\ "'ult. 

Thirty-four of the 300 substances on the espollure chectl1lt vere 

a~trlbuted in at least one job description by at least one rater. The 

proportion of substances attributed at each level of confidence 1s 

presented in Table 7.3.8. About 51x erpo.ures per jOb description vere 

attributed by the chemist~ (prev.lence of erposure. 2.0'\. 

alligned approrimately nine exposures per jO& description (3.0'). The 

difference. 1n the estiaates of the preval~nc. of expoaure at aIl 

levels of confidence vere siqnificant (P<O.O~I ~&ble A.IZ.2\. 

A li.t ot substances 1n vhlch expoaure vas attr1but~ -in at lealt one 

job description 11 presented 1n Table 7.3.9. (See Je, A.12.3 for the 

complet. list.) ot this lubset, acetic ac1d ~d cellulose Acetate vere 

h1ghly prevalent (average erpoeure prevalence of 80% and 60', 

respecUvely) • 

For each pattern of concordance llsted ln Table 7.3.10 the nu.ber ot 

oblerved erposures vas greater than that expected by chance alone. 
l, 

GOod agreement vas observed at éach of the exposure levels (average 1 • 

0.47 and P •• 9J.7%; Table 7.3.11). Agree.ent vas fair and relatlvely 

cOnstant for the fOur exposure variables and the synthet1c index 

(average 
1 • 

0.39, Table 7.3.12). 
q 

, 
-----------

f. -
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Table 7.3.8 

Proportion of Ezpoaurea .... crlbed at Each Level of COnfidence 

in the Cheaica1 Nanutacturing Tr1al (1) 

proportion of E~po.urea Attributed 

pre •• nt at COnfidence Level: 

• .ater tov Medium H1gh h,>. Any 

, , , , 

0.3 1.5 2.0 

Jucige 4 0.3 - . 0.2 2.5 3.0 

AverAge: 0.3 0.3 2.0 2.5 

( 

(1) The denominator used to calculate the perc~tag.s 1s equal to th. total 

numbe~ ot expoaures cons1ciered by a rater. This 1. equal to 5 job 

description. X 300 substances (1500 exposure.). 

( 

----------------------------------~------------
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,Table 7~3:9 

prevalence of Exposure tor Selected Substances Ascribed at Any 

Level ot COnfidence in the Chemical Manutacturing Trial (1) 

Prevalence of Exposure as Attributed by: 

Substance Conaensua Judge 4 Average 
" 

Ac_tic acid 60.0 100.0 

Cellulose acetate 60.0 60.0 

Acetone 40.0 40.0 

"-Alkali, cau&tic 

lolution 40.0 40.0 '0.0 

Aliphatic alcohols 40.0 40.0 '0.0 

Nineral spiri ts 40.0 20.0 30.0 

Al1phaUc ketones 20.0 40.0 30.0 .' "6 

) 

( 

1. 
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\ 

Table 7.3.9, continued 

(1) Percentages ~e based on assessments of elposure to 5 job descriptions. 

Substances vere 'selected tor inclusion in this table if the average 

prevalence vas qreater than 20% (ie, exposure vas coded present in at least 

1 job description). See Table A.12.3 for the COIPlete list. 

c 

.. 

, 1 

1 
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'l'able 1.3.10 

; --
Jlatt.rn of Concordanc. by lAvel of COnUdenc:e Mon9 '1'VO ht.ra 

Aacrlbln9 Zxpc>aure ln the Ch •• leal NanUf~urln9 '1Irtal C 1) 

/ 

n 
.uaber of lat.ra Buber of Expoaure. Ob.ervee! and Elpected 

Attrlbutln9 EXpa at COnfid.ne. Lev,ll .. 

H19h MedtUII or Rlgh Any 

ft ••• nt Ab.,nt 0 E 0 E 0 E 

.fl-

l 0 13 0.6 11"-//0., 20 O.t , 
l 1 

\ 
• -1 

1 1 32 56.9 !5 65.6 3' 13.2, 
~-- ~-_ .. --

;-

.. 
0 2 1"5 l'U.5 U" lU3.7 1'" 1'25.' 

1 
~ 

/t' 
'tOtal (2)1 1500 1500 1500 1500 1500 1500 

'Chl ... aqUar. (3):. 
• 

11.3 l'.' ~l.O 

., 
~ , '~ 
, 
; 

" '" ~ 
~ 

i 
;, ( 
,-

1-

____ ~d------__ ------__ ~ ____ *-.------~--~---------------------------~-~ ( 
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'f1b1_ 7.3.10, CClntt.ftuecl 

( l' TM _~e4 ftUùera r.pr ... nt the el1atrlbuUon of "9&-.... nt calcula.tet 
~ 

UII4.r the "'Ullptlon of ataU,ticel S.n4epenel~nce. AIp' ...... t va. calculatet 

by cat~làln9 ttie lu49-.. nt. of .ach &-ater lnto two cat*9Of'te,. eçoae4,\ 

at one or ipre le".1, of confielence, anel _xpoaeel, or not, at a11 other 

levela. 

Cl) 'fhe total nuaber of expoaur .. , 1500, 11 equal to 5 job ele.crt.,Uona • 

300 .ub.tance •• 

C3) 'fh1l 18 a t.,t, on 1 U, of the nuU hyJOt ........ tut the obMl'fttl 

nUllberl 1ft t .... concodut ceUa (2-0 Mel 0-2) an equal to that eapected 

by chance a1one. 

. . 

-' 

1 

! , 

-' 
~ 

1 
1 -
·i 
~ 

1- i 

____ ----:.-~ij_ ~-~~~ .. 1 
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Table 7.3.11 (]> 

, •• tnrt. .. AIIr"Mnt 1Ja1n9 the eolla~ecJ Table _thod tor aQOlure- Cateterl." 

at l'br" I.e"l. of confidence in the Che.leal Nanufacturlft9 'lI'lal ( 1) 

~ ... -
Agr .... nt Indic .. for Ezpoal,lre 

cate90r1 aecJ a t COn t Uence Levell 

R19h _cU a Ally -. , , 

or R19b ! 

nu (2) Il 16 20 
,Q 

" 

p,C,) .7.' '7.7 "., .-, 
c~ 0.&' 0.67 0.'2 

". C.I. 

for l' .27 - ." '.3' - .66 

c' 0.51 0.59 0.65 
-j 

l, . 

1 
1 

• 

fE?JO J 
5 , 
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J 
1 
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t 
(1) The total nUllber of .xpoaur •• , 1500 , la equal to 5 'ob d •• cr1pUoal X 

300 lubetance •• 

• ech rater lnto 2 1.v.11' .xpoat4, at ont or 1IOl'. lev,l. of cont14ence, an4 

.eapoae4, or n~t, et aIl other llvel •• 

(2) 'l'hie r.pr •• enta th. nuaber of expoaur •• attributecl pre •• nt by both 

\ 

.. 

.' , 

. ( 

'. 

/ 

tr ~ 

t 

t 
J 

, i 

t 
i 

! 

,'. ~ 
--~--------------------~---~--~~i~,~.A"~------~~----~------------------------~ .. ,---------- ~ .. 
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Table 7.3.12 
'" 

Inter-ltat.r A9r .... nt U.lng- the COUapa.d 'table Nettpl fOI" lM 

lOu I:xpure Variabl •• and the SynttMtic Ind.x ln ~he 

Chealca1 Manufacturln9 ~lal (1) 

<;ontact . rrequ.ncy 
o 

.. 
97.0 '7.0 

0.3' 0.39 

Concen-

traUon 

96.7 

0.31 

~ .l> 

Le.,.1 of 

COnUdenc. 

".3 

o ... 

(' 

syntbeUc 

Ind.I(2) 
1.\ 

97 2' 

0.63 

9" CI .27 - .51 - .27 - .51 .12 - .62 .30 - .5' .30 - .56 

for • 

il' 

0.50 0.6' 0.57 o., • 

• 

, .. 

(l) 'l'he total nUùer of eXpoIur •• : 1500, 11 equal to 5 lOb d •• crlptlon. X 

300 .ub.tance.. 'l'he or191na1 .cale. of .. uure .. nt ~ four cate9orle.) vere 

u.ed for .ach of the fpur expo.ur. Yariab1e •• '" ~ . 
(~) 'l'he lyntbeUc index 1. def~ned a. concentration x frequency ~ 1e ... 1 ot 

confidence, 9r~uped lnto 3 cate9C)ri ••• ftO" "aedtua" 1 and "b19hll uJI08ç'e. 

Ag 

l 
li 
j 
-1 
~ 

• 1 

1 

1 

t 

t 

l 
1 
< ,. 

, 
i , 
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.. 
A "pU.te analyal. of avr .... nt va. pertOne4 for •• ch of tM. 36 

lubatanCfa attr1bute4 by any of the ratera, DetaUe4 rtlultl are r.poIteeS 

in Tabl. A.n.l. An analy.h, .trat1t1~ by·av.rAge pr.val.nc., va. net 

pertoned .inee t~ .. ,ority of th ... l\lb.tance. {~1 of the 34} ver. COdeeS 

V1 th an e.poeur.· pr.val.nce 1 ... than 2.~ EKc:elltnt .vr .... nt va. 

Ob •• rvec!l for .l.ven '\lb.tanc •• , Voo4 .vr •••• nt for twlv. aubltance., and. 

poo&" agr .... nt for .l.ven .ub.tanc •• (Tabl. 7.3.13). 

'. 

1 • 

1 
1 

, , 
/ 

/ 
/ 

1 
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Tab1.'.3.13 

Of 

DlItrlbutlon of, the Leve1 of A9l'H .. nt fOr IncUv14ual .... t ... c:ea 

Vblc:h vere At'tribut." fr.~ant at Any IAvel of Confidence' ... 

ln the o. •• ic:al ""Jfa~turln9 Trial 

. 
AG1r ...... t' -.uaber of 

~ 

(1) , ,ub,tanc •• Atr .... nt ' 

...... 1' , of e 

P. 1 

'l'Otal 

, . 
1 

\ 
Zac:eUant (2) 11 3.1 100.0 1.0 

12 6.0 ,10.0 O.o~ 

11 _ 51.2 -0.06 

: 

TOtal. (3) 1 34 11.3 79.4 0.32 

(4) 1 300 100.0 t7.1 0.92 i 

(5) 1 300 100.0 97.7 O.U 

, 

\ 

, 

v . \' 

.~. 

i 
1 
i 

t 
;; . 

n 

} 
1 

\ .. 1- ~ , 

t 
, 
~~ 
~t 

; 
! 
• ! 

. .. 

! 
{ 

i 
! 

'" 
j 
1 , , 
1 

1 

1 
J 
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'V 

\ 

, 
1 \ 1 

, 1 
t 

C ! , 
! 

1 

l' 
1 
f 
i 
~ 

l 
i 
t 

, . l ' 
t " 

• 1 

1 
w ..... 

" 

1 i 
! 
1 

1 

1 

( ) 

. 1 

1 
., i 

". 
\\ 1> . ,. . 
\( .. 

'\. 

.J- . , \, . 
4- .. 

- - ,111 -, 
" , , 

l, . 

'l\ 

f« e.cb ln4~.1c!ual .Ubst,~ WU cat .... l'~ u follon. 

Excellent 

(2) zaceUent A9r .... nt va. attalnec! 

'l'able A.13.3h 

'l'ltanlu. dlo.14e l.turaI 9" 

O&oIIe, l'Or'aalahyt. 

cau.Uc acleS eoluUon .. na'.ne . 
cellule.. acetate A11,battc alcohOl. 

Allphatlc al4ebyde. 
.., -

,Al1pbaUC •• ter. 
1 

co.bu.tlon pr04uct •. ot natural 9a. 

" 

(3) Aftr&9ed over the ",ubltanc.. for: ,-1c:h e",ke v~ coéIe4 

pr •• ent ln at lealt one job d.scription. 
. 

(,) "ver&CJed over ~all 300 lubstances on the ezpoaiare c:bec:kU,st. Jor, 

the 266 (300-3') .ub.tanc •• ln vhlch e.posure v •• ftOt ~ ln a uy 'Ob 
~ 

4 •• crlptlon, value. of " and « ,,-re .et to unity. 
, , 

(5) Obtain'" u.ln9 the coUa,..d table .. thod (Tabl. 7.3.11l. 

, 1 

{ :,: 
-ll~, ________________ ~ ________________________________________________ ~ ____ ~ ____ ~~ _____ . _ 
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,(1 •• ) -ft! ~ lda1 

The PUrpos. of thll trial vas to evaluet. the r.Uab111ty, or 

npeetabU1ty, of Ittrlbuting • ..,.". by ... n.u. for e te.. of 

cueer Study che.l.t~. 

.. 
, .' 

Zn the Metal Induatry and C ..... lcal Nanufaeturlng trlal. twlv. lOb 
• 

cI •• c:;r1ptton. vere obta1n.d frÔla aourc.. nt.rlor to ~ tbe Cancer study. 
" 

Jt vas 1nteRd." that the.. tU.. vould be proc .... d by the t... of 

cbetll.t. over.. perlod of tour IIOnth.. In ora.r to prev.nt the 

èheal.ta frœ real1zing that a .peclal tr1al va. un~.rvay 1 1 t va. 
neee •• uy 'to crlate a 11 f.ti •• vork hi.tory for lach aubject. .or- th1. 

pur'J'08e, 1*'.Vi.o~.ly cèded jOb d •• crlptlona vere haphuarêlly •• l.et.,d 
~ --

trœa the (11e. of the canc.r study. The criteri. for a.l.ctin; tb ••• 

other job d •• crlption. ver. only that th.y .hOuld bt re •• onably 

coapatibl. vith .aeh otb.r. In aclcUtlon, Oftly jOb de.crlpt1on. ver. 

.. lect.d lf no .ub.tanU.al chang •• hacI to bI .. dl to the U .. periOCS ,ot 

.•• ployaent. M a re.ult of thl. pr~ •• , 2], jOb d •• cr1pt 10n • ver. 

•• 1ectld. Tiae perlodl of •• p1 oya.nt, and th. occu~t10n. and, 
\ 

lMuatr1 •• ln vhlch •• ployaect oecurr*d 1. pr ••• nted ln Tabl • A~13.1. 

hO • cheel,_t. (Che.tata 'and 5) partlclpated ln bath the original 

coc!1D9 tr.rerr.d to aa the ,ir.t Cod,) and the •• c:0n4 cod1ng lrtferred 

to .. the Recode). In bath c.... the cocl1ng vu perron.a ulln9 the. 

con .. n.u ... thoc!. 

" 

,'----~-- - - ~. ----------
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1'he 'ob dnc:rlptlon. 'tut vere uUU...s ln '''."thl. trial U'OM rra. 

c1Urerent tl.. per1od. 1~ the Il f. of the cancer stU4y, vllen coalft9 
ri" 

'Meta ccntalnl1\9 dUf.rent . nuaber. of .ub.tanc •• ver. u.ed. In non. 

of the lOb ae.c:rlpUon., hovever 1 ver. .ub.tances attriblltecS lq the 

.. coae vhlcb 414 not appear on the .xpoIur. checkll.t -u.e4 ln the 

ot191nal coalng, 'l'VO hWldrecS and .e .. nty .ubatan~e. vere lla. u the 

balt. tor the ~Yll •• 

CM bundrecJ aileS et,ht of the 270 expo.lII"e. w",.attrlbu~ ln at le.t 
Tf ' 

one ot the COIIln,l. The pI'OJlC)rtlon of lubltance. attrlbute4' at .ach 

le .. 1 of confieSene:. 11 pre •• nt" ln 'fable 1.'.~. The proportion of 

'~UI"e. ju4ged pre .. nt j at any l.v.l of confid.nce, va. about 2.3' ln 

both c:ocJln,., vhlch trellatel to about .11 '/poIur.. per job 

,4e-=lptlon. 1'bere wre no .1qnlf1cant dUf.r.nc •• at each of the 

1.ve1. of confid.nc. 11.ted ln the table (Tabl. '\.13.2). 

~ each pattern ot concordanc., the nUl\ber of ob .. "ecS .xpoaure. val 

9I"eat.r tban tbat .. ,.ctecS by chanc. (Table 7.t. 2) • very CJOO4 

--. ~~ .... nt 'la. ob •• md at .a~h ot the thr.. lev.l. ot conUcJence 

(average 1 • 0.65, P •• '8.", Tabl. 7.'.3l. o Aqr •••• nt f~ .ach of the 

four ezpure varlabl •• and the' .ynthetlc lnd.1 vu allO <Jutt.;ood 
, , 

t'av.rag. 1 • 0.60, Table 1.'.j). '. A;r".ent vu l.a.t for the varlAbl. 

.... uring conc.ntration (1 • O.53l. 

A •• parate analy.l1 of agr .... nt vu perfor-.d for each of the lOI 

'" 

--------------------------------_._'.--._----------
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.ubltancea attribut" ln eltber oo41n9 CTabJe A.l3.3,. 

.tratlfleeS by a~ra.J. preval.nce, vas not pertor.e4 alnc:e the -jorlty 

of the au_tancea (105 of 
,) 
prevalence 1... than 20'. 

the 108' vere codeeS vith an expoaure .. 
Ther. vu exceUent ...... nt for 102 

.ubltancea ('fable 7.4.5); tbere vere alx aubatancea ln vhlch ..... nt 

vu good and ftOM ln vhlch acJI' .... nt va. poor. 
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... ~ 'l'able 7 ••• 1-

~œ ot h~ur._ Aacrlbed at •• eh Level of confia.ne. 

ln the COd./I.cod. Trial ( Il 

Proportion' ot Expoaurè_ Attr1buted 

Codlft9 tov Media H1IJh Any 

,;. .\ - ' 
, 1J \ , 

~ 

nr_t COde 0.02 0.39 1.92 2.32 

"coc1. L 0.06 0.37 1.95 2.38 

Aver~e: 0.0. 0.38 1.9. 2.3. 

(1) The a.ftOBlnator u •• a to calculate the percentag •• 1. equal to the total 

nuaNr of ezpoaur.. con.~d.r*a by a rater. 

cJ._cription. X 2.70 _ùb.tanc •• (6210 -expoaur •• ) • 

This 1_ equal to 23 job_ 

./ 

, 

/ 

f .. 
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Table 7.4.2 

patterl of COncordance by Level of Confidence' AlDong ~ Ratera 
~ 1-., 

Mcribing' Expoaure in f the CodeIRecode Trial .( 1 ) 

Bu.ber of Raters lUIIlber of Exposures ObserveeS and Expected 

Attr1buting EXp: .t Confidence Level: 

Righ Medium or 'H1gh Any 

Pre •• nt Absent E o E o E \. 

~ 

2. 0 71 7..3 97 3.3 ~9 3.4 

1 1 92 
f' ft 
23 

~ 
93 280.4 94 285.) 

1> 

0 6044 5972.3 6020 5926.3 6017 5921.4 

Total (2): 6210 -6210 6210 6210 62.10 6210 

Chi-square (3): 90.8 131.~ 134.4 

.' 

\ 
\ 

\ 

( 
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Table 7_'.2, continued 

(1) 'l'he expected nUllbera repre.ent the distribution of agro •• nt calcul.ted 

uneJer the a.sUIlpUon of atatistical independ.nce. Agr •••• nt va. calculatecS 

by cat.9~1z1n9 the judqements of each 

at one or more levela of confidellc., 

levela. 

rater 1nto tvo categort.s, exposed, 

and exposed 1 or not, at aIl otber 
~ 

C 2) The total nUllber of exposurea, 6210, ta equal to 23 job descriptiona 1 

270 aubstances. 

(3) 'l'hi. ia a teat 1 on 1 df 1 of the null hypoth.a1a that the ob.erved 

nUllbers 1n the cQncordant cella (2-0 and 0-2) are equal to that expected 

by chance a10ne. 
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Tabl. 1 ••• 3 

Agr .... nt U.in; the COll.paecJ Tabl. Nethod for Ezpoaur. <:ate9Orl •• d 

at Thr .. Lev.la of COnfld.nc. ln the COd.ta.cod. Trial Cl) 

Agr .... nt Evaluat.d for Expoaur. 

cat.gor~&.d at Confid.nc. Lev.lf 

B19h Ned1U11 Any 

or H1;h 

nu (2) 7. 97 " 
ta.5 

, 

for IL .5t •• 68 .61 - .73 
-..:-

'-
, ' 0.61 0.67 

aux ;ç" " 

r~ 
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. 1 ( 

lit .. 

'1'.1. 7.'.3, conUnued 

(1) t'be total nuaber of .zpur •• , 6210, ta .qual to 2.3 30b 4 •• ~1pttOft. X 

270 .Ub.tance,. 'l'he or191n.l .cal.. of .... ur ... nt (four cat~i •• ) ve~. 

ua" for .ach of the four .zpoaur. variabl ••• 

(2) ~hl. r.pr ••• nt. th. nuaber of .xpoaur ••• ttrlbu~.4 pr ••• nt ln both 

........ nt •• 

/' 
\ 
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'l'abl • .,.,., 

Int.r-~at.r Agr .... nt ua1ft9 the COll.paed fable Nethod for 

the l'Our Expo.ure Variable. and th. Synth.t1c Incl.1 ln the 

OOd.;aecode 'l'rial (1) 

COntact l'requ.ney COncen- Lev.l Of 

trat10n Confid.nc. 

P,") '8.3 __ '8.1 '7.8 '8.3 

0.63 . 0.58, 0.53 0.63 

9" CI .57 - .69 .52 •• 64 .41 - .59 .5' - .69 

for , 

" 0.66 0.6.2 0.64 

syntheUC 

Ind •• (2) 

'8.2 

0.61 

O.Q 

• "" (1) 'l'he tôtal nuaber of expoaurea, 6Uo.., ta equ.l to 23 job cleacrlptiona X 

270 aub.tanc ••• 

<:> 

(2) rh •• ynthetlc 1ncl.loia cI.fined a. concentration 1 frequ.ncy 1 level of ~ 

.xpoaur •• 

,- 1 
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Table 1.'.5 

Dl.t~lbut1on of the Level of Al;r .... nt fOr Individual Sub.tanc:ee 

~1Ch ,vere Attrlbute« Pr •• ent at Any Level of COnfid.nce 

.ubetanc:ee 

P. 1 

TOtal , 

EXcell.nt 102 31.8 '6.2 0.55 

Good , 2.2 ".1 0.25 

'4' 

JtoOr 0 0.0 

Total • C2le 108 &0.0 t5.5 0.53 

CSh 210 100.0 tl.le5) 0.11 
" 

('la , 210 100.0 ,e.5CS) 0.61 
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'fable 7.'.5, continued 

n.) ....... t fœ .ach indiVidual auatance v.. cat.e«JOrtae4 a.' follov.l 

, p. 0 

~, Cxc:eU.llt \.., 

70-'0' GOOd 
\ 

<70' toor 

(2) Averaf.CS over the 108 aUltancea ln Vhlch .xPo-ure va~ attributeéJ 

by at leaat one rat.r. 

(3) Avuac;ed over a11 210 lubatance. under condderaUon. FOr the 162 

,(270-101) lubltancel for vhlch eçoaur. v.. not c:od.d in any jOb . 
.'4.lcrlp~lon, valu •• of P. anel 1 vere let to unity. 

c.) Obtalned ulint the coUa,-" tabl. _thod (Table 7.'.3). 

CI' The dltterene. in the •• tvo' nuaberl val elu~ 101.1y to round1n9 

" 

- 1 

, r; 
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(7.5l IyDtbns.. of ,"Ill t. 

}1-<5.l) ..... at 1Il Attrtbut1D9 ...... ~t Dtff ... 

Leftl. of c:œn .... 

In five of the .even trlala, no .ignltlcant dlffer.nc •• betve.n rater. 

vere ob •• rved ln e.ti.atlng prevalence of expoaure at the h1gh l'vtl ot 

confi4enc. (Table 7.5.11. S1gnlflcant difference. vere ob.erved, 
o 

howev.r, ln the Che.ical Nanutacturlng and ln the Weld~d. trial •• 

• ev elpo.ure. ver. attributecl at the lov level ot ·contidence. Thu., 

expolure val attr1but.d only when the ~aterl telt falrly certain that 

tbe' 'Iposure ha4 oecurr.d. Al though not appar.nt trOll this au..ary 

table, th. ch •• iat vith the great •• t aaount of .Iperl.nee (Che.i.t 1) 

attr1buted a hlgher proportion ot elpo.ure. ln ~ry trial ln vblcb he 

parU,clpated. 

\ In Table 7.5.2. th. averag.valueof XappaCand ,'l,t".n ov.raU' 

palr. ot raterl ··1ft •• ch trial, t. aua.arb.d for expoaure eate'gOrlzecl 

,It tbe hlgh and at any l.v.l of conf1~ertc.. In every trial, good to 

eXcellent agr .... nt va. ob •• rvecl at .ach of the •• l.vel. ot conf1dence. 
f 

CS1.Uer reluIt. ver. ob •• rve4 to,r expoaur. categorlz.d at the McllU. 

or hlgh levei of confidence.) Averaged ov.r all pairl of raten ln aIl 

trlall.l the extent Of 1nt.r~r.ter -or .... nt vu about /quaI at aU' 

1 ... 11 ot confidence, cona14.re4 ln tht. the.la (avtr4lfe , • 0.59 ancl " 

• 0.70l. 
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'rable 1.5.1 

Ave". ft'OpOrUon of Expolure. Alcrlbed at two tAyel. of 
.' . 

ÔOftfldence ln .11 Trla1~of·Inter-a.ter Agr .... nt (ll 

. .. 
, Avera94t 'roport 10n of I!xpoaure 

~ Attributea at COnfidence Levell 

. 
Hlgh Any 

110. ot· Avg. S.D. 

c:capart.on • .wong cancer Stpdy Che_lita 

aubHr Ind. (2) 3 2.3 0.1 3.t* O.? ' 

General c:cap. • 2.6 0.3 3.'* 1.0 

.aine Mfg. (3) 2 4.8 0.7 7.5* 1.3 

. WelcUng 'l'r'ad. Cl) 1 5.6* 1.3 '.1* O., 

'.atnt Mfg. C 4 ) l 4.t 0~8 6.t· 2.4 

We141n9 Trad. Ct) 3 5.3* 1.1 

. , 

- , . A 1,4# 
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Metal lad. 

<;Maical N(9. 
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1.5 -

Tabl. 1.'.1,' cont1nu.a 

AveraIJe Proportion of I:xpotJure 

At tributea at Confidence Leve1.' 

H19h 

110. ot AV9. S.I). AYtJ. S.D. 

... ten 
" 

2. O.t 5.3* 0.1 

2 0.7 ,2..5* 0.1 
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Table 7.5.1, éOntlnued 

Cl) 'l'he expure preva1ence va. averAeJec5 over aU ratera 1 ele»pt vhere 

noted below., "." ln~lcate. tbat dlfference. ln the proportion of 

e~ure. betveen Pfrticlpatlnq rater. va. .1qnlfleant at pcO.05. 

Si9nlficant dlfferenc •• ln the attribution of exposure vere evaluated, 

for pair. of rater.; u'lll9 Mdle.ar'. t .. t. Cochran'. Q-lndex va. u.ed 

for .ltuat1on. 1nvolvln9 aultiple rater •• "Avq." repre.ent. - the 

•• eraqe proportion of expoaure Un 'l for the nuaber of ratera 11.te4 

ln colUlln tvo. "S .. D." h the atandard deViatien. 

(2) ~cl u4e. the F\Dal COdln9. 

(3' 8Xelude. the coapar1.on lif the 'tvo cheat.t.. Vith t.he en.mal 

juc!ge •• 
\ 

(.) helucJe. the c:o.par1,aa betveen the ca.tal.h. 
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Tabl. 7.,5.2. 

,Av.rag. A9r, ••• nt for Exposur. cat.gor1ze4 at TVO,Lev.l. of 

COnflc1.nce 1n aU Triala of Int.r-Rat.r Aqr .... nt (~>. 

JIO. of Avg. 

.. t.r •. P, 

.~ ~ Gen.ral ooap. , 

ralnt Nfg. (3) 2 

Ve141n9 Trad.· (3 l 2 , , 

\ 

'7.' 
'7.6 

'7.6 

'6.8 

p; 

,,. 

C&t'90r1z.d at COnfid.nc. Lev.ll 

8igh 

, _ l' 

0.57 0.59 

0.60 0.64 

0.63 0.86 

0.66 0.82 

0.62 0.73 

Any 

, 
" 

0.59 0.69 

0.'2 0.64 

0.62 0.12 

-G.Ii' 0.75 

0.61 0.73 

o:.pat111Oft. , .. t,,"n IncU v1dual Cheaiata and bternal Juc1ge. 

htnt Nfg. Ct, 3 
, ' 

W14tng trad. (.) ,3 

, ' 
G, 

-

"',.7 
'6.1 

0'.63 0.86 

o.U 0.70 

0.63 0.71 

0.51 0.71 

0.'8 0.70 

0.55 0.71 
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l'able 7.5.2, ccntiDued 

" AYerage 1 AqreeMnt for; EXpoaur. 

, 
----~-------------------------

Trial 110. of AVfJ. B1C}h Ally 

.. ter. P. 1 l' . 1 " 

f 

Ccaparhona .. tllMll eonaenaua Co411)C) and Dterul ,1Udg •• 

... tal Ind. 

