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(1) Abstract
LY

The accuracy of attribgting exposure in occupational environmeﬁtu vas
assessed within the context of a case-control study (the Cancer Study) that
1nvéstigated agsociations of ‘different sites ,of , cancer with a multitude of
substances found in work situations. © A team Qf chemists/engineers
attributed exposure after reviewing job descriptions that were usually
obtained by interviewing ' cCancer Studf subjects. The present study
investigaied the wvalidity and reliability of the chenists’ @qure
assessments through ;éven trials of ‘inter-rater and }ntra-rate; agreement,
Comparisons were made 1) among the chemists and 2) between the chemists,
co;nsidered singly or in groups, and external raters wvho possessed expert
knowledge of industrial environments. In all trials, the agreement in
identifying whether an exposure was present or absent was good to excellent
(average xaz;pa + S.Dg} t=0.59+0.07). Agreement in judging the intensity of
exposure was somevhat lower (Y=0.50+0.07). The accuracy of attributing
exposure by individual chemists and by chemists who used a consensus method

was inferred to be quite good. v
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(11) u-m ‘
! v
L'exactitude de ]'attribution d'exposition dané lés environnements
occupationnels a été évalué dans le contexte de l'btude cas-témoine qui
examinait les asséciétions entre dittére{xts sites de cancer et une
multitude t;es substances que 1l'on trouve dans l‘es milieux de travail. Les
descriptions d'emplol obte‘nues sont revisées  par une 'équiize de
s
chinistes/ingénieurs utilisant une méthode de consensus pour attribuer
1'exposition aux substances. La-présente étude examine la validité et la
fiabilite d;s evaluations des chimistes en utilisant sept essais de
concordance inter-evaluation et intra-evaluation. Les comparisons de
1'attribution des expositions ont été& effectuées 1) parmi les chimistes et
2) entre les chit{tistes, considéré individuellement ou en groupes d'une
part, et des évaluateurs externes possédent connaissances spécialisées des
environnements industriels d'autre part. Dans tous les - 'eaeais 1:;
cont':oz'dance pour l‘identifi;:ation de la présence ou d;z 1'absence
1'exposition varie de bonne a excellente (moyen Kappa + S.D; ¥=0.59:0.07).
La concordance pour le jugement de 1'intensité de l'exposi;tion est quelque
peu plus faible (x)=0.5040.07). Nous pouvons déduire que l'attribution de

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

une methode de consensus est assez bonne,
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A

(1) Introduction

One goal of eﬁideniolcqic research is _to identify factors that are
dctgrﬁinangk\ot disease. This line of research is important if disease
mechanisms afe to be understood and 1if appropriate preventive steps are to’
be taken. It 1is crucial, therefore, to evaluate the accuracy of the
epidemiologic data used to establish associations between disease and

exposure.

Varioucr mechanisms may ‘invalidate the results of an investigation (cf, ,S
Kleinbaum et al., 1982). The internal validity of any epidem&oloqical
investigation requires, among other things, accurate ascertaiiment of
outcéne, such as symptoma, disease, or death, and of the factors that may
be associated with outcome. This latter grbup of variables includes
confounding factors and those factors that are under investigation; ie, the
exposure variables (Last, 1983)5\\EVen though considerable effort is made

in - epidemiologic studies tp obtain accurate measures of outcome and

exposijre, errors in measurement can still occur which may invalidate the'

- N

results of the investigation.

The accuracy of the ascertainment of outcome and exposure partly depends on
the design of the study. For example, the aeternination of disease outcome
through retrospective cohort and case-control studies may be inaccurate
bocau:é of changes 1in ihe classiticgtion of diseases or in diagnostic
critcgig. Similarly, the accéracy of measuring an exposure-that occurred
in the past will depend on many factors, such as the setting for the study

and the accuracy of records and of information obtained from respondents.

- s o 4 i - b T sttt by w o M
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Some data.can be used to indicate vhether a group o}\fndividuall having a

{

detailing worker employment may be highly accurate for pPlacing workers in

common expetlenée are at higher :isi. For examplé, company records
job categories. These records, hovever, may not ﬁtovide adequate
information for determining precise exposure to chemicgg\ agents., In
écneral, the quality of exposure data will diminish as one 1looks further
back into the .past. This is particularly relevant for studies that
investigate diseases which take a long period of time before expression,

such as most cancers.

TVvO general types of errors arise when measuring exposure. The first is
due to random tléttuationa about the true exposure values. The second
occurs when' the measurenents'ate syséematically higher or lower than the
true values. Both of these errors,.Operating singly or together, may alter
the estimateuot the assoﬁiation between the exposure f"d the disease. 1In
case-control studies, for example, if the oOnly errors in measuring exposure
are random and 1if the error rates are identical in both diseased and
non-diseased groups, the estimated excess risk wiil be shifted towvard the
null value (cf, Barron, 1977; Copeland et al., 1977; and Greenland, 1980).

This 1is knowvn as non-differential, random, nisclass?fication bias, or

simply, misclassification bias. ' % Vv

!
i
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(1.1) occupational- Epidemiology .

There is usually a great deal of uncertainty in identifying the preciich
agents that existed in occupational environments. Most occupationaf
studies, therefore, have used job records to 1indicate whether :persons
employed in a particular job or industry were suffering adverse health
effects as a result of their employment. This has been a profitable
endeavour since there have been many reports of excess risk of disease in
particular occupational groups. For example, excess risks for lung cancer

have been found among steel foundry workere (Blot et al., 1983).

’
Use of job titles, howvever, may obscure an association if not all workers
vith a given title are exposed to the active agent (Hoar et al., 1980).
Even if an excess risk of disease was detected for an occupational group,
it would be difficult to infer which of the substances was the responsible
agent (Siemiatycki et al., 198la). 1In addition, the use of job titles may
result in a loss of statistical power when occupations having a common

~éxposure are not combined (ibid.). 1In recent years, there _ﬁave been more
attempts to go bgyond job titles and to identify and quantify the extent of
exposure to " substances. This is a difficult task which requires novel

methods (egs, Mancuso et al., 1977; Hoar "et al., 1980; Beaumont and Weiss,

’
1981; Lubin et al., 1981; Siemiatycki et al., 198lb, 1982; and Delzell and
Mdnson, 1982). The «credibility of results based on these new methods
depends on the accuracy of the exposure measurements. The assessment oOf

the accuracy '%f one of these methods (Siemiatycki et al., 198la) 1is the

subject of this thesis.




(1.2) Evaluating the Accuracy of Neasuring Instruments

The accuracy of any instrument may be evaluated.in terms of two components.
The first component is whether the 1instrument actually measures what it is
intended to measure. This is ' known as validity. Precision, or

repeatability, of the measuring instrument is the second component of

accuracy. This latter component is also known as reliability.

various types of wvalidity bave been defined (Abramson, 1973). Face
validity refers to the belief of the investigator that the instrument under
consideration evidently measures what it is intended to measure. If many
other "experts” beiieve that the measure 1is credible then the measure is
said to have consensus. validity. Criterion validity, on the other hand,
refers to-the correlation of the measure under congid;ration vith one that
has higher face or consensus validity. Certainly, Ehe best criterion 1is
the true value of the variable. In the absence of knowledge of the truth,
other measures which have been shown or are believed to have' a high level
of validity may be used agja cémparison. Criterion validity can be further
distinguished .along temporal lines. Thus, concurrent validity refers to
‘the correlation with another instrument when both measurements are made at
the same tiﬁe. Predictive validity, on the other hQnd, is determined by

tﬂe ability of the instrument under evaluation to predict some other

measure.

The determination of the criterion validity of an instrument that measures
past occupational exposure is a difficult matter since another independent

instrument, which has been shown or believed to be valid, must be used as a
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caomparison. Often, it is impossible to find even one instrument to measure
past exposure. The ascertainment of the reliability of the measuring
instrument may also be difficult since multiple measurements of exposure

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

)

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

a surrogate, the agreement obtained by comparing two or more instruments,

neither of which could be considered a validated cfiterion: Fof example,

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

1963), the comparison of the judgements of many raters (ie, inter-rater '

agreement) was used to indicate the validity of the approach. -
o

(1.3) The *Cancer Study"

; This thesis 1s concerned with the accuracy of the assessmént of exposure in
a multi-cancer site, multi-exposure, case-control study known as
"Monitoring the‘occupational Environment ﬂor Carcinogens”™ (hereafter, K this
will be referred to as the (ancer Study; Siemiatycki, 1879; Siemiatyckl et

198la; and Gérin et al., 1983b). The Cancer Study was designed to

al. ,

’
generate hypgtpeses concerning the potential association of 13 cancer sites
with apptoxi;ately 300 substances found in occupational environments. Male
patients, positiveiy diagnosed with cancer in Qontreal hospitals,-gvere
entered 1into thg Cancer Study if certain eligibility ériteria §ere
satisfied. Questionnaires were administered for the.pq;pose of obtaining
information concerning all prior occupations. For each occupation,

specific information was sought concerning the exact tasks performed by the

subject, materials and machines used, and the general working envirogment.
3
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Using this data, a team of internal raters consisting of chemists,
industrial hygienists, and engineers determined whether the subject, 1in
each of his occupations, was exposed to any of the substances under
consideration. (The;e internal raters will be referred to as chémists in

-

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

team of chemists. Level of exposure  was also assessed using
semi-quantitative scales. / . . .
- . € = . N } -~
(1.4) Objective of the Thesis o ~
. -

A series of trials were designed to investigate the accuracy of the

.chemists' assessment of exposure., (The use of the word "trial" in this

thesis refers to an experiment designed to evaluate the accuracy of'tﬁé .
chemical coding of the chemists.) The degree of inter-rater iénd
intra~rater agreement in the attribution of exposure was assessed befween
individual ?hemists and between chemists, considered singly or in groups,
and external judges whos had expert knowledge of certain industrial

>

environments.

Thiéﬁ thesis reports on seven -trials that were designed to meet the
Objective of the study. Not all of these trials were designed and
implemented by the author. The principal investigators of the Cancer Study
(brs. Siemiatycki and Gérin) designed four of the trials while the author
was responsible for designing and implementing the remaining three. All

3

trials, however, have been analysed by the author.

e’
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(1.5) outline of the Thesis

o~
~

‘Chapter 2 reviews published epidemiological studies that have investigated

the\reliability, validity, and inter-rater agreement of ascegtaining past

exposure in occupational environments. In addition, a review of the

medical and epidemiologic literature related to the ascertainment of

agreement is also presented. Only studles that were directly relevant to

this thesis will be discussed. Statistical methods used to evaluate

agreement will be presented in Chapter 3.

The Objectjive of this thesis and the means by which this objective were met

are presented in Chapter 4. A brief description of the seven trials will

also be presented.

Chapter 5 1is concerned with describing the materials that were common to ¥

each of the trials. An overview and description of the relevant features
of the Cancer Study is presented first. Following that, the professional
and educational background of each of the chemists and the external raters

are discussed,

~Chapter 6 'outlines the general methods used in the trials. Methods of
coding exposure are explained first. This is then followed by an overview
of the statistical procedures. Lastly, the computer program that was
specifically written by the author f;for use in this thesis will be briefly
described.

1

In Chapter 7 the results of each trial is reported. The triadls are grouped

)“ J
TR o S i 1 o B AR S ey e




according to wvhether comparisons were being made: 1) between individual

chemists, 2) between individual chemists and external judges, 3) between

[

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

code/recode of identical files by the chemists using the consensus
approach. The format of presentation is 1identical for each tr;.al. A brief
recapitulation of the purpose of the trial, a discussion of the materials
and methods relevant to the trial, and the results are presented. The

results of the seven trials are synthesized in the final sections of this

chapter. ’

A discussion of the results and possibilities for further research are

presented in Chapter 8.°

A glossary of terms and abbreviations is set out in Appendix 1. Those
terms that are particular to this thesis are defined in the glossary. The
reader is cautioned, howvever, that not all technical terms are defined 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 shown 1in the Table of Contents. Supplementary-data related to the

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

v
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(2.0) Reviev of the Epidesiologic Literature

(2.1) Introduction

Two types of epideniologic studies were included in this review: a) those

that measured reliability, validity, or inter-rater agreement of
N

determining past occupational exposure; and b) those that studied

inter-rater agreement in other areas of research that could be relevayto

this thesis.

A review of the statistical methods useéd to ascertain agreement betwveen

raters judging qualitative data is presented in Chapter 3.
(2.2) Rellability and validity of Occupational Exposure Data

Jarvholm et al., 198]1, retrospectively studieé\ the relation of oil mist to
cancer morbidity for those individuals employed {n the turning and grinding
departments of a Swedish factory that manufactured bearing rings. Exposure
to oil mist wvas determined for each individual in the cohort accoréing to
the calendar year of employment. mAverage exposure was estimated for those
yeaz:s prior to and subsequent to the installation of exhaust ventilation
equipment on certain pieces of machinery. In the latter instance, exposure
was estimated by measuring the densidtw of oil mist when the ventilation
equipment was operating. It was found that these measurements agreed vith
those recorded from previous surveys. For the time period prior to the
introduction of exhaust equipment’, exposure was ascertained by measuring

ambient levéls when the ventilation equipment vwas disabled. To vallidate

these latter measurements, men with over 20 years of experience vers-

Y
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exposed to oil mist in a sealed room. The density of the mist in the room
vas about as, .high as that measured vhen the ventilation_equipment was
disabled. A questionnaire wvas then administered to determine whether the
atmosphere in the room resembled past conditions. Ninety percent of these

workers indicated that the air was mistier in the past than in the present.