Che.lcal NfC}. 98.4 

'0 AYer&gea 97.7 

.. UabUity of consellaua Qo41nC) 

CbJe,lMcCde 2 ,a.' 
rP 

.;--.\ 

oYeran AYer-vet t7.5' 

0.55 0.5' 

0.43 0.58 

0.49 0459 
Il 

0.61 0.61 

0.59 0.67 . 

o.'5a 0.65 

0.56 0.66 

0.67 0.6' ' 

cO.59 0.70 
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Tabl. 7.5.2, eontlnued 

(1) A9r .... nt· v .. calculat.a,by flr.t categorlz1ng th. ,uag ••• nta of 

.&ch rat.r lnto tvo le'Yelia expoaed, at one or aore levela of 
., 

confid.nc., and expoaed, cw not, at aU oth.r level.. Average. of It, ">: 

and It t are pre •• nted oye~ aU pairs of ratera parUclpating ln .ach 

trial" .xcept vhere noted belov. 

(2) Exc;lude. th. nnal COdlng • 
. 

(3) Dclud .. the c:c.parlaon of the .xt.rnal ludge. vith the cheal.ta. 

ft) bclud •• the c:œparlaon betveen the tvo che.taU • 
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For each of the four' exposure variables (ie, contact, frequency,-

concentration, and level' of confidence) and the synthetic inde., 

inter-rater ,a9reement was averaged among aIl pairs of raters who 

participated in each o~ the trials (Table 7.5.3). Averaged over aIl 
1 

comparisons, agreement was moderately good for aIl fiv. variables 

(average 1 • 0.48) • ~ithout exception, concordance was least for the 

acales deftn1n9 1ntens1ty of expo.ure and highest for level of 

confidence ~ 
'-~ "",""," 
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table 1.5.3 
J 

Average A9reement, using Kappa, for the Four Exposure variables and 
r .... 

the Synthet1c Index 1n all Trials ot Inter-Rater Agreement (1) 

Average Agreement tor: 

Tr1al BO. of Avg. contact Freq. Cone. Level synthe 

Raters p. ot Index 

(2 ) Cont. 

, 1 1 1 1 

Compulsons Mong Cancer Study Chemists 

Rubber Ind. ( 3 ) 3 96.6 0.52 0.50 0.41 0.51 0.52 

General Comp. • 95.7 0.45 0.42 0.40 0.47 0.45 

ra1nt Ntq. (4) Z 93.1 0.49 0.48 0.47 0.55 0.57 

Weld1ng Trade (4) Z 91.8 0.69 0.53 0.46 0.57 0.54 

Average: 94.6 0.54 0.48 0.52 

o comparlsons Betveen Individual Chemista and External Judges 

ra1nt Nfg. (51 3 93.5 0.41 0.43 0.36 0.47 0.51 

1 weld1ng Trade (5) 3 90.8 0.52 0.34 

Average: , 92.2 0.47 0.39 

( 

---------------~---Q--:-__r. .. ~r!*--~-------.---- -- _ ......... __ 1I_' __ ~~ .......................... ~ .---
.. _ .... t 
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rable 7.5.3 1 cont1nued 

Average Aqreement torr 

Trial 10. ot A~, Contact Freq. COnc. Level Synthe 

Raters P. of Index 

(2. ) conf. 

, , 1 1 1 , 

\ 

oompar1eona Betv.en Con.ensua and External Judgee 

Netal Ind. 2. 0.38 0.52 0.t4 

Chellleal Mfg. 2 97.0 0.39 0.39 0.32 0.44 0.13 

95.9 0.15 0.13 0.35 0.t8 0.44 

.el1abl11ty of COn,ensue COd1ng 

Code/Rec:04e 2. 98.1 0.63 0.58 0.53 0.63 0.61 
"'-----.... 

OVerall Average: o . 41 0 • 51 O. 50 

( 

T .:-
• i .1.2 .. -
L 
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Tabl. 7.5.3 , conH'nu.d 

(1) Aqr •••• nt wa. calculated for the tour npo.ure variable. (contact, li 

frequency, concentraUon, and lev.l of confidenc.) uè1ng th. original 

four-point .cale. of •• a.ur •• ent. For th. lynth.Uc index, vhic:h vas 

d.flned as trequ.ncy x concentratlon x l.vel ot confidence, agr .... nt 

va. obtain.d by categorlzing th. valu.. lnto thre. levelll no 1 

.... dip .. 1 and "high" expo.ure." Thereatter 1 an av.rage va. taken ov.r 

all pairs of rater., exc.pt wh.r. not.d belov. 

(1) Av.r~.d over th. 5 variabl ••• 
. 

(3) Exel ud.. the Final Cod ing . 

(4) Exclud.. the comparilon of the che.l.U vUh the esternal iucJ9". 

(5) Exclud •• th. COIIIpar110n bet"een the two Ch,ht •• 

( 

:;; (.~ 
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(7.5.3) ~ of. AOr .... t for: tboM ..... taacn At.trlbatel 

A sUllllary of the ut.nt of agreellent for tho,e substances vhich vere 

attr1puted 11 prelented in Table 7.5.4. Substances are om1tted tra. 

consideration her. if the varioul raters agr.ed unan1.ously that there va, 
.. 

no exposure. The fourth coluan of the table repres.nts the index of crud. 

agreellent -averaQed- over all pa1u of ratera and over aU attr1buted 

substances. The nUllber of substances in wh1ch elcellent and good agreement 

lias ob,erved ~. pr.,ented in the la.t four eoluan.. 'l'here ",a. exceUent 
\.....; 

agreellent obaerved for 56' of tho.. subst.nces .ttr1buted .nd goo4 
-_.~ 

.gr ....... nt "' •• obs.rved for 2.9' of thell. On average, there "'.. goo4 

agr.e.ent in .ttr1but1n9 the pres.nce or abs.ne. of expo.ure (average p, • 

83') ~ 

;. 
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Tabl. 7.5.'. 

IAvel of A9f' .... nt for ttto.. lub.tanc •• Attribut.cS at Any trvel 

of Oonfi4ence 1n all trial., of lnt.f'-.at.f' Agr .... nt Cl) 

.uaber ot $ub.tance. ln 

vh1Ch At)r .... nt va. (2.), 

'!Tial Total 110. of Excell.nt 

Jro. of 5ubatanc •• 

Sub.tanc •• Attr1but.d , 10. 'ot 110. 'of 

Ca} ( a) (a) 

cc.par~. MOng cancer study Ch •• iata 

aubber Ind. (3 ) 2.70 29 73.3 3 10.3 13 ".8 

General COIap. 172- 105 14.2. '1 86.7 1. 13.3 

•• 1nt Nfg. (. ) 173 .2 78.6 U 33.3 18 U.' 
Veld,lng Trad.'" ) 2.51 88 87.9 ., 51.1 29 33'.0 

/ 
.. ~ 

rotall 2'-' 83.5 153 58.0 7. 2.8.0 

.2 77.' 18' '2.' 16 38.1 

88 77.6 40 '5.6 25.0 

rotaI * 130 77.5 58 ".6' 38 29.2 

, 

__ ~~~ _________ ~L 
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.aber of Sub.tan~. in 
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1 
!rIal S'Ota1 10. of AY9. Excell.nt 

110. '01 lub.tance. P. 
~ , 
, 

.üatancea Attdbuted , 
~ 110. , ot .0. , of 
1· 
( 

~ Cal Cal Ca) 

co.pariaQn. .. tween Con •• naui and Ext.r-nal Judg •• 

,J Metal Ind. 300 65 82.0 a 21.5 t3 66.1 

Chealeal Ntg. 300 34 7'.' 11 32.4 12- 3'.3 
, 
1 

r . 
t TOtalr " . 80.1 2.5 2'.3 " 55.6 
i~ 

'. 
~11ab111ty of eon •• nlui cocUng . 
COde;'ecocJ. 210 108 "., 101 ";"4 6 ".6 

i 

f .. 0 
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Gr-u4 TOtal 1 601 82.' 338 56.1 173 18.8 t' 
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Ttbl. 7.5.6, CDntinued 

Cl) ..... nt vaà calculat.e! by f1r.t C.t~ll~ the ju4g ... nh of 

.acll 'rat.r l .. to tvo 1e •• 1I. 'e.peel, at any U,'.l of COftoa.ftC4t, and 

DOt .xpo •• 4. A •• raq •• of p. an pr ••• ntea over a11 pair. of rat.ra 

~tiClpatlng in •• cll trial, exc.pt vhere ~t.d'below. 

(2) A9t' .... nt for •• ch individua1 tub.tance va. catefJOri.e4 a. follovat 

P. 

~ 

70 - ~, 

Excellent 

(3) Ixelua •• the Pinal CCding. 

, (,\ Sxc1u4 •• the eoaparl.on ot the c:M.lah Vith t~ e.ternal 3ud.e •• 

,(5 \ Ixc::Ïud •• the c:o.parleon bet~n the tvo cIM.lata. 

" . 

. .. 
, ' 

; , 

. .;;... 

", 

1· .....!...-------=---.:.---...... ',-"!"l, $-------------....... ------1:\:---~---.-
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(1.0) Dl .... _ 

C8.1) Va1141ty ...... Uabl11ty of tM Cbe.tata' C04_ 

the eon .. naua Mthoc! of coding eEpo.ure tor .etal lndu.try and ehe.1c.l 

concordanc. va. ob.ervld, hav.ver, ln the N.tal Indu.try Trial. 'l'hi. 

11 partly eaplained by th. ch.lliats 1 0 greater tamUiarlty vi th .. tal 

lnduatry occupation.. The che.i.ta had previously con.ul teeS 'vith. 

indu.tr1al hygl.ni.t. and '''91ne.rl, they h&d ace... to publt.heeS 

report. of occupational .urvey. ln th1l 1ndu.try. (DSC, 19a.), and they 
1 \ 

hacJ prev10u.ly p&J;'tlC:ipated ln related trlall (.g, the w.lding Trad. 

trlal). ay contra.t, th. ch •• tat. had no pr.vioui .xperi.ne. coding 

.xpoaur. for occupation. ,iailar to tho.. u •• cl ln th. Che.ieal 

Nanufactur1ng Trial. They w.re not able to vi.it th. I1t. or con.ult 
o 

c:œpany per.onn.l. (The plant rra. which the.. jOb d •• crlpt1on, vere 

,.n.rated 1."" unlque ln Canada. ) Th. eh •• ilt. had to rely .olely on 

publ1.hecS .at'1;'1&1 a. th. loure. of 'Epo.ure 1nforJl&t10n. NOreov.r, 

.1ne. th. 30b de.criptionl for thil trial hac! not been obta1n.d by 
l' 

lnt.rv1.v1nq .ubl.et., 1 t va. f.l t that the vork1ng .nv1ronll.nt va. not 

a •• ccqrately dflcr1btd a. ln th. N.t.l Indu.try Trial. Henc., th. 

nt.nt of .qr •••• nt obltrv.d ln th. ch •• 1caI tri.l prob.bly r.pr ••• nt. 

a loVer 11.it to the valldity of the con ... n.u. approach. 

'l'he val1c!1ty of t.he codin, of pal nt aanufactur1ng and veldln9 

occupation. by lncU vidu&1 ehe.l.t. ean lM 1nf.rred fro. the h19h d.9r .... 

Of &9r .... nt ob •• rved bttve~n the che.l.t. and, .xternal jucJg... Sinee 

v.ry 900IS aqr .... nt vat ,180 ob •• rved "tween "'the individu.l cM'llta, 
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1t 1. lU.ly tut a con •• n.ua C041n9 by the,. cM.lata, if Uft4.rtüen, 

vou14 be at l.aat a. val14 .. 

Al;Jr .... nt betv •• n lnt.rna! and .rt.rnal· rat.n va. h19h.r ln the Palnt 

Nanufacturinq and Veldlnq Trad. triall than 1n the Metal Indu.try 

Trial. Th. cancer Study ehe.ut. J 9reat.r èxperi.nee codlng pal nt and 

veldlng occupation. aay be partly re.pondble for thl. dUf.rence. ~ 

the other band, the .xternal judge. ln th. Netal Induatry Trl.l 

prObably h.4 the mott accu.te expolure inforaaUon. In tact, th ... 

-rater. attrlbuted a higher proportion of eXpoIure. than ln the 

conaen.u. eodlng. ThuI, 1 t la po •• lblt that th. lover agreellent 

obltrvea ln the .etal trial nUecha ao.e difticulty on the part of 

the cancer study che.l.ta ~n ldentlfylng elpo.ure.. It 1. unlikely, 

however, tbat the Il.tal lndultry occupatlons v.r. lnherently ~e 

COIIplex than thoae ln th. other two trlala. Thia ahould lM .v14ent 

vh.n~. recaU.a that tvo of the .ubjectl verke<! a. velder., one .1 

• ~ter and the re .. lnder worked .1 poulhen and lIetal fonaerl. 

%t il 11kely that the eltern.l r.tera provided the beet ••••• ~ .. nt. of 

expo.ure that could be obtalned under the i.po.e~ con.traint. of tl.e 
, 

and coat. The elternal ratera in the Netal %nduetry Trial probably had 
, 

th. be.t e.polure informatlon .1nee envlronaental lIealure.ent. for aoee 

.ub.tanc •• -frOli ~ oc:cuP'otional .urvey vere u.ed in conjunctlon vith 

_ lnforaation qleanecl - frOll interviewa. Even vith th .. e accuate 

.... ur ... nt. of .expoaure, lt vu cleu th.t the job cI •• c:rlption 

pt'OVlc1.4 adcll Uonal lnforaation not .vaU.ble frOli the lurvey. FOr 

.x .. ple, lf dlff.r.nt lIaterl.l. vere uaea.t cliff.rent ti ... , lt 1 • 
.. 
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~lk.ly tut cmly thoQ •• terial. Il •• 4 at the U.e, Of tbe .urvey ~ld 

M noted. Thé interviewa vere able ,to 1n41cate .ubatanee. not 

otherv1.e catalogu.d. overall , 1t can be coneluded that aine. good 

agr •••• nt va. ob.erved in aIl com~i.on. vith external rat.r., that 

the participating Cancer Study chellliat. g.nerally coded expo.ure as 

accurately •• any other el191ble rater. 

The relul ts of the COde/lecode tr1al 1nc51cat. that th. eon •• n.u ••• thod 

va. quit. rell.blt. The n.tur. of th1s tr1.l va. such th.t •• ch rater 

cod.d the ~ame job descr1ption •• t tvo d1fferent tl.... Hovever , the 

author v •• · ••• ur.a by th, part1cipatlnq ch •• iata th.t they vere un.vare 

th.t th.y hac! prlv10u.ly cod.d th... jOb descript10n.. Thua, the h19h 

lev.l of agr .... nt ob •• rvea coul4 not have beln du. to th1a .Ueet. 

C8.:U 
a " . 

Th. r •• ua. of the .inter-chtlll.t COIIpartaon. , U~1l9 th. K~ 

.tatl.tic, 1nd1cate. a hlqh lev,l of aqr .... nt betveen int.rnal rater. 

eo4tng • vide range .Of occup.tion •• stqn1ficant d1ff.r.nc •• '1n 

e.tl .. t •• of prevalenee vere ob.erved, however, betv,en .ome ch.mtlt •• 

(Th. ll1plic.tion of .tmultaneou.ly ob.erv1nq a1qn1f.1cant d1fferenees 1n 

• prevalence betveen ratera and h1gh valu •• of Kappa are d1acu •• ed 1n 

, •• ction (8.').) In parUeular, 1 t v.. fOund that the ehe.i.t Vi th the 

~t expertence (Che.t.t 1) attrtbuted a h1gh.r proport1on of .xpoaur •• 

tban any other rater. In pracUee, dU rerenel. betve.n eh.ll1att eo~l4 

be reaolve4 thrOugh other relat.d codlng actlvlti •• , .ueh •• regular 

-------- -_._--------- --,----'---~--------...:;...,----,--- -
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41U.r.nt,; lOile vorkecJ ~lftly in prlaary codlnci vhlle oUlera worked ln 
~ 

•• c:onc!ary cod1ng. The hlgh degr •• of agr .... nt betve.n the ch •• lat" 

...... ur.ct by t!'le Kappa atatllt~c, augg •• ta th&t th. che.l.ta vho 

partic1pat.ct ln the •• triah can prO~bly VQrk in Any tacet ot the 

routine cod1ng' (e9, prilll&ry or aeco~'dary cocUng). 

( 8.3 \ %llpl1cat1olll to the caacer .t~ 

C8.3.1) GJItMr&l1Abtl1ty to all .:Job DHcr1ptiOaa al ftl. 
r;r' o;a t. Il 

certain factor ... y attect agr •••• nt and, conuquently, the ace&Q:'acy of 

the ch •• ilta' codlftq. 1t i. likely, tor example, that the rat.r'a 

knovledge of industr1al environzent., the rellabl11ty ot hla cod1ng, 

the induatry and occupation in vhlch the worker va. e.ploy.d, the tl •• 

period of the oc:cupa~lon, the loc:ation dt th. jOb Ce9, ln the MOntr •• l 

are. or not), and the qual1 ty ot th. job d •• crlptlon ar. .000e factor. 

th.t za~ affect agree •• nt. The triall vere not.~ea19ned to t.olate 
') 

vh1ch ot the.e ctora vauld attect agr •••• nt. Many acre job 

a dltterent vay, veuld be requlred to an.ver 

possible that the ch •• iats' codlng .. y 

be al certain type. of job delcriptions. Thi. could 

lçly that the resul h obtalned hen should not be extrapolatta to the 

.et of job de.eriptlons on fll. ln the cancer Stu4y. FUrtheraor., the 

general1za.bllity of the.e conclullon. to a11 lOb cleacrlpt10nl in the 

c.nc.r study zay be liaitect becaua. a ... U nuaber ot job d •• criptlona 

(about lOO) vere cod.ct ln the •• trial.. In api te ot th •• e argument., 
\ 

tber. i. realOn to beli.v. that th. r •• ulta of the.e trial a can inde.a 

,----~" -
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be veneraUze.! to thoae lob delcription. that· vere obtainecJ by 

interviewing lubj.eta. J'tnt, CJOO4 A9.r .... nt vu ob.erved in triall 

that .valuated, apeeific typea of occupatlon. Ceq., paint~ velding, and 

,.-ubIMr). Second, there va, Vood agr .... nt for a large proportion of 

attributed lubltanees. Flnally, and ao.t lmportantly, the relulta of 

the Cheateal Nanufacturtng Trial plac.d a relatlvely hlgh lover liait 
. 
on the aeeuraey of the codlng of expoaure for unfUlHiar oCcupation •• 

, 
In the cancer study, the chemiltl uaed a conHnlua _thod to ..... 1 

e'XpOaure. other acUvlt1.I, luch a. consulUng vith industrial 

expert a , ,ext~na1ve literature r.vie'!'_, and site v1aita tend to 

increase, vlth tia., the chealats' atat. of knovledge of induatrial 

env1ronmentl. IntoraaUon II k..pt on fUe and il .hand UIOng the 

c~l.tl ln day-to-day actlvltie. and through reg~ ... tingl. Thu" 

the aanner ln vhich lnforaation II .harea Vith~th. ~e.r Study} the 

bigh level of inter-rater agr •••• nt betv.e~ eh •• llta vho pertor.e4 

dUferent eocUng taak. ln the canc.r study 1 and the belief that the 

extemal ratera provlded excellent a.sessa.nta of expoaure ~plt •• that 

two lpecifie conelullona regarding the particlpating Cancer study 

che.lata CAR probably be g.nerallz.d to aIl trained ch •• iat.: 1) DOat 

train.d chemilt. Vill attrlbute expolure a. veU al any other ".xpert· 1 

and 2) aoat trainecJ ch •• t.ta lbould be abl. to perfont any coding task 
.# 

vithin the cancer Study (le 1 prl~ and .econdary codln; and .pect.f 

FOl·ch). 

-
L 
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(8 •• ) r.1a1tattaDa of tbe IrèeeDt .tu4y 

'fbe cencI ulions diseusaed above lIay be serioualy collprOlllised', ft the 

eollapsed table lIethod 15 not an approprlate means of summarhing 

\aqreellent. ,In particular, the values obtained fOr the ~appa stathUcc; 

aay not adequately retleet the degree of agreement average~ over aIl 
, 

substances. rhe value ot lappa obta1ned froll the collapsed table vas, 

bowever,' con.1stently less than that obtained trom an arithmetic 

average of ind1vidual values ,of xappa over all substances. rhi. 

indieates that .~t1.at.1 using the eollapled table vere probably 

eons.rvat1ve. 

Furthermore, the q~11tative interpretation qiven to the values of 

xappa may not sat1.afactorlly indicate nal dUrerenees in coding 

expoaure betveen rater •• In parttcular, the use of Landis and Xoch's 

( 1977a) ad hoc ayltell of 1nterpret in~ val ues of Xappa may not be 

appropriate. For exampl'e, it 1a not clear vhether a value of Kappa ot 

,,0.5, vhich 11 considered "good" agreement, retlects a larger d1fference 

in the ratera' sensit1vit1es and specif1cities than a value of 0.4, 

vh.ich is eonsideréd only fair agreement. In addit10n, the values ot 

Kappa obtained trom the inter-chemilt 
.: 

comparisons in the Patnt 
, 

Nanutaetur1nq and Weld1ng Trade tria1a 1ndieate further d1tt1culties ,in 

r 
1nterpretation. In the former trial, the chem1sts' estillates of 

" prevalenc~ vere extremely d1!ferent (9.1% versus 5.8%). In the latte~ 

trial, the values vere not' as d_~vergent (8.4% versus 9.7%). Yet, the 

two values of ')Cappa verlet very close - 0.62 and 6.69, respect.tvely. 

rh1s aeems to indicate that Kappa lDay not be sensitive to, departurea 1n 

\ 
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eltimat-el of prev~lence. The resul t also impl1es that the qu.11taUve 

lnterpretaUon conveyed to Xappa may requ1re that el1fferences 1n 

,iltlUmatès of preval.mce be taken 'lnto account. 

one l1m1tation Of, the present atudy vas that fe,., job descr1ptions vere 

uled ln any one trial. As a result 1 est1mates of agreement for 

indivielual ,~ubstancea vere not precise. In fact, the index of crude 

agreement vas used to 1ridicate the extent of agreement for ind1 vi dual 

substances since leappa 1a highly unatable for small sample sizes. The 

analysie 1n which' the average index of agreement bet,.,een ratera vas 

calculated as a function of the average prevalence of exposure 

generally showed that there vas h1gher agreement 1n the lov prevalence 

categories. This l vas not unexpected sinee 1t 1a vell known (cf 1 Ragot 

and Golelberg, 1966) that there 1s less opportun 1 ty to err vhen there 

are more rat1ngs in one category; ie, for high Or lov values of 

prevalence. It vas show, however, thât the average obtained over all 

substances generally reUected the v extent of agreement observed for 

those substances 1n the "medium" prevalenee categpr1es. 

( 8:5) cc.pul8OD of tbe ..... ul t. vi th otber studi •• 

" 

The resul ts of the present atudy anel those of Baumgarten et al., 1983, 

in vhich the occupations reported by subjects in the Cancer ,Study vere 
y 

anown to be valid, indicate that the determinatIon of exposure 1n the 

canc:er study 1s aecurate. Var10us other methods have been uaed to 

measure paat expoaure in otheF oecupational settings. The resul ta froll 

theae stud1es, although fev ln number, lenel cred1b.1l1ty to the noUon 
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that past exposure to spe~1 fic agents can be assessed fairly 

accurately. 

It is interesting to compare the results of tvo studies vhich assessed 

the accuracy of the coding of di !ferent raters. In the study by 

Macaluso and his co-vorkers, 1983, assessments of exposure to 

polycyclic aromatic hydrocarbons (PAH) and asbestos vere compared 

betveen a team of chemists and a job/exposure matrix. The average 

agreem,nt observed vas approximately equal (average Po D 80% and [> 

0.5) to that obtained in the present study. In their study 1t vas alao 

round that there vas a larger d1fference in the two estimates of the 

odds ratio for PARs than for the two estimates of the odds ratio for . 
asbestos, even though agr-:ement vas higher for PAHs (Kappa.. 0.58 

versus 0.52). Certainly, the d1fferences in odds ratios were due to 

the d.iUerent distributions of exposure in the case and control series. 

I t has been shovn (l(raemer, 1979, Thompson, 1982, and wal ter, 1983) 

that lappa 1s related in a complicated vay to the sensit1vity and 

specif1city ot the tvo raters and to the prevalence ot exposure in the 

population. (Most other summary measures of agreement viII .1so be 

functions of these parameters. ) consequently, various combinations of 

values of these parameters may lead to esUmates of Kappa that may not 

reflect trus differences i~ risk ratios. 

It is instructive to investigate why the study by SOBkolne, 1982, 

reported mu ch lower levels of inter-rater agreement than that obtained 

here. In his study, job titles containing information on occupation at 

a chemical plant vere used by various raters to attribute expoaure to a 

-
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"-- set ot substances. It may ditticult to compare h1s study v~th the , . 
present one bec.use of the use ot ditterent scales ot measur1ng 

exposure. Moreover , there vere large ditterences 1n the estimates ot 

prevalence ot exposure l vhich may contound the compar1aon ot the 

est1mates ot agreement using the Kappa index (Thompson, 1982, and 

wal ter, 1983). Despite these problems, it is believed that the lov 

levels of agreement observed by Sosxolne May be attributed to a lack ot 

detail in the jOb title and to an inconaist~nt usage ot the coding 

criteria. 

( 8 • 6) hrtber .... arch 

It has been interred trom the resulta of the seven agreement trial a 

that the chemists' coding vas fairly accurate. It May, havever, be 

vorthwhile to investigate the appropriateness of extrapolating the 

resulta to aIl job descript10ns ~_ tile by inveat1gat1ng the factors 

that May artect' agreement. The results of such a projéct would 

certa1nly be of interest to the epidemloloqical comeunity. This 

amb1tious project May not be tea.ible, havever, because ot th. 

potentially high cost 1nvolved. 

In aIl of these tr1als, the agr.e •• nt 1n determ1ning wheth.r an 

exposure had occurr.d va. h1gh.r~ than th.t of attr1but1ng int.neity of 

erposure. The re.ulta of the pneu.ocon1011a trial a (89 1 Liddell, 1963) 

IU9ge.t that 1mprove.ent. 1n inter-rater and intr.-rater aqreem.nt for 

determining expoaure .ay oCCur if f1ner sc.les of •••• u~.ment are ua.d. 

For esample, frequency and concentration could be cod.d On a t.n-point 

- ;;. ---- ---- - ----
, 

-~---
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.cale by takinq into account vhether the rater seriously considered 

~ 
codinq the exposure lnto an adjacent cateqory. It does not seem 

sutticlently important at thls time to justlty determlnlnq vhether 

agreement vould lmprove vith the use ot d1tterent scales. 

Althouqh outslde the scope-ot this theals, the tables provided ln 

Appendices 7 throuqh 13 may be used to determine vhether 1nter-rater 

agreement tor certain substances vas poor. The resulta ot such an 

analysi •• ay then prove usetul in correctlng codin; detieiencie. or in 

planninq tuture trials. 

,n the author'. opinion, the BOst important tssue ia vhether the 

eatimates ot elce.a rlak deduced trom ditterent elposure •• se.smenta 

are large or s •• ll. In the context ot the Cancer study, it ~ay be 

worthvhl1e to select a tev exposure. and and at lea.t two aitel ot 

cancer to t.st vhat kind ot dltter.nces in riak ratios would be 

obtained by ditterent raters. 

1 
•••• arch 1nto the valldity ot .acertaining elpoaure viII be important 

in other epideaiologieal investiq.tions but, becapae ot the coat 

involved, aay not be a.se.s.a throuqh extensive experi.ental triall. ... 
As previoully discUI •• d, th.re are .any ditticulti.s ln lnt.rpretlnq 

currently u •• d indice. ot agr .... nt. On. solution a.y be to correlate 

indic.. ot .qr .... nt vith other .... ur.. that are DOre r •• dlly 

int~rpretable and are epid.miologic.lly i.portant. For .xaapl., 

.e .. urinq di'U.rence. in ... U •• t.. of rtlt ratios betveen dUt.r.nt 

rat.r. 1. lIOre i.portant than •• t1aat1ng aa.e stati.t1c ot agr .... nt; 

J 
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One potentlal avenue la the use of numerical slmulation. Th1a can be 

•• ployed to avold the large coat of having more than two .ets of raterl 

jvdge a complete set of fUes. Thul, expolure allellmentl of 

hypothetlcal raterl can be made by lpecifying certain parameters Ceg, 

lenlltlvlty, speclflc1ty, and prevalence). lUsk ratios can be 

c~lculated anà correlated vlth valuel of varloul indice. or agreement 

Ceg, Xappa). The relultl tram such simulations may then provlde a more 

lntultl~e ba&1s for lnterpretlng agreement indlces and may then provld. 

.. th. balla for ael19ning and teatlng nev scale. of .. asurement and, 

perhapl, other .ethodl of OO41n9 expolure. " ,( 
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(8.7) COaclusl0D8 

The objectives ot thi. th •• tl vere .et by •••• urin; the ext.nt or 

agreement amon9 participating ratera 1n .even trials. In au., it va. 

d1.covered that there vaa;ood to excellent a9reement in attribut1ng 

elpo.ure amon9 chell\1st., and betveen Che.it\ta and external judg ••• 

From th1., it vas 1nferred that the coding of individu.l che.i.t. and 

QI ch •• i.tl ul1n9 a con.enlul proces. va. accur.te. 

It ha. be.n prev1ou.ly shovn that the r.ported occupation. vere ra1rly 

accurate (B.umgarten et al., 1983). tltu... 1t can lM tentat1vely 

conclude4 that t~ .ethod. u.ed to determine expo.ure 1n the Cancer 

Study are fai~ly acourate. 
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AD.1y.ta of varlance • 
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An abbr.vlatlon for the study "MOnltorlng th. occupational 

Envlrona.ntal for Carc1nov.ns". 

t'he &9rH •• nt tut would be .xpeete4 by ahane. if th. rat.ra ver. 

judglng the tralt lnd.pend.ntly. 

< Suaaary .. asur.s of .gr •••• nt vhleh are .valuat.d by taklng into 

.ecount the agr •••• nt that 1. expeet.d by chanc. lf the rat.r ••••••• 

the tr.it lnd.pend.ntly. 

An lnt.rnal rat'r •• ploy.d ln th. cane.r Study "'ho a •••• .-4 

occupational .xpoaurt fr~ d.tal1.d job d •• crlptlons obtain.d u.ually 

rra. lnt.rvl.V1ng aubjeet •• 

'\ 
t'be t ... of cancer study che.l.t. vho u ... HCJ occupational expoaure, 

c 
~ 

uHcl to ...... inter-rater agr .... nt for 

.. -
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.tt~ibut1ng -urpo.ure ta. ..t ot pred,fined lub.tance •• For ho 

rater., on. contingency t.ble 11 obt.ine4 by cra •• t.bul.t1ng the 

•••••• m.nt. of .xpo.ure tor ,.ch lub.tance under con.ider.t10n. Th,s. 

t.ble. are then coabl by atum1nq t re.ponding cella of e.ch 

table. St.tiatics can then be calcul.ted from thi. ·collap .. d t.bl." 

to prov!4. a summary m.asure of inter-rat.r agre.ment. 

The variable UI.cS to in41c.te, on • r.latlv. acale, the average, we.kly 

level do.e to each sub.tanc. liat.d on the expo.ur. coding torm. 

Concentrat10n 11 coded. on • tour-polnt .cal.: no, ",lOV", " .. edium", and 

CODcorc1ant cen. (of ~Dt): 

Th •• qr •••• nt betve.n two ob.erv,rs'judglng a trait on •• cale ~.v1n9 , 

c.tegoriea can be repre •• nted by a XxX contlngency tabl.. The value. 

ln ,.ch of th. X cella on the dlagonal repre.ent the nu.ber of 

ob.ervatione tor vhich th.r. la pert.ct agreement. The.e are knovn a. 

th~ concordant c.lls of .9~eem.nt. 

\ 
The proc, •• vh.reby the t.... of Cancer Study ch •• letl review. job 

d •• cription. and then at tribute. expoaure to sub.tance. li.t • ., on th. 

.r.poaure oodlnq. torm. At le •• t tvo chell1ltl scon .ach job 

"e.cr1ption; th. tir.t che.llt pe~torml the preliminary ood1ng and th • 

• econd verifi •• and IIOdlU.a the vork of the Urat. other ch •• tata .ay 
~ 

alac be c.ll.a-on to orter their expertise. 
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The variable u.e" to indicate wh.ther expoaure to • aubatance was 

abaent or ",al .1 ther cut,aneou., r.apir atory 1 or bot h • 

cl: 

The variable nprea.nUng the nUllber of rater. who p.rUclpat.d 1n an 

·.greell.nt trial. 

cJf: 

Degre •• of fr •• dee. 

DIe • 

Depart.unt cS. Sant. COIUll.lnauta1re or COIllIuni ty Hea1 th Depart .. nt ~ 

S.e Expolure Oodlng For • 

-The Hat of che. 1 cali 1 COI'lpounda and phyaic:al aglnta that vere und.r 

consid.rat1on ln the Cancer Study • 

Th. type and ntent of .xpo.ure that a aubj.ct .. y have lncurred ln any 

on. job. It la d.tinta by the set Of valu •• attribut.d to each of th. 

tour eXpoIure variabl.1 (contact, trequency, conc.ntratlon, and ~evel 

of confidenc.) tor e.eh aubstance on the exposure coding sheet. 
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The vari ... ble. that indic ... te th. l.v.l ot expo.ure ( • trequency" , 

"conc.ntr ... tion"), the type ot ("contact$(), and the 

tru.tvorthine .. ot the asc~rtainment ot ~xpo.ur. ("level ot 

eonticlence") as deeterll1n.cl by the rater "ho tnterpr.t.d the jOb 

d •• cription. 

Any rat.r, oth.r than ... ch •• l.t, who participated in the agr .... nt 
/ 

tri ... lI reportecl. in th1. the.h. The.e raters possessecl expert 

knovledg. or th. u •• s of .at.riala and proc..... us.d in certain 

indu.tries and occupation •. 

In the Jtubber Indultry Trial, ... tourth a ..... s •• nt of .xpoaure vas 

derived alt.r a ••• tinq ot the three partlcipatlng ch.llieta. The 

purpo.e ot the ••• t1n9 va. to-tora a con.ensus vith ~egard to aSllqn1n9 

expoaure to rubber ln4u.try occupation •. This Final COdlng, vhlch vae 

ev ... l uat.d by one of the ch •• t.t., v.... then u.ed in the analy.i. of 

int.r-rater agr .... nt. 

Th.·varlabl. uled to inclic ... t., ln .ach occupation, the aver~e UIOunt 

ot ti.. ot .. po.ure to each eub.tance on the ch •• lc ... l cocling .beet. 

Fregu.ney 1. codee! on a tour-point ordlnal acal.; via: no .xpoaur., 

1... than 5' 1 5-30', and gr.ater than 30' of the U ••• 

----... ,,----------- - ---
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Th1.a tera 11 u •• d 1n two different vaya: a) 1t reters to the 

probabUity that one event v111 occur regardle .. of the outcolle or 

another event (Laraen" Nau, 1981). Thererore, the ratinql of two 

obaervera vll1 be Itatist1cally lndependent if they use entirely 

d1fferent criteria to judge a trait. If this ia true, then any 

obaerved agreement vould be explainable by chance alone. b) 

Independence may allo refer to the a1 tuat10n in vh1ch the ratera are 

unavare of each other'. a.aignaentl. Thil lituaUon v11l occur a. a 

'reluIt of Itudy dellqn and il IOlIIetUes reterlied to as "design 

1ndependence" . 

Id.x of cru4e ..... nt: 

Thia index, vhich 1a aho knovn as the overall proportion of agree.ent, 

ta aefined a. the aUII of the concordant cella 1n a III: contingency 

table. It 11 denoted by the Iymbol p,. 

Job DeecrlpUan: 

-For e.ch occupation of a subject enrolled 1n the Cancer Study, relevant 

information 11 collected tor the purpoae or ascertainin; exposure t~ 

certain occupat1onal agent.. A description of the tasks, lIIach1nes and 

lIaterials used, and the general vorkin; environment are obtained 

uaually by intervieving subjects. The job descrl~tion representl, for .. 
the trials reported in tbis the.is 1 the tund .. ental unit of .. 
obl.-rvaUon. 

/ 

.- -- ---,,------~----
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A device that 1a used to inter the .~ent ot expoaure in occupatlo~al 

environments trom,_ set of predetined .ub.tances. The •• t of job 

t1tl •• and substances under consid.ration are spec1tied 1n &avance. 

Each job t1tle on tile viII be accorded expoaure levels to a Bubset ot 

th.se substances using 1nformat1on obta1ned from the literature and 

-' other sources. The exposure level. may depend on the time of the 

occupation or on other factora. An exposure protile for an 1ndividual 

can then be obtained by specitying the lOb t1tle, the time period ot 

•• ployment and other relevant variable •• The lin~age 1. ulually 

performed automat1cally by computer. 

J01Jlt Diltrtbutlœ COf lat .. Aa_._..t): 

rhe distribution of the probab1lity of 'the occurrence ot an event that 

i. limultaneoualy dependent on tvo or more variablel, each having their 

ovn distribution (Larsen and Marx, 19B1). 

ue independently Ic:or1ng a categoric.,l var1able having 1 cat.gories 

viII generally produce 4ifterent trequency d1stributions (1.e., 

d1fterent marginal distributions). rhe j01nt distribution of rater 

ascertainm~ viII result vhen the tvo acores are cross-tabulated. The 

nev random variable that ia created by this precesa viII have Ixl 

values. The distribut10n ot this nev variable 1s slaply the jOint 

distribution ot rater asses.aent. 

1 t : r 
~~. ratiO of kappa to '.,.0 

------- - --:......- -----~--.' -------- ---f-" 
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Eappa h): 

A atatistic that la uaed to measure agreement for raters who judge a 

trait on a categorlcal acale. It la corrected for chance agreement by 

.ubtractln; the agreement that would be expected lf the ratera vere 

ju4ging the trait lndependently. It le then atandardlzed ~y dlvldlng 

by the maxi.ua exceaa agreement • 

rbe maxi.um value of Kappa that would re.ult glven the ob.ervea 

a&rginal proportiona. The syabol (1 ••• ) ia u.ea to refer to thi. 

qu.antlty. 

r..wl of caafla..c:.: 

Tbe variable uaea to lndlc~te the degree of trustvorthine.a ot 

exposure. Four values are used by the rater.: no exposure, "possible" 

ex~ure, "probable" expoaure and "almaat certain" expo.ure. 

The trequeney of occurrence of the categories ot any variable uaea to 

cSescribe a trait in a population of subjecta. Suppose, for eXUlple,· 

that a variable, vhich 1. composed of four categorie., i. measured by 

tvo raters. The marginal proportlona are simply the tvo frequeney 

distribution. for •• ch of the tvo ratera. 
t 

If a 4x4 table 15 used to 

repre.ent the erose-classifieation of the rating8 of the 2 observer., 

then the trequeney diatribution. obtained &boYe viII be iaentical ta 

tbat diapla~ed 1n the a&rgina of the table. 

~> 
------ _ ... '-~----:'----, --. ~------- --------~.'-~~----~----_. 

/ 

L 



r ... - IllllUr 

Mean Major1ty' Aqreemant Index. 

IO'DI: 

Hean Pair D1sa9reelllent InèSex. 

D: 

'l'he nUllber ot job deacript lona used in Any agreement trial. 

The number ot exposurea jolnUy .ttrlbuted present by tvo ratera. ' 

Oftrall locopcxUœ of ...... Dt: 

Jo synonym for the Index of Crude Agreement. 

'l'hi. aymbol repre •• nta the Index ot Crude A9r.ement. 

latten of COnc:or4aDc:e: 

The distribution ot the number of expo.urea claaalUea accord1ng to th. 

number of ratera ",ho attribut. the expoaure present and absent. If, 

there are three ratera attrlbuting expoaure then there w11l be 1 

cate90rles of interelt. For example, th.re will be one cateqory whera 

tvo of the three ~.ters attribute expo.ure whil. the third r.ter cod •• 

it ab •• nt. 

( 

The trequenc:y of expoaure obtalne4 frOll ..... dng expo.w;e to •• et of 
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lOb descriptions. It refers to the frequency of exposure to any of the' 

substances on the ~xposure coding forme It also reters to the total 

frequency of exposure vith respect to aU 'substances :and job 

descriptions. In the former instance the de.1ominator is the number of 

job descriptions vhereas ln the latter case the denom1nator is tne 

number of substances mul tlpl1ed by the number of job descr1pt ions. 

Pr1aary coaer: 

The process of consensus cOO1ng, as performed by the team of chemistl, 

consists ot at least two chemists sequentlally revlew1ng each job 

description. The chemist who tirst reviews the job description and 

assigns exposure is known as the primary coder. The ch,emist, or 

chemists, vho subsequently reviev the file are known 
j 

as Secondary 

Coders. 

..1 

Q: 0 
Cochran's Q index. It is uaed for testing the equality Of the margip.ah 

" 
proportions ln situations vhere there are more than two raters. . : 
QI: This reters to the questionnaire/intervie.... vhich i5 used t'o el1cit, 

complete occupational and personal h1story far subjects enrolled i~ the 

Cancer study. It is composed of tvo parts: the SACl vhich 1a uled to 
• t-

ellei t a lifetime \lork histor-y and the intervie\l vh1ch' i& used to 

obtain information on , personal variable. and ·"detads for each J 

occupation. 

l' 

_ ____ ~ __ -------.~" __ 1 'v Il 

o 
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a: 

The number ot substances on the chem1cal cod1ng torm. 

al: 

The number ot substAnces on the exposure checkl1st that vere Ass1gned, 

in any agreement trial, a prevalence of exposure greater than zero, as 

estimated by any of the ratera. 

Saapl1D9 onit: ),. 

The constituent members ot a populAtion thAt are be1ng sampled. The 

job description ia the sampling unit for the trials reported 1n thil 

thesil. 

"1 

SAC: 

An acronym for selt-adm1n1stered questionnaire. SACl refers to the 

questionna1re used to e11c1t I1fetime work histories froll subjects. 

SJMl: 

standard Deviation Agreement 'Index. 

Seeoadary COder: 

The process of consensus coding, as performed by the team of chemiit., 

consists of at least tvo chemists sequentiAlly revieving eAch jOb 
< 

description. The chemist who !1rst revieva each job description and 

Assigna exposure il known as the Pri~ary Coder. The chelliat, or 

( chemists, vho sublequently review the file are known as Secondary 

COdera. 

------------------------~--------~ ------ ---- - ------...----~' ----- ------' -- -~~ --
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IyIltbet1c 1114 •• : 

A composite indez ot exposure defined by multiplying the values of the 

expolure variables trequency, concentration and le~el of confidence. 

Any measure of agreement that does not account tor agreement that vould 

be expected by chanoe. 

0Il1 t ot bbnr.at101l: 

See Samp11ng unit. 

S 
\ 

The let ot job descriptions that comprise the liteti.e, occupational . 

hiltory of a lubject. 
1 

.1nety-five percent confldence lnterval for xappa aerived us1ng a~ 

.Iyaptotic est1mate of variance. 

/ 

• 

-
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la. Quntloua1na UH4 la the CUcer .t1ldy te GleU 

oecapaUcaal bpoaun troa 'ab'ect. 

\ 
\ 

\ 

l 
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A2.2 
Ytork hatory 1.0. no.; 

Job. No. ______ Naine; __________________ SUrname: _______________ __ 

VI 1. Vou worked at ______________________________________ _ 

from 19 ta 19 
~a ________________________________________ __ 

Wu th", fuU-tlme or part-tlme? _______ _ 

Was there skllftwork? ________ If yes, what hours? 

Company 

W 2. Maln actlVity of company or organtzatlon? ________________________ __ 

" 2.1.) PROBE for other relevant actlvlues or product5 ____________________ _ 

" 2 b) IF INDUSTRIAL, PROBE for production process used ___________________ _ 

VI J. New 1 wouJ.d llke to uk sorne questJoos about your Job and about the type of envuonment 
where you worlced. How would you describe the place where you uauaUy worked? 

façtQryor plant 

l~atory 

vehlcJe 

, 

constructloo site 

warehouse 

outdoon 

oUice 

restàurant or hotel 

others? ------
VI 4. ln what deputment of the company ()(' orgamzatloo dld you work? 

'fJ ,. JOB DESCRIPTION 

1 wouJd llke you to descnbe ln detau your SpecU1C tasks. Try to descr1be ""hat you 
dJd and ho"" you dld lt. We are pat'tlcularly interested ln Any mateniJs that you 
manlpuJated or machinn that yOLI used. 

(OPERATION "NO MAINTENANCE OF MACHINES, VEHICLES; LOAOINC, UNLOADINC 
CONTAINERSj CLEANINCi SUBSTANCES OR CHEMICALS USED - PROBE FOR 
FUNcnONS AND NAMfS) 

W 6. Dtd you ever have to replace someone ebe? ________ _ 

IF YES, ho .. oUen and .. hat were your tasks? __________________ _ 



A2.3 * 1.0. no.: __________ _ 

.. 7. "'hat other work wu bems done .ro.Jnd you by .ether ",orkers 1 

Yi a. <:an you descnbe the (rcom, oHlee, workshop) where you worked7 

(SIZE, NUMBER OF PEOPLE, NUMBER OF M .... CHINES, TEMPERATURE). 

'fi 9. 'fIu there dust or smol<e or turnes or gases ln the enVlfonment where you worked7 

, 
If YES, PROBE FOR DESCRIPTION, SOURCE, NAMES (CIGARf~ SMOKE), 

'fi 10. OJd you work Wlth: ods or soJ\I(.nts or aClds or detergents? 

If YES, PROBE FOR FUNCTIONS. NAMES. ____________ _ 

w U. Dtd your Job lnvolve exposure to radiation? (X-rays, micro waves_.) ______ _ 

IF YES, PROBE FOR FUNCTlON. 

"12. Dld you have to wear any protectlve equlpment whlle at work? ________ _ 

IF YES, l'HAT AND WHY? _________________________ _ 

"il. Did thlS Job have a bAd effect on your phy5.lcal health7 ____________ _ 

IFYES,WHY? __________________________________ ___ 

.. 1-. Wu there .... ythang you dld not hke to do? _______________ _ 

wu How streuful \lias the Job? Dld thlS lob make yeu teel tense or MIlÙOUS mc»t of the 
lime? ------
IFYES,WHY? ________________________________________ ___ 

\, 

-
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Al lit wMt 'rJ'e of iftduIvy dl-' )'OU work as. paintec7 

1. ClDN1I'UCtIon • prly.t~ housta 

- IUSe lK;ùdmcs. !)rldla. other mec.lltl"UlCt\na 

J. Ihip buildinC gr rep&ll' 

,. fumiuw.. oUle. eqwpment._ 

6. odw: _______________ _ 

1. wood 

,. ott.. _________________ _ 

... , type of pa,lPt <lid)'ou usr? 

2. inlwiCrs 011 

la •• 

........ I(_~) 

V..-nlltws 
prim«s.. ~coats-Wl .. l tJ1lel _______ _ 

.Iood~na 
G 

.. Wlat colran ...... uleds 

AI.,..,.-.w 
ocher coioufSa specdy ______ . __ _ 

.. 
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0) "hat dW you &pp')' ,he p:&inl wld11 

1. ~ 

L roUer 

l. pt 

~) Did you "'vc to cl.." or stnp aur(;acel betore applyin; the pa&n1? 

1. MnCIinc 

2. de&realins boivent) 

1. itripp1nc (10 remove ~ oJd layer of ~jnt or vamish)z 

c:austic: solutJon 

specW solvcnT 

;: J 't'ha, produc:u d1d)'ou use to clcan your brushcs, roUen, &una? 

\... 
1. IOlvenl 

2. curp.ntine 

). GCherz _____________ _ 

C) "hac produets did you UIe to c:lci&n your ~. f6K:e ••• ? 

1. mlvent· 1ik~ vanol. naphte 

, . 
3. ~: ____________________ _ 

tO Did)fGU"'" proteetive equipment dur". your work? 

1. &IOWa 

( l, othorr ________ ~ ___ _ 

l 
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f 1 

MACHINIST 

A. Type of machine tools 

What kind of machine tool did you use? 

LAthe, drill, SAW~ mil11nq machine, boring machine, planin 
machine, broach1ng mach1ne, truing machine, gr1n4inq wh •• l 
sharpener, screw or thread-cutter. 

What kind of knife vere you using? 

a. Cutting 011. 

Did you ever use cutting oils? 

What type: Str41qht cutting 011.7 

Tr.de Dames: 

Soluble cutting 011. (Emulsion type)? 
synthet1c cutting oils7 

Colour and appe.rance: 
How much of your workinq tt.. dld you u.e theD? 

~ C. Lubrification ails and gre.ses 

Did you ever use lubrifiers? 

'l1rAde .n&JlleS. 

Did you do the maintenance on th. achin •• ? 

D. Metals 

Wh.t Jcind ot .. etaJ.. vere you uslng1 

Stainle.. steel, 
Mild .teel 
Copper 
Bra •• 
Bronze 
CAst Iron 
Special alloy. (ple.se .peci~y) 
Al wai nUlll 
Others 

Pl .... specity Alloy nuabera if po.sible: 
What pieces vere you machining? 

-~-.--------------
--- --'-_ -_ ~ - __ - ... ~ ... _____ '1'fI'> __ ~_ 

.. 
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MACHINIST (page! 2) 

E. Sol vents , 

Vhat were you using to cl.an your hands? 

Mineral spirits (varaol) 
Naphta 
Xerosene 
Chlorothene 

~ -.ny times a day1 
Wbat were you using to degrease metal parts? 

~ichloroethylene 

Carbon tetrachlorlde 
tUneral spic i ts 
Trade names. ex. chlorothene,royalene 

o.aeribe the proeedure. 
Wa. tbe liqul~ heated1 
Dtd you aver us. acids, alkalis (cau.tic), or any other cle.ner? 

r. weld1nq 

Dtd you ~o any veldtnq? 

What kind? Arc, qas. etc. 
If welding vas do ne near you, how far avay? 
(If more than 30' of his vorkiD<) ta., ,fl.ll, out ve1der 'iue.t10nnal.r .. : 

G. Gdnc:hnq 

Did yeu do Any qrindl.ng? 

Khat kind of Whael? Wheel ~umber if po •• ~le? 
Did yeu use oils? 
Dtd you do Any wheel straighten1ng? 
Wbat kind of abra.ives? 
If qrindinq wa. done n.ar you, how far avay? 

R. Heating 

What kind of beat1nq "' •• usad in ~. plant? 

Cok. 
Cod 
salaaander 

.------------------- ------------- -------- -----_._-,.---.... -~ -. ------
r, 
-
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Expo!>ure Code 
1 

ExposJ t lin Cont. Conc. Freq. Flab." Remarques 

(1) SOLIDS 
! 

(1) SOLIDES i 
(lA) INORGANIC 1 Cl A) SOLIDES , 

1 

SOLI OS 1 INORGANIQUES 

abrasl ves dust !JOOOI DOUssières d'abrasifs 

insulatlqrl mater Jal 110002 poussières d'Isolants 
dust (morg.) (mont.) 

construction SI te !JOOO) poussIères de chantIers 
du st de constructlcn 

excavation dust 110004 DOUsslères d'excavation 

metallic dust 110005 p~sslère$ métalliques 

inorgamc pigments 110024 pigments Jnorganlques 

extenders 110026 matIères de charge 

cement (Portland) 110010 cIment (Portland) 

concrete 110016 œton . 
brick 1,10014 briques 

refractory bnck 110017 briques réfractaires 

clay 110015 argue 

ashèi 110029 cendres 

$lUCa ~ 110009 silIce 

alumina :11 BOl aJumiOe 

sIlicon carbuie 11 1401 carbure de slhClum 

asbestos (chrvsottle) : Il 0007 amiante (chrysotJ1e) 

asbeS10s (amphiboles): Il OPOS amiante (amptuboles) 

talc 110013 talc 

glass lIbers 110012 fibres de verre , 
gJass dun " 110011 poussIères de verre 

mUlerai wobl fibers 110025 fIbres de JaUle mmérale 

sulfur ~ Jl1600 soufre 

sodium carbonate 111101 carbonate de sodium 

sodium SIlicate Il 11 JO sHlcate de sodium 

Mg carbonate 111202 carbonate de Mg .' ). 

calcium OXide (bme) 1 Jl200 1 oxyde de calclUm 
(chaux) 

~~!ium )sulf at~ 112002 r~~, de calCium 'IV sum 

calCium carbuk 112003 carbure de calCium 
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Exposure Code Exposltlon . Cont. Cone. Freq. Fiab. Remarques 

calcium carbonate 11200.5 carbonate de calcium 

tltanlum dtwude 112201 bioxyde de titane 

Iron OXldeS , 112601 oxydes de fer 

zinc OXJde 113001 oxvde de ZIIlC 

lad oXJdes lU201 oxydes de pl~b 

lead chromate 11820.5 chromate de plomb 

basiC lue! carbonate 113204 carbonate baslque de 
Dlomb 

Cr dust 112400 DOUSSlère de Cr 

Fe dust 112600 poussière de Fe 

NicL!st 112100 poussière de NI 

Cu dust 112900 DOUssière de Cu 

Zn dust llJOoo poussIère de Zn 

Cd dust 11"00 DOUSSlère de Cd .t 

Sn duit Il.5000 DOUSSlère de Sn 
Pbdust 111200 DOUSSlère de Pb 

bronze duit 11001& DOUSslère de bronze 

brus duit 110019 DOUsslère de laiton 

stamJèSI steel dust 110020 poussière d'aclef' 
inoxvdable 

m!ld steei dust 110021 poussIère d'illCIer doux 

J01der aUoy dust 110022 poussière d'alhll&e 
a soudure 

aluminum alloy ~t l1002S poussière d'alliqe 
d'aluminium 

(lB) ORGANIC (1 B) SOLIDES 
SOLIOS ORGANIQUES N 

faor1cadust 160001 poussières de twus 

synthetic flbers UOOOI fibres ,ynth~iQues 

plastic dusts UOOO2 poussières de plastiqueS 

r~ber dust 170006 DOUSSlère de caoutchouc 

arpnic dyes and 130001 teintures et pigments 
pl&ments 

" 
orpruQUes 

li, 

coaJ dust 17ooot, . poussière de charbon 

carbon black 170002 noIr de carbone 

IOOt 170004 swe 

,f,L' 

.</ 
g}; , ... 
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Exposure Code Exposition Cont. Conc. Freq. Flab. Remarques 

coke dust 17{)OO5 poussière de coke 

graphJte dust 170008 poussière de graphite 

charcoal dust 170009 poussière de charbon 

- de bolS 

cellulose (paper 170003 cellulose (fibre de 
fiber) papier) 

cotton dust 140001 pOUSSière de coton 

wool fibers 140002 fibres de lame 

silk fibers 140003 fibres de soie 

flax fibers 140008 hbres de lin 

rayon fJbers UOO07 fibres de rayonne 
, 

acrylic fibers 1.50008 fibres acryliques 

polyester fibers 1.50009 flbres de polyester ~ 

nylon fibers 1.50010 fibres de Dylon 

acetate f1bers UOOU fibres d'acétate 

wood dun . 140004 poussière de bOlS 

cork dust Î40009 poussière de liège 

grain dun 14000.5 poussière de grams 

tobacco dust 140017 poussière de tabac 

fJour dust 140006 poussière dedarine 

star ch dust 140012 . poussière d'~don 
sugar dust 140013 pouSSière de sucre 

fur dust 140007 poussiète de fourrure 

hair dust 1110010 poussière de cheveux 

telt dust 111001.5 pouSSière de 1eutre 

leathrr dust 1110016 pOUSSière de cuir 

urea 12.5002 urée 

tannic &cid 14.5001 i\cide tannique 

rosin 140014 colophane 

cellulose acetate 1.50012 acétate de cellulose ~ 

cellulose nitrate 1.50013 nitrate de cellulose 

polyethy lehe 1.500 14 polyéthy lène' 

poJypropy lene 15001.5 polypropylène 

oolvstvrene 1.50016 polystyrène 

poJyvmylchloru:fe 150017 chlorure de p<:llyvlOyJe 

" 
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• 

~xposure Code EXPOSition Cent. Cene. Freq. Ftab. Remarques 

polyv inylaceta te 1'0018 acétate de polyvinyle 

polyamides 150019 polyamides 

poly.acryJates 150020 poly-acrylates 1s 

150021 acrylonl tr de-butadiène 
. 

acrylonltrlle-
botadlene-styrene -styrène 

alkyds 150022 alkydes 

epoxies 150023 
, 
epoxy 

phenol-formaldehyde 150024 phénol-formaldéhyde 

urea-formaldehyde 150025 urée-formaldéhyde 

melamine- 1'0026 mélamtne-formaldéhyde 
formaldehyde 

polyurethanes 150027 polyuréthanes 

polyesters 150028 polyesters 

styrene-butadlene 150029 caoutchouc SBR 0 
. 

rubber --
polychJoroprene 150030 polychloroprène 

polybutadiene ~ 150031 polybu tadlène 

natural rubber 140018 caoutchouc naturel 

(2) GASES (2) GAZ 
(2A) INORGANIC (2A) GAZ 

~ CASES INORGANIQUES -- ---
coal Jtas 270001 l'!;az de houùle 

hydro~en 210100 hydrogène 

carbon monoxide 210601 monoxyde de carbone 

hydrogency~nide 210602 cyanurè d'hydrogène 

.ammonia 210701 ammoniac 

nitrogen oxides (NOx 210703 'oxydes d'azote (NOx) 

ozone 210801 ozone 

sulfur dioxlde 211601 bioxyde de soufre 

~drogen sulfide 211602 sulfure d'hydrogène 

chlorine 211700 chlore 

hydrogen fluor ide 210901 fluorure d'hydrogène 

hydrogen chloride 211701 chlorure d'hydrogène 

. 