In another study of the validity of past exposure data, Pershagen and
Axelson, 1982, compared the results of two case-control studies at a
Swedish copper smelter (Axelson et al., 1978; Pershagen, 1978). The
objecti,;«'e of both of these studies was to determine the excess risk of lung
cancer ?5{ workers exposed to inorganic arsenic. Cages and controls in
both sltudies wvere derived from the same sampling frame using two so.urces of
data. In the study by Pershagen (Study l), cases and referents who resided
in the area near the smelter vere selected from a national mortality
registry. In the study by Axelson and co-workers (Study 2), subjects vere
selected from a local parish regi’ster. Exposure to arsenic vas assessed
differently in the two studies. 1In Study 1, interviews of next-of-kin vere
employed to elicit 1nform;tion concerning the subject's employment and
possible exposure to arsenic. In study 2, company records and exposure
neasurements vere utilized. The sensitivity (Se) and specificity (Sp) of
resp;onses to specific questions was assessed using company records as the
criterion. The Se and Sp of responding to the ques.tion vhich asked whether
the vorker was employed at the smelter was about 98%. The values of Se and
Sp for the question wvhich inquired wvhether the worker was heavily exposed
to arsenic vas estimated to be 46% and 9"1%, respectively. The value of the
odds ratio (OR) for exposure to high levels of arsenic was lover (OR=7.3)

than the valve of 10.1 found from using company records. The results of
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this study indicate “that questionnaires are useful in assessing past

exposure, but their use may lead to an underestimation of excess risk.

Macaluso et al., 1983, conducted a case-control study of eight occupational
exposures in relation to respiratory cancer. Detailed descriptions of each
subject's occupations vere obtained by 1interview. Two different systems
for inferring past exposure were used and the relative risks derived from
the twvo measurements were compared. The first system made use of an a
priori job/exposure matrix (cf, Hoar et al., 1980; Hoar, 1983; and Hsieh et
‘;1., 1983) which had been designed by the investigators. The team wvas
composed Of chemists, occupational health physicians and epidemiologists.
The second method evaluated exposure by the same team of investigators on a
subject-by~subject basis.

Expdsure vas assigned on a five-point scale ranging from no to high
exposure. An analysis of 698 job descriptions coded for asbestos and
polycyclic aromatic hydrocarbons (PAH) was reported. The frequency of
exposure was higher for the job/exposure matrix system - 39% vs' 25% for
asbestos and S4% vs 43% for PAH. For both exposures, use of the
job/exposure matrix yielded a larger number of occupatigns coded 1in' the
"lov" exposure cateqorries. About the same number of occupations were coded
as highly exposed to asb;stos. The team of raters, ‘however, coded 27% more
occupations as being ‘highly equseé to PAH®. Fair agreement, for
attributing exposure tO both asbestos and PAH on the full- five-point scale,
was observed for the two systems of measurement (average index of crude
agreement, P, = 60%; average Kappa(x) = 0.34). As expected, there vas

better agreement vhen a collapsed two-point scale (categorized as exposed
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and not exposed) wvas used (P, = 79%; ¥ = 0.56). ~~Using the assessments of
exposure by the panel of raters as a criterion, the sensitivity and
specificity was evaluated for the job/exposure matrix. For asbestos, the
Se and Sp vas 85% and 77% (x=0.53), respectively; .tor PAH's the Se was 88¥
and the Sp was 73% (g=0.58). The exposures derived by the panel of raters
consistently yielded hjgher ORs than did the job/exposure matrix. For any
exposure to asbestos, the team estimated an OR of 1.9 versus 1.4 for the

matrix system - for any exposure to PAH the odds ratios were 1.9 and 1.1.

tter agreement (using x) betveen the tvo measuring instruments wvas
Obs¥yved for exposure to PAH. Yet, the difference in the two odds ratios
sure to '/ PAH was larger than that observed for asbestos. This
effect may be due to the manner 1in which the final exposyre assessment for
each individual vas derived from th;e job titles. A more likely possibility
is that agreement may not be correlated with differences in estimates of
relative risk in a simple wvay. Other factors, such as the prevalence of
exposure and the sensitivity and specificity of the measuring instrument,

may play a considerable role in the relation betveen agreement and

differences in risk ratios. ,

-~

The validity. of an exposure assignment scheme designed for routinely

recording occupat'ional exposure to . potential vtcarcinogens .in a ch?mical
;lmt ‘was repgrted by Greenberg and , Tamburro, 1981. Exposure to 22 F \\
chemicals usﬂed in the manufacéure of synthetic rubber and plastics was
under consideration. Exposure was asssigned to each worker on the b‘asis ot’
calendar year of employm;nt, the area in the plant in vhich he v?orkeél, and

the specific job furnction that was performed. Experienced senior employees

from the company were <chosen from each area of the plant to rate exposure

S~ .
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to these substances on a seven-point, rank-ordered scale. These judges met
as 3 group and exposure assessments were made by conscn;us. Cunulative
exposure to each substance was estimated by multiplying the exposure rank
by the time period and then summing over all time periods. The validity of

the measurements was indirectly inferred by examining exposure to vinyl

. chloride in four cases of hepatic angiosarcoma. It vas postulated that

since vinyl chloride was a known risk factor for hepatic angiosarcoma, that
the average cunulative exposure based on. the measurement system would be
higher among cases than controls. Such differences vere, in fact, observed
for vinyl chloride and for two other substances that were used in the
processing of vinyl chloride. The authors concluded that the exposure

classification system was valid.

Soskolne, 1982, examined inter-rater and intra-rater agteement‘ for
assessing exposure to eight substances at a petrochemical plant in the U.S.
A six-point, ordinal scale, was used to indicate the degree of exposure to
each of these substances. The employment record of each subject was

oObtained from company records. Each job was described by the location in

the plant, the specific occupation, and the calendar year of the joi:.
(This was referred to las‘ a "job title .} A pane-l of raters, consiutinq:“ot
an industria)l hygienist and one of the rese'archers,‘attributed exposure to
each job title for the purpose of obtaining estimates of excess‘ risk.
Subsequent to this, a 10% randox sample of all job tttles was taken so that
inter-rater and intra-rater agreement counld be studied. A second panel
composed of five senior companj supex.;;isérs having 28-40 years experience

evaluated this subset of job titles. The industrial hygienist who

participated in the original assessments of exposure also coded exposure to
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these job titles.

P

The comparison of the exposure assesaments betwveen the first panel and the

N

industrial hygienist, which approximately measured intra-rater agreement,
showved l1ittle agreement above what would be expected by chance alone when
the full six-point scale was used (average y over all substances, f =

0.13). Agreement improved somewhat when a collapsed three-point scale was

utilized (¥=0.26). Agreement betveen the first and second panels was also

N
\

poor (x=' 0.25).

Agreement improved substantially (¥=0.6) when exposures'vhich wvere rated
"medium" in ejther reading were excluded from the analysis. The author
V%{oncluded on this basis that a scale which excluded the medium exposure
c;teqory might be preferable to a graded one. This conclusion is not
justified since 1t is based on comparing exposures that were only judged
}:igh or 1lov in either reading. For example, a job description would be
excluded from the analysis if it was judged low in the first reading but
medium 4in the second.. Thus, a highly biased subset was chosen for

comparison. It is therg/ro/re not surprising that t'hE degree of agreement

‘was substantially™ephanced.

The poor level of agreement observed in these comparisons may have been due
to ‘ the inexperience of the panels 1in attributing exposure or to an
inco::xsistent use of the coding criteria. The paucity of detail provided in
each job title could also have been a source _ct ~ substantial variability.
The conclusion that a scale vhich excluded the "medium" exposure level was

preferable to a polytomous scale is not justified on the _basis of the




.
analysis previously discussed. As ex'pected, the results indicate that
there vas better agreement vhen the categories of the scale vere combined
in the analysis. ] -

4

{2.3) inter-rater Agreement in Other Areas of Epidemiology

Studies of agreement between raters who assessed a trait on a categorical
scale have been reported in variousr fields of epidemioclogy and medicine.
Many of the poneering studies involved in assessing pneumoconiosis in
niners through the use of X-ray films (cf, Liddell, 1961, 1963, 15972, 1974,
1977 and 1980; Liddell and Lindars, 1969; Rossiter, 1972; Felson et al.,

1984). There have also been

’

1973; Copland et al., 198l1; and Musch et al.
numerous studies of psychiatric assessments of mental illness (egs, Spitzer

h+J

et al., 1967, Fleiss et al., 1972; and Spitzer and Fleiss, 1974). Reviews

I 14

of other works will be found 1in Fletcher and Oldham, 1964, and Xoran,
1975a,b.

3
(2.3.1) The Development of a New Ecale for Determining _—

the Extent of Pneumoconiosis in Miners

The work on radiographic classification is relevant to this thesis because
of the methods used to develop a more accurate scale for judging the ;ztent
of pneumoconiosis. In what follows, a description of this process will be

traced by reviewing the work of Liddell, 1963.

The development of a new scale for classifying the extent of

pneumoconiosis, as measured by the profusion ©f small opacities on chest
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films, began in the late 1950s vhen the National Coal Board of Great
Britain began monitoring more than one-half million coal miners with X-ray
equipment. The goal o.t the surveillance program, as described by Liddell,
\ vas to detect the extent of pneumoconiésis in wvorkers and to monitor the
dust suppression program at each colliery. The last objective was met by
determining whether pneumoconiosis in these miners was progressing or not.
At that time, a four-point scale of the International Labour Organization
: (ILO) was in use. It was the belief of some researchers that the profusion
. C of small opacities could be classified more accurately if a more continuous
scale wvas used. Thus, a nev twelve-point scale wvas introduced by Liddell
vhich vas eventually adopted by the 1International Labour Organization.
(This scheme is now known as the UICC/Cincinnati classification systenm.)
3
In this scheme, the (film would be classified into the major (or "formal”)"
IL0 category that was considered the more 1likely. The adjacent ILO
category that had been given seconmdary cons‘idet-ation would also be
indicated. A reading of 1/;, for example, -indicated that the rater
‘classified pneumoconiosis 1into category 1, ‘but %seriously considered
- category 2 as an alternative, Since the formal categories of the ILO
scheme wvere retained in the experimental system, a comparison of the two

systems could be made directly by collapsing the new scale into the four.

formal categories.

© 3

'

\In 1963 Lriddell undertook the first of a series of experiments in film
( \ reading., The objective of this experiment was to demonstrate that the
experimental classification system, having 12 categories, was as reliable

a8 the one sanctioned by the Ir.g. validation of the new scale was achieved

- ——
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through the assessment of inter-rater ;qreeme'nﬂt‘. Two sets of films vere
used in the trials. The first set had been px.;eviously"read“by the raters
using the ILO classification scheme only.’ Thése films vere not re-read
using the new s\ystc.;m. Anc;ther set ;)f films was read three times by i:he
readers using the new systen} only.j .

_ : | P

~ &

Intra-observer agzeément ‘vas measured for both sets of films and conpa;ed.
For these purposes, the readings of the second set of films, which vere
read' using the experimental systenm, were collapsed to the equivalent
toug,—poiqt sca?ﬁ of the ILO systenm. It was found that the degree of
intra-observer agreement was higher when the new classificati:;n system vas
used. N

Inter”-rater agreement, using only the second &set of films, was assessed 1;1
a variety of wvays. Comparisons were made of the second reading of each
judge with that obtained from a consensus of the three. The consensus
version wvas derived in a joint session after the films had been read for a
third time. The second method was to compare these assessments with the
median value obtained friom the three independent readings made just prior
to the joint session. Finally, direct comparisons Of the second reading of};
each observer were /also made. In all cases, the experimentalﬂ
classification showed the least amount of inter-observer error.

From these experiments, Liddell was able to conclude that the new

sixteen-point scale was more reliable than the ILO system. cConfirmation of

this conclusion was obtained in further experiments (op. cit.).
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(3.0) A Reviev of Btatistical Methods for lNeasuring Agreesent

Betveen Raters vho are Judging Qualitative Data
In this chapter, the Uatat:i.st‘.ical methods used to describe and esntimate tre
extent of agreement betveen rater; who assess a qualitative wvariable are
presented. The intent is to provide insight concerning the interpretation,
the strengths and the weaknesses of the methods that will subsequently be
used in this thesis. For a full account of the pro;edures used in
measuring agreement for continuous and discrete data, the " reader is

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

Koch, 1975, Wolfson, 1978, Fleiss, 1981, and Kramer, and Feinstein, 1981).

(3.1) Measuring Agreement between Two Raters Judging an

Attribute On a Tw-Point Scale

The simplest situation arises when two raters assess a trait of n subjects

"on a scale consisting of two mutually exclusiv;/ Zategories (a dichotomous

/

A

or two-point scale). The joint diQtribution//of rater assessment, vhich is
obtained@ by crosstabulating the judgements of both rateérs, is presented as
a standard two-by-two contingency table (Table 3.l1). The notation used in
the table 1is that of Fleiss, 1581. The entry 1in each cell of the table
refers to the proportion of subjects in the table with the appropriate
combination of attribhtes,.ptesent or absent, as determined by the two
raters. For example, the proportion of subjects scored “present” by both
raters is denoted by p,;;. The proportion of all subjects judged positive
(neqativé) by Rater 1 is p, (p, ), and by Rater 2 is p , (p ,). These

proportions, vhich are known as the marginal proportions, are obtained from

~
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the table by summing the cells in the "present” (or ‘"absent") catég;:)ry;-

thus, p, = p;;, + P;;.