~ 
. , 

-
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E .... r;'~ure Code EXPOSltIOl, Cont. COlle. F,req Flab. Remarques J) 
1-

. 
1 (2R) ORGANIC (2B) GAZ 

GASES ORGANIQUES 

anesthetlc gases 260001 gaz anesthéSIants 1 

spray gases 260002 gaz propul5eUrs 

natural gal> 220001 gaz naturel 

methane 220101 méthane " ., propane 220102 propane 

formaJdehyde 220.501 formaldéhyde 

ethv lene oXlde 220603 oxyde d'éthy lène 

methyl chlorlde 1 22080' chlorométhane 

ethylene / 221101 éthylène 

acet~lene 221102 acétylène 
, 

vinyl chloride 221301 chlorure de vmyl~ . 

phosgene 22'001 phosgène 

0) FUMES AND (3) FUM~.ES 
SMOKE5 

> 

cookmg 370002 CUISson des ahments 

P.1astlCs pyrolysls 370013 pyrolyse de plastiques , 

rubber pyrolys15 370014 pyrolyse de caoutchouc 
f 

engme errussJoii's 370004 gaz d'échappement 

e"\gme emIsslon,.. 370006 ~az d'échappement 
(GH~!.el only) dieser?'seulement) 

engme emIsslons 370011 ~az d'échappement 
<;et fuel) let fuel) 

engme emlSSJons 370012 ~az d'échappement 
(propane) propane) . 

" 
combustIon produets 370005 prod. combustIon 
of CbaJ/eoke charbon/coke 

combustion prod. 370008 prad. combustlCln ! 
of Ilquld fuel combustible liqwde 

'-" 

combustion prod. of 370009 prod. combustion 
wood , \ du bOlS 

combustion prod. of 370010 prod. combustIon 

" natural gaz gaz naturel 
-.. 

pyrolysls and 370001 pyrolyse et combustlon . 
combustlOO (other (au..tres prodUItS 
or ganlC produets organiques) 

\ , 

" 

1 __ - ' -
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" 

Exr~ur~ 

f.3S II.tJdmg fumes 

arc w~ldmg fume$ 

50 1 der mg fume~ 

meta! oXJde fume$ 

M~fume5 

AI fumes 

Cr fumes 

Mn fumes 

Fe fumes 

NI fumes 

Cu fumes 

Zn fumes 

A~fumes 

Cd fumes 

Sn fumes 

Au fumes 

Pb fumes 

(4) 1.IQUIDS AND 
VAPQURS 
(4A) L"lORGANIC 
LlQUIDS AND 
VAPOURS 

platmg 501utlOO 

lflorganlc aCld 
solution 

alkall, caustlC 
solution 

Javex 

nltnc acid 

hydrogen perOXlde 

phosphor ie acid 

~ J!furlc èlCJd 

mercury 

1 Cod~ 
1 

i 31 GOG: 
1 

, 

13100G2: 
1 

1 310003! 
l , 
13100041 

1 

1 

311201 

311301 

312401 

31Z50 1 

31260 1 

312&0 l, 

31290 1 

313001 

314701 

1314&01 

1 jl5001 

317901 1 
31&201 1 

1 

1 

1 
1 
410005 

410001 

410002 

410003 

410704 

410802 

41 "01 

411603 

418000 

A3.7 

1 
COOtC.l Freq., 

.JI' 
EXP->SJlICln Cont. 1 FI.b. Remarques 

1 1 

! 1 
fu.,..,ee~ (je souoage 1 
aJ gaz 1 

fumées de souGage 1 
à l'arc 

> 

f:.Jm~e-!i de braz.age 
tendre 1 

fumées d'oxyde~ 
1 

métalliques 

fumées de Mg ! 

fumées OC' AI i 
fumées ~ Cr 1 1 1 

fumées de Mn , 

fumées de Fe ; 

fumées de NI 

fumées de Cu 1 

fumées de Zn 1 \ 1 

fumées de Ag 1 "-

fumées de Cd : 

fumées de Sn 1 , 
fumées de Au 

fumées de Pb 1 , 

(4) LIQUIDES ET 
, 

"" VAPEURS 
(4A) LIQUIDES ET 
'VAPEURS 
INORGANIQUES 

solution de placage 

acides InorganlCj"..JC's 
en solution 

aleaus 1 causuques • 
en solution 

'" eau de Javel . 
acide nitrique 1 

peroxyœ d'hydrogène 1 

aCide phosphorique -
aCide sulfunque 

mercure 

~ 

~ 

-- --------- ---'-----------
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J 

[...p0;'urt: 1 Code EllpOS :1J1, 1 Con~. Cone 
1 

Frt!q. 1 
1 

FI .. !) ReméUqUl'~ 

1 1 

( .. 01 ORGA/'.IC,. 
1 

(46) Ll~I_ IDE.S ~T 1 
1 1 

L1QUIDS A "'D 1 VAPE uRS 
, 

1 

Of.!GA"-IQI:E5> 
1 VAPOCRS 1 i\ 

wood ~.lrn1Shes and ! 470002 v~nlS t"t lem! ~res 
1 

, J :i stains : a boIS 1 

metal Coat,ng5 i 470005 ( revêterr,er.ts ê "l1~L1ux 
1 

L 1 i 
opiums, var~lS~S, 1470001 peintures, vt"rr~ ! 1 

, 

IaCQuers (others) - laques (autre5) ; 

InkS 1470003 encre~ 1 , 1 

adheslves (synth.) : 460002 adh~jfs (synt"'.) 
, 

1 , 

al'llmal, vegetal glue~ 440001 colles an.'T\aJes e! i véll.étaJes 

soJvents 460003 solvants 
1 
1 

wax~, poushes 460004 cires, pOIlS 
1 i 

Jubncatlng ous and 1460012 huùes et graisses . r 

Il.reases lubn!liUltes i ""'" \ 

cu t'tl ~ fi ,mis ~ 460013 hUiles de coupe i : 
(rnetall (metaux) 1 

hydrauhc {luld 460019 flUide hydraulique i 

mlfleraJ oil (other) 460022 hUile mwérale (autre) 1 

&aSOllne Oeeded} 460005 essence (au plolTlb) j , 
&vgas 460026 aVllas 1 

kerosene 460006 1 kérosènt! ! i 
Jet fuel 46002' jet fuel 

dieseloil 46000i dl~J 1 

heatJ~ 011 460003 huile à d'auffage, 
1 
1 

1 mazout i 
petroleum ether 460028 éther de pétrole J 
rruneral splrits 460009 essence minérale 

mlt~al SpIrits 14>60027 I!ssence mlOéraJe -
wlth BTX avec BT>.. 

crude oLl 460011 pétrole brut 

asphalt ~ 460014 asphaltt" 

coal far and pltch 460015 goudron et pOIX 

creosote 460017 créosote 

turpentlne 440002 térébenthH'ie 

hnseed 011 440003 ' huile de lm 
, 

, . 

1 
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Exposure Code 1 Exposluon 1 Cont. Cane. Freq. Flab. Remarques 

1 
~affln 420001 1 paraf1lflf' 

SIlICone (011 grease) 420002 SlllCone (hulle, &rii.Jue) 

PCB ou ~OO29 hUIle BI?C 

meYhanol 1;20201 méthanol 

e-thanol 420202 éthanol 

ethy JeneglycoJ 420203 éthylèneglycoJ \ 

1SOpro,*,ol 420204 l$Opropanol 

fcrmlc ICJd 420403 acIde formique 

ICetle &CId 420401 acide acétl~ 

acetone 421}()1 acétone 

dJethylether 420602 d lethy léther 

c:&rban tetrachlonde 420801 tétrac'.hJarure de 
carbone 

chlorofcrm 42010Z chloroforme 

meothylene chlonde 420103 
.. .. 

chlorure de methy lene 

1. 1. I-tr'lchlarethane 420104 1.1.I-trlclllorét~ -
carbon dlsulfJde 421001 d1Sulture de CArbone -
tr Iclllaroethy lene 421:302 tnchloréthy lène 

~clliaroethy lene 421)1)) perchloréthy lène 

methyJ methacrylate 421404 méthacrylate de 
methyle 

benzene 4301$1 benzène 

toluene 4)0102 toluène 

xylene 4)0103 xylène 

styrene 4)0104 IItyr~n.e 

phenol 430201 ,*,-énol 

trJnltr'otoluene 430701 tr lnltrotoluene 

~m~ 440'01 camphre 

(') CHEMlCAL (') FAMILLES 
, 

FAMILlES CHlMIQUES 

Be compounds '10499 composés cL Be 

AI cornj)ounds '11399 composés de Al 

Cr compounds '12.99 co~cLCr 

Mn comj)OUnds '12'99 composés du Mn 

Fecompounds '12699 composés du Fe 

". 

i 
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E.ltp,.'~,.r(" LOOt 1 E.xP('~lt.<Y. ' C N'lt 1 eonc-.I Fr~G·1 Flab. Rcmarq~~ 

- '- 1 -- , 
Co COITlpound<; 512799 compo!'E'S dl..! Co 

, , 

P\J1 çom2.,ound!> 512899 composes du ~ 1 

Cu compounds 512999 composes ou "C u 1 \ 

Zn c0m.e,ounds 513099 composés Ou :n 
1 

1\5 (o'!'.pounds 513399 composes œ As 1 
1 J 
1 

Se compOlJnds 51.3499 composés du Se 
1 

1 

A'I. compounds 511;799 composés ~ ~ 

Cdcom~as 511.;899 compo$és du Cd ! 
Sn cO'T1QQUnds 51.5099 composés du 5n 1 

Te com~ds 5D299 composés du Te \ 
1 1 

Sb com~nds 5D199 composés du Sb 1 

Au compounds '17'199 composés de Au 

H.&co~ds 51&099 com~és du Hg 
" Pb compounds 51&299 com~s du Pb 

g'atlides 510001 cyanures 
1 

fluor ldes 510002 fluorures 

rtlrom.tes '10003 chromates 

mtrates 51000' nitrates 

hypochJornes .HOO04 hYQ.ochlor ileS 
~ 

aJkanes (C l-C,,) 520193 alcanes (C l-Clj) 

aJkanes (C4-C J 7) 520199 alcanes (C4 -C 17) 

aJkanes (C 17.) Ina l '17 alcanes le 17+) 

UMS&turated altpnatlc l),ll l 'f'1 nyClrocarDU~s. al1pna-
1 hydrocarbons tJques Insatures :. 

a1JphatLC alcohols 520199 alcools aliphatlqUPS 

a1Jj)htatic aJdehydes 520599 aldéhydes alIphatiques 

al.Jphatic ketooes 52f.599 cetones aliphatIques 1 

allphatic esters 521499 esters aliphatIques 

chlorlnated aJkanes '2089'1 alcanes d'llorés 

chlorlnated aJkenes '21399 alcènes chlorés 

'fluorocarbons 521699 fJuorocarboo~s 

glycol ethers 521999 éthers-ox} des 

aromattC hydrocar- .530199 hydrocarbures aroma-
bons tmononuclear) tiques mononucléaires 

aromatlc hydro- 530198 hydrocarbures aroma-
carbons (polynud~ar) tlquespolynucléalres -

-
-t/ 

J ---- \ 
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éxpœlJl"e Cod~ ExpO!iluOIl Cont. Cane. Freq. Fla.b. Remarques 

--
.omatle alcohols '3C29'j alcools arorn4tlque~ 

Momatlc amines '303-9') ammes arornaH<tues 

phthalates 
. 

'311'j9 phthalates 

&spcyanates '31 &'j9 l.5oOC2'ana tes 

(6) OTHERS (6) AUTRES 

bleach 9'JOO22 décolorant 

cJe&n mg Agen ts 1 moo, I)rodUl ts de nettoY&8es 
(exe. IOlvents) (ue. solvants) 

cosmeucs 990007 cosmétiques 

phumaceuuaJs 9'JOOOI prodults pharmacev- "-
tiques 

photQSllJptue 9900e9 prod:JÏU photogra. 
prcducts ph 1 qllrS 

labcrator-y products 990012 ~lts de ~atolre 

feruhzen 990013 ,""«-rau 
pestiCides mo 14 pesticides 

biocideS 99Ot>21 biOCides 

m RADIATlONS m RAD~T1ONS 
lOOIZln« radiations &90001 radtatloos ionLSantes 

radio f~quency &90002 radLo fréq~ce5 
nucrowaves micro-ondes 

• 
ultraviolet 190001 ultraYlolet 

-

1 

.. 1 

. 

( 
Jwn 1984 ' 

/1 

J ----------- --,~,---~ 
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A4.2 

UTILISATION DE UlEOILLE D'EXPOSITION 
~. 

1) ~: Ident1f~e le naho du do .. ier (un do .. ier pour chaque patient). 

2) Job no: 

) 

4) ~: 

.e 9apporte au mairo chronoloaique de l ' .. ploi conaUld 
~!~.ré~enc;ant par le pr.1er .ploi occupé. On r_plit une 
fiche d'exposition pour chaque aplol de chaque personne. 

année du début et de la fin de l'sploi en question. En 
rèale séoirale, on ne conaldire pa. un .plot de dune in"­
rieure 1 6 IDoh. 

a) code indu.triel 1 3 chiffre. tel que tirE de la "C la .. i-
f ication des ac tivitla éconaaiqu .. ", 1970, Bureau léd'ral 
de la .Utht1que du aouvern.ent fédiral canadien. Ce 
cod. repri •• nte ~_~c ttviti princlpale d. la coapaanie .­
ployeur (p. Cl: induatrie tutUe, con.truc tloo, cc.aerce. 
aouvern_eot) . 

b) cod. profe.sionnel l 7 chUfre. tel que tiri de "la cla .. i­
fication canadienne ,deacriptive d., prof ... ion. - 1971" du 
ainhtlre de la aain-d' oeuvre et de l' t..igration du gouver­
n_ent fédéral canadien. Ce code reprbente la profession 
de l'employé durant cette' période (p. ex: aoud.ur, nettoyeur • 
• ployé de bureau). 

Il.aarque.: - lorsqu'il y a _blluiti ou indicision dan. le 
choix d'un code, 11 faut choiair le code qui 
reprl.ente le .ieux l'envlronn_ent de travail 
de la per.,nne; 

- un propriétalre d'entreprise qui serait 10\81. 
1 de. expo.ltlolll devrait être cla •• ' plutat 
cc.ae l! c,ontrfllUltre "quivale~t i 

~ un soldat qui exerce dea fonctions inhabituell •• 
qui le rapprochent plua de celle. d'une autre 
profes.ion devrait recevoir le code équivalent 
à cette profession (p. ex. mécaniden) . 

5) • contact: code indiqu4nt la voie d' exposit1on la plus probable. 

1: voie reapiracoire uniquElllent: pour poussières, gaz, 
fuaaée. et vapeurs; 

, 
2: voie cutanée uniqusaent: indique un contact d'une Ila­

ti~re liquide ou solide avec 
la peau (p. ex: solu tioœ cau s­
eiques) ; 

L 
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3: voie. re.pir.toir.et eutan'.: lorsque l'exposition 
•• fait smult.n_ent 
par le. deux voie. 
(p. .xl. ppwT' la plu­
part d •• liquid.. orla­
niqu •• , l'il Y a coneac t 
cutani,il y a au •• i 
présence de vapeur et 
contact respiratoire). 

R.arqu •• : - un contact sera général_ent l ou 3, rare­
lient ,2. Le .ode de coneac: t est surtout utUe 
pour distinguer l' ppoaition l un aâle produit 
sous fORle de vape~ ~ de liquide (airie des 
".ati~re •• " inorganiques et organiques); 

pour les expo.itions physique., on utilise 1. 
chiffre 9. 

6) Concentration: reprisente le niveau relatif de concentra tian laoyaon. 
durant le temps d' expo.aition. Cet indice prend 1 •• 
valeur. de l 1 3: 

1: niveau faible 

2: niveau moyen 

3: niveau ilevé 

Il n'y pu de réUrence .bsolue pour cl •••• r une expo­
lition 1 un niveau dODO', •• is 11 "faut con.idérer une 
'cheUe difUrente pour chaque produit, 6chelle qui 
peut être reliée aux divers métiers conduis.nt 1 cette 
exposition (p. ex: pou .. i~re bois~ pour un poUs.eur 
d ..... bles sans protection, conc;entration 3; pour un 
peintre dans le .. ême atelier, concentration 1) (autre 
ex.ple': benzène: pour un travailleur manipulant du 
benz~ne pur: eoneentrafion); 'si le benzène est une 
1JIIpureté dans un so.lvant industriel: c-oncen-cration 1). 

7) fr!quence: correspond à la proportion du temps de travail pendant 
laquelle l'exposition a lieu l'un niveau proche de son 
niveau moyen. 

1: moins de 5% du temps (moins de ; h." par jour) 

(J 

2: de 5 1 30% du temps (entre; h. et 3 h. par jour) 

3: de JO 1 100% du taps (plus de 3 h. par jour). 

_ ~, ____________________ .i __ >._~_ ,. 
t ... 

J 
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On p." le 1 lune journle de travail. de 8-9 heures 
environ. 

a.arque: 11 dans la période de teps considérêe l'..ex­
po.ition n'a pa. lieu tous le8 jours, les ,_ 
pourcentages pr~e'den t. 8' appliquent ~g.le­
aent au niveau d'une .81alne, d'un IDols ou 
Il''e d'une ou plusieurs années (p. ex. une 
_.a1ne par an • fréquence 1). 

8) ftabUiel': corre.pond l l' estmation que se fait le codeur de la pro­
babilltf que l'exposition ait eu lieu effectivment. 

3: correspond à une quasi certitude (ex: gazoline pour un 
pc:apisee) 

2: indique une bonne probabilité (ex: émissions de soudage 
au gaz pour un aieanicien auto) 

1: indique une posaibiliti mals faible Ou une grande incer­
titude (ex: .. lante et débardeur). 

\ 

Plusieurs .il_ents peuvent concourrir'à l'incertitude concernant 
la rlalit' d'un contact ou d'une exposition. Tout d'abord l'lnformacion 
cirée de l'ineerview peut être insuffisante pour se faire une idée précise 
d. l' environneaent de l'individu. Il peu t également Yi avoir une probabi­
lit' intr1ns~que qu'un produit clonni ait éd util1sê dans un emploi ou une 
industrie dlteminée. A ceci s'ajoute le niveau d'incertitude du codeur 
luillillle qui juge de sa capacité à dic.mer cette exposltion. 

9) liste des expositions 

La feuille d'exposition liste une -'rie de substances chimiques et 
mélanges dans divers états physiques, et comprend également quelques pro­
cédés industriels et quelques exposition. physiques. 

a) code: à chacun des produi ts e.t associé un numéro à 6 chiffres ou 
code; ce code reflète la nature physique (poussière, gaz ... ) 
et la nature chimique de l'exposition considérée (inorganique. 
organique, fonctions chimiques .•• ). Notons qu'il n'est pas 
nécessaire de connattre la base de ce code pour attribuer 
les exposi tions . 

b) classes d'expotitions: à chaque exposition correspond une défini­
tion préc::ise. Les expositions sont regrou-· 
pé •• en classes reconnaissables par le 1er 
chiffre du code: 

les pouss iè re s : 
les glilz: 
1 .. fumées: 

1 
2 
3 
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le. liquide. et v~peurs (.oua 
fora. d. vapeur, liquid.s ou 
solutions): 4 
l.s aroupe. chimiqu •• : 5 
1 ••• xposition. physiques: 8 
l.s autre. (te.porair ••• 
procid6 •... ): 9 

Dans chaque cl ••• e où applicable, on divi •• 1 •• produits en 
inoraaniques et oraaniques. On liste en preaier les expositions 
correspondant l d.s milanges (qu'ils soient de composition varia­
ble ou fixe) puis les exposition. 1 des composés chimiques simples. 

Les sections suivantes présentent une description générale de 
chacune des classe •. 

c) les poussière.: les poussiires résultent généralement de la dhin­
tilration 8écanique d'un matériau solide en par­
ticules fines. On con.idère ici cell •• Aui .ont 
.uff1s ..... nt fines pour être en .uspen.ion dan. 
l'air et pfnétrer dans le corps par le nez ou la 
bouche. Certaine. fibres sont 'Ialeaent incluses. 
On retrouve .ur la li.te de. pou.siè~e. inorlani-.) 
ques de type liniral (abrasif., isolants) et 'ï-
cifique (carbure 4e siliciua, gypae) ainai que .s 
poussUres et fibres orsanique.. ~ 

1 

d) 1 •• aaz: 1 •• saz ca.prennent deux groupes: les inoraaniques et le. 
orsanique •• 

e) le. fuai.s: l.s fwaé.s .ont composé •• de particule •• olides prove­
nant de la condensation de substance. formées lors du 
thauffa.e de la combustion ou décomposition i la cha­
leur de solides, liquid.s ou gaz (ex: fu_es d'oxydes 
m'talliques); dan. un sens plus larse, on inclut aussi 
les gaz et vapeurs en émanant (ex: gaz (fumées) d'échap­
p.me,nt. fumées de soudaae). 

f)' 1 .. liquide. 
et vapeurs: sous ce terme on regroupe les produits et mélanges chi­

miques qui ne sont dans leur état habituel en milieu de 
travail ni des poussiires, ni des gaz, ni des fumées. 
Il s'agit alors de substances norœalement liquides ou 
di.soutes ou dïspersies dans un solvant. Elles se 
"nifestent souS forme liquide (contact cutané) ou 
sous forme de vapeurs (contact respiratoire) ou les 
deux. 

On retrouvera sous forme liquid~ dissoute des composés 
inorganiques ~ faible volatilité, par exemple: acide 

( phosphorique en .olution dans l'eau, la plupart dei sels 

, 



.. 

, 
\ 

a) 

h) 

inor.an1que •• oluble. (ne .ont pas listia). les 
b .... en solution. Par contre le. acid •• halosinis 
peuvent .e retrouver 'sale .. nt .ou. forme de vapeur •. 

'La liste des expo.,1tion. oraaniques comprend des .i­
lanse. liquide. caaplexe. (ex: peintures, encres) 
pour lesquels l'expo.ition .era .oit re.piratoira 
.oit cutanée et respiratoire l la fois. Il en est 
de aime de la plupart ~e. eo.posë. identifiis qui 
pourront se retrouver 1 l'6[at pur ou en .. élanse, 
dans ·une pha.e liquide ou vapeur (ex: ben2S~n., 

trichlodthyUne) • 

la liste de. groupes 
chilliques: 

autre. expositions: 
~ 

.~~ 

on a regroupé ici des clas.es d'expoSition 
par leur nature chimique: le .étal pour 1.. ' 
cOllposi •• 'talUque., la fonction chimique 
pour les cOlDposé. organique.. Ces catégories 
.ont utilisées soit .ystématiquement chaque 
foi. qu'un co.posé en faisant partie est codé 
ailleurs dap- la liste (ex: hydrocarbures 
aromatique_ et benzine) ou indépend~nt .i 
on ne dé.ire pa. .pécifier le composé parti­
culier (composé. du plomb) ou lorsqu'on a 
affaire à un uaélan,e de produi CS de même 
nature chimique sans en reconnaItre les con.­
tituants précisément. 

cette classe regroupe des produits ou milanaes 
difficilement cla •• 1fiables ailleurs ou en 
attente de cla.sification ou redé~nition. 

i) expositions physiques: pour les deux expositions listées, on uti­
lise" le code 9 COlllllle code de contact. 

10) méthode de codage: ~ous recommandons la façon suivante pour procéd~ 
au codage: 

",. 

a) lecture de l'histoire occupationnelle compate 
du cas envisagé, c'est-à-dire les différentes 
feuilles d'interview et le questionnaire auto­
adll1nistré; ceci permet de se faire une idée 
,lobale de la carrière de la personne et du 
type de spécialisation qu'elle a pu atteindre. 

A ce stade, des codes industriels et occupation­
nel. ont ft' attribués et les emplo~a regroupés 
li néceasaire. 

b} lecture appr~fondie de chaque feuil~ d'inter­
view correspondant l un emploi. atfcune des 

----- -- ~--~-'---- J 
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questions posles devrait petTIettre de pdciser 
l'environnement de travail de la personne. Il 
~t alora d'1ntigrer cette information (sou­
Ye9t Incoaçllte ou hitirocllte) et de 1. cOlllpliter 
si n'cess.ire par la consultation: - d'ouvrases 
ou article. a. rapportant l ce m'tier ou cette 
industrie. - de personnes ressources dans ces 
-.., doaaines, - de dossiers similaires anté­
rieurement cadis. et d'établir une 11s te d' expo­
.itions possibles. 

(i 

c) on in8cri t alors ces expositions sur la feu.ille 
d' expoai tions chillliques. 

- .i l ',.exposition fait partie de la l ste, on 
entoure le code correspondant et on ttribue 
de. valeurs dans les colonnes contac • con­
centration, friquence et fiabillt'. 

- si l'exposition n'en fait pas parti on la 
rajoute dans un espace vide, si po sible dans 
son groupe (poussières, gaz ••. ). 
de code lui sera attribué avant l' 
l'ordinateur. On lui attribue les leurs 
nicessa1res dans les colonnes cont.ct.~ncen-
tratian. fréquence et fiabili té. " 

d) on proc~de alors 1 une lecture-rev1sion systéma­
tique de 1. feuille d' espoai tions groupe par , 
groupe et produit par produit en incluant celles 
de. expositions sur la liste qu1 -auraient pu êCTe 
oublU.s lors de la pre1DUre évaluation. 

) .. 

---r------------~ 
___ ~ __ ..... ~r ___ ...., .... _~ __ , ___ ....... ..-... 
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In th1. th'li., .;r .... nt h.. been .... ur.d tor rat.r. .ttribut1n; 

.xpolur. to phy.1c.l and c~lcal 

~ d •• crlptlon. Qbt.ln.d ulu.lly by 

.;.nta by r.vl.wlng ~.tal1ed 

int.rv1.w. A auaaary •• a.ur. ot 

- ~r •••• nt h •• be.n obt.ln.d by poolin; •• ch rat.r' ......... nt ot 
é 

.xpoaur. for •• eh ot th ••• ub.t.nc •• on the •• pelUr. eh.c:kl1.t and for 

•• eh of th. n job d •• cr1ptlon.~ The purpoa. 1. to obt.in an -.v.ra;.-

•••• ur. ot lnt.r-r.t.r .gr •••• nt over ~!} .ub.tanc.. and jOb 
-----:=;----

d •• crlpt10n.. rh. proc ••• con.l.t. of addl~g tog.th.r th. cella of th. 
d-

• cont1ng.ncy tabl.. oorr •• ponding to e.ch .ub.tanc.. Thua, one 

~COIl.p •• d~ t.ble 1. fora.d h.vlng n x • ob •• rvatlon.. (rh1. i. 

\ r~~.rred to •• th. collapsea table .etbod. ) 

At tlret .1ght, 1 t a1;ht .ppear th.t the exposure ha. replaced th. lob 

" •• cr1pt1on a. th .... pl1ng un1 t. Heur1lUc argua.nt. are pre.ent.d ln 

th1.~ppendi. th.t d •• on.trate tha~ thl. 11 not th. c .... ln t.ct, lt , 
w111 be .hown th.t th1l proc: ... 1. id.nUc.1 to taUng a aiapl. 

~thmetlc av.rage 
~ 

ot th. inde. of crueS. .gr •••• nt, P., ov.r th •• 

contlngeney table.. Iy way of an .x .. pl., 1t will .110 be d.monatratèeS 

that th. aver.g •• of th •• ~ct.d v.lu. of thl. lnde., Pa, and the 

'.ppa lnde., 1, are "approzi .. tely equ.l to th.t obt.1ned trOll th. 

collaPled tabl.. 110 toraal proot of the l.tt.r tvo ••• ut1en. v11l be 

91wn. 

_~I-------------------------------------------~ -
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(1..5.2) .... pl. of tale .. U.l~ of tIIe CDl1 ..... IMI .... tlIDI 

- ..... of .... WiDf -_ ... lDter-ntw Ap •••• nt 

COfta14er the tollov1n9 t) tabl.. vhlch repr ••• nt &9r .... nt betveen two 

r~t.r. CI-l and 1-1) ~ ...... ct expoaure on a d1chotOlSOua acal. to 

tvo a~batencea C •• l) for •• ch of 30 job cte.crlptlona Cn-30), 

\ 

,-wg: .1 IUHTAlfÇl ! 

1-1 1"1 
, 

,/ + .. + , 

6 12 18 :- 5 S 8 

1-1 -e.. 
;:4_~~~ 

~ 

+ 2 10 la t 2 

i 22 30 ., 

, 
P •• 0.533 P. 

P •• 0.t53 P. 

Il • 0.1" 1 

. . 

20 ,'12 
23 1 30 

- 0.833 

• 0.62' 

• 0.556 

\"'-

i 

, , 
j 
f 
} 
j 
1 

~ .te 4" l 

H ___ -..:. __ -.:,;,'--_.....-__ - ..... ,......-------,--------~__:_--.w ........... G * tO) 
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au,JIOM now tut the.e t'VO table. art COIIbined, a. de.cri~d abovt, for 

fP 

the purpote of obt.1n1nv .uaary .... ur.. of avrHMnt, vU., 

+ 

- '11 26 

.-1 

+ t 39 

\ , •• 0."3 -. 

, •• 0.533 

1 • 0.311 

.0 

The d1U.rene. betwen the ar1 thll.t1c .verave of e.ch of the .. 

_-===-- quantlt111, over the tvo ,trata, and the value', der1ved trOll the 
1 

coll.pa." table ·are ... u C <l0. 1 •• e Table A. 5 • 1) • Thu., 1 t appe ... 

that the coll.pa" table .ethod provide. a .. an. of .uaaarta1ftV 

inter-r.ter .vr .... nt over the coaplete •• t of expoaure •• 

- , 

\ . 
.. 

, . 

-ll _____ ~ __________________________ ;~W~.'~;f~~------~--------------------~----.----. __________ ... 
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'lable 1..5.1 

~taon of Atr .... nt Iftdlcel 

... 
valûe of agr .... nt atatlatic for 1 

IIiNtance lub.tance Averave Coli.PiIP 
'\&aber 1 .uaber 2 ( 1 , Table 

, 

0.533 0.133 \ 0.613 0.613 
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l'Or the ind •• of cruele -fl' •••• nt lt can .1-.0 ~.hovn that vhen the 
. 

naber of job ele.cripUon. U', 'Ob.enation.) J.n .ach table la .quel, 

the .veragl of P. ov.r th. orlg1n.l tabl •• vill alvay. Dt equal to that 

obt.ine4 trom th. coU.,..d tabl.. Wh.n the conell Uon of equal ... ple 
. 

• 1 ••• doe. riOt bold, th. lnd •• of crud •• gl' •••• nt obtaln.d fl'ca the 

colla,.ed table, 11 ldenUcally equal to a ~~d av.rag. ovel' the 
~--

orl;lnal table •• The wi;hh art eq'u.l to tl1. inver •• of the ~otal 

nuaDel' of ob.ervatien. ln .ach tabl •• 
1'-',~ 

lt appeu., hoW'evu, ,that th. val u. of Kappa 'obta1ned Ire. tM 

coUap.eel table can not Dt vrl tt.n.. a wi;htta .verav. ~r the 
• 

con.tituent contlng.ncy tabl... yarlou. velght1n; .che... have b •• n 

tri.d ( ••• Tabl~ A.S.l), but all yl.1d valu.. dlff'l'.nt frca that 

obt.ine4 fre. the collap.ed tabl •• 

~ 

It vould .110 be of lnt.n.t tot> c:œparé the value otatain.cl frOil the 

collap.ecS table to th.t obt.in.cl v'htn an ."rav' 1. fone. by wlghUn; 

"ch lncS1vldual val,u, of ICappa by th. rec1procal of lU •• U.ut.cS 

var1ance ('lei •• , l,all. Thi. procecJurl vould Dt appli.d only lf it .' 
va. bl11eved that the und.rly1ng inter-rat.r .vr •••• nt tor .ach of th. 

.ub.tance. va. equal. ln g.n.ral, thl. vould not be the ca •• , although 

1t .1;~t. Dt a re .. onabl. a~'lIIIpt1on for clrt.ln elu.t.n of .ub.tanc ... 

ln any .vent, th1. procedure va. not tolloved ln th. th •• i •• inee, .. 

va. notee! ln .Chapt.r 3, littl. confid.nci can be plaç.d ln a.yaptotlc 

Cancl, perhap., jackknifed) varianc •• v~n tabl •• 1 ••• art .. a11 (n<50), 

...-.11_ ..... ; --,~~~:....._ .• _. ___ . __________ --- - 0 
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taltly, th.ra may be pro~lem. vith the e.U.aUI of ,.the varlanc:. of 

lappa'obtalned trom the.collap.ea t~bl._ The variance 1. calcu)at.d 

tram th. collapeed table uI1ng alymptot~ atattltica1 theory vhlch 

a •• u ••• that .ach entry 1n the table 18 an 1ndependent ob.ervat1on. 
\ 

Sine. the values 1n the coU,pled table are not 1ndependent tt 11 not 

cl.ar vheth.r the variance obta1ned from the collapeed table, and the 

relultant ~nfidence . 1nt.rvals, are lnterpratabl. 1n the ulual 

atatlatical vay_ •• verthel ••• , confidence 1nt.rval. are calculat,a tor 
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Wetght.4 Av.rav.. of xappa Derl v.4 trOll the fr.vioia ...... '1. (1) 

Vdgbt Valu. of 1 . 
ractor cS.rived trOll 

u •• .Qf th.' 

1 0.151 

1 - P. 0.313 

1 • P • -------_._- 0."1 
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, DUter.ne. 
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~talne4 for .&ch .t~atua. 

-(a) ne valu. obtalne4 frOli the coUapH4 tabl .. 1. 0.321. 'lM pe~cent 

cU t fer.ne. il calc:ulat.d f~œ the foraula. 
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lWG:'flKJ, r!-41"'1, CJMAX1, l'Ju ... ttEt.c ... ,, PU(~), , 
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~~lT~ ( q, q31~ ) ~, W4'l1(~Hl). RArtalH~l), 
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.. bltllF (,'" '1110 J K, MIVAL, PLO~), P .. (I':) 

If l 111."t~(I\} .~I.f). l',M'PA(ri.) .~~. J.) 
+ ~I/lTF ( h, -'110 l ... , UllLVAI, P((K.), ~urld 

1 1 '.Jo :: L"~'" + fi 
Tf « LII.,. .I.F. /'10 ) 1r,F,~ 

LALl HI.:AIH; 1 .FALSl., ,liflLAri, Nkl, ,,"P2, 
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," H l LSTHAT .LF. 1 ) RE Il'R''J 
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____ ..t _______ J('~, Fh.~, HO, Fb.3. IX, fb.3, l'~~, 151 
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~O~O_.fÙR".4Junt"JX,B, TIO, A?ù, Li5, f7.~, JUS. "7.~, T~5, "7.1:,; 
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yUO FUHI-iA' ( t01, p., 13,,13-;', AlU , 1~5, F7.SI lS5, F7.S) 
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C4, C.), PvAL. I)~, n~f:I<AI, f(AP~\iI~' 
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. ____ ..t_.~_.. t {Jdll[ l/1Al NIH ALL ~"t(ATA AI<E' U:;;EI. If SU"1t. I\APP~S1, 
+ f ~t. ~t:. urwn 'HJF..p)t 1/ 
+ f Sl,r~",Hlr Kt.l-'pA (IJ!"v,'frr,HTtn) •••• t, f~.'11 

__ . __ :t- t lA~br S" ...... LE VARIAO,JLF.~ fi 

+ t ===== ==:::= ========= fIl 
+ ., SlIM,.'I\I<V I(II P jl/o (,IFjr;uTE.f) •••••• f, r~.311 

---'r..%---·-_.·'t tl11 SIJ rnl~ HO!oAOGE:. fd:.lTr ......... t, FIO."I, 
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'-lllib = LI'lh.17 

Tf- ( JALKr'IF l THF,~ 

~kT1E (b, Q40V) ~APb~J, ~APCI'iJ, ~vAlÛJ, Of J, Cl, L9~ 
9400 F'iJR~jjlT (f JA('KI<'~Jt-ElJ IfAIHANCEaTI 
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' ....... --_..:1+ __ - __ _ 
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~ ==~:=;==== :========tll 
l' 51.1"';-,,1.1(,( KAPpA (\,/FJ(;t11[D) •••••• t, F5.311 
l' ('nI .SlJ fllk HI1t.'OGFI.rlTY •••••• " •• f, F10.ql 
l' (hO: SH<A'f, ARE ~W'Ur.t:NL(lUS )\t Il 
., l'vAL"!:. F'lk C"-1 SIJLJAt<f ••••••••• t 'F7.~,f IJF = f, _ ._-~-- Fo.v, t )1// __ 

t Q~% r.J. Fm~ OVl~Au.. K4PPA •••• f ,f5.3;r l'U f,f'5\.3IIJ 
LI/Jo = LJ,~ht-lt 

>--'---41>10-1 F. -

PU Ufli~ 
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SOAI\nullr\t. ~A~'pt.r ( !.~IJ()f, KAPPA, I\AP/-'AX, PC, pli, l~GSE, l~lIl~E, 
+ \.1I'·'f'\tR, lIl\ioF'F, TAf.l';;Il, lAliLf, r.f.JGtiT, NtlvA~, 
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C 
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C. ltfAP I~, (~Nv 1:.
'
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T'ôl'L.l""Tr Jtll~hfK (a - / 

~LAL ",At-'PA, LI<I;~r, "'IJL~t, lMHLfUII,.)II), 
• ~. F J (.If T ( ~ l, , .) (l J 

RLl\l "II, ... r. 1"1-1"'«'-\1). ~rl,1 (~O), l.l,dh.(..,OJ, "'1(111 \ '!ou) 
R t: A LA, ri, C, Il, t-, KA P ,-1 Il X, Pli:", ~ A ... J L" 
lur~Jrf.1 ,,,.nt~, _,11\1<\ ... , N"o.Atl, .. T, JALIe.f 
ritAL AI M7t~-

CU"'r"''',. l '·1/." 1 -ih-T/lH, ,.'AxSIIol, ,..j\.<AkY , 

rU""'-lo.; 1 LI\,,~ 1 ill .... , .'11, :~~A't.l, 1.J<IoH?, '.ISlkAI, l"A;~tL, 
+ IAf.hNt-

If (MUN: .• Lt. ? ) THF, .. 
CALl ZE~U 1 ~Ru~, MAXA~Y ) 
CALl HYIJ t'Cl1l, MA XAI'IY ) 

---.--- --~AI..l -lLRu ~T/tO •• , ""AXAIo/I 
l.ALI It.loIu '''''-0L, "AXARf ) 
t'II = 0 

PC -= n 
f t,rI Tf 

----C----
C •••• CU",n TlIT"l Nd. M· UASI:~VAT!(JI\jS 
C 

~'IJMt)f'1< ::. 0 
OU lOu h ::. 1, TM~~Jl 

_ . .un ~lI.o J = 1, IAbSJ7 
NU'''t<fl-i ::. '~lJt .. ,\I:.P + TA~l.Fl",J) 

1 0 \) rU'1J J r~tlL 

---.,..--_.Jf . ..{-.MJl'JIiI:.H _tf.l. 0 J lHE ~ 
U"4uE.F = .T~Ut:. 
LPI.~l :1 v. 
MIUil = Il. 
bn Tù 110110 

Et!f\ H-

r. 
C •••• I(API/I 

- _1: 

c ~kTTFlt>,*) fUAAI.F"U ,M',L::.l,.j),'-I:I,'-I) 
_.LIoLl_ ('AI.C:~I" ( hBLE, ... ElGltl, .JAIlSlZ, "WI"-l:!lR, 
+ PC, I\AI-'P/.I, ""lDfF ) 
If t U~JPFF J THt.N 

lPl.St = (.1. 

NI'L~t = u. 
VIIH.ICK = Il. 
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f •••• II<API'A "'!.\q" Il"' 
C 

J'l'" :: O. 
Ilu oC; Il " :: 1, rAR~iT 1 

A6.21 

Il. = ÎO:~I'n l l''J.?u.·J(I<). f'l..LJLII\) 
l'n ... ; :: "'0 -, .. AI 

b"U Cll~: 111.111 

K APf04/1 A :: 1 "'11 "1 - ... r. ) 1 ( 1. - ... C ) 

c ••••. Ol;.HUr. 
C W~T1F ( h, * J l'il, t'C, IIAPPA,' (PWU"'(JJ,J=l,'.:!l, (t'CUL(K),I\=t,C;J 

C 
~ •••• ~t;JbHlnJ Allb uF wtT"I'I'S 

C • • •• w 1 FI UL-~ = rd J • ) 
C •••• r,lClll = l'.l.J) 
C 

Ou 71)u J :: 1 ,1-.R::,tZ 
un _700 Je = 1 ,14h517 
., 1IH1.;( J) :: \-, l "li :1 (,1) .. '0 F 1 (, ri T (. J , K ) III ... C LI L (1( ) 

70U CUN l' '41'1;. 

00 7r::.o J :: 1 ,TARSIL 
lin 7':tn Il = I,JAt,SIl 
v.Tl.OL!,I) = vllrL.l1.U) 't rIEIGr11{K,J) ..... ~ù"'(K) 

c •••• nLHIIr. 
C ~'ihIIF ( "" III J lIoJrQut'l(K),I\:l,S), (\'.TCuLt.JJ.J=l,~) 

C 
--C.... ... _.5 T A,,,OAfJu lHnUI'<!:i 

C 

.-C •••• . !.M?l.F SA"WU', ~Tu (RIWwS 

C :: O. 
______ Ou 000 J:: 1 .. TMi~Ii. 

M,Oh 

l·fI Aun 1< :: t, T4h8]7 
A = ',flr;';J lJ,K) - (II\T~lI."l.') 

A = JAtUt.CJ.I\) 1tA .. A 
l.=l.+A 

flWl J ""l 
~ :: 1< APh'l - pt III l.J. - KAPPA ) 
r::r-~*f1 

If l L .LE. AL"'lftt ) C :: û. 
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c 
c ••• ~F Jo (Ik ~H.' AS.)lIl,.l, 

C 

1) :: O. 

IhJ ynO J :: 1, l"":-'YI 
!JO 1100 J< = 1, IAbSJl 
l: (lfo'l'''Hlf.J,II) - h.1(oLftd. wfHufI(J)))"? 
[ : 1:." ..... ~Il" ,) • f-'C li" (" ) 

(1 = " -t t. 
qOu rUtJI1,,"E:. 

fi :: 0 - PL. l' r 
·f f --4 -1 j • t t.. AL. r .. i [ ,( ) V s (). 

c • ••• Ot. fHJr. 

• •• • 

C ta.WllF ( #'l, .. } "Af'PA, PU, P, A, f~, l,n, l, U(G~f, ,~ULSl 

c 
C •••• Jl.fl\lI."J ..... 
C 

JI- ( J-ALt<I:F ) 
t' - .. -~ALL JCI\!.H .t.h.lJMHER, II.APPA, TMH~J" TAHLE" ... flGH1, 
+ ~n~~R, ~~kJC~ J 

- r.. 
c*_·* kl TUIJI~ 
C 

tsnllo cutn ,'mE:. 
HE. T UP • ., 
(lm 

!;UAkOuT! ,.tt zr"l1 
RE:.~L ,Abll(~) 

ou 1 nI) 1\ :: l, /4 

. HblEOd : O. 
lnu. CUNTTI.II~ 

(,­

/ 

Rt;. TUPr, 
-·fl.n 

SlIflknllTl'lt t\l' ..... ( TAf.ILf, I~ J 
CHAtlHTlf< TAflLr lN) 
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c •••• ~I)III J •• f Til l.Alrlll./ITt :>1'~"llwt "" .. PA 
C •••• Slf FlflS:., "C?! 
C 
C 

'?, 
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.. , 

I~UO 

~t AL tl.M·"" ('.!'II""T J,. U.(r~M lt.~T,<I"), A. Cl, Kt.f-~ll,,,, ""l'CHI, C, Il. 
+ "'\I~t IJf, Ilr, .. ''l'AVr. 

1 ur.lrlol Il •• nt.t tI~~tlÜ.T), f'fO~A.,{'4SlwAT J 

If ( 111l1iF .lF. Il THfr" 
A:. O • 

... A .' A If r. = n. 
L Jan • 

. . uO...J OOli 1\ : l, NSTI{A J 
KA"AVt. : "A"'''Yr. + ICAPP.(K) 
Tf (lH.fltF(KJ.(}R.~O\lAl~(IIJ .OH. Lkr.;;EIK) .[(.1. u.l r.u HI 101'0 

..... _t = lI<G:'UK J .. lHGSlltd 
A : A + I(IIPJl4(1I) 1 C 

l fI: LI • 1. 1 C 
c.'64T 1 ~HJf 

IF ( A.t' •• u •• 1I~. Cl .l:rJ. O. ) ~t.TU~I. 1 
II.A ... 5ull4..a .a; 1-1': 1 
"_PAVG = I("PAVl. 1 NS1H.AT 

f.N(1 Tt-

---C., ... ·-CAl Clat.4' lUlJ II~ Ut' snllAUE f uW HOMuGtNl) 1 Y 
C 

KAPCHl .:: û. 
"'UVAL~ : U 

-----1f4-"4(1Uf' .L" .. -in .THF.I~ 

znun 

c •••• 

C 

vn ;>ul'lu " = 1, NST~AT 
H (lIt"'f'tf'\~).OR.~nVARlKJ .1IK. 
r -- (fl.AtoIPA(I\) .. ""psur.!) ta. c! 

LwG~E(Kj .f:~. o.) GlJ Hl ZOOù 

n ~ 1. 1 llkr;SF(I\J • LRGSt.(II.) ) 
KAPCtH = "Ai-'r:t1' + C.II 

. -"IUIiAI ~.~ .unl! "L~ + 1 
LOIJT J 'luF 

PI/ALllt 

J'If : t .. I)I/~LS .. t 
CAlL MD!." ( lAPCHI. DF, PIiALlIL, HI-! J 
P~AL"t. : 1. - PI/ALllt;. 

f ... O Tf 

~"*.~-Rt TU~ ... 
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•. l'u, ~'C, tl.M'I'tI, lj"'j,fJ ) 

• 
'''PlfLl'l "",,,n' l ~ - l J 
~t:AL IAI'II(~n,'lIl, PClIlCr.\I.S'Zl, "'~l.I"'('AH:'lil, 

~,r 1 r,l, Tl' U, , .... 

IJ(Al .. n, t'l, ",'t'PII, 
lUr.1CAl \l,ml" ~ 

rH. lA 101 Mn 1./ 1 1. ~ -, l 1 
'",~n(F : .F6LSl. 

(HI 140 " ; 1, lAU~t, 
__ . ___ , --uO '''0 .r -= t, 1 AIi~ J 1 

IA~ll(K,J) : (lAbIE(~,J)/~~~nfW) 

3110 CUN l' l'lilL 
C ...... O[R!Jr. 
C "lltiF ( ", III (IAr{l((J,I\"I<:t,c"J,J-l,'!,) 

CAI.NI(J ( IAr'Ll, "'I:II..Hl, lA8~Jl, NU"'uE~, PkO,." "'COL, 
~ Pli, pc, 1< Afo'PA, u~uEt- ) 

c •••• T~IIJ~l11~ ~CÇO~OJ~b T~ CALLULAIJu~ ~UOt 

CALL tFi<n t P,..f1., t-110~''''Y ) 
CALl ZrkO ( PLOL, ~~XARy ) 

--- -----PO -& U .• - . -_. 

PC = 0 

c C.... PRO"" P(.flL 
C.... PRO" = P ( 1 .) = Sil'" ( J) f P ( 1 J) ) 

~., .... ~I..ill.. .&-t"C.JJ ~ ',)1I101(l) (Io'(JJJ) 

C 

[lU .JtOU J : l, TAH511 
Ut" "011 1< = 1, 1 A~SI7 

, .,PUWl.JJ = P"Iuw(.J) + lA.lHl:.(J,I() 

- .4tOU ---(UN r J ,.,411: 

C 

nu ~5~ J : 1, l~R~'1 
!JO 4~O K 1: l, 1.I1STl 
t-'-CIJlCJJ = t'flJUJ.' + lAtJlE(f(.J) 

4r;u rllNlT r.;lIl 

c •••• Pu • 
C 

01) ~~u J _1 • 
..(lU ~nu " .. 1. 

"0 1: Pli • 
ClItJl' NOt 

UnSJ 1 
tAuS, 7 
IA~l[(J.~).~frbH'(J.~) 

- ~,2' ~ 

di ... ; 
-----~-------------------
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l, IAl>SI7 
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Pl :1 t'r 
b(lO (lI'q T dOt. 

+ ~L'bH'(J,~).~"n~(J)_PlUL(~) 

c •••• I(AP .... 

If , M~~ , 1. • PC ) .LE. .L~lFw • "HI. 
__ --+ _ ---An~ ( ... ,) .. pç. ) .lt. ALfoILEf( ) 1 HE" 

lJfJUF' r & • T t< 'JI".. 
t\'.'P-, : 1. 
GOlf' AvIli' 

FMi H 
If ,"~3 1.· PL ) .tE. AL"'IFk ) l"(N 

9 UNuF fI:. 1 HU~ .• 

t\APPA : ". 
l,O 1 n 1100" 

KAPPA lE Pd - !Je 1 1 ( 1. - t'C ) 

bnllft CUNtl •• IIf 

-- C.... otHUr. 
C wlo/ 1 1 f (ft, * ) 

Pl Tuur~ 
------ ---Et.n 

SuAW(lUl1 tJt. 

+ 
JCI\NIF ( NU"'1SEk, I(APPA, 1A~~J7, UMLt,r ~.I:.I"H', 

uNI')[F, ~AkJCK ) 

c 
C SEf: IHLlE.'~, dJ(j~fh'll<A bl:l-1S,197" FOw A 

---( __ ~-_ .. _. - -"Lt.US Aull OAVIS AJ~ U~,R"t-I4"r;dYA~ 
C I.Nv t.FKf)'., HIIII'IFUo'I"A b~:50q-5qq,t=.Y81 
C UF ~E1HOuS 

HEvlF.w 
rUR ~N EXAMP'-E 
FOk A COl..,PA"1SOt~ 

C 
C 
~ 

n~ " uYIF wUN~ MACH1~ES <fG, JH~) T~IS HOtiTINE SHUULO 
~t u~'Lo l'. lInu .. 1.f p~fCJSIu~ t-:unt: 

--C-
J '"'Pl TC JI 1/1 , f lof" l A - Z ) 

Ht:AL lA li LC. , ~(I, jO l, PSI:.II~}f1 ( qUO'), A 
Pt;.~l r.1: J G'll t .)n, ln ) 
RlAl J'LK~F, ~~O"l'O), p[uL(lO), ~u, ~C, VAHJC~, ~A~P~ 

---- ·.$ltAL wO(.f:L(--n,,) 
LUG1CAl IIIWH, A~I-Fl.G 

lfI~flLF •• ~AUlt. 
VAHJrM. & Il. 
1;~rHb lE .FAl:>F. 
TF , hUMHEP .LF. ~Q ) tNrfLG a .TkUt;.. 
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Ni.Zc, "v "'l!H) ., lit t" f l'.i· CI J 1 
",fi """., li. ;: J,' MH~ l' 
l'''~f d" ;: (.}-1) • 1""~1, • " 
',"trL(r:J'~r"!)J ~ l/1riLFIJ,.I\) • NU:"'ùE.W ~ 
IF ( JI.r.~Ll.o J 1~'llfL(,.r~EVhj ;: ".UCt.t..(,~P::.tIJlIJ • U.~ 

IF ( tJ(lClllW'SII!lI) .Lf. O. ) TI1F,~ 
p~FlInll(,"P~FlmJ = II.APPA 
GU 111 r,vOU 

lN.., 1"-
'-Hl CNVllwN l lAl'l t, UR~'I, J, ", fWMUFt( ) 
t.ALl r~I.,~I(J(lAhLt, '~llbHr. lAtt.SJI, NUM"E ... ·h PHU", PCUL, Pli, 

'+ PL, PSFIJO(l(t~PSfU'», 1II.0t:.F ) 
A • P~hHHI(·~P~fUIlJ 

c.... kfll/,..,., hHLE' Tli Il~ t.ldllttAL SIA't 

_ . .c .~... nf.~ur.1 

C _wJTF ('b, * J «(UBLf(L,ftj,M=I,Sl,lal,S) 
(.-LI. rt.\/lJP ( TA~tf, TA.,SJl, J, K, I.UI"IAEH 

C •••• , OLHU(; 
C ftliJIf (b," 

c ••.• 

lF' ( ('h"~F) LoI) Tu '1000 

- (.nuT! "'Hf 
f'~llJl,n(M'SI:.III/) :& '\lIIVtl~".t(A"'PA • (NlJ"'~Ek.l.).fJSt:llI)O(r."':"t.III)). 

nlAur: ' 
-c 

r. + 
whJlflb,*J I.P~(UH, I.ClCrUNPstufl), _, PSEUuO('~"SEUtJ), IAtlLE(J,tO., 

,.""'FH~, ~'PPA 
bnllO cuu 1 Jt~llt 

c •••• CAl '-"LATr JI4Cf.I«(",HF' FsTt"'ATE. llF K.APPA 

.fACI\"'''' :; O. 
Ot~ 70\J1) le' = 1, 11\1l~ 17 • TAHSI l 

.un!.F' Il .IIICIHH t rJflr.F.Utd • PSfUnU(K) 
--14HHI 4: UN J '"'tilt, -

. • rArKNt • JA(.I(r.tF 1 M'*6F~ 

c •••• CALl.I/LÀlr VMRlJI'~rt l5TH'ATE HF JACf(f\.NIF'tO E~TJMATI; 

--- - -"A~J~'" 1: ~. , 

011 tloon t< Il " 1 A~SJl • T AHS I.t 
A ;: (PSFUOlJt,,) - .IA(t\t.lf ) 
/1, = 1& * Il • j .. nl.fUt<) 
VAWJUC c \/"R.Jt:" i A 

~huo rll~ 111~lll 

VItWJCI\ C "A",IC" l' (lW".hf:.~* (tJ"Mf'tJ.t-l • J 
VAPJr" = ~n~T(VAHJr",) 

c •••• Dt~vr; 
C Wh Il F ( ft, 

-"OU~ rutJl t ,.IUt 
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c •••• CUNvfrll Tl, uPIGINA( hRlF 

ZOuO 

F.NlkY r. .• VIJP ( TARLF.:. TAriSlZ, ~O ••• COL, .IIUMRt:R ) 

00 cnOo J a J, 'AH~ll 
CO 20.00 " li 1" T AR51Z . 
1A~lf.(J,"') Il (lA"LE(J,k).(,~H""HtH·I.) )/NIJ"t8t~ 
enNT !'ftjf' 

.. 

TAf!LF"(P\Jw,r.lJl J • lTA"lE(RU~,ClJL)."'"MBER + 1.J.I"UMl1lH 
PE TURI. 
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_ "'-:'SLOCI< nUA 
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LUfnCAL l'IT, NAMtL, JACl(f~F 
._ C..IAt<A(.llR-IU IIILL'''\), H(Z) 
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l'abl. A. 7.1 " 

oc:cupat1.on., ~n4u.~rl •• , àftc1 1'1.. 'tr1od~ of Dlploy.ent for 

Job oe.c:rlption. u •• 4 in the General co.parbon '!'rUl 
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Table A.7.1, continuid 

.. 

Stuc!ar4 Occupat ion Ti_ "1'1011 

ln4uatr1a1 of 

Deacriptlon (2) Dplayant 
) 

Nana9 ... nt,.. nel 806 1179-~ 1972-79 

Uh1wraUy, COll4t9. 
r;;-

eon.truct1on Labour.rl ~ tOt· 8791-11t 193t-35 

auildlng Construction 

Notor v.hicl. Naint.1 6S8 1'8l-1U 1935-39 

Noter v.hicl. ..pair 

Alrfr ... Aa ••• bler/ 32.1 851'''118 1939-t5 

Aireraft Nfg 

.atterftllak.rl 32.1 839S-299 1"5:-" 

Aireraft Nf; 

COOk! '111,-1l~ 1968-72 .. 
ao-pital 

Labour.r, COner.t./ 1711-11t 197.2-79 

other conatruetlon 

() . 

-
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r , 
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l 
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~t1OR/ 

f' 
f 

Indultry 

l 
J 

Deacrlpt 10n 
, 
b 
t 
i' 
f 
r 

[ Wood York.rl 
" 

ao.pltal 

Labourer/ 

Sc:rap N.tal WhOl ••• le 

J'tal'l Chanerl 

PlIh Proc!uetl 

L - eon.truct1on Labourer/ 

. luUd1ng con.tructlon 

J'1ah Chan.rl 

J'lIh Produet. 

Cl) hfer to SIC, 1970. 

(2) •• fer to OCC, 1971. 

'. -
, f 

, 
, 
l, 

• 

1.7.4 
" .. 

Table A. 7.1, continuee! 
, " 

'f Standard Occupation Tl .. rerlod 

Indultrlal COde , , 

COdeCll (2) 

821 85"1-116 1"'-80 

627 9918~1'9 1980-80 

~ 

102 8217-130 1926-59 

"01 8198-111 1959-{j6 

102 8217 ... 130 1967-73 

,i 
( 

... 

-' 

\ ., 
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- r 
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Table A.7 .. 2 

staU.tical T •• t. of Equal1ty of the Proportion of Elposure 

AttributecS Present: at a Given Level of COnfidence between 

al1 'ater. ln the "General CO.partaon Trial (1) 

llater .air 

Che. 1 - CMm 2 

overaU (3) 

. ; 

Chi-Square Value for ~xposure 

F categorhecS at COnfidence Level (2.): 

Higil "edlU11 or 

81gh 

6.8** 29.8** 29.4** 

7.3 53.4** 62.3** 

____ -- _. _\ ___ ---1 
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Table A. 7 .2, cont1nued 

(1) A total" ot 30'0 exposurtts & 2.0 job descriptions x 172 substances vere 

used in the calculations. 

(2) The tests in the tirst part of the table are derived us1ng Nellemar's 

Test (1 dt). Rote that: * indicates p < .05; ** indicates p < .01. 

(3) This test vas evaluatèd us1ng COchran's Q staUsUe on 3 dt. 