" Table 3.1

Descript‘ion of the Data Arising from Two Raters Classifying

a Trait on a Two-Point 8ca,1e

Rater - 2 -
Absent Present |
Absent Py, Pz | P
Rater - 1 | ‘
Present ) Paa | Pi
P, p., | 1

The assessments of the trait by the two raters are said to be (design)

*

independent if, for each subject, each rater élassifies the: trait without
knowledge of the other rater's assessment, If, in addition, both raters
employ different sets of criteria, then the observed agreement would bg
explainable by chance alone. If this is true, then the assessments é\re
statistically independent. Thus, the e.;pected value for any cell can be
det%mined, using the multiplicative law of independent events, by simply

s 5
multiplying the appropriate proportions in the margins. For example, the .

expected value of p,,, E(p,,}, is.calculated from the formula E(p,,) = p, .

”
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The assessment of aqree'ment (or disagreement) can be framed in terms of
three questions. ° The first question asks whether there are differences

between the observers in their estimates of the prevalence of the trait.

3

1f the answer 1is in the affirmative, then it is of 1interest to determine

vhether the differences are statistically significant. The second question
inquires whether the extent of agreement observed in the table is d\ue
solely to the two raters randomly allocating subjects into these cells.
This question is different from the first in that it addresses the problem
of testing whether the agreement observed in the table (ie, in the p,, and
p,; cells) is above vhat would be expected by chance. The third question,
vhich is related to the second, ‘asks whether the extent of concordance or

discordance in the table can be measured using summary indices of

agreement.

¥
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(3.1.1) Testing vhether there are Differences between Raters

in ti:olr mtmtés of Prevalence

An estimate of the frequency, or prevalence, of the trait in the study
population can be obtained for each observer; namely p, for rater-l and
p, ; for rater-2. These estimates can be compared, and their éifferences
statistically tested using McNemar's test of non-independent samples (see

Bennett, 1967). The test statistic, which is asymptotically distributed as

a chi-square on one degree of freedom (df), is calculated as:

(3.1.2) Testing Whether Agreement is Greater than that

Expected by Chance

It~ is instructive to display the hypothetical data of Table 3.1 in a
different format, as *shown in Table 3.2. Here, the two discordant cells,
p;, and p,,, are combined into one. Obser&ed and expected values for each
cell can be obtained from Table 3.1. The expression, patterp of
concordance, (Bennett, 1972; Siemiatycki et al., 1982) will be used to

refer to this tabular presentation of the joint distribution of rater

assessment. ) .
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L\ .. Table 3.2

Observed and Expected Values of the Pattern of Concordance

for n Subjects Categorized on a Two-Point Scale by Two Raters

No of Raters Attributing

the Factor to be: Observed Expected
Present Absent Number Number
2 0 n xp,, nxp, XP.,
1 - 1 / n x (p;, + Pyy" nx (p, Py, +P.3 Py,)
0] 2 n x p;, nxp,. xP.,
\

Total: n n




The format of the data presented in Table 3.2 suggests a comparison between
the observed and expected numbers. Such a comparison can take several
forms. For instance, the equality of the observed and expected values in
the concordant cells (2-0 and 0-2) can be statistically tested. The null
hypothesis for this test states that the sum of the two concordant cells is
equal to the expected sum; i.e.,
Ho: Pyy + P33 ® E(Py;;*+ Pyy) = Py, Py + P3P g

The test can be performed by assuming that the sum ©of the two concordant
cells, p, = P,,+ P;;, is distributed as a binomial variable. (This sum is
also known as the index of crude ggreement.) The two independent
parameters that specify the distribution are the probability of an event
occurring in any given trial, p, and the number of trialst. n. A trial is
defined when both raters judge a randomly selected subject from the study
pépulation. An event is defined when both raters judge the trait either
present or absent. The expected probability that the two raters will agree
that the trait is either present or absent, p,6 is calculated from the
formula p = E(p,,+ P;;). The total probability of observing a value of p,
greater than p, can be oObtained by summing all values of the distribution
greater than the observed p,. The normal distribution can be used as an
approximation to the binomial when the product of the number of subjects,
n, and the index of crude agreement, p, = (p,, + p;;), is large. Since the
square of any standard normal variable is distributed as a chi-square, then

the usual chi-square test on 1 degree of freedom can also be used. The

latter test is simpler to perform arithmetically. For the concordant and

discordant cells, the difference of the observed and expected numbers is.

squared and then divided by the expected value. The required statistic is

formed by summing these two values.
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The extension to more than two raters follows by applying the fundamental
theorems of probability to calculate the expected numbers. For three
raters, the pattern of concordance will have four cells represented by the
number of subjects in which all three raters agree that the trait is
present (3-0) or absent (0-3), vhere two raters attrisute the presence of
the trait and one does not (2-1), and where one rater judges the trait
present wvhile the other two claim it is absent (1-2). Let p, 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 all three
products having the form p x pyx (1-p,), 1FI¥k. That 1s, the expected

number 1s calculated as

P, X p; ¥ {(1-py) + p; x p; x (l-p,) + P, X P, X (l-pk,.
“
As in the two rater situation, a statistical test can alsO be performed to
determine whether the number of observations in the concordant cells is
™

N\
greater than that expected by chance.

(3.1.,3) Indices Used to Measure Agreement

3

A number of indices are available which summarize the extent of agreement
by considering the joint and marginal proportions of Table 3.1, These
measures Of agreement may be classified into two broad categories: a)
indices that combine the values in the cells and the margins without
referring to expected values and b) those that take into account agreement
that would be expected by chance alone. These latter measures are referred

to as chance-corrected indices.
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(3.1.371) Bummary Indices that do not Adjust for Chance Agresment

Table 3.3 lists eiqhtjmeasures that 4o not correct for expected agreement
and three that take chance agreement into account.. The simplest and most
videly used measure is the index oOf crude agreement, or overall proportion
of agreemént, P,, Vhich simply sums the proportions in the two concordant
cells. fﬁis index, therefore, measures the extent of agreement by equally
veighting each of the concordant cells. It has been suggested by some
authors (cf, Rogot and Goldberg, 1966) that chance agreement must be taken
into account when using this measure. Thus, these authors developed the A,
index vwhose main feature is that its expected value is equal to 0.5,
regardless of the values of the marginal proportions. The proportion of
specifc agreement, p,, represents the conditional probability that a second
rater attributes the trait present given that a randomly selected first
observer also made the same attribution (Dice, 1945). This index may be
used vhen the trait is judged to be absent more often than present. In
effect, concordance is treated asymmetrically in that it is evaluated with
respect to the value of the p,, cell, 1independent of the p;, cell. 1In a
similar manner, the index p ' tests concordance given that the trait is
judged to be present more often than being absent. Xendall and Stuart,
1961, proposed the theta and phi indices which both measure the strength of
the association betwveen the raﬁ;ngs of twvo observers. The phi or tau-b
index, vhich is proportional to the square root of the Pearson Chi-square,
also reflects the amount of clustering about the concordant cells (Landis

o}

and koch, 1975). ‘ )

A measure, vhich has been used in cybernetic theory, has been introduced as




an agreement statistic byfLiddell, 1963, and Liddell and Lindars, 1969. 1t
%is called the average amount of information transferred, 1. Higher values
of the statistic indicate that larger amounts of information are
transferred from rater to rater which, in turn, indicates less
inter-observer error. Thus, the inverse of I is a measure of the amounht of

inter-observer error. I is calculated from the formulae:

I = A - B 1
vhere A = I (py; x 1log,(p,;) )
and B = [ (p, xlog,(p ,) + p;, x log,{p; ) )

such that p,, > 0, p, >0 and p ; > 0.

Although not apparent from this formulation, the index is composed of a
part that measures the maximum amount of information available for
transmission and another part which measures the amount ©of information lost
in the transmission from one observer to the next. 1In fact, the index may
be written as the difference of these two quantities. The ratings of
either observer can be taken as a source from which the information is
transferred without disturbing the resulting value. Thus, the index is
symmetric with reg;rd to which rater is taken as the reference. Note also
that the definition includes tables having more than two c;tegories.

Each of the uncorrected indices may be used to evaluate agreement. Wwhether
agreement is to be measured symmetrically about the concordant cells and
wvhether marginal proportions should be accounted for is dependent on the
problem at hand and, perhaps most of all, on the predilection of the

investigator. It is important to be aware, however, that the use of each

4
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index may confer a different interpretation of the data (sée Fleiss, 1981,
for an exarple).
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- Table 3.3
Indices Of Agreement for Two Raters Judging

an Attribute on a Two-Point Scale(l)

Index Rame Formula(2) Reference(3)

P, Index of Crude Agree- P11 *+ Paa 1
ment or Overall Prop-

by

ortion of Agreement

P, Proportion of Specific P,z /P, 2
A&lwment

g,' Proportion of Specific Py /P, 2

/” .

Disagreement -

A, Index of Adjusted Pis (P, + P ;)
Agreement [ === e veom- 1

(4 Pi. P.s )

Alternate Index of (pg + p‘.' )/ 2 1

AL
2

Agreéement
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Table 3.3, continued

k]

Index Name Formula(2) Reference(3)
M Lambda-r 2 xp,~1 3
) Phi or tau-b (X2 / n )is2 4,5
1 Average Amount of {see text) 6
Information
Transferred
- &
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Table 3.3, continued

Index Name Formula(2) Reference(3)

. ?ig
Indices Corrected for Chance Aqrocncé

« Kappa = ~se=--msomeosccosoomocceosos 8

i1 r-11 = emseeseeeemccceceeseccoee 9

ey

¥
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Table 3.3, continued

(1) See Table 3.1 for definitions of the synSol: used.

(2)p, = (p, +p.4V/2;

p.' - ( p;. + P.V2.

{3) References are: 1)
2)
3)
%)
5)

6)

)
8)

9)

Rogot and Goldberg, 1966
Dice, 1545

Goodman and Kruskal, 1954
Xendall and Stuart, 1961
Kendall,K 1955

Liddell, 1963,

and Liddell and Lindars, 1969
Scott, 1955

Cohen, 1960

Maxwell and Pilliner, 1968




(3.1.3.2) Summary Indices that Account for Chance Agreement

None of the above-mentioned indices account for the level of agreement that
would be expected by chance vhen the raters' observations are statistically
independent of each other. Rogot and Goldberg, 1966, suggested that all
aummary measures should pe reported with the expected values. Another
method is to 1incorporate tﬁ; expecied values direcily into the index. 1In
fact, when expected agreement is taken 1n£o account under the constraint of
statistical 1independence, most of the  uncorrected indices can be
transformed into one identical estimator of aqreemeé?. The procedure
involved in this transformation is to subtract the expected agreement, I,

from that observed, I,, and then to standardize to the maximum possible

’

excess agreement (1-I,), by division. Thus, the transformation commonly

used is:

I, -~ 1I1.°
M(I) = meemmeeee (1)
, 1 - 1,

M{(I) has a maximum value of one and a minimum value of

'I‘/ ( 1l - I')t

Two of the three indices listed in Table (3.3) that account for chance can
be derived using this transformation. The Kappa index of Cohen, 1960, is
obtained when any of the uncorrected indices, except tau-b, are substituted
for I, and vhen the corresponding estimate of I, i calculated assuming

-

statistical independence. Scott's ¢ index (1955) can be calculated when

[




the constraints of marginal homogeneity and statistical independence are
sinultaneously applied to the calculation of I, (Landis and Kkoch, 1975).
The index of Maxwell and Pilliner, 1968, r,,, is derived from other

considerations (sée next section).

" (3.2) The Interpretation of Chance Corrected Indices

"as Intra-class Correlation Coefficients

Standard analysis of variance (AFOVA) models can be used to measure
agreement between raters who are judging either continuous or categorical
variables. Either fixed or random effects models 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
effects will be considered. Following the notation of Landis and Koch,
1975, the number of observers randomly selected from 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 is:

-

]
Yiy= p +8 +D5 ¢+ ey (2)

vhere = is the overall mean;
S$; = is the subject effect for the ith subject being rated;
Dy = is the observer effect for the jth rater; and

e, ; sMs the residual error.

TO make statistical inferences fron this model (equation 2) it is assumed

i, T a5 LN e e Y TRt l



}hat the S, are normally, independently and identically distributed vith a
mean of zero and variance ¢,? (ie, NID (0,s,2)), the D; are NID (0,q4?),
and the e, are)RID (0,0,2). Homoscedasticity 1s assumed for each term
4ince the variance for each effect is considered constant across all
levels. Normality 1is only required when tests of significance are
computed. The Ss;, Dy , and e;; are also assumed to be mutually

independent.

3
4

Consistent estimates of these components of variance are obtained from:

MS, - MS,
5,0 = mmmmemmmiemeeee
n o
MS, - MS, !
362 B mmo-esm——moeoe-- ’
J k ‘.
’,d

where MS,, MS,, and MS, are the mean squares for the subjects, the
observers, and the residual error, respectively. These components are
' given the following interpretation (Landis and Koch, 1975):

( !. ’
T
- ~

d,2: 18 an indicator of "within subject effect” or "between oObserver

effect”, since it estimates the variability of the Y;j over all

o~
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’ raters.

é;7: 1is an 1indicator of the "within observer effect™ or . "between
subject effect" since it estimates the variability 1in the average
judgements over all subjects. Therefore, it represents inter-observer
disagreement.

d,%: represents the variability unaccounted by the main effects.

A coefficient, rho(p), based on these components of variance is used to

measure inter-observer variation. It 1s defined (Fisher, 1958; Bartko,

1966) as the ratio of the within-subject variability to the total

variability; viz:

Bartko, 1966, presents criteria vhereby the rho coefficient can be

interpreted as a within subject intra-class correlation coefficient. The
&)

selected analysis of variance model must be appropriate to the situation

and the assumptions implicit to the model must not be violated (le,

independence of each factor and homoscedasticity).