, -,. { 

} , 
l----__________ ~ __ ~~~ ________ ~~~~----------------~~------------~------p~----~----~tJ~e~-.. ' -.. ;4 l 
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Table A.7.3 
-.r-

lnter-later !&ree.ent u1inl the CollaElld Table Ketbod for tbe Four !x22lure Variablea 
1 

Ilater Pait Contact Fuguencz Concentration Level of Confidence SI2tbetic lndex ~2) 

Pi le K' P~ K K' P~ K K' P~ K K • Po le IC' 

% 1 ; 
1 

1:: - Ch .. 2 95.9 0.49 0.65 95.4 0.42 O. S5 95.2 0.40 0.52 95.7 0.46 0.65 95.5 0.44 0.52 > ...... . 
- Ch_,4 95.9 0.46 0.66 95.5 0.41 0.58 95.4 0.39 0.55 95.9 0.46 0.60 95.7 0.43 0.61 ...... 

!Ch_ - Ch_ 6 94.4 0.38 0.57 94.3 0.37 0.50 94.1 0.35 0.42 94.9 0.43 0.46 94.7 0.42 0.50 1 ; 

ICha2-Cha4 97.6 0.58 0.62 97.2 0.52 0.61 97.0 0.49 0.56 91.6 0.59 0.67 97 .4 0.55 0.66 

ICh_2-Chea6 95.4 0.38 0.47 95.8 0.44 0.56 95.6 0.41 0.50 95.9 0.45 0.54 95.9 0.44 0.57 

Che. 4 - Che. 6 95.7 0.39 0.59 95.6 0.37 0.48 95.4 0.34 0.46 96.1 0.45 0.60 95.8 0.40 0.5& 

Averase (1): 95.8 0.45 0.59 95.6 0.42 0.55 95.5. 0.40 0.50 96.0 0.47 0.59 95.8 0.45 0.57 
Average (4): 96.4 0.51 0.64 96.0 0.45 0.58 95.9 0.43 0.54 9'6.4 o.so D.64 96.2 8.47 no 

, (1) A total of 3440 expoaurea • 20 job de.crlptlona x 172 .ub.taocea vere u.ed on the calcul.tion •• i The oElalnal .cal •• of .... uEe~nt (four categorlea) veEl u.ed fOE eech of the four expo.ure vartablea. 
1 f (2) The a~h.tlc Inde. la d.flned .. frequency x concentr.tion x level of confidence, grouped iuto 3 c.tegoriea: no • -_dlu.- and -hi,gh- expoaure. 

<') Thi •••• ra •• includea the co.parlaona vith Cheatat 6. 
(4) Thi. a .. ra.e exclud •• , the co.pariaona vith Che.lat 6. 

1-
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Ta~le A.7 .4 

Frequency of Exposure for aIl Attributed Substances in the General Comparison Trial (1) 

Substance Prevalance of E!e0sure as Attributed by: 
Chem 1 Chem 2 Chem 4 Chem 6 Average 

% % % % % 

Abrasive dust 30 20 15 25 22.5 
Insulating material dust 5 10 5 5 6.3 
Construction dU8t 15 15 15 20 16.3 
Mine dust 0 10 10 0 ' 5.0 
Met>allic dust 25 35 20 20 25.0 
Asbestos (Chrysotlle) 15 15 15 5 12.5 
Asbestos (Amphibole) 15 15 5 5 10.0 
Silica dust 10 10 25 20 16.3 
Cement dust 15 15 10 10 12.5 
Glass fibres 10 5 5 5 6.3 
Brick dust 0 10 0 5 3.8 
Silicon car bIde 5 5 0 15 6.3 
Sulfur 0, 0 0 5 1.3 
Potassium nitrate 0 0 0 5 1.3 
GypsUll 10 5 5 10 7.5 
Titanium dioxide 10 5 0 15 7.5 
Iron oxides 10 5 15 10 10.0 
Floor dust 0 0 0 40 10.0 
Lead dust 5 0 0 0 , 1.3 
Sodium chloride 0 5 .5 5 3.8 
Coal dust 5 5 5 10 6.3 

:;..t Carbon dust 5 5 0 5 3.8 
Rubber dust 0 0 0 5 1.3 
Fabric dust 5 5 0 0 2.5 
Plastic dust 10 5 5 5 6.3 
Wool fibres 0 5 0 0 1.3 
Wood dusts 20 20 15 20 18.8 
Flour dusts 5 0 5 5 3.8 
Fur dust 0 5 10 0 3.8 
Leather dU8t 0 0 0 10 2.5 
Carbon dust 5 0 0 0 1.3 
Coal ps 0 0 0 , 5 1.3 

1 1-______ _ 
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Table ~7 .4, 
c:J ~ continued 

Substance Prevalence of EXEosure as Attributed bl: 
1 

Chem 1 Chem 2 Chem 4 Chem 6 A1rerage 
% % % % 1 % 

Carbon monoxide 5 5 0 20 \7.5 N1trogen ondes 0 0 0 15 3.8 
Sulfur dioxide 0 0 0 10 2.5 
Spray gases 0 5 0 0 1.3 
Natural gas 0 5 0 0 1.3 Propane 0 5 5 0 2.5 
Foraaldehyde 10 0 0 0 2.5 
Vinyl chloride 5 '0 0 0 1.3 
Pyrolys1s and 

combustion fumes 15 10 10 5 10.0 
Cooking fumes 5 5 5 10 6.3 
Engine em1saions 20 20 20 '- 15 18.8'" '-, ~ 
Combustion producta 
of wood 0 0 0 5 1.3 , 

5 15 7.5 Gas welding fumes 5 5 
Arc woeld1ng fumes 10 0 0 10 5.0 
Ketal ox1de fumes 15 15 10 10 12.5 
Lead fumés 5 5 0 0 2.5 
Inorganic acid solution 5 0 0 0 1.3 
Cau,tic solution 5 0 0 0 1.3 
Paints and varnishes 15 10 10 20 13.8 
Wood stains and varnishes 10 10 10 10 10.0 
Oyes and pigments 5 10 5 5 6.3 

"' Organic dyes and pigments 10 5 0 5 5.0 
Adhesives , 15 15 10 5 11.3 
Solvents 45 25 20 30 10.0 
Waxes and polishes 10 0 0 P 3.8 
Gasol1ne 5 5 10 15 8.8 
Diesel 011 0 0 0 5 1.3 
Mineral spirits 20 10 15 15 15.0 
Aroaatic napthas 5 5 0 5 3.8 
Lubricating o11s and grease 30 15 20 20 21.3 
Cutting fluids 5 10 5 0 5.0 
Coal tar and pitch 5 5 5 5 5.0 
Creosote 5 0 0 0 1.3 

(/ Pitch 5 0 0 0 1.3 
Glues 0 0 0 5 1.3 

-. 
1 -- ... 



- A7.l0 -

Table A.7.4, cont1nued 

Substance Prevalence of E!20sure ae Attrlbuted hl: 
Chell 1 Chell 2 Chell 4 Chell 6 Average 

% % % % % 

Turpent1ne la 5 0 10 6.3 
Linseed oil la la 5 10 8.8 
Methanol la 5 0 0 3.8 

\ 
Ethanol 5 0 0 0 1.3 
Ethyleneglycol 5 0 0 0 1.3 

" Carbon tetrachlorlde 5 0 0 0 1.3 
Methylene chlorid. 10 0 5 10 6.3 

"- Tetreethyl lead a 0 0 5 1.3 ,. 
~rlchloroethylene 5 0 0 0 1.3 
~nzene 25 0 0 ,/() 6.3 
Toluene 15 0 0 0 3.8 
X,lene 5 0 0 0 1.3 
P~enol 10 0 0 0 2.5 ,,- la 0 0 Be~z1d1ne "- 0 2.5 
Naphty lallline 15 0 0 0 3.8 ' 
o-tlolutldine la 0 0 0 2.5 
Al~lIinua coapound. 0 0 5 5 2.5 
Chrpaae compound. 5 0 0 0 1.3 
lr~ compound. 5 10 0 5 5.0 Zint .., .... ouDAl. 5 0 0 0 1.3 
Cad ua COllpound. 5 0 0 0 1.3 
Lea compound. 15 5 5 0 6.3 
All hatlc hydrocarbona 20 û 0 15 25 15.0 
Aliphatlc alcohola la 5 0 0 3.8 
AlilPhatic acid. 10 0 0 0 2.5 
Al1Jphatlc aldehydes 5 - 0 0 a 1.3 
Allphatlc saturated 
halogena la 0 0 5 3.8 

Al1phatic unsaturated 
halogena 5 0 a 0 1.3 

Aroaatlc hydrocarbona 25 0 5, 20 12.5 
Aroaatic alcohola 5 0 0 0 1.3 

" 
Rubber 10 5 10 5 7.5 
PlaeUcs 5 5 10 5 6.3 
Leather 10 10 10 10 10.0 
Foodstuf! 15 10 15 15 13.8 

( 

~---------------- --.- ---
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Pbar .. ceuticale 
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T.ble A.1.4, cont1nued 

Prevalence of Expo,ure .e Attr1buted br: 
Che. 1 Che. 2 Che. 4 Che. 6 Avera,e 

% % % % % 

100 
o 
o 

10 

IS 
5 
5 

lS 

5 
o 

20 
15 

10 
o 
5 

25 

10.0 
1.3 
7.5 

16.3 

(l)~ The t.ble 18 b •• ed on the ••••••• nt of expoaure to 20 job deacriptlone 
ua1nc • dichot080U' sc.l.: expo.ed. at any lavel of confidence, and not 
.xpo.ed. 

• 
, . -
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table .... 8.1 

. 
Occupationa, Indu.triea, and Ti •• 'er1od. of Eaployaent for 

Job Deacr1ptiona u •• d 1n the aubber Induatrl Trial 

occupation standard OCcupation Tt.. Period 

Deacription Indu.trial Code of 

COd.(l) (2) Eaployaent 

MOulding 162 , 

Cutting and finishin9 162 

Dye aiKer 162 8161-186 1919-50 

t.. 

Inapector 162 8576-118 1918-50 

MOuld1ng 162 8573-299 19+0-10 .. 

Cuttin9 and flni.hint 61' 8575-178 1'1'-61 

carpenter 162 

aond1ng and ~ntln9 8571-118 1'57-64 

- - -_. __ ._~-------_ .. ----,..----~-- --------------------------------~- -
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rable '\.-S.l, continued 

occupation standard Occupation Time Per10d 

Deacription Indu.trial 

COd.(l) 

Superviaor 162 

Nectlan1c and aUivr19ht· 16-2 

-; 
COAtln9 162 

Mlle york pr1ntl~9 289 

coatln9 162 

~dln9 and ce •• nt1n9 162 

Superviaor 162 

(1) .eter to SIC, 1970. 

(2) .eter to OCC, 1971. 

COde or 

(2) EIIIployment 

4150-110 1937-80 

8584-122 1963-80 

8173-134 1973-81 

9518-199 

8173-134 

8571-158 1943-47 

• 

. U50-110 1935-39 

\ 
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1.8.4 -

Table A.8.2. 

statt.tical Tests of Equality of the Proportion of Exposure 

Attr1buted Present at a Given Level of Confidence "betveen 

aIl Raterl in the Rubber Industry Trial (1) 

Chi-Square Value for Exposure 

categorized at Confidence Level (2): 

aater Pair Hi9h Medium or Any 

H1gh 

Che. 1 - Chell 2. 0.3 8.0** 2..5 

Che. 1 - Che. 3 0.9 32.0** 31.4** 

Che. 2. - Che. 3 0.1 16.4** 

J'inal 1 - Che. 1 2.3.3** 23.0** 2.3.0** 

J'inal - Che. 2. 30.0** 50.0** 34,,8*'" 

pinal - Chell 3 36.5** 

( averall (3) 0.8 33.4** "34.1** 

. r 
---------------------------- .---
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Table A.8.2, cont1nued 

(1) A total ot iOSO exposures • 1S job descriptions x 270 substances vere 

used in the calculations. 

(2) The tests 1n the tirst part 9t the table are derived us1ng McRemar's 

Test (1 dt). Note that: * indicates p < .05; ** indicates p < .01. 

(3) This test vas evaluated using Cochran's Q statistic on 2 dt. The 

.ssessment ot e xpos ure in the Final cod1ng vas excluded in th1s 

calculation. 

( 
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rable A!.!:J. . 
lnter-Rater Alree .. nt utin. the CollaPled Tabl. Method for th. Pour Exyo.ure Variable • 

.!ll!!. {1 

Ratar Patr Contact FresuencI Concentration Level of Confidence" SIntbetic Index ~2~ 

Pi 
Il' Il' 1 Pi Il' Kt 

P~ Il' ICI Po IC Ki Po Il' Il' 

% t 

Ch .. - Cha 2 97.0 0.60 0.67 96.5 0.53 0,60 95.7 0.43 0.51 96.6 0.55 0.61 96.6 0.55 0.62 
:> 

Ch .. 1 - Ch_ ] 96.7 O.sç 0.64 96.8 0.51 0.65 96.1 0.40 0.56 96.8 0.51 0.66 96.9 0.52 0.67 en . . 
0'1 

Ch .. 2-Ch .. J 96.7 0.45 0.54 ~ 96.8 0.47 0.57 96.3 0.39 0.50 96.7 0.47 0.57 96.9 0.49 0.54 

Pinal - Ch_ 1 96.7 0.64 0.74 96.5 0.62 0.72 96.4 0.60 0.70 96.7 0.63 0.73 96.6 0.62 0.75 
,. 

Flnal - Ch_ 2 96.4 0.58 0.74 96.4 0.58 0.72 95,7 0.51 0.68 96.3 0.57 0.74 96.3 0.58 0.73 

'I~l~ , 96.] 0.52 0.80 96.] 0.52 0.80 96.0 0.48 0.74 96.5 0.55 0.86 96.6 0.56 0.87 
~ 

Aver e (]): !hl. ~ !!.:.E 2!.:1.. ~ Qill ~ ~ 2.:.ll. !hl ~ 2&. !h! !!.:.ll !!.:.!!. , , 
t 
( 

(1) A tot~l of 4050 e.poeuree - 15 job deacriptions • 270 .ubstances vere u.ed in tb. analyaia. 
The original acalea of .eaaure.ent (four categortea) vera u.ed in each of the four a.poaure vartablea. 

(2) The lyntheUc index 11 deUned .. frequency x coocentraUou :1 1."el of conf1d.n~. gtoUped ioto l categoriea: no , -.ediu.-, and -hilh- expoaure. 
(3) The .".ra.e. e.elude co.parilona betveen the individual ratar. and the Final CGdlna • 

• 

r-
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Table A.8.4 

Substances 
" -_ - ___ ------ ______ 1 ----- ,1) 

Substance Prevalence of Exposure as Attributed by: 
Chem 1 Chem 2 Chem 3 Final Average (2) 

% ~ % % % % 

• Abrasive duat 0.0 6.7 0.0 20.0 2.2 
MetaHic dU8t 0.0 20.0 26.7 53.3 15.6 
A8be8tOS (ebtysotile) 53.3 40.0·~ 26.7 60.0 40.0 
Talc dust 33.3 46.7 ~3.3 53.3 31.1 
Clay dust 26.7 20.0 40.0 26.1 28.9 
Inorganie Pi~nt8 0.0 0.0 0.0 20.0 0.0 
Sulphur dust 53.3 13.3 46.7 80.0 51.8 

~!:!~:. C:~::~:!e !~:~ ~~:~ ~:~ ~~:~ ~~:~ ~ 
Iton duIt 0.0 0.0 0.0 13.3 0.0 ....... 
Zinc oride 0.0 13.3 6.7 33.3 6.7 
Lead oost 0.0 6.7 20.0 20.0 8.9 
Catbon b Ok 86.7 80.0 80.0 100.0 82.2 
Rubb&r Ult 0.0 0.0 0.0 53.3 0.0 
Floor du.t 0.0 6.7 0.0 0.0 2.2 
A..on a 0.0 0.0 0.0 6.7 0.0 
Metal oxide fUM_ 6.1 26.7 6.7 26.7 13.4 
Tin fu.a 0.0 0.0 0.0 6.7 0.0 
Lead fu... 0.0 20.0 0.0 13.3 6.1 
Pyroly.l. & Co.bu8tion 

f 

fu... 80.0 80.0 40.0 80.0 66.7 
Co.bu.tion producta of 

0, natuul la. 0.0 0.0 0.0 13.3 0.0 

1 
Be nu De 53.3 20.0 0.0 53.3 24.4 
Toluene 53.3 13.3 0.0 53.3 22.2 

f Xyleoe 53.3 13.3 0.0 51.3 22.2 
f Adheaive.' 20.0 33.3 33.3" 26.7 28.9 

Bolvenu 73.3 80.0 53.3' 86.7 68.9 
Minetal apirita 20.0 0.0 46.7 60.0 22.2 
Aro .. tic naptb.. .53.3 80.0 33~3 73.3 55.5 
Lubilcatlng 011. 'gr ••• e 13.3 26.6 13.3 33.3 17.7 
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Table A.8.4, contlnued 

Subi tance Prevalence of Ex~.ure al Attributed bI: 
Che. 1 Che1l 2 Che .. l Filial Average (2) 

% % % % % 

zt ne coapoundl 20.0 0.0 13.3 20.0 U.l 
, Lead coapounda 26.7 6.7 26.7 20.0 20.0 

Al1phatlc Rydrocarbona 66.7 33.3 20.0 0.0 40.0 
Aro .. tle Hydrocarbons 66.7 80.0 0.0 6.7 48.9 
Aroutie aalne8 59.3 26.7 53.3 100.0 44.4 
Rubber 100.0 100.0 100.0 100.0 100.0 

(1) The table ia based on the a8se88ment of exp08ure to 15 job de8criptions u81ng a dlchotolaOus scale: 
expoaed, at any level of confidence, and not exp08ed. 

(2) The average excludes the Final Coding. 
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...... t_ 0- I-a.. 2 Cbn 1-0.. l a... 2-a.., 

t or oc' t oc oc' t or oc' 
Pl P2 P2 

the CI ....... 10.0 0.0 Il ".1 -o.19-o.n ".7 0.0 11 .... CII"._.' 10.0 o.n 1.0 100.0 1.0 1.0 10.0 O.ll 1.0 
All"'tle .,.woc.w .... S,., O •• , 0."40 n.l 0.12 1.0 n.' 0.11 0.4' 
Aw_tlc .,.wocaw .... n.l o.n 0.4' n.' 0.0 .. 20.0 ,0.0 .. 
At_tle atIl_ n.l O." 1.0 60.0 O.ZO O.ZO 46.7 -0.04 -0.01 
"*1 100.0 1.0 1.0 100.0 1.0 1.0 100.0 •• 0 1.0 

Aver ... (4):10.4 O.lI 7'.' 0.50 7' .• 0.34 
Av.r ... (,),'1.4 0.'2 fJ. ) O." '7.2 0.'1 
A.lr ... (6)1'7.4 0.65 t7. ) 0.51 ".2 O.~ 

/' 

! 
( 

\ 

TI'.' AI• I'. c~tlnue' 

,. .. 1-0.. • 

t oc oc' 
p~ 

13.' 0.17 0.17 
'1.) 0.12 1.0 
n.' 0.0 Il 

40.0 0.07 1.0 
n.l 0.0 Il 

100.0 1.0 1.0 

7I.~ 0.36 
fJ .2 0.12 
97.2 0.69 

"ul~. 2 
a. oc oc' 
1 P2 

10.0 0.0 Il 

".7 0.44 1.0 
".7 0.0 .. 
76.7 0.04 1.0 
26.7 0.0 11 

100.0 1.0 1.0 

75 •• 0.30 .... 0.91 .... 0.63 

~------. 

\ 

ftul-cbn l 
'0 oc or' 
1 P2 

".1 -0.1' -o.U 
91.) O.IZ 1.0 
10.0 0.0 .. 
'l.' 0.0 .. 
'U.l 0.0 Il 

100.0 1.0 1.0 

lS.2 0.26 .. .. O.tO .. .. 0.51 

Cl) ftoe C."t.. la .......... clle .. a_ac of ... poa .. ~. CO IS J" 'eac~l"tl_ .. al,. a ,U" .... ,_ acale. a~". at any 1a_l of c:ooll<lanca ..... DOt 

'1IfO''''' 
(1) ,.. .... , ..... cl .... the upo.llra J ..... nu .... ln cha '11181 CMI. 
(J) Il ......... U ...... 1_ Cl •••• o. 0). 
(6' Calcoal., ... ror die n ...... ,._. Un'" lJI Cile ,.'141. 
(1) Calev1at .. 'tH .U 270 ..... u_ .... atOll ,hat lb .04 oc ~ ... l 1 fo~ ,lia t_tnlOll 215 (21o-lS) a,,"'t ... eea. 
(1) Calcllla'" _1111 tI. coll ..... tabla _chad (_ Tabla 7.1.11). 
(J) "- .Ufara_ lfl t ..... t_ ....... " II .... "lel, ta tOIt""'" .non. 

J-

Aftul! i2} .. oc 
1 

17.' -O •• 
16.1 O.SS 
60.0 0.24 
42.2 0.11 .4 

60.0 0.21 
100.0 1.0 6; . ..... 

71 •• 0 •• 1 0 ".2 (7) O.tz ".3 (1) O.S, 

~ " 



- 18.1 .. • 

( 

• 

t? 
.....DIU. t 

.... l_t.r blal .. fa&" tM Pa1J:Ît *-fac:turtag ~ 

( 

q - ---



( 

18.2. .. 

Table A.'.l 

occupaUona, Indu.tr1." and Ti .. P,rioda of .. ployaent for 

Job o.lcripUon. ua.ct in th. .a1nt M&nutac:tur1ng 'l"r1al 

OCcupation 

De,cr1pt ion 

'etU. OperatCX' 

M1xer 

Mixer 

Cl) .. f.r tQ SIC, 1'70. 

(2.) .. f.r ta ccc, 1"1. 

/""\ 
r )1 

standard OCcupation Ti.. .er104 

Induatrial C04. of 

COd. Cl ) (1) EIIIploym.nt 

378 8161-150 1'38-39 

375 8161-118 1'''5-51 

375 8161-218 1'63-79 

375 '311-1U 1'51-6' 

371 8167-178 1'''3-51 

---,._ ... - - -~--~------------- -



At.3 -

Table A.9.2 

stati.tical Test. ot Equal1 ty 01 the Proportion of Elpo.ure 

Attributed .re •• nt at a Qiv.n tevel of confid.nc. betv •• n 

aU lat.ra in th. pa1nt Nanufactur1ng Trial (1) 

Ch1-Square val u. tor Expo.ur. 

categoriEed at Confid.nce Lev.l (2) 1 

aater pair High M.dlU11 or 

Hlqh 

6.3* 25.1** 31.7** 

( 

0.8 0.7 3.4 

Che. 1 -Ch •• 2 2.2 •• ** 18.7** 

av.raU (3) 6.10 32.60** 38.10** 

Cl) A total of 865 .xpo.ur .... - 5 job d.scription. 1 173 tub.tanc .. ver. 

used 1n th. calculaUons. 

(2) The te.h 1n th. tint part of th. table ar. d.r1v.d trOll u.1ng 

NClleur'. T.lt (1 df). Bot. that 1 * incUcat.. p < .05 , ** indicat •• p < 

.01. 

(3) Thi. t .. t v .. evaluated u.1n, Cochran'. Q .taU.tic: on 2 dt. 

F upt - ------_._.~-_ .. "_. -----
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Talal. A.t.l 

Iaur-&aeer fol' clle rouI' e V.l'labl •• 
ace.d: 

aaeel' 'ab .C-uct rt ... ~ Cao_ttaclou "'_1 of c-fld_ 

W .. l-a...l 

Jad.. 1 - C"- 2 

a... 1- c-..2 

'\ IC ,,1 

92.0 0.39 0.77 

94.S 0.42 0.50 

92.7 0.49 0.7' 

•• en. (3)z n.2 O"~ 0.64 
'nr •• (4)1 1'f.lr. m - -r-

, IC ,,0 

92.9 0.45 0.76 

94.2 0.41 0.52 

92.6 0.41 0.63 

93.6 0.43 0.64 
Il.2 ~m 

'\ IC IC' 

91.9 0.38 o." 
91.5 0.14 0.43 

92.4 0.47 0.62 

92.7 O." 0.51 
12.& lr.lft"·rn ---.-

(a) A total of 1'5 "'ur •• 5 job d •• cripttooe ]( 173 .ubet_ "'1'. ueed ta CM calculattoa •• 

\ 
93.1 

94.8 

n.6 

94.0 
9tl 

1be odll .. l Kale. pf ... lIre.nt. (fOUt ~teIOtl •• ) .. r. u..cl tor .. ch of the four upMUrt _tlabl ••• 

IC"' ICI 

0.47 0.75 

0.41 0.55 

0.55 0.72 

0.47 0.65 
6.50 0.67 

'\ 
93.4 

94.8 

94.0 

94.1 
94.1 

,-

!zac_eie IDMz (2) 
IC te i 

0.49 

0.47 

0.51 

g:M 

0.7' 

0.55 

0.75 

0.61 
0.&9 

\lt.L t~ 

(2) tbt 11Dthetle ....... ta d.Untd .. treflueoeJ Jl conc.ntrattoa·lt 1 ... 1 of coaUclenca. ,roupecl tllto , catalort.a: DO .. -.dtu.-. and -hlp- .xpoeure. 
(S) The a •• I'''. axel.... l'_ a... 1 - a... 2 co.paUaon. 
(4) TIlt .ftr ... lac:lu4ee tM Cha 1 - Cha 2 eo.part.oo. 

, 

,~. 

". 

» 
\0 . 
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Table A.'.4 

IDt,~"'t.r Air .... nt for al1 Attribut.d Subataneel in the 'aint Kanufaeturins Trlal (1) 

he"aI_ca of Eltpoaure .. At:er1.bue.d byl Aar_Dt SCatleCiea for Iac.r Pair: 
Suheasaca .JudIe 1 QIe. 1 Che. 2 "'".ral. .Jud •• i-a- 1 .Jûd,a I-a- 1 a;;; 1::0;;; Z Anr •• (2l. 