13
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If these criteria are met then consistent estimates of the components of
variance can be obtained. The rho coefficient can then be interpreted as a

correlation coefficient between observers since

var(x; ;) x var(x,,)

A consistent estimate of s is obtained by replacing the variances in the
formula defining rho vith -their corresponding estimates. Thus, for the

above model,

dx MS, + n X MS, + MS_, x (n(da-1) -d)

This coefficient can be used to indicate the amount of inter-observer
A}

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

the observers and due to intrinsic error is greater than that attributable

o

to the subjects; L.e.:

1 3 2
L + q, > e .
.
v

i
Thus, the observers can not consistently discriminate betveen subjects. On
the other hand, a value of rho about equal to one implies that either the

intrinsic error and tﬁe between-observer variability is a) small absolutely
/




or is b) small with respect to subject variability, i.e.:
"10‘.2 = 0

or

‘dz + ..3 < 1'3 .

This last inequality indicates that there may be difficulty in interpreting
®
the value of rho as a measure Of inter-observer bias. 1If, for example, the

variability between subjects is very large compared to the other sources of

variability, then a high value of rho can be obtained even though the

\ 4

amount of observer variation may be substantial. To ensure a correct
interpretation of the intraclass coefficient, a judicious choice of
subjects must be made so that there is not "excessive~ subject variation.
™

The three measures that account for chance agreement (Table 3.3) are
related to 1ntrac1as§ correlation coefficients derived from using different
ANOVA nmodels. Fleiss, 1975, demonstrated that Cohen's Kappa index is
asymptotically equivalent to the intraclass correlation coefficient derived
from the random-effects ANOVA model having subject and observer effects.
Scott's pi index, which simultaneously -assumes homogeneity in the marginal
proportions and statistical independence, is asymptotically equivalent to
that obtained from a model vhere the observer effects,K § , are subsumed in

17

the residual error term. The index of HMaxwvell and Pilliner, 1968, is
e

developed from the fixed-effects ANOVA model using only observer and

subject effects.
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{3.3) T™he Xappa Index

As was previously discussed, the three indices in Table 3.3 that are
corrected for chance agreetent can be interpreted, asymptotically, as
intraclass coefficients. The advantage of Kappa is that its corresponding
intraclass co::relition coefficient, unlike the index of Maxwell and

Pilliner, corresponds to a random-effects model which includes observer and

subject effects, Unlike Scott's Pi index, 1t does not assume marginal

homogeneity.

The interpretation of these indices as intraclass correlation coefficients
is useful in determining which measure is appropriate 11; a given situation.
In particular, the use of Kappa may be questioned when the number of
observers are thought to be (fixed. For example, in this thesis,
comparisons in attributing exposure are mnade betveeg,c:ancer Study chenmists.
Use Oof the fixed-effects model may be preferred 1# these raters comprised
the universe of poss‘ible raters or if a conpari‘aon among a particular
subset of raters within the Study 15 required. On the other hand, if these
raters are considered to i:e a sample of all possible chemists, and the
results are to be generalized to the universe of potential raters, then the
random-effects model would be appropriate. It 1is assumed in this thesis
that the latter is the case.

2

{3.3.1) gualitative Interpretation of Eappa

In an effort to provide a qualitative frameworXk for interpreting Kappa,

Landis and Koch, 1977a, have arbitrarily classified ranges of values of



I3

-~

Kappa obtained from large samples into qualitative degrees o©f agreement
{Table 3.4). This classification scheme hags not been validated in any

research context.

There are tvo noteworthy problems when using Kappa as a measure of
agreement. The (first is the potential difficulty that may result if the
non-linearity of its definition (equation 1) {5 also manifest in its
interpretation. For example, it i{s not clear that an increment in
agreement from ¢ = 0.55 to ¢ = 0.60 (9% increase) represents a greater
improvement in "true” agreement (as measured by differences in sensitivity
and specificity betveen the raters) than that obtained from an increase
from « = 0.2 to ¢« = 0.4 (100%). The second problen is that comparisons of
values of Xappa from ditf;rent populations may not be meaningful 1if the
prevalences in the two populations differ (Thompson, 1982, and Walter,
1983). 1In general, therefore, the rather simplistic classification scheme
of Landis and Xoch may not be appropriate. In the absence of more
satisfactory interpretive criteria, howeve;, their schepe vill be used in

this thesis to qualitatively indicate the extent Of agreement.




Table 3.4

Qualitative Interpretation of the Values of Kappa (1)

Qualitative
o>
Interpretation
Kappa of Agreement
0.81 - 1.00 Almost perfect
0.61 - 0.80 Excellent
0.41 - 0.60 Good
4
0.21 - 0.40 Fair
0.00 - 0.20 Slight
' \
< 0 Poor

(1) Adapted from Landis and Xoch, 1977a.

R




(3.3.2) Estinating the -variance of Kappe

Asymptotic estimates of the variance 0f Xappa have been derived (see
Fleiss, 1981). Small sample variance estimates have not been reported
although, theoretically, they can be estimated using resampling techniques
such as the jackknife and the bootstrap (Miller, 1974; Efron, 1981; Efron,
1982; and Fleiss and Davies, 1982). It is usually assumeé that for large
samples Xappa is normally distributed but, to the author's knowiedge, this
has not been explicitly verified. For small sample sizes, Kappa can not be
distributed normally since it is defined in a non-linear wvay, is finitely
bounded at  both ends of {ts range and is positively skewed. Fleiss and
Davies, 1982, reported that the jacx-knue procedure functions quite wvell
for samples having more than 50 subjects. Simulation of small sample
variance estimates and comparison vith resampling estimates are currently

in progress for n<50 and vill be reported elsevhere.

{3.3.3) Interpreting the Valus of Xappa vhen

there are a Saall Number of Observations
The value of Kappa based oOn small sample sizes is quite unstable. This 1is
illustrated with the folloving example. Suppose that the estimates of
prevalence for two raters judging a trait vere both lov. Suppose also that

AY
very few subjects wvere available for obserwvation. Consider the folloving

[P -
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two contingency tables:
R~-2 R-2

- + | - +
. - 18 1 |19 - 17 1 | 18

R-1 | |

+ 1 o | 1 + 1 1 | 2
19 ' 1 |20 18 2 | 20
i
« = -0.05 r = 0.44

There 1is excellent agreement 1§ both tables using the index of crude
agreement (_p. = 90%). However, the two values of Kappa tell a different
story: poor agreement is indicated in the first table (x = -0.05) but good
agreement is indicated in the second (x = 0.44). The large differences
between these two values is due entirely to the small changes in the
marginal proportions that resulted vhen the p,, cell was changed from 0 to
1. In effect, the estimate of Kappa is related to the number ‘:of
observations that are used to test agreement. This number, which can be
regarded as the "effective sample size", is a function of the expected

agreement obtained from the marginal proportions and the total sample size.

The highly discordant values of Xappa Observed in the example presented
sbove can be understood in terms of effective sample size., In the first
table, the 18 observations in the absent category is about equal to that

vhich would be expected by chance. Thus, only two oObservations are being
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subjected to the "test"” of agreement. The value of Kappa is about zerd
since zero out of the remaining two observations "pass” the test. 1In the
second table, there are three observations to scrutinize for agreement; one

out of the three passes, thus yielding a value of Xappa of about one third.

The manipulation of only one data point, under the constraint of a constant
value for the index of crude agreement, had a profound effect on the value
of Xappa. From this, it would appear that the variance of Xappa in either
table should be very large. The variances, as derived from asymptotic
theory, were computed for the two examples presented above. The estimates
of variance #n the first case is about 'zero but is much higher (0.46) in
the second. Apparently, asymptotic theory is not appropriate for such
snall sample sizes.- Without accurate estimates of variance, and the
resultant confidence intervals, it is difficult to correctly interpret the

statistic.

One further problem can occur when small samples are used to evaluate
agreement. This difficulty s illustrated by considering two examples in

which both observers are in complete agreement; viz,

l—“



T
R-2 - R-2 i
- ¢ - N
- 0 o] o -1 o | 1
R-1 ] |
+ 0 20 | 20 + 0 19 |19
0 20 | 20 1 19 | 20
p, = 1.0 p, = 1.0
Py = 1.0 P, = 0.905
t = 0/0 = undefined t = 1.0 ¥

The first panel of this example, in vhich the value of Kappa is undefined,
illustrates that this index 1is not entirely suitable to situations for
vhich perfect agreement is encountered. 1In this thesis, the problem of
undefined values will be circumvented by setting ¢ to unity in all such

circumstances.




{3.3.4) The Maximux Value Of Xappa ‘ é

The maximum value that Xappa can attain in any situation depends on the
distribution of the marginal proportions. Thus, wvhen two raters produce
different marginal distributions, then, as Cohen, 1960, pointed out, the
upper limit is less than unity. Cohen labeled this quantity as «,,, and

shoved that it can be calculated from the formulae:

wvhere

Pyw = Imin(p, , P ).

p[ = z(Pl,,P.; )'
The calculation of x,,, proceeds by reblacinq the concordant cells (p, )
with the smallest marginal value corresponding to that value of i (ie, p,
.orp ). The discordant cells are obtained by subtraction. Table 3.5

presents an example of the calculation of «_,,.

’




Table 3.5

o

Sample Calculation of the Maximum value Of Kappa

-
R-2 R-2 .
- + - +
- 12 3 |15 - 13 2 |15
R-1 | |
s 1 & | 5+ + 0 s | s
13 .7 |20 13 7 ] 20
r = 0.53 Kpaa® 0.77

-

The ratio of ¢ to « (hereinafter denot;d as ') represents the ratio of

sax
agreement to the maximum amount of agreement permitted by the marginal
proportions. This quantity i1ndicates the amount of agreement within the
table after taking into actount different marginal distributions produced
.by the raters. «' is not a standardized index (equation 1) and, to the
author's knovledge, it can not be interpreted as an intraclass correlation

coefficient. ¢ has not been generalized to the case in which there are

¢ max

more than two Observers.




(3.3.5) Extension of Kappa to Multiple Categories

and Nultiple Raters

Kappa has been extended to the case in which two observers rate a variable
having m mutually exclusive categories. Let 1 represent the ith row and j

the jth column of a mxm contingency table creafed by crosstabulating the

two observers' ratings (Table 3.6). The general formula for Kappa is:
Po - Pg
{ & =—m—ee--
l1 - p,
wvhere 3
Po * I Py
and

The seriousness ©f each disagr‘eement in the table can be taken into account
through the use of veightsﬁ (Cohen, 1968). This 1is the most general
formulation for « and is referred to as "weighted Kappa". Large sample
variances have been obtained for the weighted and unweighted versions of

Kappa (Fleiss, 198l).

An ANOVA model for multiple raters judging a trait on a dichotomous
variable has been used to generalize xa‘ppa. The model contains subject and
observer effects and uses the definition of the intraclass correlation
coefficient to derive an estimator for Kappa. In the general situation

i
vhere d raters judge a variable containing m categories, the data can be
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2

displ'ayed as in Table 3.7. The variable xyj represents the number of
judgements by the raters into category "j" for subject *i". Kappa can be

calculated using the formula (Fleiss, 198l):

( nm(m-1) I Py @, )
vhere .
X;; = is the number of judgements into
category "j" for subject "i";
n = the number of subjects;
m = the number of categories;
Py = : xy/mp

and 0 :

-

=

A summary s,tatiséc can also be calculated for a set of independent

estimates of xa\ppa (Fleiss, 1981; Chapters 10 and 13). Each value of Kaﬂppa
is weighted by the inverse of its estimated variance. A summation is,’!then'
made over all values and then is normalized by dividing \by the sum of the
inverse of the variance. A test for homogeneity of the tndividual valuire‘s.
of Kappa can also be calculated.

[l

Further extensions to other more complicated situations: have been
_ § N ) '
considered by Landis and Koch, 1977a,b,c, Kraemer, 1980, Thomas ef al.,

.y

1981, and Hubert and Golledge, 1983, . ;

L



Table 3.6

-

Description of the Data for Tvo Observers Rating a Variable

having m Mutually Exclusive Categories

'

- Rater - 1
1 2 3 L ) | )

1 P1, P, P, Pig ----- Pis | Py.

I
2 /le Pi; P1s Pag ovve- Pia [ Pa.

g |

Rater-2 3 . . . . cenes . |

|

P

. : : C e |

n pnl Pll p-: P-l e pll ' P-.

Pa P, P, P.o covee P. |1
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Table 3.7
Description of the Data for More than Two Raters Assigning

Values to a Variable having m Categories (1)

Number of Ratings into Category:

1 2 3 4 ..... m l
1 n X3 X, Xya  =e TP
|
2 x,, X, Xjy cores x,, |
l
Subject: 3 . . . . cenen . | ,

g

n P X, X, | S . |

(1) x,, is the number Of judgements by the d raters into category ")" for

/

subject "i".




(3.4) Other Neasures Of Agreesment for Multiple Observers

(3.4.1) Tests of Homogeneity for the Marginal Propoctions

for More than Two Observers

-

It has been proposed that Cochran's Q index can be used to test the
. homogeneity of the marginal proportions among two Or mOre raters (see

Siegal, 1956 and Fleiss, 1965). The statistic (s asymptotically
i distributed as a chi-square with 4-1 deqrg;s of freedon. To calculate Q,
the data should be displayed as in Table 3.8. The quantities are defined
as follows: Y,, are the ratings (0,1) given to the trait for subject i by
Observer ); t, represents the number Oof ratings vhere a value of "1" wvas
given for subject 1. (Thus, t, is just the sum of the Y , over all

Observers, j=1,4d, for each subject, 1i.) Q is calculated from the formula

(Fleiss, 1965):

fD-1) (DL Y, 3 -% 3)

Other tests have been anqectce(by Bennett, 1967, 1968, 1972.




(3.4.2) The Mean Majority Agresment Index (MMAI)

various other indices of agreement have been proposed for multiple raters.
Armitage et al., 1966, proposed three related indices of agreement for
dichotorous data; i.e.: the Mean Majority Agreement Index (MMAI), the Mean
Palr Disagreement Index (MPDI), and the Standard Deviation Agreement Index

(SDAI). All three indices are uncorrected for expected agreement.

Only the MMAI will be described here. Najority agreement, for any one
subject, is defined if more than half the observers judge the trait to be
absent (or present). Consider, once again, the hypothetical data in Table
3.8. Let p, =t , d. Thus, majority agreement is obtained 1if |p | > 0.5,
The Majority Agreement Index, MAI, is defined as NAI,= |2 p - 1 |. PFor
example, if 3 of 5 observers score the same for a subject then p, = 3/5 and
‘Sm\x1 = 1/5.
The MMAI is just the arithmetic mean ©f the MAI over all subjects; vir:
MMAL = I MAI, / n.°
MMATI can attain a maximum value Of one but its nminimum is dcﬁcndont on

vhether the number of observers is an even or odd number. In the case of

twvo raters the NMAI is identical to the index Of crude agreement.




Table 3.8
Description of the Data for TwO Or More Observers Rating

a Trait on a Two-point. Scale for n Subjects (1)

Observer
1 2 3 & ... b |
1 Y5 Yia Yy Y oeeee Y |ty

H

Subjects 3 . ' . . . e . | -
|
. . . . ees | -
I
n Yo Yos Yo3 Ya4 veee .o | ta
l
'l. '2. '3. '4. ceer 'n. I !..

{1) Refer to the text for the definition of these quantities.

]



(3.5) Busmary

various methods have Ggeen- revieved that summarize agreement betwveen
observers judging qualitative data. The analysis of inter-rater agreement
vas distinguished along two broad lines. The first dealt wvith testing the
equality of the marginal proportions. The second considered methods that
would indicate the extent of agreement. Data display techniques (eg, "the
pattern of concordance®) and summary measures of agreement were discussed.
Two types of summary measures of -agreement vere presented; those that did

and di1d not correct for chance agreement.

For the purpose of this thesis, it vas felt that no single method would
suffice to portray inter-rater agreement; nor was it practical to use all
possible methods. As a consequence, the folloving four complementary
methods vere used: 1) statistical tests for the equality of the marginal
proportions, 2) patterns of concordance, 3) the 1?dex of crude agreement

and MMAI and 4) values of Kappa vere estimated between raters.




(4.0) Objective and Overviev of the Trials

The Cancer Study wvas designed to generate hypotheses concerning
associations of various sites of cancer wvith occupational exposures.
Exposure to substances were ascertained by a team of chemists who reviewved

detailed job descriptions usually obtained by interviewing subjects.

{4.1) Objective

The objective of the present study vas to evaluate the accuracy of the

cheaists' assessments of exposure.

(4.2) Overview of the Trials

Seven trials (Table 4.]1) wvere used to evaluate the extent of agreement in
attributing exposure betveen different raters who vere given the same jcb
descriptions to code. The seven trials fall into the folloving four

categories, depending on the nature of the raters being compared:

{1) the raters vere 1individual cheaists from the Cancer Study

independently coding the same files;
(2) some raters vere chemists from the Cancer Study, coding exposure
independently of each Other, and others vere knovliedgeable persons

froma industry,

'

(3) some raters vere Cfgli ts coding exposure as{ a group, using a

e e —— gt o i it — e —
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consensus method, and others were knowledgeable persons from industry;

and

{(4) the same group of Cancer Study chemists, using a consensus method
-to attribute exposure, was given a set of files at two different

times.

The trials were nined, vhere -applicable, according to the type of job
description sampled. Some trials compared the a;sc:slent of exposure for
job descriptions that were classified by industry (the Paint Manufacturing,
Metal Industry, Chemical Manufacturing and Rubber trials) or oOccupation
(Welding Trade Trial). Other trials (the General Comparison and
Code/Recode trials) used two samples of job descriptions taken from the

Cancer Study. The trials took place over the last four years (1981-1984).




Table 4.1

Catalogue of Trials

Number ,!pnber of

Year of of Jobs Raters

Trial Purpose Trial (1) External Chemists
Paint Manu- To compare the coding of 2 1981 S 1 2
2]
facturing Cancer Study Chemists with
Industry an external rater.
Welding To compare the coding of 2 1982 la 3(2) 2
Trade Cancer Study chemists to
a group of welders and
engineers from industry
and academia.
Netal TO compare consensus coding 1984 7> 2 4
Industry of Cancer Study chemnists

with industrial hygienists
employed at a community

health department.




Table 4.1, continued

Year of of Jobs

Bumber

Number of

rrtalg‘ Purpose Trial (1) External Chenmists
e
Chemical To compare coding of an 1984 S5¢
Manufact- industrial hygienist to
uring a consensus coding by
Cancer Study chemists.
Rubber TO compare coding among 1981 15
Industry 3 Cancer Study Chemists.
General TO compare exposure assess- 1981 20
Comparison ments of 4 Cancer Study

chemists wvho revieved
job descriptions from the

Cancer Study.




- 59 -
r'
Table 4.1, continued .
Number Number of
Main Year of of Jobs Raters
Trial Purpose : Trial (1) External Chemists
Code/ To compare consensus coding 1984 23 0 2
Recode for job descriptions that

were rated by the
Cancer Study Chemist Team

at tvo different times.

(1) All job descriptions were taken from intervievs of subjects 1in the
Cancer Study, except for those indicated with a "*" in vhich interviews of

i

non-diseased persons were obtained at industrial locations in Montreal and

wvith a “+", in wvhich j0b descriptions were fabricated from company records.

(2) The three external raters attributed exposure as a team.




(5.0) Materials
{5.1) A Description of the Study: "Monitoring the Occupatiomal

Environment for Carcinogens”

The work for this thesis took place within the context of this study
(referred to as the Cancer Study). Only the relevant features of the

Cancer Study are described below.

The C;ncer Study was designed to discover associations between different
sites of éancer and substances found in Occupational environments
(Siemiatycki, 1979, Siemiatycki et al., 198la,b, 1982, 1983a,b; and Gérin
et al., 1983, 1]1984). A case-control approach was taken. Patients
diagnosed with cancer were eligible for admission in the Cancer Study if
certain criteria were satisfied. A team of chemists/engineers, using
detailed job descriptions usually obtained by interview, evaluated
life-time exposure to about 300 substances. For the purpose of obtaining
estimates of excess risk, cases for each site could be compared with
community qontrols and/or with subjects having. any of the other types of

*

cancer (Thomas \et ai., 1984a, 1984b).

%;1
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(5.1.1) Selection 0f Cases

»

Patients were eligible for registration 1in the Cancer Study as cases if
they vere: 1) male; 2) between the ages of 35 and 74 years in the calendar
years 1979 to £984; 3) nevly diagnosed, at a Montreal hospital, with any of
13 primary sites of cancer (stomach, esophagus, colon, pancreas, liver,
testes, penis, kidney, lung, bladder, prostate, lymphatic tissues, and skin
or eye melanoma) which were positively confirmed by histological
examination; and 4) domicile in the greater Montreal area at the time of

diagnosis. Rames of eligible cases were obtained from records held 1in

pathology departments in participating hospitals.
(5.1.2) Interview Procedures for Subjects

A twvo part questionnaire/interview ((Q]) was used to elicit relevant
lifetime information for those subjects who could be interviewed. A
self-administered questionnaire was mailed to the subject or to his
next-of-kin 1f, for any reason, an interview could not be performed. 1In
the first part of the QI, an outline of the subject's lifetime work history
was oObtained by the use of a self~administered questionnaire (SA01).
Personal data and relevant information for each occupation was obtained in
the second part of the QI. The accuracy of reported occupations has been
verified by Baumgarten et al., 1983,

Deta¥led descriptions of each subject's océupations were Obtained. (These
are referred to as job descriptions.) 1Information was requested regarding

the specific job functions, materials and machines used, and the general

¥



working environment. Specific questions have been develope& for various
types of jobs (egs, welders, painters, farmérs; see Appendix 2 fér some
questionnaires in current use). The questions were open-ended so that the
intervievers were able to probe as deeply as possible. The objective was
to form as clear a mental picture as possiblé of the environment of each of
the subject's occupations. Th; intervievers were encouraged, when
necessary, to consult with the chemists prior to conducting the interview

s0 that possible ambiguities in interpreting the job descriptlions could be

ironed-out in advance.
{5.1.3) Attributing Exposure from Reported Job Descriptions

For eacﬂ‘reported occupation, a team of chemists attributed exposure from a
checklist containing approximately 300 chemical and physical agents (Gerin
et al., 1983, 1984). Team members were trained cheklsts, engineers or
industrial hygienists familiar with  industrial processes and with
commercial and industrial environments in the greater Montreal area. (As
previously noted, these raters will be referred to as chemists.)
Information concerning exposure was taken from the literature (see Price,

1982), from discussions with industry experts, personal experience, and

from occupational health surveys (eg, DSC, 1983).

For each job, one of the chemists determined the Standard Industrial (SIC,
1970) and occupation codes (0CC, 1971). Next, exposure to each of the
substances listed on the chemical coding form was determined. The type and
extent of exposure was indicated using four semi-quantitative scales: 1)

average dose or concentration, 2) freguency of exposure durifig a normal

v
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&
wvorkweek, 3} type of exposure (contact), and 4) the degree of certainty
f s
that the exposure actually occurred (level of confidence). //
‘ﬁ “I

At least one ' other team member reviewed each file. The chemist vhb first
assigned exposure to a subject's job description is referred to as the
primary coder. The chemist, or chemists, who subsequently reviewed the
primary coder's assessment is referred to as the secondary coder. The
complete process will be referred to as the cogsensus coding.

A,/éfsting of all exposure assessments was periodically produced. ;h;‘
purpose of the list was tévallow the éhemist to reference past exposure
assessments for similar types of jobs. The ability to consult previous
assessments helped to ensure that the coding was uniform over time. This

type of 1list is referred to as an exposure audit trail. Other devices,

such as periodically reviewing all job descriptions, were also used to

‘
standardize the coding process.

N e



(5.1.4) vVariables Used to Distinguish the Type and Level of Exposure

»
-

As 1indicated above, four variables, referred to collectively as the

exposure variables, vere used to describe the type and level of exposure to

each substance on the exposure coding form. These variables are described
-

below 1in more detail (Table 5.l (See Appendix ¢ for a further

explanation of how these variables are utilized.)

Concentration refers to the average dose to which the subject was exposed.
The scale does not make reference to any absolute scale Of measurement (eg,
molecules per unit volume of air) Or to accepted mayimum permissible doses.
Criteria have been developed for coding specific substances and classes of

\
substances on the chemical checklist. Thesé criteria were used to help

ensure that each substance would be consistently coded over all 395
descriptions.
»

Level of confidence indicated the certainty that the exposure actually had
occurred. The rater's confidence of the assessment depended on her/his
ability to «correctly interpret the job description. This, 1in turn,
depended on the quality of the interview and of the chemist's knovledge of
the job situation. A value of "possible exposure", for example, implied
that the chemist was uncertain that the exposure had occurred, eveh if high
values of frequency and concentration were assigned. Such a situation
could occur, for example, if the chemist was undecided whether either of
tvo substances were used: 1in a process, but was fairly certain that the

wvorker was highly exposed to one of them. Thus, both substances would be

coded with a "possible” level of confidence. .
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Table 5.1

Description of the Four Variables Used to Indicate the Type and

Level of Exposure for Each Substance on the Exposure Checklist

Exposure

variable

Description

/n

~

Scale Us

Contact

Frequency

Type of exposure

Average fraction of time

vhere contact occurred

- NO exposure
- respiratory
- cutaneQus

- 1 and 2

- no exposure
- <5% of the
- 5 to 30%

~ >30%

time

L T R A ¢
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Table 5.1, continue

Exposure Description Scale Used

variable
Concentration Average dose (1) 0 - no exposure
1 - "low"
2 - "medium”
3 - “high"
-, s =
Level of Certainty of exposure 0 - no exposure

Confidence assessaent (1) 1 possible exposure
or "low"
g
2 ~probable exposure
or "medium”
d - almost certain

exposure or

"high" (2)

(1) Refer to the text and Appendix 4 for a discussion.

(2) The term "any” is used to refer to exposure at levels 1, 2, or 3.




(5.1.5) rotential Sources Oof Error in Attributing

Exposurs from Job Descriptions

It is g@ifficult to accurately attribute exposure from reviewing job
descriptions. Even if a chemist has considerable knovledge and coding
experience, there are at least three possible sources of error that can
occur. The first is the difficulty of accurately interpreting the job
description. For example, errors in correctly identifying materials used
at a plant may result {f the job description is ambiguous. The second is
incomplete knowledge of 1ndustti?1 processes and materials. The third is
the lack of consistency of applying the coding criteria to the exposure

variables.