'0 le IC ' Po IC ,,' Po ",,1 '0 II: 
1 1 % % 1 p> % (3) 2: (3) 2: 

"'Caille Duat 20.0 20.0 20.0 20.0 100.0 1.0 1.0 60.0 -0.25 -0.25 60.0 • -0.25 -0.25 80.0 0.38 
Netal OIdde ~t 40.0 80.0 60.0 60.0 60.0 0.29 1.0 80.0 0.62 1.0 80.0 O.~~ 1.0 10.0 0.46 
U.lto. (Aapblbole) 0.0 0.0 20.0 6.7 100.0 1.0 1.0 80.0 0.0 \1 80.0 0.0 \1 90.0 O.~ 
SUiee Duat 0.0 20.0 0 .. 0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 Il 90.0 O.~ 
Talc 0.0 20.0 70.0 ,13.3 80.0 0.0 u 80.0 0.0 Il 100.0 1.0 1.0 80.0 0.0 
Calciu. Ozida 0.0 0.0 20.0 6.7 -100.0 1.0 u 80.0 0.0 Il 80.0 0.0 Il 90.0 O.~ 
Tltaniœ Oioxlde 0.0 10.0 40.0 20.0 80.0 0.0 Il 60.0' 0.0 Il 80.0 O. SS 1.0 10.0 0.0 
Metal OJcide 'UM' 10.0 20.0 40.0 26.7 100.0 1.0 1.0 80.0 O.SS 1.0 80.0 O.SS 1.0 90.0 0.78 
Paillt., Varniahe. 100.0 100.0 80.0 93.3 100.0 1.0 1.0 80.0 0.0 Il 80.0 0.0 Il 90.0 0.50 
Voqd SCa1.na .. 
V.rnl.he. 40.0 60.0 0.0 :33.3 80.0 0.62 1.0 60.0 0.0 Il 40.0 0.0 Il 70.0 0.'31 

Orlnie Dy.a-4 
Pi ... nU 20.0 60.0 40.0 40.0 60.0 0.29 1.0 40.0 -0.36 -0.66 40.0 -0.15 0.62 50.0 -0.04 

Sol_nc. 100.0 80.0 80.0 86.7 80.C- 0.0 Il 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 
lU_rai Splr1.U 40.0 80.0 80.0 &6.7 60.0 0.29 1.0 60.0 0.29 1.0 100.0 1.0 1.0 60.0 0.29 
Llaa.ed Oil 20.0 80.0 60.0 S3.1 40.0 0.12 1.0 60.0 0.29 1.0 80.0 O.SS 1.0 50 .. 0 0.56 Dy.. 0.0 20.0 20.0 Il. '3 80.0 0.0 u 80.0 0.0 Il 60.0 -D.25 -0.25 80.0 0.0 
lel1"_ 0.0 60.0 0.0 23.3 40.0 0.0 u 100.0 1.0 1.0 40.0 0.0 u 10.0 O.~ 
Toluene 80.0 60.0 0.0 46.7 40.0 -0.36 -0.66 70.0 0.0 u 40.0 0.0 u 30.0 -0.18 
1yleae 80.0 flO.O 0.0 46.7 40.0 -0.36 -0.66 70.0 0.0 Il 40.0 ,0.0 Il 30.0 -0.18 

10' Qaro. Coapoundl 0.0 40.0 0.0 13.) 60.0 0.0 u 100.0 1.0 1.0 60.0 0.0 \1 80.0 0.50 

l 
Cobalt Co.pound. 0.0 20.0 0.0 6',7 80.0 0.0 Il 100.0 1.0 1.0 80.0 0.0 Il 90.0 0.50 
Copper Coapouad. 0.0 20.0 0.0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 u 90.0 0.50 
Zinc Cota;ound. 0.0 40 .. 0 0.0 Il.3 60.0 0.0 u lpo.O 1.0 1.0 60.0 0.0 Il 80.0 0.50 

1 Cadlua CollPOUada 0.0 40.0 0.0 13.1 60.0 0.0 u 100.0 1.0 1.0 60.0 0.0 Il 80.0 0.50 

1

: Laed 'Coapound. 40.0 100.0 40.0 60.0 40.0 0.0 u 100.0 1.0 1.0 4n.0 0.0 Il 70.0 0.50 

! 
1 
1 

Allpbatlc a,dro-
carbona 0.0 80.0 80.0 53.3 20.0 0.0 u 20.0 0.0 Il 100.0 1.0 1.0 20.0 0.0 

~ 
\0 

ln 
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Tabl. A.9.4. cODtlauad 

~'.!I'.I~ Il IIIaIY'. Il A"(l~'~ bIs for lat.r Palu 
Sub.taace .had&. o.. 1 Cha. 2 A".t.,. J!!!I. 1- C"- 2 Che. A"uy. S2) 

'0 1( 1(' Po 1(1 '0 1( 
1 1 1 1 1 ()) 1 (3) 1 

Al1phatic Alcohol. 0.0 0·4 20.0 46.1 100.0 1.0 1.0 80.0 0.0 u 80.0 0.0 u 90.0 O.SO 
ArGUUe: Hydra-
e.rbo~ 80.0 80.0 80.0 80.0 60.0 -0.25 -0.25 60.0 -0.25 -0.25 100.0 1.0 1.0 60.0 -0.25 

8oD-apaelflc Du.t 0.0 20.0 20.0 11.3 80.0 0.0 Il 80.0 0.0 Il 100.0 1.0 1.0 80.0 0.0 
rloor nu.t 0.0 20.0 20.0 U.] 80.0 0.0 Il 80.0 0.0 Il 100.0 1.0 1.0 80.0 0 .. 0 
"rONDe 0.0 20.0 20.0 11.1 80.0 0.0 Il 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 
llutlq ou 20.0 20.0 20.0 20.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 
TurpaaUo. 0.0 40.0 40.0 26.7 60.0 0.0 Il 60.0 0.0 u 100.0 1.0 1.0 60.0 0.0 
Met6,I.o. Chlorlo. 0.0 20.0 0.0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 Il 90.0 0.50 
"ntdio. 0.0 20.0 0.0 6.1 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 u 90.0 0.50 
"a",t,la.b .. 0.0 20.0 0.0 6.1 80.0 0.0 u l00.{) 1.0 1.0 80.0 0.0 u 90.0 0.50 
D-tolut41o. 0.0 20.0 0.0 6.7 80.0 0.9 u 100.0 1.0 1.0 80.0 0.0 Il 90.0 0.50 
411pb.tle Satur.t.d 
Ralo .. u 0.0 20.0 0.0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 Il 90.0 O.~ 

' •• tield •• 0.0 20.0 0.0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 u 90.0 0.50 
'apar Guat 20.0 20.0 20.0 20.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 
Coal Dun 10.0 20.0 20.0 20.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 
Car boa "'aoalcl. 0.0 20.0 20.0 Il.l 80.0 0.0 u 80.0 0.0 Il 100.0 1.0 1.0 80.0 0.0 
Coabuatloa Producta 
of <:0.1 arad Coke 20.0 20.0 20.0 20.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 

bera,. (~): 74.8 0.25 80.0 0.45 78.6 0.11 11.4 0.36 
... ry. (5): ~ 93.8 0.82 n.1 0.81 94.8 0.85 -'i M.SA\ 0.85 
Avau .. -(6): 93.8 0.52 95.1 0.50 94.8 0.62 9S".H') 0.51 

CI} '!tiiI tabl. b hi .... OQ them ......... atol •• po.ur.tojob d.acrt.ptlou uail1J a dlchoto_ua acal.: npolad. at aDJ lavel of COQftd.Q~1 ADd 
GOt 01'0 •••• 

(2) 'Ylral. calculatad for coaparlaona betvaan tha a.tarnal Jud •• and the t~ ch •• lata. 
(l) Il ... _ uwtallne4 .al_ (1 •••• O. 0). 
(4) Cllculat.d for the 42 aubataneaa ltat.d ln the t.bla. 
(!I) Calculat4kl for dl 171 .ub.tue .. a.aualQl that Po aDd 1('-1 lot 111 (173-42) aubu.ncaa. 
(1) Calculatad uelnl the collapaad tabla .. thod (a •• Table 1.2.~). 
(1) The 41ff.ranc.-ln th ••• 2 yalue. la due 801.11 to roundln •• rror •• 

~ 

à; 
0\ 

~ 
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Table 11..10.1 

OCcupations, Industriee, and Time Per10ds of Employment for 

Job Deacriptions ulSed ln the Weld1ng Trade Trial 

Industry Standard Occupation Time Period 

Industrial Code of 

Code ( 1) (2 ) EIIIployment 

A.ppllance Ntg 332 8335-166 1947-50 

Fru1t ~ Vegetable Nfg 103 8581-122 1937-66 

1011er ~ Plate warks 301 8335-150 1967-72 

Governaent A4IllniatraUon 931 2791-122. 1918-79 

Metal stupltlg 304 8335-U2 1954-56 

Kallroad car .fg. 32.6 8511-114 1969-80 

Shlpbulldlng 32.7 8335-138 1939-46 

32.7 8335-138 1950-51 

Advert1alng 862. 8335-138 19.7-48 

( 



- A10.3 -

'l'able A.10.1, continued 

Industry Standard Occupation 'l'ilIIe Per10d 

Industrial Code of 

Code(l ) (2) EJnployment .. ' 

ltallvay transport 503 8335-114 1940-45 

Truck IIIfq 324 8335-126 1940-46 

Bridge construction 406 8335-138 1950-60 

Fabricated metal 302 8335-126 1960-67 ... 

Concrete products 354 8584-122- 1945-47 

(\ 
Elèctric lampa " sh_des 2.68 8335-162 1967-71 

fi 

• t 
pulp and paper 2.71 8335-126 1943-51 

~J '. 
''''" " 

Netal mines 059 8335-12.6· 1951-57 



( 

- 1.10.4 

Table 1\.10.2 

Testa or Equallty of the Proportion or Exposure 

I\ttr1buted Present at a G1ven Level of COnfidence between 

aIl Ratera in the we1d1nq Trade Trial (1) 

) , 

Rater Pair 

Judgea 2. - Chelll 1 

Jud9.. 2. - Chelll 3 

Chell 1 - Chelll 3 

OYenll (3) 

F 

Ch1-Square value for Expoaure 

categor1zed Olt Confidence Level (2.): 

H1qh 

0.2 

50.2** 

39.5* 

48.2** 

, 

Med1uIII or 

H1qh 

47.6** 

2.1 

68.1** 

19.2** 

/ 

Any 

68.3** 

15.1** 

2.9.6--

17.3** 

'-



A10.5 

Table A.lO.2, continued 

(1) A total of '662 expo.ur.. • 18 lob deacriptions 1 259 subatancea vere 

u.ed 1n the calculation •• 

(2) The testa ln the first part ot the table are derlved ualn; NClJeaar·. 

Te.t (1 dt). Bote that: * lndicate. p < .05; •• lndlcate. p < .01. 

(3) Thi. teat va. evaluated u.in9 COChran'a Q .tatlat1c on 2 dt. 

/ 

• 

- -------------.....--- L 
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Tabl. 1..10.1 

Intar-lau~ aura Vartabl •• 

lat.r 'atr Coat.ct rr·91MACI Concaatr a t1 on Le .. l of Confld.nc. !l2thattc Inda. ~21 

'1 IC I(i Po "- I(I Po 1( 1(' Po 1( 1(' Po 1( IC' 

1 1 1 1 
V" :sc 

Jud, .. 2 - 0\_ 92.0 0.4' O. ~4 81.5 0.29 0.41 1l9.4 0.14 0.41 90.6 0.41 0.49 90.1 0.18 0.44 

Judl.. 2 - Chea ] ni] O." O.'" 90.6 O. )8 0.41 90. S O. }7 0.44 92.2 0.41 O. '3 90.8 0.39 0.'51 

Ch_ 1 - Ch.- 3 95.0 0.69 O.7} 92. } 0.53 0.64 91.1 0.46 0.61 93.0 0.57 0.70 92.5 0.54 0.66 

, . 
" •• ue 0)1 '2.7 0.'2 0.56 89.6 0.14 0.46 90.0 0.16 0.43 91 •• O •• ~ 0.51 90.5 0.39 0.49 
1. •• 1'''' (4): 91.' 0.51 0.62 963 0.40 0.52 4O.S 0.]\ 0.49 91.9 0.44 6.51 91.1 0.44 0.54 

(1) A total of 4662 .Kpo.ur ... 18 Job d •• crlpttolw K 2~9 .ubetanc .. vere u.ed ln the anal,.t •• 
Tbè orl,tnal .cal •• of ••• ur_nt (four c.t.,orl •• ) _l'. aed for .ach of th. four ,.lI:poeur •• art.bl ••• 

(2) The .,ntbatlc lrid •• 1. d.flnad .. fr.qu.nc, II: concentratlœl Il l.v.l of confidence, ,roupad lnto l cat.,orl.al no, -.dlu.- .nd -hl,h- •• poeur •• 
(1) The a .. u .... d .... tha Che. 1 - Che. 3 coç.rl.on. 
(4) The ... u .. lnc:lWi •• the Ch_ 1 - C .... l ca.parl.oa • 

" 

> 
-' 
0 
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tatlt. A.10.4 

(p'ar"".r ", .. .ent lor ail Attribut" Subetaaea. lA tba Yaldlnl Trad. Trial (1) 

...... tance rra.al.-. of l!I!!!.!!ra •• Atutbuu4 !?yI , 
Jucl .. 1 a;;; ~o-, " .. ra.a """";'Jud-:-.-a-z"2-a--=~':':;';1==~J:r\lCi~.~a.:.rZ-a-=-=~~j==~a-~~rl::a;a=='"'T""j A.at ... (2) 

1 1 1 1 Pi) " IC' P~ IC ICI Pg IC KI Po K 
1 (3) 1 (3) 1 (3) Z 

A"r.aha duat 66.7 Il.3 88.9 19.6 Il.] 0.~7 \.0 17.8 0.40 1.0 94.4 0.17 1.0 80.6 0.49 
lnaulaUoo 

_tarl.l.,u 0.0 ~.6 0.0 1.9 94.4 0.0 y 100.0 1.0 1.0 94.4 0.0 u 97.2 O.SIl 
Coca.ttuctlOll 

1 
Ilta "et ~.6 0.0 S.6 1.7 94.4 0.0 y 88.9 -.06 -.06 94.4 0.0 u 91.7 -0.01 

Nlna 4uat '.6 0.0 ~.6 1.7 94.4 0.0 y 100.0 1.0 1.0 94.4 0.0 y 97.Z O.SIl 
, MatatHe duat 0.0 94.4 8).1 ".2 S.6 0.0 Il 16.7 0.0 u 88.9 0.46 1.0 11.2 0.0 

Aa"n08 
<Chr,aotUa) 0.0 94.4 16.7 l7.0 ~.6 0.0 Il 81.1 0.0 Il 22.2 0.02 1.0 44.S 0.0 

Aabaae08 
<AilphlttGla) 0.0 94.4 16.7 37.0 S.6 0.0 u 81.} 0.0 u 22.2 0.02 1.0 44.5 0.0 

Sillet! duat S.6 0.0 27.11 Il.1 94.4 0.0 u 17.8 0.27 1.0 72.2 0.0 \2 86.1 0.14 
Ce_nt duat ~.6 0.0 0.0 1.9 ,'4.4 0.0 Il 94.4 0.0 ~ 100.0 1.0 1.0 94.4 0.0 
cn ••• fibr.. 0.0 '.6 0.0 1.9 '4.4 0.0 u 100.0 \.0 \.0 94.4 0.0 u 97.2 0.50 
Coàcnta du.t 5.6 0.0 0.0 1.9 94.4 0.0 u 94.4 0.0 u 100.0 1.0 1.0 94.4 0.0 
Ir •• a duat 5.6 16.7 Il.1 Il.1 111.9 0.46 1.0 '4.4 0 .. 64 1.0 94.4 0.77 1.0 91.7 0.55 
ltalnl ... 

• t .. 1 dull: 0.0 21.8 5.6' Il.1 72.2 0.0 u 94.4 0.0 u 77.8 0.27 1.0 81.3 0.0 
"1141 ataal 

duat 72.2 17.8 )1.1 61.1 13.1 0.!16 0.66 SO.O 0.11 0.41 55.6 0.25 \.0 66.7 0.40 
101dat allOJ 

duet 0.0 0.0 Il.1 1.7 100.0 1.0 1.0 88.9 0.0 u 88.9 0.0 u 94.~ 0.50 
.Uuat .... du.t 22.2 22.2 Il.1 18.5 100.0 1.0 1.0 88.9 0.61 1.0 88.~ 0.61 1.0 '4.' 1.0 
AlUidna S.6 77.8 38.9 40.1 27.8 0.01 1.0 ~S.6 -0.11 -o.6S SO.O 0.11 0.16 41.7 -0.04 
SUtCOll urbida 0.0 77.8 5S.6 44.S 22.Z 0.0 u 44.4 0.0 u 66.7 0.29 O.~~ 11.1 0.0 
Ca1c1u. ollUa ~.6 0.-0 0.0 1.' 94.4 0.0 u 94.4 0.0 u 100.0 1.0 1.0 94.4 0.0 
Cald_ carblda 0.0 5.6 0.0 1.9 94.4 0.0 u 100.0 1.0 1.0 94.4 0.0 u 97.2 O.~ 
Cb~_ .,.1: 0.0 0.0 5.6' 1.9 100.0 1.0 1.0 94.4 0.0 u 94.4 0.0 u 97.2 O.SO 
Iron 'u.t 72.2 U.) 72.2 75.9 17.8 O.l1 O.~4 66.7 0.11 0.17 77.8 0.17 0.~4 72.3 0.27 
hoa _Ida. 71.8 0.0 55.6 44.5 22.2 0.0 u 66.7 0.29 O.~~ 44.4 0.0 u 44.~ O.I~ 

r __ 
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T.~l. A.10.4. contlaue4 

IUMtuc:e rre.alèDea of I~ •• r ... Attr'''C'' ~t !lr.a.eaC It.tl.clc. fOI lat., •• 1rl Jû:l.. 2 Cha. Chëïi i Inu .. Jïïa .. z-a. 1 1 ..... z:a; l ct;; 1:cGn l '.'! •• '1) 
1 1 1 1 ' i Po IC '1 II' II' " II' II' 'i IC IC 1 (3) (3) (3) 

"lekel clu.c ~ .. 0.0 '.6 J.7 94.4 0.0 u IlS.9 -0.06 -0.06 94.4 0.0 u ta.7 -0.01 
.; ea. .. r "'t 0.0 '.6 5.6 1.7 94.4 0.0 u 94.4 0.0 u 81.9 -0.06 -0.06 94.4 0.0 

%lac .... t 0.0 '.6 , .. J.7 94.4 0.0 - u 94.4 0.0 u SI.9 -0.06 -0.06 94.4 0.0 
Sllnr clu.t 0.0 0.0 , .. .t.' 100.0 1.0 1.0 94.4 0.0 u 94.4 0.0 u 97.2 0.'0 
Ca4"_ Iha.t 0.0 0.0 ~.6 1.9 100.0 1.0 1.0 94.4 0.0 u 94.4 0.0 u 97.2 0.50 
tla clu.t 0.0 S.6 Il.1 S., 94.4 0.0 u 88.9 0.0 Il 94.4 0.64 1.0 91.7 0.0 
La" du.t 0.0 16.7 Il.1 9.3 Ill.) 0.0 u IS.9 0.0 u 94.4 0.77 1.0 86.1 0.0 
Ioot 0.0 55.6 0.0 11.' 44.4 0.0 u 100.0 1.0 1.0 44.4 0.0 u 72.2 0.50 
Coke clu.t 0.0 '.6 '.6 ).7 94.4 0.0 u 94.4 0.0 \1 Il.9 -0.06 -0.06 94.4 0.0 
Qupbita cluet 21 .• 1 0.0 0.0 9. ) 72. :2 0.0 Il 12. Z 0.0 u 100.0 1.0 1.0 72.2 0.0 
Carbon .ouolitUa 88.9 94.4 n.) ".9 94.4 0.64 1.0 94.4 0.7,7- 1.0 a'.9 0.46 1.0 94.4 0.71 
Nltro .. n OItU. Il.) 94.4 100.0 t2.' 81.9 0.64 1.0 Il.1 0.0 Il 94.4 0.0 u 86.1 o.n 0._ n .1 94.4 94.4 ".9 n.1 0.14 1.0 72.2 -0.10 -0.29 '1.9 -0.06 -0.06 11.' 0.12 
'.tuul , •• 0.0 , .. 5.6 ).P 94.4 0.0 Il 94.4 0.0 Il H.9 -0.06 -0.06 9 •• 4 0.0 
'ropa .. '.6 27.' ~.6 11.0 77 .a 0.27 1.0 100.0 1.0 1.0 17.' 0.27 1.0 aa.9 0.64 
Acet,l'M 71.1 SS.6 61.1 64.' n .1 0.S1 1.0 81.1 0.61 0.62 94.4 0.19 1.0 10.' 0.5' 
"'0.'.'" 0.0 61.1 Je.9 H.l JI.9 0.0 \1 61.1 0.0 Il n.l -0.27 -0.47 ~o.o 0.0 
o.. _lcl'ne 

A- tu •• 12. :2 '0.0 71. :2 64.' 27.' 0.~6 1.0 81.9 0.72 0.72 17.S 0.56 1.0 81.4 0.64 
Arc _lcline 
tu •• Il.1 Il.9 94.4 Il.9 94.4 0.12 1.0 81.9 0.46 1.0 94.4 0.64 1.0 91.7 0.62 

lolif.dOl fu •• JI.9 ~ .. 16.7 20.4 55.6 -O. Il -0.6' 17.8 0.48 1.0 17.8 -0.09 -0.20 66.7 0.19 
"-tal olltld. 

fu •• Il.9 94.4 100.0 94.4 Il.1 -0.01 -0.11 83.9 0.0 u 94.4 0.0 Il 86.1 -0.04 
Alual,_ fu •• U.2 22.2 27.' 24.1 100.0 1.0 1.0 94.4 0.8~ 1.0 94.4 O.I~ I.O,'? 97.2 0.91 
Clare. fuM. 0.0 27.1 61.1 29.6 72.2 0.0 u 18.9 0.0 u 66.7 0.1' 1.0 ~~.6 0.0 
Man •• ne.. fu ... Il.l 61.1 Il.1 n.t 71.1 0.41 1.0 100.0 1.0 1.0 17.8 0.4S 1.0 88.9 0.74 
boa f ..... 111.1 Il.t .J.) n.2 94.4 0.77 1.0 100.0 1.0 1.0 94.' 0.71 1.0 97.2 0.89 
IIlcllel fu ... S.6 27.1 SO.O 21.1 77 .1 0.27 1.0 ~~.6 0.11 1.0 66.7 0.31 O. " 66.7 0.19 
Cop,.r f_. 27 •• 11.] JI.9 n.1 n.1 0.61 0.70 71.' O.~I 0.68. 81.1 0.64 o.n 10.6 O." 
Zinc fu •• ~'.6 50.0 n. ) 46.) 61.1 0.22 0.25 71.1 0.57 1.0 n.l 0.'7 1.0 69.' 0.40 
IllY.r f __ 0.0 0.0 ~.6 1.9 100.0 1.0 1.0 94.4 0.0 u 94.4 0.0 Il 97.7 O. ~O 
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Table ',10.4, coat1 ..... 

lubetac:e 'unlnee oL!Tul:e .. And"'tM bya ..... t ItaUIUel for lat.r .ai!:&. 
Jwlp 2 Chn a... 2 Iftr... Jud,. 2::a;a 1 JUllIe 2-a. , a.. i , ' •• r ... (2) 

t ' 1 1 1 p. IC IC' P IC «' p. IC IC' ~ IC 

, P)' (3), (3) l Cai._ 
Il.1 S.6 16.7 11.1 94.4 0.64 1.0 Il.l 0.31 0.40 Il.9 0.46. 1.0 Il.9 0.48 

TlD r-a lI.9 lI.9 ll. ] 17.0 77.8 0.S3 O.S] 71.2 0.40 0.46 Il.l G\.Y»4 0.73 75.0 0.47 
Laa.I fU8U 44.9 72.2 50.0 55.5 61.1 0.62 0.55 72.2 0.44 0.50 55.6 0.11 0.20 66.7 0.15 
PyrolJlta 5.6 94.4 77 .1 59. ] 1l.1 0.01 1.0 27.8 0.0] 1.0 72.2 -0.10 0.29 19.5 0.02 
CoebaaUoa procluct. of cob Il.1 5.6 0.0 5.6 94.4 0.64 1.0 Il.9 0.0 Il 94.4 0.0 Il 91.7 O.U 
Coebultloa pr04ueta of 

~.O 94.4 oat.l:al ... 0.0 0.0 5.6 1.9 100.0 1.0 94.4 0.0 Il 0.0 \1 97.1 0.50 
laor,anlc acld lolutlOD 0.0 S.6 0.0 1.' '4.4 0.0 \1 100.0 1.0 1.0 94.4 0.0 Il 97.7 0.50 
ea..tle aollitloaa 0.0 5.6 0.0 1.' 94.4 0.0 \1 100.0 ' 1.0 1.0 94.4 0.0 Il 97.7 0.50 
Othar 100rsanlc 11~lIlda lI.9 0.0 0.0 11.0 61.1 0.0 \1 61.1 0.0 Il 100.0 1.0 1.0 61.1 0.0 
"droflllOrlc ~ld lI.9 17.1 100.0 72.2 50.0 0.11 0.16 lI.9 0.0 Il 17.1 0.0 Il 44. S 0.06 
.,drochlorlc acld lI.9 81.] 94.4 72.2 44.4 0.03 O.ll 44.4 0.07 1.0 11.8 -0.10 -0.22 U.4 O.OS 
lerol.ln 0.0 0.0 16.7 5.6 100.0 1.0 1.0 Il.l 0.0 Il 13.3 0.0 Il 91.7 0.50 
Carbon tatrachlorlda 0.0 72.2 5.6 n.9 27.1 0.0 Il 94.4 0.0 Il ]l.l 0.04 1.0 61.1 0.0 
Tri daloroeth,lene 11.1 S.6 5.6 7.4 Il.] -0.01 -0.1] 94.4 0.64 1.0 Il.9 -0.06 -0.06 Il.9 0.21 
ParchloroethJlana 0.0 S.6 5.6 ].7 94.4 0.0 Il 94.4 0.0 Il Il.9 -0.06 -0.06 94.4 0.0 
Toluana 0.0 0.0 5.6 l.t 100.0 1.0 1.0 94.4 0.0 Il 94.4 0.0 Il 97.2 0.50 

\~ Tur,.atlaa 11.1 5.6 5.6 7.4 '4.4 0.64 1.0 94.4 0.64 1.0 100.0 1.0 1.0 94.4 0.64 
Sol ... .:. 66.7 72.2 l'.1 57.4 Il. 1 0.61 0.70 66.7 0.40 1.0 61.1 0.12 1.0 75.0 0.51 

f IUneral a,l rlea 0.0 72. Z ll.1 15.2 27.1 0.0 .. 66.7 0.0 Il 61.1 O. )2 1.0 47.3 0.0 
[ OUa' ..... 66.7 Il.1 H.l H.6 44.4 0.12 1.0 44.4 0.12 1.0 100.0 1.0 1.0 44.4 0.12 

Cuu 1. n,.l" 5.6 0.0 0.0 1.9 '4.4 0.0 Il 94.4 0.0 Il 100.0 1.0 1.0 ".4 0.0 

li 
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)III -0 . -T.~l. '.10,4, CODtla.e' 0 

..... taoca h ... leace of I, ... ~ ... &cnlDt" UI !I!: .. ~tat!ëi!:. fot lac.t 'ah 1 
1 JU:iP 2 aw. a;; 2 AYat ... :Q,. 2-a. i • 1 j CS;; i=a;; j m~.! sn 

1 % 1 1 Po If If' , If If' P If ICi " If 

1 S~~ 1 rs~ 1 Pl 
'.lata • 
.. hl ..... 0.0 0.0 5.6 1.9 100.0 1.0 1.0 94.4 0.0 \1 94.4 0.0 Il 97.2 0.50 c,.- 0.0 0.0 5.6 1.9 100.0 1.0 1.0 '4.4 0.0 \1 94.4 0.0 Il 91.2 0.50 

rlaor'''. 31.9 0.0 22.2 20.4 ".1 0.0 Il ~.O ~.l" ~.21 77.8 0.0 Il 55.6 -0.07 Alu_:. 
ca .. 22.2 0.0 0.0 7.4 71.' 0.0 Il 71.8 0.0 Il 100.0 1.0 1.0 77.' 0.0 

ttaaca~ 
;;. 

Il.) 0.0 0.0 27.1 16.7 0.0 Il 16.1 0.0 Il 100.0 1.0 1.0 16.7 0.0 COtIpOt 
Ir. CCltlfouAli. Il.l 0.0 0.0 27.1 16.7 0.0 Il 16.7 0.0 Il 100.0 1.0 1.0 16.7 0.0 
N'cul 
c:o~. 5.6 0.0 0.0 1.9 94.4 0.0 li 94.4 0.0 Il 100.0 1.0 1.0 94.4 0.0 

Co".r 
COIIfOUad. 27.8 0;0 0.0 '.l 72.2 0.0 Il 72.2 0.0 Il 100.0 1.0 1.0 72.2 0.0 

Zinc cOllPOWld. 55.6 0.0 0.0 18.5 44.4 0.0 Il 44.4 0.0 Il 100.0 1.0 1.0 44.4 0.0 
Cedldlll. li.! 0.0 0.0 1.7 88.9 0.0 Il 88.9 0.0 Il 100.0 1.0 1.0 - 88.9 0.0 
Tin cCMpOUPCl. la.' 0.0 5.6 14.' 61.1 0.0 Il 66.7 0.17 1.0 94.4 0.0 Il 66.4 0.09 
Led c:o.powad. 44.4 0.0 Il.1 11.5 55.6 0.0 Il ~5.6 0.01 0.11 88.4 0.0 Il 55.6 0.02 
.Al' ..... tlc 

alcohol. 0.0 0.0 5.6 1.9 LOO.O 1.0 1.0 94.4 0.0 Il 94.4 0.0 Il 97.2 0.50 
10111at .. 
rdlatton 16.7 16.7 0.0 Il.1 100.0 1.0 1.0 U.) 0.0 Il ntl 0.0 \1 91.7 0.50 

i 'ron.. 'lI.t 5.6 16.7 11.1 lf. t U.9 0.46 1.0 94.4 0.64 1.0 94.4 0.17 1.0 91.7 0.55 , 
! ' ..... e (4)1 10.1 0.29 87.1 0.24 87.9 0.11 77.6 0.27 
! A"., •• (s)s n.l 0.76 95.1 0.74 95.9 ,0.17 92.4 (7) 0.75 

\ 1:". ... 1! (6)1 91.1 O." - 15.6 0.61 95.9 0.69 U'.5 (7) 0.5' , ([) fi,;a: t.'lê la bu .. OIS tF; ••••••• Dt ôl npo.uf. to li jM ".crlptloaa llaine • dlchoto.oull .calal .. po • .4, At • .., 1 ... 1 of COQtlcleuc •• . ... 110t npoe.4. 
(2) AYen ....... on .. r ...... t "t_a the uUrOlll rater and ,lia tvo c:heIdau oul,. 
()) Il ... na WIII.U" "al_ (1 •••• 0 • 0). 
(4) CalC:IIIA"t.4 for the Il 8IIHtaacaa llace4 tA the table. 
CS) Calculat.' for all 259 IlUbatanc .... ual.,. that 17l .. ~taac: •• (25 ..... ) ha .. Po Md ,,-1. 
(6) Calculat" ualne tha coUa,'" tabla _thad (a .. Tabla 7.2.12). 
(7) !ha dlffereaCA ln the •• 2 •• 1011. 1. due 801.1, to roundl"1 arrora. 
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Table A.l1.1 

OCcaupaUona, Induatrie., and Tt.. 'er1oda ot EIIployaent tor 
, -.-----

Job DeacrlpUona uaed ln the Netal Induat!Y/Trlal 

occupaUon 

Deacrlpt10n 

'blet Netal worker 

Metal POUaber 

welder 

Metal J'Oralft9 Oper.tOC' 

Drill-pr •• a ~rator 

Arc welder 

Spray 'ainter 

Cl) .. ter to SIC, 1'70. 