(5.2) Selection and Description ©f Raters

Raters from the Cancer Study (Table 5.2) vere chose; fron chemists who were
employed at the time of each trial. Chemists 1 and 4 were the most
experienced raters having been involved in the Cancer Study since its
1nceptio;. ‘In particular, Chemist 1 was one of the principal investigators
and Chemist 4 was responsible for initially revieving almost all new files
(ie, primiry coding). Chemists 2, 3, and 5 were employed mostly as
secondary coders. Chemist 6 was involved in the design of the Cancer Study

but did not have any day-to-day experience coding exposure.

u




Table 5.2
Description of the Professional Experience of the Chemists who

Participated in the Agreement Trials

Expertise:
Professional Title/ Coding Prior to
.’! Principle uWork on Experience Cancer
Chenist Chemist Coding Team(l) Study
L .
Chenist 1 Chenmist (PhD)/principal 1979-84
investigator
Chenist 2 Chemist/ 2nd coder 1980-82
Chemist 3 Chemist/ 2nd coder 1980-83 Paint mfg '
Chemist 4 Enqin;;;/ 1st coder 1979-84 Pulp and
paper,
rinerals
Chemist 5 Chemist/ 2nd coder 1982-84 Paint mfg
Chemist 6 ‘ Chemist(PhD)/ special  =----

projects (2)

L

(1) This refers to whether the chemist worked as a primary coder (lst
coder), as a secondary coder (2nd coder), or in special coding projects
more than 50% of the time. ©

(2) This chemist had no extensive experience 1in coding exposure but was

°
involved in designing the Cancer Study.




P
The external judges were selected because of their presumed detailed

knowledge of processes and substances that wvere used 1in various wvork
situations. '!'}13 external raters were either experienced industrial
chemists, industrial hygienists, or were actively involved in monitoring
industrial environments. Table 5.3 presents a brief portrait of each of

the external.raters' professional experience.
1

o d
e
Table 5.4 lists the raters vho participated in iuu:hz of the trials.
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Table 5.3

Description of the Ryofessional Experience of the External

\ Judges who Participated in the Agreement Trials

xte 1 Profession
E\ erna

Judge(s)

Experience

Paint Manufacturing Trial’
Judge 1 Industrial hygienist at
;"/_ \B a large Canadian paint

. manufacturing company.

Welding Trade Trial
Judges 2: a) Enginoer involved in
welding research and

education.

b) Welder from trade
\ association.
c) Active in training of

velders in industry.

about 10 years

about 10 years

about 10 years

>30 years
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Table 5.3, continued

External Profession Experience

Judges

Metal Industry Trial

Judges 3 Tvo industrial hygie@istu’ about 5 years
enployed at the DSC each
Sacre~cCoeur .

Chemical Manufacturing Trial
| Judge 4 Industrial hygienist about 7 ynr‘s
at a large Canadian

chemical manufacturing

company.




Raters vho Participated in each of the Trials

M

Table 5.4

Trial Chemist(s) External Judge(k)
Paint’ Manufacturing Chemists 1 and 2 Judge 1
Welding Trade Chemists 1 and 3 Judges 2
Chemical Mig Chemists 4, 5 (1) Judge 3

\

lt
uer,al Industry Chemists 4, 5 (1) Judges 4
Rubber Industry Chenmists 1,2,3 (2) '-=vo-e--
General Comparison Chemists 1,2,4,6 = -==--- -
Code/Recode Chemists 4,5 (3) =  ===-c---

(1) This was a consensus coding pertformed by these chemists.

{2} A Final Coding, produced by one ' of the chemists after reviewing the

three assessments Of exposure, was also avallable for analysis.

(3) This vas a trial in wvhich job descriptions vere coded at two different

times by these chemists using the consensus approach.

e
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(6.0) Methods

In this Chapter, the methods common to all trials will be described.
Specific deta:ls for each trial will be found in the Materials and Methods

sections 1n Chapter 7.

(6.1) Coding Procedures

£
In each trial, all raters independently assessed exposure after reviewing

an i1dentical set of job descriptions. 1In five of the seven trials, job
descriptions were selected from the files of the Cancer Study. Only those

Job descriptions which had been obtained by 1interviewing subyects
eligible. In the remaining two traials, )Job descriptions werei>

a?i;;ated
from company records (the Chemical Manufacturing Trial) and by interviewing
workers at two industrial plants (the Metal Industry Trial). The specific

criteria for selecting job descriptions wi1ll be discussed in Chapter 7.

The nulhber of substances used in each trial depended on which coding form
was being used at that time in the Cancer Study. Three different exposure
coding forms, containing 172, 270, and 300 substances, were used 1in the

trials.

In order that all raters interpreted the coding criteria in a similar way,
some external judges were given training in the use of the coding system.

Other external raters vere assisted in their exposure assessments by a

senior chemist (Chemist 1) wvho did not otherwise participate in the

7

specific trial, and the author. In no 1instance did the chemist or the




author suggest to the raters which substances should be attributed.

All raters had access to the same literature, although only the chemists
were able to reference all data available 1in Cancer Study records (eg, the

exposure audit trail).

A
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(6.2) statistical Methods

various 1indices, measures and data display techniques wvere wused to
determine the degree of agreement among the raters. Two methods of
analysis were performed: a) agreement was measured over all substances and
job descriptions taken together; and b) agreemeqt v;s assessed for each

v

substance separately. N

’

(6.2.1) Btructure of the Data Sets

The data sets generated from the agreement trials were similar in
structure. In general, the:"e were d raters who attributed exposure to s
substances fo;— ‘a sample of n job descriptions. The four expqsure variables
we;:e scored by each rater on different four-point scales (each\}oqed: o, 1,
2, and 3). Each data record, therefore, contained an identification code
for each substance,'a variable that identified the job descriptior;, and
values for each of the four exposure variables attributed by each of the 4

]

raters (Table 6.1).
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Table 6.1

General Structure of the Data Sets Used in the Analysis of each Trial

Rater Assessment for the Exposure Variables(2):

Contact Concentration  Frequency Level of
Substance confidence
Code Job
(1) Ko Rl R2...Rd Rl R2...Rd Rl R2.,..Rd Rl R2...Rd
XLAXAXX 1 é Cive € € C... C C C... C C C... C
XXXXXX 2 c C... C c C... C € C... C c c... C
" xxxxxx 3 ¢ C... ¢ ¢ c... c € €.. € € C...cC
xxxxxx® . e eeee e ¢ eeee e . evse o ¢ eses s
XXXXXX n cC C... C c C... € € Cuts € € Cuue C©
. J//
yyyyy§ 1 € C... € .C C... cC €C Cou € € Cuuu €
YYyyyy f c C... € cC C... © C C.en C C C... @
YYYYYY 3 € C.u. C c C... ¢C € C... C € C... C
YYYyvy . T BT e eeee o . eeee o

YYYYYY n €C C.es € , € Cuus € C C... C C C... C

[X]
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' " . Table 6.1, continued '

+

]

(1) only two Of the s substances are shovn here.
(2) The letter "c” is used to indicate the values 0, 1, 2, 3 that were

given to each of the- exposure variables by any of the raters, i, R2,...,

»d.
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(6.2.2) woasures Of Agreement Adopted for this Thests
Certain summary measures and data display techniques were used to asseas
amreesent. The observed and expected numbers of exdosure for each pattern

of concordance vas calculated. In addition, two summary indices wvere
AN

selected r Beasures Of agresment betveen pairs of raters. The index of

crude agreement (or overall proportion Oof agreement), p,, vhich ‘does not
correct for chance a-gtnlont,“‘vqg chosen because 1) it summarizes, ina
symmetric vay, .tho extent of agreesent in a contingency table by summing
the concordant cells, lz) it is easy to interpret,, K 3) it can be used for
?ouumncy tables containing more than t categories, and ¢) it ia
compatible with other uncorrected indices, such as the MNean Najority
Agreement Xndcﬁ(nuu). rhcl appa index, vhich takes chance agreement into
account, vas selected as the second summary index. The -ttoni;thc‘ and'
veaknesses Of this videly used measure Of agresment have been discussed in

Chapter 3. ' ( ‘ —

-

Agreesent among all rﬁtor:, considered as a group, vas assessed using the

MMAI and generalized Xappa indices. These vere chosen because of their

siailarity with the indices used in the pairvise analyses.

I3
-
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($:2.3) Mosesnent Of Inter-Bater Agresment weing the

b,

Collapeed Table Mathod v

The objective of this first analysis vazs to ¢stimate an “average" level of
' . ' » x

agreement over all substances on the exposure coding sheet. One method,
vhich had been employed elsevhere (Siemiatycki et al., 1982), cosbined the
attribution of exposure over all substances and job descriptions. This

method of assessing agreemsnt is referred to as the collapsed table sethod.

Yor tvo raters, the method consists of crosstabulating the exposure
0

assessaents for each.substance separately. The contingency tables are then

combined into one by adding the values oOf the corresponding <ells. The

resulting contingency table, consisting of n x‘obutvauom, is referred

to as the collapsed table. The judgements. for more than tvo raters can be
combined in a similar wvay.

FYor any job description, a large nusber of substances were coded as
non-exposed by all raters. If s' of the s substances: had a non-gzero

prevalence of ¢xposure, as estimated by any of the raters, then there would

benx (s+s') observations coded as non~exposed. This subzet can not be .

excluded from the analysis simply because all judges attributed no exposure
to these substances. Thers is valuable information in (thc fact that a
certain nuaber of substances were judged absent by all of the raters.
Therefore, the number Of observations used in the analysis is equal to the
number of job ducription; times the number of substances on the exposure

checklist (n x s).
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(6.2.3.1) Procsdures need for Summarixzing Agreement { - o
The first «step was to obtain each rater's estimate of the tro&uoncy, or .,
pnuloncr, of exposure at each level of confidence. The donc;aimtor for
;.hono calculations is equal to thoxtotalq mxnabqrp of exposures, n x s. The
equality of these estimates vas tested among all raters using Cochran's Q
statistic. NchNemar's )utchcdi Pairs Test vas used to test equality betwveen

each pair of raters.

The second step involved grouping the judgements Of each rater into two

categories: exposed, at one or more levels of confidence, and exposed, or -
not, at all other levels. 'Exposure at the high, mediua or high, or at any
level of confidence vas considered. The observed and expected numbers for
sach pattern of concordance wvas calculated tqt the, various categorizations
of exposure. The observed numbers were obtained from the cells of the
contingency tables and the expected nubbers vere calculated from the
marginal proportions using the methods described in Chapter 3. In &ddition

to these tables the Mean MNajority Agreement Index (MMAI) ‘and the

™

generalized Kappa (1) mdog vere aleo calculated. ) o -

{
The third step vas to u4un ébo extent Of agreement betveen all possible ;
pairs of Traters based on the above scheme of catogoru;.nq exposure. ;
TWo-by~tvo c;onttngoncy tables vere created fer each pair of raters and i —

certain agreement statistics (p,, t-and «') vere calculated.

H
=

Por each exposure variable (contact, frequency, concentration, and level of

confidence), agreement was calculated betveen ¢ach pair of raters. The

- - " = o o



3
index of crude agreement, i, and ' vere calculated froe contingency tables

' that utilized the original four-point scales of measurement. Unveighted

c_st.tutu Of Xappa vere used in these calculations since no meaningful
weighting scheme could be devised. Agreement for a cémpositc index of
exposure, previously used for analysing exposure/site associations
(stgniatycki'et al., 1983a), vas also assessed. This indcx_vu obtained by
combining ‘;nquoncy, concentration and level ot .contidonco
multiplicatively. (This index will be refer#®d Ye-as the synthetic index.)
Level of confidence was used to veight the 1index in terms of its
reliability of nun;mnt. The index had only 11l distinct categories since
each of the three variables was coded O, 1, 2, or 3. Certain values of the
synthetic index can be arrived at in more than onc‘)vay. For example, the
value 12 can be obtained from 2x2x3 (frequency x cc;nccntntion x level oOf
confidence), from 2x3x2, or from 3x2x2. Therefore, the exposure to a
substance that wvas coded v‘itr; a high degree of confidence and redium levels
of concentration and (frequency vas assured to be identical to a substance
that was coded with a medium level of confidence, a high Irequency of ‘
occurrence, and a medium concentration level. For the purpose of apalylinq
inter-rater agreement, a nev . variable was created Dby ”arbitnrlly
c;i:eqorizinq the synthetic index into three 1ntor:vals: 0-0, 1-6, and 8-\27

{ie, no, "medium™, and "high"-exposure levels).

[
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(6.2.3.2) Statistical Froblems Assoclated vith the Analysis ®
+
¥

The purpose-of this analjnu vas to obtain a summary measure of ’;qtnl‘cnt(

This wvas: achieved, as dilc%?cd above, by combining each of the s
contingency tables into one 1lapsed” table by summing the values for

each cell. It might appear that the original unit of observation (ie, the

/

job description) had been réeplaced by the “"exposure". By pooling the data -

in this vay, hovever, a method has been developed which approximately
measured the extent oOf agreement averaged Over all substances under

consideration.

In Appendix 5, it is shown that the inde¥k of crude agreement , averaged over

a set of contingency tables, is identical to that calculated from the

coldlapnd table. A heuristic proof is given that shows that the average
8

" expected value for this !‘.‘ndox and the average value Of Xappa are

approxinately equal to that obtained from the collapsed table. From these

-considerations, it can be tentatively concluded- that this method provided

an approximate means of averaging agreement Over all substances under
congideration. It must be emphaaized, however, that this conclusion has

not been rigorously verified. v

In addition, the confidence intervals of the cstingol of Xappa derived

" from i:hc collapsed table may not be interpretable in the usual statistical

sense. Kevertheless, the confidence intervals are presented as a means of

indicating the variability of the estimates.

)

/ .
A second problem vith this analysis was that the assessment of exposure of

Y




forms of asbestos would probably inflate most measures of a?rnnnt.
‘ I

.
.@4‘.\ . - K

one substance by & rater may have been correlated vith his/her assessment
of othcr‘ 'lixbctnncu, For example, it night-be ;!pactu\l' that most ut‘lorl
would not be able to. distinguish vhctho: amphibole or crysotile asbestos
sineral foroe were 'prn’ont' in the onvironu;tt' -of a subject working 1n. an
insulation upu"ticturinq plant. Thupl’ the 'r'at;r'u “would attribute equal

levels of exposure to both substances. "-In the analysis of agreement

between tvo such observers, this uhp'_inty‘"to discriminate bqivniz the tvo

3 6

%

The correlation ' of exposure ﬁotmn. some substances may affect the

interpretation of Xappa. It vill be recalled from c'haptcr(s that Xappa may

5

be interpretated as an intra-class cornn‘uon cootﬂchnz derived from a

random-effects ANOVA model.  One of the fundasental ass mptions of this
mode)l 1s that the variables used to measure exposurs should be Rmutually
independent. Thus, the correlation of the ‘assessments of eXpOSUre Ray

affect this interpretation of Xappa. g

One solution to this problem 1is to group all correlated substances into
c;toqorlcl and then assess the agreement within oacct;'cathory. ‘ This 1is
unattatinable in practice because there 1is no reliable, prior information
that could preéict vhich substances are .correlated. *Tho problem 1is u.:rc
sasily remedied, ‘hovwor, by %nvastiqﬁinq agreement for each saparate
substance on the chesical checklist. y

The wiolation of the assumption ©f constant wtthi"n-rnter and \:vithin-subjoct

variance in the ANOVA models is another concern. The structur\o of the data

used -in-each ,9na1yse: wvas such that there wvere s' substances that had been

oA
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attributed present by at least one of ‘¢ he~raters and there. were (s=s')

- substances vith .'conplqtoly null exposure information. The variance for

this 1latter subset was 1dbnt1£\ally sero vﬁonao, for the former, the
+ ] 1 v

varisnces. had some finite value. \ Therefore, homoscedasticity wvas violated

wvhen all s substances wvere com\i ered simultanecusly. Thus, -Xappa can only

be 1nt¢tpi‘otod as an index that measures agreement after correcting for

chance. In ‘the case Of assessing agreement for more than two observers,
)
howvever, Xappa may not be interpretable as an index of agreement, since it

.

vas calculated directly from the ANOVA model (see Fleiss, 1981).

]

(6.2.4) Bvaluation of Agreemsnt for Subs
" on the Byposure Checklist’

The second mode Of analysis ﬁconuldorod, _separately for each substance, the -

- 4 *
cxtcnt’of agreement betveen each pair of raters. The contingency tables

that wvere used to produce these statisticy had only two categories:

.xpéud, at any level of confidence, and not exposed. An analysis vas

.) »
performed for each pair of raters. The index of crude agreesent, «, and «'

a

wvere calculated for sach substance.
QW

«

These tables were conpénﬁ of small unﬁlns. (nc23). Since estimates of

xabpa 'o;ninod from tables having amall samples may be highly unstable (ses

' Chapter 3), more i'cliance vas placed on the index of crude agreement ai a

measure Of agreehent. A qualitative dcheme for interpretating agreement

_ based on this index vas used in this thesis (Table 6.2).

o
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Table 6.2

n .,
v 3

Qualitative Interpretation of the values of the Index of Crude )
. ’ I

-

Agreement for Contingency Tables having a Small Number of Observations

P -8

y ’ . ’ . . Qualitative
) Pe Interpretation \
' ‘ e . otgh‘qrnnnt o
* o , AN ‘ S ®
‘ 2 908 o Excellent b O
' 70 - 90% | . eo0d
o8 ~ roor

‘.(6.3) Computer Progra:m

’ ¥
A computer program vas written in the FORTRAN language to facilitate the

mlyti‘s. values ,°t .‘p., t (veighted and unveighted), asymptotic and
Jackknifed estimates of variance of ¢, 93% confidence intervals of ¢, and
values of t,,, fOr pairs of raters are calculated. rt;c program also
cal'culltcs an arithmetic average of Kappa | ntinai:od for any number of
tables and an average based on veighting each individual value by the
rocipto:al of its estimated variance. M‘ymptotic or Jjackknifed vi;imcu

can be used in the calculations. Tests olt homogeneity across strata can

also obtained in the latter two cases (see Fleiss, 198l). The program 1is

ra +
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driven from an SPSS (Nie et al., 1974; Hull and Nie, 1981) output file

obtained by using the CROSSTABS procedure, with Option 10 specified. As a
&

result, there is considerable flexibility in preparing data for analysis.

‘Other reasures of association and agreement calcuiated by SPSS can also be

obtained, along with listings Of the contingency tables. The KAPPA program
is run in the second job step using the 5PSS output file as da\n. Progran
options are implemented through the use Of a LABELS file. FORTRAN FAMELIST
parameters and labels for each Xappa table are specified in this file.
Each ocutput page is titled, date-stamped and labeled by ihe names Of the-
twvo raters and the strata. This procedure of processing data is sim.lu'.to
the one reported by Devar and Siemiatycki, 1984. A copy of the program is
;rcunted in Appendix 5. Further documentation and _ an up-to-date listing

\ ®
is available from the author. §

. A \ | o
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(7.0) The Trials
(7.1) Agresment Irials Between Cancer Study Chemists

In two trials (ie, the General Comparisdn Trial and the Rubber Industry
Trial) inter-rater agreement vas assessed among individual chemists.

.

(7.1.1) The General Cosparison Trial : )

(7.1.1.1) Materials and Methods -

£
. 3

Five vork histories froe the Cancer Study were randomly selected from a set

of files that had not yet been subjected to the consensus coding process.

[3

The five vorkers had held an aggregate of 20 different jobs. These jobs

comprised the material for this trial. Time periods of employment, and

occupation and 1ftdustry classifications for each of these job descriptions

are presented in Table A.7.1.

|

Four chemists from the Cancer Study (Chemists 1, 2, 4, and 6) independently

{

imputed exposure using an exposure coding form containing 172 substances.

]

Table 5.2 describes the professional experience of these raters.
(7.1.2.2) Results

Exposure was attributed for 105 of the 172 substances on the exposure

coding form. The proportion of exposures ascribed at each' level of

- confidence i8 presented in Table 7.l.1. On average, approximately seven

exposures per job description vere coded. Differences 1in the attribution

of exposure betveen chemists, at the high level of confidence, wvere not
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great. MNevertheless, there vere significant differences at this level of
[ &4 i

confiden between Chemist 1, and Chemigts 2 and 6 (Table A.7.2). MoOst of

the differences in the estimatesyot prevalence were due to Chemists 1 and 6
k! '

attributing slightly more medium conffdence level exposures.

q
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Table 7.1.1
- Proportion of Exposures Ascribed at each lLevel of

-
Contidence in the General Comparison Tri/al (1)

Proportion of Exp¢sures Attributed

Present at Confidence Level:

" Rater Low Medium High Any
% % % L% ?
Chemist 1 0.4 1.7 2.9 5.0
kel -
Chemist 2 0.3 | 0.6 2.3 3.2
i '
i
s K
Chemist 4 - 0.0 0.2 2.6 2.8
Chemist 6 0.2 1.8 2.4 4.4 -
Average: 0.2 slal 2.6 3.9

/

(1) The denominator used to calculate the percentages is equal to the total
- - \
number of exposures considered by a rater. This is equal to 20 job

descriptions X 172 substances (3440 exposures).
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Observed. and expected numbers of exposures for each pattern of concordance
among the four r;tcn is presented in Table 7.1.2. For each comparison,
the observed number of exposures is significantly greater than would be
expected by chance alone (Chi-square > 140; p << 0.001). VvVery good
agresment axmong thenfou: raters (Table 7.1.3) wvas a;\so indicated by the
high values of the Mean Majority Agreement Index (MMAI 2 0.596) and Xappa (z
Z 0.52). Agreement vas excellent at -the hiqh” level of confidence (average
over all raters: p, = 98%; ¢ = 0.6; Table 7.1.4) and vas sliqht‘y lover at
the medium Or high level (average ( = 0.54) and at any lavel of confidence
(average x = 0.52). Agreement vas good (average tr = O.44; Table A.7.3) for
the four exposure variables (ie, contact, concentration, frequency, and

level of confidence) and the synthetic index; the Ilovest agreement wvas

observed for the scale defining concentration (x = 0.40),




Table 7.1.2 ’

Four Raters

Pattern of Couotdm unl of Cuumcc

—*

Nusber of Raters Attributing Exposure: Nusbet of Exposutes Obssrved and Expected st Confidence Level:
-} Nedium or luge
’ Observed Expected Observed Expected TV npecte
. Present Abeent

y 4 0 ; v 0.0 46 0.0 46 0.0
. 3 Lo ’ % 02 , 3 0.7 % 0.6
- 2 - ‘ 2 26 12.7 42 24.6 43 25.1
"1 3 79 325.1 19 475%.5 i52 448.9
0 4 3274 3102.0 3183 29392 3163 2965.4

: Total ()1 3480 3440 ETTT 1T EZT T

Chi-Squars (3): 1433 196.3 145.0

16

(1) The expected number of exposures represents the distribution of agreemsat calculated under the sssumption of scatistical
fadependence. Agresemsnt wes cslculated by categorizing the judgements of esch rater into two categories: exposed, at | or wore
levels of confidence, and exposed, or not, st all other levels,

(2) The totsl nuwber of exposures, A0, s equal to 20 job descriptioas x 172 substanacss.

(3) This 1s a test, on | df, of the aull hypothesis that the observed numbers in the concordsat cells (4-0 and 0-4) ste equsl to that
expected by chance alone. -

L,

: :
- i - . A * -
.



nblo 7.1.3
Overall Aqrunnt Asong all Raters for Exposure Catoborizod at Three’

Levels of conudonc- in the General Comparison Trial (1)

Agreement Indices for Exposure:

Categorized at Confidence Level:

Index High Nedium Any
or High
MMAL 0.98 0.96 0.96 ‘
Kappa 0.60 0.53 0.52
95y, C.1. (.59, .61) (.52, .55) (.51, .53) .,

{1) A total of 3040 e:po‘snr';i = 20 job dc:cx;tptions x 172 exposures vere
used in the calculations. Agreement was calculated by categorizing the
judqgnnu Of each rater into two c;tcgorimu: 'oxpoud, at one or wmore
levels of confidence,” and exposed, or not, at all other levels.

[ : . ’

.




w4 mTize YN

4

Pairvise Agreement Using the Collapsed Table Nethod for Exposure

\\

R

)

Table 7.1.4

Categorized at Tvo Levels of Confidence in the

Rater Pair

General Comparison Trial())

n,, P x 95% C. I.

(2) $° for «

Chem & —gChem 1

Chem 6 - Chenm 4
Chem 6 - Chen 2
Chem 1 - Chenm 4
Chem 1 - Chem 2
Chemn 4 - Chem 2
Average(3):
Average (4):
Chem 6 - Chem 1
Ches 6 - Chem ¢
Chem 6 -~ Chem 2
Chem 1 - Chem ¢
(Chn"l = Chem 2 u
Chen 4 - Chem 2
Averaje(3):
Average(4):

High Confidence Level

54 97.8 0.58 0.49 - 0.67
48 97.8 0.55 0.46 - 0.64
48 98.1 0.58 0.49 - 0.68
57 97.8 0.59 .0.51 - 0.68
57 98.1 ,0.63 0.5 - 0.71
56 98.4 0.66 0.57 - 0.74
-- 98.0 0.60 ——————

-- 98.0 0.63  =—--- -

~ Any Confidence Level

(1 97.5 0.50 0.43 - 0.57
64 97.6 0.50 0.42 - 0.58
69 - 96.4 0.51 0.44 - 0.59
68 96.1 0.49 <0.41 - 0.36
74 96.1 0.0 0.43 - 0.58 °
67 97.9 0.64 0.56 - 0.72
-- 96.9 - 0.52 R

- 96-7 _0;5‘ ----- -

0.64
0.57
0.59
0.63
0.72
0.70

0.64
0.6‘

0.3¢4
0.6%
0.61
0.70
0.65
0.69

0.64
0.68
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Table 7.1.4, continued

(1) The total number of exposures, 30&0, equals 20 job descriptions x 172

‘lllbitll'lml. Aqro;nnt vas calculated by catoqorizinq the judgements of

¢ )
each rater into tvo levels: exposed, at one or more levels of .confidence,

and exposed, or not, at all Other levels.

(2) THis represents the number of exposures attributed present by both
raters. -

(3) The average includes comparisons vith Chemist 6.

(4) The average excludes comparisons vith Chesist 6.

“
PR e
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A separate analysis of agreement wvas ‘pcrtonie for each of the 103
substances attributed by any of the four chemists. Detailed results are
r(op'ort'od in Tables A.7.4 and A.7.S. Intcr'-r;tcr agreement, averaged over
all pairvise compariséms, is tabulated over four ranges of exposure
prevalence vhich were also averaged over the chemists' assessments (fable
7.1.5). The values of both summary uu.urnh:ot agreesent vere fairly
constant Over the three non-zero prevalence ranges {average ¢ = 0.50 and p,

e 94.2%). Hovever, thers vas a trend toward poorer agreement as the

average prevalence of exposurs increased (from p, » §5.2t to p, = aa.s!n.’