Cl) .. ter to CCC, 1'71. 

St~ard occupatlon Tl .. 'erlod 

Indu~trlal of 

Cod_U) (1) 

8333-118 l"I-M 

30t 83'3-198 l'53-A 

30t 8335-116 1"'-M 

30t 8337-13' 1'73-14 

8315-UO 1980-80 

8335-150 1981-M 

30t 
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Table A.l1.1 

statl.t1cal Te.t. of Equal1ty of the Proportion ot ExpD*ure 

Attr1buted Pre.ent at a G1ven Level of COnfidence 

1n the Netal Indu.try !Tial (1) 
/ 

Chi-Square Value tor Expo.ure 

categor1zed at conf1dence LeVell 

B1gh Ned1U11 or Ally 

Hlqh 

1.3 6.7** 

J 

(1:) A total of 1100 expoaure.. 7 iob de.cr1pUon. x 300 .ub.tance. vere 

u._· in the ~lculat1on •• The valu.. ln the table are obt.ined troll 

Kcaeaar'. Te.t Cl dt). acte that: * indicat •• p < .05 , ** indic.t •• p < 

.01. 

( 
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Tabla Â. 11 • ] ~ 

later-later Alr ... nt for .U Attrlbute4 Iu.tance. la the Metal Indueuy 'hht (1) 

Subatance Pra •• lanca of &~.r ... Attrlbutad bl' 
eonaenaua ~~I.e-l Aver.,. 

Pi c c • 
\ J J . J (1.) 

Iohe"n 28.6 S1.1 42.9 71.4 0.46 1.0 
Iyl .... 14. ] 14.3 14. :1 100.0 1.0 1.0 
Toi .... Dl-laocYlolt. 14.3 14.3 14. l 100.0 1.0 1.0 
Allphatlc .. t.rl 14. ] 14.3 14.1 100.0 1.0 1.0 
Allthltlc teton.a 14.1 41.' 21.6 71.4 0.16 1.0 
Plller pl ... nu 14. ] 0.0 1.2 'S.1 0.0 u ;,:-
PolJUr.thaaea 14.1 0.0 7.2 15.1 0.0 u -4 

Talc 0.0 14.1 7.2 IS.7 0.0 .... 
u . 

Tltlnlu. dloalde 0.0 14.3 1.2 IS.1 0.0 u ". 
lroa oddal 14. ] 14. ] 14.~1 71.4 -0.17 -0.17 
Plto.phorlc acid 0.0 14. ] -7.2. .S.7 0.0 u 
JUneul .ptrUI 0.0 28.6 J 14.1 71.4 0.0 u 
Toi .... 0.0 S7.1 21.6 42.9 0.0 u 
boa c::otIpOUadl 0.0 14.1 7.2 IS.1 0.0 u 
Cobalt co.pound. 0.0 14.3 7.2 IS.7 0.0 u .. 
Zinc COIIpOUncil 0.0 28.6 14.1 71.4 0.0 u 
Chrout •• 0.0 28.6 14.1 71.4 0.0 u 
Abralt •• chqt n.l n.1 57.1 71.4 0.42 1.0 
",Ullte du.t 115.7 71.4 _, 711.6 115.7 0.S9 1.0 
St Ucoa c:.arblda 0.0 51.1 211.6 42.9 0.0 u 
ÂlualQu. dUit 42.9 28.6 n.a IS.1 0.70 1. cr 
JUld a, .. l da, 41.9 71.4 57. Z 42.9 -0.01 -0.17 
S'llnl.aa at •• 1 du.t 71.4 71.4 71.4 7t .4 O. )() 0.3 
clar,"", mooald. S7.1 57 .1 57.1 100.0 1.0 LO 
IIltrocea odd .. n.l - 57.1 S4.1 100';0 1.0 1.0 
Osoae 28.6 n.l 42.9 71.4 0.46 1.0 
P,rolyala • 

co.buet loa f_e 21.6 21.6 21.6 100.0 1.0 1.0 
Arc veldt", fuae. 71.4 57.1 64.1 U.7 0.70 1.0 
SoleS.clac fIlMa 14.1 14.3 14.1 100.0 1.0 1.0 
Metal 0.'41 fu ... S1.l 51 .1 S7.1 7t .4 0.42 0.42 

r 

1 
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Table A.ll.l, coatlnued 

Subatance Pr.y.leace of S.,oaure •• Attributed bl: 
eon •• n.u. Jud ••• -l "ynal. ~ 1[ 1(' 

1 1 1 1 (1.) 

"'" Mulll_ f____. 14.3 14.3 14.3 100.0 1.0 1.0 
attOldu. f... 211.6 - _~7.1 42.9 71.4 0.46 1 .• 0 
"-"PM" fu.. 0.0 ~7.1 28.6 42.9 0.0 u 

) Iroa lu-. '7.1 '7.1 '7.1 71.4 0.42 0.42 
\ Iflebl f.... ZI.6 '7.1 42.0 11.4 0.4' 1.0 

1 
«:op,.r f_a 10\.3 28.6 Zl.~ 8'.7 0.'9 1.0 
Ilhet fil_ 21.' 21.6 21.6 100.0 1.0 1.0 

~ Tla f..... 14.1 21.6 21.S 8S.7 0.S9 1.0 

~ 
..... fu.. 21.6 28.6 21.' 100.0 1.0 1.0 > 
eau.tlc aolutlon 0.0 42.9 21.S ".1 0.0 u ..... 

\ 
~, "'Mul DU 0.0 '7.1 21.9 42.9 0.0 u ~ 

, \ ~ Ultt .. l01.t radtaUaa 21.6 42.9 35.1 8S.7 0.70 1.0 U1 
Aluld_ 11.4 '7.1 64.3 1S.7 0.70 1.0 

~ Iroa od... 14 • .3 0.0 7.2 8S.7 0.0 u 
'1";0 hopana 14.3 0.0 7.2 8'.7 0.0 u 

Zinc: fu.. 28.6 t4.) 2l.S n.7 0.'9 1.0 
Iaor,anle acid , 
.olutioa 42.9' 0.0 21.S ~H.I -0.0 u 

Rrdtochlorlc add 14.3 O.Cl 7.2 1I~.7 0.0 u 
Lubrlcatlna 011 • . p.... 28.6 14.1 21.' 8S.7 0.S9 1.0 
Pho ••• ne 0.0 14.) 1.2 'S.7 0.0 u 
G .. _ldla, 'u_e 2,.6 14.3 21.S 8S.7 0.S9 1.0 
Othar lnor,ante. ,a. 14.3 0.0 7.2 IS.7 0.0 u 
.atural P' 14.3 0.0 7.2 IIS.7 G.O u 
Acetylene 211.6 0.0 14.3 71.4 0.0 u 
eo.bu.tlon ptoduct. of ., 
aatural ,.. 14.3 ~ 0.0 7.2 8'.7 0.0 u 

Trlchloroathylena 14.1 0.0 7.2 8S.7 0.0 u 
A4:roleta 14.3 0:0 1.2 8S.7 0.0 u 
Sulfuric add 28.6 0.0 14.) 71.4 0.0 u 
Cottœ cllltlt 0.0 14.3 7.2 IS.7 0.0 u 
Rldroflu~rlc acid 0.0 14.3 7.2 8'.1 0.0 u 

'!' . _-- ' . 
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Table A.ll.3, coatlnued 

Subnance Pr.~alence of Ext2aure a. AttTlbutad by: 
Con.enaua Jud,ea-) Averap 

1 1 % 

Anl .. l, .eletable 
,luel 0.0 14.3 7.2 

InOtl.nle plg.ent. 14.3 14.3 14.3 
Carbon bl.ck 14.3 14.3 14.3 
'alotl •• arnilhel 
lacquen 14.3 14.3 14.3 

Zinc du.t 14.3 0.0 7.2 

A.eUle (3): 
Average (4): 
Aver.ge (~): 

Po 

1 

aS.7 
100.0 
100.0 

100.0 
85.7 

81.1 
95.9 
9~.9 

1( 

0.0 
1.0 
1.0 

1.0 
0.0 

0,15 
0.86 
O. ~9 

(1) The table 1. baaed on the ........ nt of expo.ure to 7 job d.acrlptlona ullna the 
dichoto.oui .cale: expOIed. at 807 level of confidence, and not expoeed. 

(2) u ... 01 undef1ned value (1.e., DtO). 
(1) Calculated for the 65 .ubltancel li.ted in the table, 

1(' 

C'l) 

u 
1.0 
1.0 

1.0 
u 

(4) Calculated for aU 300 lubltance. a •• u.l"1 that Po And le • 1 for the [e .. lnlO1 235 
(300-65) .ube tallcea • 

(S)~Calcul.t.d uains the coll.paed table .ethod (T.ble 7.3.4). 

\ " 

) 

~ 

» 
~ 

~ 

Ch 



( 

'" 

AI2.I - . 

o 
AppencJiz 12 

SuppleMDtary ~able. for the Cbeaic:al MaDufacturing "l'rial 
• 

. ( ., . 

___ ~ ",R~ ",~M __ ~ ~ .... ~ ~_ ....... ..--.., ... ~" ... , , ~ .... . ' 



. , 

A12.2. -

Table A.12.1 

OCcupations, Industries, and Time Periods of Employaent for 

Job Descriptions used in the Chemlcal Manufactur1ng Tr1.al 

Occupation 

oeSCr1pt ion 

Stationary Enqineer 

Chem1cal Procesa Operator 

'lûer Tender 

1 

Ch.mical Labourer 

Fi1ter Press Tender 

(1) Refer to SIC, 1970. 

(2) Refer to OCC, 1971-

, 
Standard OCcupation T1111e PeriOd 

IndUltrial Code of 

Code ( 1) {lI EIIIployJllent 

9533-12.2 

373 1977-82 . 

373 8L67-3t2 1975-80 

373 8178-110 1970-76 

373 8163-155 1977-80 

\ 

r \ 
1 

( 

) ..... 
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Table A.. 12,t2. 

Stat1ltical TesU of Equality ot the proportion ot EXp05ure 

Attr1buted PreHnt at a Glven Level ot COnf1dence uong 

Che.leal ~utacturlnq Trial (1) 

Chi-Square va.l ue tor Expo&ure 

categorized at Contidence Level: 

Hiqh NediUJl or Any 

H1gh 

\ c .......... 

1 
6.8-* 4.8* 6.4* 

( 1) A total of 1500 nposures. S lOb descriptions x 300 substances vere 

uaed in the calculaUons. 'l'he tests are der1vea uslng Mc.emu t s 'l'est Cl 

1 
dt). lote that: * lndlcat.15~p OC; .05; *'* indicatel p < .01. 

( 
\ 

..--. - -- --
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Tabl. A.12.3 

lot.r-latar A'r •• ..at for ail Attribut" lub.tanc •• ln tbe ~cal Manufacturlnl Trl.l (1) 

Suhetance P~evaleoce of 1!22.u~e a. Att~lbut.d bll ~r .... nt Statl.tlc. 
Cââ •• nau. Jud.. 4 A". ra •• Po K K i 

1 1 1 % P2 
----Inor,anie Pi, .. nt. 0.0 20.0 10.0 80.0 0.0 u 

Aabeat~ (Allphlbol.) 0.0 20.0 10.0 80.0 0.0 u 
Otbar lnor.anic nu.t 0.0 20.0 10.0 80.0 0.0 \1 
Tltanlù. Dloxtde 20.0 20.0 20.0 .100.0 1.0 1.0 
'aper lN.t 0.0 40.0 20.0 60.0 0.0 u 
SJDthetle Plbr •• 0.0 40.0 20.0 60.0 0.0 u 
C.rbao Moooxid. 0.0 20.0 10.0 80.0 0.0 u 

Maturat GIIe 20.0 20.0 20.0 .100.0 1.0 1.0 

• Oaone 20.0 20.0 20.0 100.0 1.0 1.0 
for .. ldahyde 20.0 20.0 20.0 100.0 1.0 1.0 
Co.bu.tlon Product. of Matural Ca. 20.0 20.0 20.0 100.0 1.0 1.0 
Inor •• nie Acld Sol\1tloo 20.0 0.0 10.0 80.0 0.0 u >-
Ac.Uc Acld 60.0 100.0 80.0 60.0 0.0 u N 

Sulfurlc Acld 20.0 20.0 20.0 60.0 
. 

-0.25 -0.25 .". 
Mineral Spirite 40.0 20.0 10.0 40.0 -0.16 -0.66 
Lubric_tl~ 011 , Cr •••• 0.0 40.0 20.0 60.0 0.0 u 
Acetone 40.0 40.0 40.0 60.0 0.17 0.17 
Alkall Caultlc Solutloo 40.0 40.0 40.0 100.0 1.0 1.0 
Meth_nol 0.0 20.0 10.0 80.0 0.0 u 

Porate Actd 0.0 20.0 10.0 80.0 0.0 u 

Solvent. 20.0 20.0 20.0 60.0 ~'-o.n 
lenlane 20.0 20.0 20.0 lOO-~ " 1.0 
Callulole Acetate 60.0 60.0 60.0 IOO.O~'I.O 1.0 
Callulo •• 40.0 0.0 20.0 60.0 0.0 U A 

lo_ul_tloo Katerial 0.0 40.0 20.0 60.0 0.0 u 
) 

AabeltOI (ebrYlotlla) 0.0 40.0 20.0 60.0 0.0 u 
Concratl Duat 0.0 20.0 10.0 80.0 0.0 u 

AllphatLc Alcohol. 40.0 40.0" 40.0 100.0 1.0 1.0 
Altph_tlc Aldehyd •• 20.0 20.0 20.0 tOO.O 1.0 1.0 
Allphatlc A.cld. 0.0 20.0 10.0 80.0 0.0, \1 
AUphlUc latonl. 20.0 40.0 10.0 80.0 O.H 1.0 ., 

i 
1 

.. 
"----", 
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Sub.tance 

Other IDOr.ante V.pora 
Altphattc let.ra 
Cl.,MIlI laaDta 

T.~l. A.12.1, coattau.~ 

Pr •• aleAS! of I!!O!!~. a. Att~lbuted ." Air .... nt Statt.ttc. 
eon..naui Judp , 'ftr .,. Pl}I( 1( i 

1 1 1 1 (2) 

20.0 0.0 , 10.0 80.0 0.0 u 

20.0 20.0 20.0 100.0 1.0 1.0 ,; 
20.0 0.0 10.0 80.0 0.0 u 

Aft~ ... (3): 79.4 0.14 > 
b.r ... (4)1 97.7 0.91 N 
Av.r ... (~)I 91.1 0.S2 

(1) The tabla t. baa" on the ........ nt of •• po.ur. to S Job da.crtpttona u.lne a dlchto.oua ecal.: .xpoeed, et eny 
1 ••• 1 of confidence, and not .xpo.ad. 

(2) u .. ant und.flnld value (1 •••• 0,. 0). 
(3) Calcul.t.cl for the 34 .ubatanc •• Il.tad ln th. tabl •• 
(4) Calculated for ail )QO .ubetanc .. a •• u.lna tha' Po a.~ K - 1 fo~ the r ... 1n1na 266 (1OQ-14). 
(5) Calculat.d •• 1D1 the collap •• cl table .. thod (Tabl. 7.1.11) • 

.., 

't-

c.n 
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( 
" Table .\.13.1 

occupation., Industries, and Ti .. 'er1ods of EIIploy.ent for 

Job Descriptionl used in the COde/Recode Trial 

1 
Indultry/ Standard occupation Ti.. '.r1od 

+uon Indultr1al COd. of 

Descr1pt 10n Cod.Cl) (2) EIIployaent 

" 
Drue) and f011etl 616 51<11-110 1930-37 

Sal.sll&J1 

Defenlel 902 9175-118 1939-61 

Truck Dr1 ver 

Notor Vehicle .. pair./ 658 5131-118 1962-70 

Local Ad.1ni.trat1onj 951 1971-80 

l'1re 1'1ghter 

.. 
Che.1ea1 In4uatry/ 379 6191-114 1930-70 

Cleuer 

'arain;/ 017 7181-110 lt25-46 

1947-50 

• 

/1 

-
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rabl. A.13.l, conUnu.d 

OCCUpation StancJard Occupation Ti.. P.riod 

De.cript 10n Indu.tr1al COde of 

COd.{ll EIIp 1 oyaent 

trade COntrac:torl Ul 8787-118 

100 fer 

• 
1'r~. COntraetorl Ul 8780-15. 1961-81 

For.aan 

(J 

119ft. " Dtapl"afl 39' 8595-33 • 19'7-49 . 
stripper 

119n. " Dtaplayl 397 1137-118 1950-78 

SaI.. NanaeJer 

o 

Fruit" V_9.table Proc ••• / 103 11.3-110 19U-h 

w.naq.r 

'ulp and 'aperl 271 7S13-lU· 1937-.2 

( 

r· 
;, t ,-------.......-~---.. _ .... +------- -



" 
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Ta~e A.13.1, continu.4 

OCcupayion 
__ ~..J 

standard occupation T1IDe Per104 

Deacr1pt ion Indu.tria1 of 

Code ( 1) (2 ) Eaployment 

Def.n .. / 902 8582-110 19U-49 

Aireraft N.chan1e 

)~J" 
/ '-... 

\ 

J 
. App11 anc. ManU f aetur./ 332 8531-142 1947-56 

Applianc. .... ••• bIer 

co..unlcation Eqpt Nf9/ 335 8149-166 1956-71 

ara14.r l'ender 

co..un1catlon. Eqpt Nfg/ 335 4150-114 1971-75 

Sh1pp1n9 Supervi.or 

co..unlcatlon Eqpt Mf9/ 335 9533-122 1978-84 

Stationary En9ln.er 

Ch.aical "anufactur./ 378 8178-110 _ 19"-77 

Labourer 

( 

. f 
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Table A.13.1, continued 

Occupation standard Occupation Ti •• •• r1od 

o..cripUon Indu.tri.,l COde of 

COd.(l) (2 ) EIIploya.nt 

( ~ 
Trad. COntractor/ 421 8785-110 19.50-77 

.aint.r 

.. -
Tertile Manufacture/ 189 8278-174 1980-84 

Machine Cleaner 

Trade OOntractor/ 8333-118 19t6-56 

Sheet Metal work.r 

.a11vay Tran.poct/ 503 2797-199 1956-64 

Inltruc:tor 

Cl) •• fer to SIC, 1970. 

(2) •• fer to ace, 1971. 

( 

1 

.~--------------~----------------~------------
____ ... _~ ... '" À' 

• 
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Table 1..13.2 

ShU.t1cal T •• ta ot Equal1ty ot the ProporUon of "'Expo.ure 

Attrlbut.cS Pre •• nt at a Glven Level of Conf1~ence 

ln th. COde/ltecode Trial (1) 

Chl-square Value tor Expolure 

cate90rlzed at COnfidence Level: 

) 
Bigh M.d1UJ11 or Any 

H1gh 

0.04 0.01 0.11
1 

(1) A total of 6210 •• polure •• 23 jOb description. x 2.70 lubstAnce. vere 

used ln the calcu1at1onl. The value. ln the table are obtalned trOll 

NdI.sar' s Te.t Cl dt). _ote that: * indlcate. p < .05; ** lncUcatea p < 

.01. 

.ï 

• 
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Table A.l3.l 4. 
Subatances 

Subatance Prevalence of EXe2a~re aa Attrlbuted ln the: 
Firat Code Recode Pf IC 1(' , 

-
% % ( 2) 

S.O Abrasive Dust ~ 0.0 87.0 0.0 u 
Insulation Material Dust 21.7 13.0 91.3 0.70 1.0 
Construction Site Duat 4.3 4.3 100.0 ./1'.0 1.0 
Mine Dust 8.7 4.3 96.7 0.65 1.0 
MetaHic Dust 17 .4 8.7 82.6 0.25 0.40 
Asbestos (Chrysotile) 8.7 '8.7 100.0 1.0 1.0 :la 

-' 
Asbestos (Amphibole) 8.7 8.7 100.0 1.0 1.0 w 
SUica Dust 4.3 8.7 95.7 0.65 1.0 ..... 
Glass Fibres 4.3 0.0 95.7 0.0 u 
lnorganic Pigments 4.3" 4.3 100.0 1.0 1.0 
Alulllf.na 0.0 8.7 91..3 0.0 u 
Sulfur 4.3 0.0 95.7 0.0 u ... 
CalciulIl Oxlde 8.7 8.7 100.0 1.0 1. a 
Zinc Oxide 0.0 4.3 95.7 0.0 u 
Gypsum 0.0 4.3 95.7 0.0 u 
Titaniu. Dioxlde 0.0 4.3 95.7 0.0 u 
Iron Oxidea 4.3 4.3 100.0 1.0 1.0 
Ultraviolet Radiation 

, 
4.3 4.3 100.0 1.0 1.0 

Lead Oxides 8.7 0.0 91.3 G.O u 
Alu1ll1nulll Dust 4.3 0.0 95.7 0.0 u ~ 

Iron Dust 4.3 

~:~~L"î 
95.7 0.0 u 

Copper Dust 8.7 95.7 0.65 1.0 
Zinc Dust 4.3 4.3 100.0 1.0 1.0 
Tin Dust 0.0 4.3 95.7 0.0 u 
Staiuleaa Steel Duat 4.3 4.3 100.0 1.0 1.0 
MUd Steel Dus t /8.7 8.7 100.0 1.0 1.0 
Coal Dust 4.3 4.3 100.0 1.0 1.0 
Carbon Black 4.3 0.0 95.7 0.0 u 

t-



.t 

1- -

.-, 

Table A.13.3, contlnued 

Substance Prevalence of EXEo8ure a. Attributed in the: 
Firat Code Re code p! 

le le ' 

% % (2) 

Soot 4.3 0.0 95.7 0.0 u 
Fabric Oust 4.3 0.0 95.7 0.0 u 
Synthetic Fibres 4.3 0.0 95.7 0.0 u 
Rubber Ouat "'--. 4.3 8,7 , 95.7 0.65 1.0 
Polystyrene Dust 4.3 4.3 ~ 100.0 1.0 1.0 :la 

-' 

Cotton OOst 4.3 4.3 100.0 1.0 1.0 w . 
Wool Fibres 4.3 4.3 100.0 1.0 1.0 

OC) 

Wood Dust 13.3 13.0 91.3 0.62 0.62 
Cork Dust 4.3 4.3 100.0 1.0 1.0 
Floor Oust 4.3 0.0 95.7 0.0 u 
Carbon Monoxlde 13.0 8.7 95.7 o. J.8 1.0 
Hydrogen Gyanide 4.3 4.3 100.0 1.0 1.0 
AmlDonia 8.7 8.7 100.0 1.0 1.0 
Nitrogen Oxldes' 8.7 8.7 100.0 1.0 1.0 
ozone~ . 

? 4.3 ~ 4.3 100.0 1.0 1.0 
Sulfur xide 8.7 4.3 95.7 0.65 1.0 
Hydrogen Sulpblde '4.3 4.3 1oo.~ 1.0 1.0 
Chlorine 4.3 4.3 100.0 1.0 1.0 
Spray Gases 4.3 4.3 .100.0 1.0 1.0 

1 Freons 4.3 4.3 100.0 1.0 1.0 
Propane 8.7 4.3 95.7 0.65 1.0 
For\ll8ldehyde 8.7 8.7 91.3 0.45 0.45 
Acetylene 0.0 4.3 95.7 0.0 u 
Phoagene 4.3 4.3 100.0 1.0 1.0 
Pyrolysis and 
Combustion Fumes- 8.7 8.7 100.0 1.0 1.0 

Engine (Diesel) \ 
Emissions 4.3 8.1 95.7 0.65 1.0 

,-
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Table A.Il.l, continued 

Substance Prevalence of E!E0sure as Attributed in the: 
Pirst Code Recode Pi le le 1 

% % (2) 

~ Combus~lon Products. 
of ·Cok.e and Coal 4.3 4.3. 100.0 1.0 1.0 

Combustion Products 
of Liquid Fuel 4.9 13.0 91.3 0.47 1.0 

Combustion Pro~ucté 
of Woôd 4.3 8.7 1< 95.7 0.65 1.0 

Gas Welding Fumes 0.0 4.3 95.7 0.0 u 
Arc Weldlng Pumes 4.3 4.3 ' 100.0 1.0 1 f 0 > 

-' 

Solde ring Fumes 4.3 4.3 100.0 1.0 1.0 w . 
Metal Oxide Fumes 4.3 4.3 100.0 1.0 1.0 

\Q 

Aluminum Fumes ~ 
4.3 4.3 100.0 • 1.0 1.0 

Chrome Fumes 4.3 4.3 100.0 1.0 1.0 
Iron Fumes 4.3 4.3 100.0 1.0 1.0 
Nickel Fumes 4.3 4.3 lQO.O 1.0 1.0 
Copper Fumes 4.3 4.3 100.0 1.0 1.0 
Zinc Fumes 4.3 4.3 100.0 1.0 1.0 
Tin Fumes 4.3 4.3 100.0 1.0 1.0 
Lei1d Fumes 4.3 4.3 100.0 1.0 1.0 
Inorganic Acid 
Solution 4.3 0.0 95 7 0.0 u 

Javex " 0.0 4.3 95.7 0.0 
0, 

u 
Hydrofluoric Acid 0.0 4·Y 95.7 0.0 u 

~ 
Sulfuric Acid 0.0 4. 95.7 0.0 u 

, Hydrochloric Acid 8.7 8.7 100.0 1.0 1.0 
! Engine Emissions 34.8 43.5 91.3 0.82 1.0 [ 

Leaded Casoline 8.7 8.7 91.3 0.45 0_45 
Paiots, Varnishes, 

\ 

Lacquers 8.7 8.7 100.0 1.0 1.0 
Wood Stains & 

Varnlshes 0.0 4.3 95.7 0.0 u 

,-
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Table A.13.3, continued 

Substance Prevalence of E!E0sure as Attributed in the: -. 
Phst Code Recode PC) K K' 

% % % ( 2) 

Organic Dyes 0.0 4.3 95.7 0.0 u 
Adhesives 4.3 4.3 100.0 1.0 1. a 
Solvents 17 .4 13.0 87.0 0.50 0.60 
Waxes, Polishes 4.3 0.0 95.7 0.0 u 
Kerosene 8.7 13.0 95.7 0.78 1.0 ' 
HeaUng OU 8.7 0.0 91.3 0.0 u ~ -.. 
Mineral Spirits 21.7 8.7 78.3 0.18 0.35 w . 
Lubrlcatlng otIs .... 

0 
& Greases 26.1 26.1 82.6 0.55 0.55 

Hydraulic Fluid 8.7 8.7 100.0 1.0 1.0 
,/ Turpentine 8.7 4.3 95.7 0.65 1.0 

Llnseed 011 8.7 8.7 100.0 1.0 1.0 
Polychlodnated 
Byhenyl 4.3 0.0 95.7 0.0 u 
Mineral Spirits wlth 

BTX 0.0 13.0 87.0 0.0 u 
~ Isopropanol 4.3 4.3 100.0 1.0 1.0 
, Acetic Aci1i 0.0 4.3 95.7 0.0 u 

1 
P-dloxan 0.0 4.3 95.7 0.0 u 
Methylen Chlorlde 0.0 4.3 95.7 0.0 u 

1 

Trichlorethylene 0.0 4.3 ? 95.7 0.0 u 
Lead eompounds "1. 0.0 4.3 95.7 0.0 u 
Chromates 4.3 ~ 0.0 95.7 0.0 u 
Allphatlc Hydrocarbons 8.7 0.0 91.3 0.0 u 

, Aromatic Hydrocarbons 4.3 0 . .:0 95.7 0.0 u 

t 
Foodstuff a 4.3 95.7 0.0 u 
Cleaning Agen"ts 8.7 4.3 95.7 0.65 1.0 

1 
Mineral. Wo'ol 0.0 8.7 91.3 0.0 u 
AVGAS 0.0 4.3 95.7 0.0 u 

"" 
!--
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Table A.I3.3, eontiDued 

Subatance Prevalence of B!fOsure as Attributed in tbes 
F1rst Code 1leeode p! K K • 

% % (2) 
T~ -- - - -----

1 
Poly (acrylonitril~) 

butadiene " 
Coal Tar , Pitch 
Aaphalt 
POlyesdra 

4.3 
11.0' 
17.4 
4.3 

..) 

0.0 
21.7 
26.1 
0.0 

Averale Cl): 
Aver .. e (4): 
Avet_1e (5): 

95.7 
91.3 
91.3 
9S.7 

95.5 
98.5 
98'.5 

1 

0.0 
0.70 
0.75 
0.0 

~ 
0.53 
0.83 
0.67 

u 
1.0 
1.0 
u 

-

t 
(1) The table la baaed on the aasessaent of expoaure to 23 job descriptlons uaiqg a dlchoto.aus scale: 

exposed. at any tevel of confidence, ad not exposed. 
(2) u .... 118 uudefined value (1.e., 0 + 0). 
(3) Cslculated for the 108 subatancel lIsted" ln "the table. } 

"". . 

(4) Calculated for ~ll 270 substances aS8u.1Q1 that p. and K-l for the re .. lnlQ1 162 (270-.08) substanc.s. 
(S) Calculated using the collapsed table aethod ~.e~ Table 7.4.3). 
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