The average value Of Kapps for the 105 substances (x = 0.50) was almost
fidentigal to that gbtained using the collspsed table method over all 172

substances (x = 0.52). There wvas oxa'ncnt agresment for 91 of the 103

‘substances (ie, p, 2 50%; Table 7.1.6). There vas good agreement ' for 14

sibatances (708 $ p, < 908) and none for which . agreement was poor (p,

<70%). ' < ) : ‘

«
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Table 7.1.9
) » ! N

Average Pairvise Agreement for Exposure Categorized at Any Level of

Contidence as a Function of Average Prevalence of Exposure

’ in the General c&wuon Trial
Number of Substances Average ;
‘Average Prevalence(l) 1in Prevalence Range i Agresament’ (2) :
Range Mean - Rumber % of P L S
. ) * - ~x
s v Total ’ 'S
0-0 0.0 67 40.0 100.0,  1.00
. >0-10 41 - W 50.6 95.2 . 0.48
. ¢>10- 20 u/.'r 14 - 8. 90.8 0.61 . §
T 220 . 247 . - _ & 2,3 83.6 0.47
: ’ ) s ’ o i ’ . ® S
Totals (3): 6.3 . 108+ 611 94.2  0.50
B (0 43 ‘172 100.0° . 96.4(6) 0.70
(5): 4.3 172 100.0 96.9(6) 0.52
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' (172-105) substances for vhich exposure was not coded, values of p, and ¢

o : - Table 7.1.5, c0nt1nu%§

method (Table 7.1.4).

.

A ' -

{1). Based on the _assessments of oxi;o-grc to 20 job descriptions and
lv.rich Over the four assessments of exposure.

{2) values of p, and ¢ for each substance were obtained by averaging

,agreement over all pairs of raters.

~ (3) Averaged over the 105 substances in vhich exposure vas coded present by

9

at least one rater.

(4) Avnuq&d over all 172 substances on the exposure checklist. Por the 67

vere both set Eo unity.

kS

(3) Avon;yod over the assessaents Of exposure using the collapsed table

9 N 0

(6) The difference in these two numbers wvas due solely to raundinq errors. ~ ‘

-
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; Table 7.1.6
: Distribution of the Extent Of Agreement for Individual
L ‘ . substances which were Attributed Present at Any Level ‘
- : & ’ o ) . ) . R H
of Confidence in the General Comparison Trial (1) : S
O * » ' . »:
. ‘ g
Degree oOf Number of Average Co
Agresment . Substances  Agreement ' '
! . . ‘ ’ . : p
{ Wimber % of  p, X > ;
* .o . Total % I ’
\
S Excellent . . 91 52,9 95.8  0.52 : -
/ ‘ . N
¥ -
; Good o 14 8.1 -83.9 0.37 co ' -
{ 'v . . ‘ i -
: PoOX < o o.0 -——— -
| v ~ - '
’ Totals (2): 105 . 61.0 94.2  0.50 ‘ : ‘/
- (3)s 172 100.0  96.5(5)  0.70 ‘
E 4 172 100.0  96.9(5) 0.52 .
| “ :
; '
i
|
Lo . -
NG
— . 4
\ ’.
lj ‘ . ‘t: N ° _‘l
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Table 7.1.6, continued

(1) Agreement for each 1individual substance, amvoraqod’ over ‘all four

gsulmnuv of exposure, vas catoéortznﬁ'n follovs:

‘P’ )

o a_zéet, Ixceéllent . ‘
70-90%  Good ‘
<% roor |

(2) Averadged over the 105 substances in which exposure vas coded
present in at least one job dusriptton by one of the four chenists.
¢3) Averaged \over all 172 substances on the exposure checklist. For
‘the 67 (172-105) substances for vhich exposure vas ‘uot’codcd‘ in any job
description, values of p, and ¢ were set to unity. ‘ w-
(4) Averaged over the six pairs of raters using the collapsed table ,
method (Table 7.1.4): ' o S
(S) The difference in these ;'.vq Inunbor'- vas due solely to rounding '

.m. . ‘ N
.~
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(7.1.2) The Rubber Industry Trial ' ‘

(7.1,2.1) Materials and Methods S

. . ~
rittdcﬁ job dolcriptfons vere selected from Cancer Study subjects yhé'

had been employed in the rubber . industry. The industries in which -

these 3jobs vere .clatsiticd vere diltrihutcd\ is follovs: 80% among
rubber products industries, 13% in the wholesale of motor v icles and

products, and 7% in publishing and printing. 'The specific ocdupations,

industries and time pericds of employment for each of these . job

descriptions are listed in Table A.B.1. . .

'The three participating chemists from the Cancer Study (Chemists 1, 2,

and 3) attributed exposure from a checklist containing 270 substances.

Table 5.2 describes the profitnional experience of the riqetn. In

_addition, a- fourth assessment of exposure (referred to as the Final

Cading) vas derived after a round-table meeting of the three chemists.

At that time, a general consensus vas reached with regard to assigning

)

exposure to specific substances. Chemist 3 then ,tavicvod'ntch job -

description and re-evaluated exposure assignments.

O
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the original thrgc assessments, the average proportion of exposure .

" attributing a higher number Of exposures at the nediun

--101 -

Thirty-five of thc 270 lubutandn on the cxpowu codtnq form were
attributed in at least one job description in any of tfn four codings.
Mnty—-nin; sub:tancn vere oriqinany coded by the three chcniltl 3 an
additional six \nrn added irn the Final’ Codinq. The froqucncy of

efposure at each level of confidence is exhibited in Table 7.1.7. In

judged presént, at any level of _confidence, vas 3.4%. This is roughly
squivalent to attnbntiLq -nine exposures per job description. The

differences in the estimates of prevalence at the hiqhu level of

- confidence wvere small. There ' vere ‘significant differences (p<0.0l),

. hovever, in these estimates at the medium or high, or at any level of

coﬁfid“.x;cc (Table A.8.2). This was ?pﬁrtly. due -to Chgniiti 1 and 2

evel of

confidence. There were many mOre exposures attributed in . the Rinal

coding than- in the original three. B
- Eb -

A list'of substances in vhich exposure vas attributed in at least three

of the 15 job descriptions is displayed ih Table 7.1.8. (See Table

Aac for the complete list).. Substances 'tbat wvere highly prevalent
were rubber (average exposure prevalerice = 100%), _carbon bl‘ack,tszﬂ,
solvents (69%), pyfolyu: and combustion fumes (67%), ‘sulphur (58%),
and aromatic napthas J(SG&). Large differences in estimates of
prevalence between ' the raters were observed for . substances.
Chentst 3 attributed bo exposure for titanius dioride and aromatic

hydrocarbons and for the three solvents: benzeme, toluene, and xylene.
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. This rateg!s estimates of prevalence fé¢ “t'.'he'g“oneiul class of solvents

s ;us, however, 1in line with the other two raters. The estimates of

prevalence from the Final Coding are also displayed. in Table 7.1.8.

mume many gptan RE AT Np WA T

aE Compared to the average oOf the coding Of the three chemists, 14 Of the
° 19 substances listed in this table were given higher estimates in the
) Final ' version. while only three vere gi@cn lowver estimates. The
dtttcrcncﬁ in nt;iatu varied from a fev. percentage potnti:up to 100%
") {average difference of 20%). *
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. Table 7.1.7
: Proportion of Exposures Ascribed at Each Level. of
Confidence in the Rubber Industry Trial (1) N "
1 .
. ) . w,.,r'roportion of Exposures Attributed -
) C Present ‘at Confidence Level:
[ \ '
: Rater . Lov Medium High. Any
‘ 7 - . ¥
5 % 5 %
. crkcimt 1 0.0 1.6 2.4 4.0
: i . \
l. * - ‘ 7
(7~ Chemist 2 0.3 1.0 2.3 3.6 :

. I’»’ . \ ‘\ 1 , 5}:"‘ ,
: Chenist 3 0.0 0.4 2.2 2.6 A
) . ’ ) }
! . ’ o
| - TR
§ Average: 0.1 1.0 2.3 3.4 oo
1 |
' | . . ‘:

‘Pinal Coding _ 0.0 1.8 3.6 5.4 1
-0 ; |
g
e K
. ‘
- (1) The denominator used to calculate the percentages is equal to the total
N number of exposures considered by a rater. . This is ‘equal to 15 job - *
4 «*} l descriptions X 270 substances (4050 exposures). %
- i
| e .
; o ©
: L °N . -
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Table 7.1.8
Prevalence of Exposure for Selected Substances Ascribed at Any
Level of Confidence in the Rubber Industry 2'.l‘l:'i.al (1)

Prevalence of Exposure as Attributed by:

Substance Chem 1 Chem 2 Chem 3 Average Final
of three
chemists

’ % % % % 4

Rubber 100 100 100 100 100

Carbon Black 87 80 80 82 100

. 53 . 69 87

Solvents 73 - 80

Pyrolysis & Combustion

Fumes . 80- 80 40 67 80
Sulphur Dust 53 73 47 58 0
Aromatic Napthas 53 80 33 56 73
Aromatic hydrocarbons 67 80 o 49 7

° Aromatic Amines . 59 27 53 44 ~.100
Aliphatic hydrocarbons 67 a3 20 40 0

y '
!
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Table 7.1.8, continued

Prevalence of Exposure as Attributed l?y:

Substance Chen 1 Chem 2 Chem 3 Average Final
of three
. chemists
R L § L x L
Asbestos (Chrysotile) 53 40 27 40 60 -
* Talc \ 33 47 13 31 33
Clay Dust 27 20 40 29 27
Benzene 83 20 ) 24 53
Toluene ‘ 53 13 o 22 53
Xylene 53 13 0 22 53
Mineral Spirits 20 0 47 22 60
Adhesives 20 3 33 22 27
Lead Compounds 27 7 27 . io 20
Titanium Dioxide » 40 20 O~ 20 a3

(1) Percehtages are based on assessments oOf exposure to 15 job
descriptionsd. Substances were selected for inclusion in this table if the
average prevalence of the three chemist's codings was greater than 20% (ie,
exposure vas coded present in at least 3 job desgriptions). See Table
A.8.4 for the complete list. The judgements Of each rater vere categorized

into exposed, at any level of confidence, and not exposed.
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The pattern of concordance among the three chemists is presented in Table
7.1.9 for exposure clagssified by three levels of confidence. PFor each
cosparison, the observed number Of exposures vas significantly larger than
vould be expected by chance (Chi-square > 95.5). Very good agreement among
the. three chemists vas also indicated by the high values Of the Nean
Najority Agreement Index (MMAI 2 0.97) and EKappa (x 2 0.57; Tablé 7.1.10).
For each pair of raters, agreesent vas assessed at three composite levels
of confidence. Between all pairs of raters, very good agreement vas
observed at the high, mediumor high, or at any 1level of confidence
(average ¢ = 0.58; average p, = 97.7%; Table 7.1.11). Inter-rater
agreement wvad generally good for all four exposure variables and the
synthetic index (average x = 0.49; Table A.8.3). The least amount of

agreement vas observed for concentration (average x = 0.41).

\




) Table 7.1.9
= Pattern of Concordance by lavel of Confidence Among Three Rsters
Ascribing Exposure in the x stry Tris

Bumber of Raters Attributing Exposure: Nuwber of Exposures Observed and Expected st Confidence level:

Righ Medium or HNigh Any
. Present Absent Observed Zxpected Observed Expected Gbserved  ¥xpected
<
3 0 v 0.1 58 0.1 61 0.2
2 1 32 6.3 67 12.9 70 13.8
1 2 85 266,7 9% 331.0 94 393,0
0 3 3889 3776.9 3830 3660.0 3825 3643.0
' - Total (2): 4050 4050 4050 4050 4050 4050
Chi-square (3): 95.5 114.0 161.1

— ——— ——

(1) The expected nusber of exposures represents the distribution of agreement calculated under the sssumption of statistical
independence. Agreement wss calculated by categorizing the judgements of each rater into two categories:- exposed, at
one'or woré levels of confidence, and exposed, or not, at all other lavels.

(2) The totsl muabter of exposures, 4050, 1s equal to 13 job descriptions x 270 substances.

{3) This is & test, on | df, of the null hypothasis that tha obsarved numbers in the concordant cells {3-0 and 0-1) are equsl
to that expected by chance alone.

.
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- i Table 7.1.10

Overall Ajreement among Three Chemists for Exposure Categorized at

Three Levels ©f Confidence in the Rubber Industry Trial(l)

Agresment Indices for Exposure

Categorized at Confidence Level:

Index Migh Medium Any
or High
™
W Co, N Ov" 0097 0.,7
Ny
Kappa . 0.57 0.6l 0.59
95% C.I. (.56, .59) (.59, .63) (.58, .61)

(17 tThe Final Coding is not included in these results. A total of 4050

exposures =« 15 job descriptions x 270 exposures vere used in the

. calculations. Agreement vas calculated by categorizing the judgements of

each ntcr‘ into two categories: exposed , 3t one or . more levels of

A

confidence, and oxpocdcd, or not, at all other levels.

~
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Table 7.1.11
Pairvise Agreement Using the Collapsed ﬁble MNethod for Exposure
Categorized at Two Levels Of Confidence in the Rubber Industry Trial (1)
Rater Pair ny, ) Pe . £ | 95%C. 1. 'y

(2) ¥ for « ]

High Confidence Level

Chem 1 - Chem 2 57 98.1 0.59 0.50 - 0.67 0.6l
Chem 1 - Chem 3 59 98.3 0.62 0.54 - 0.70 0.65
Chea 2 - Chem 3 48 97.9 = 0.51 0.42 - 0.60 " 0.52
Final - Cheml 74 97.7 0.60 0.52 - 0.67 0.75
Final -Chem2 74 97.8  0.61 0.54 - 0.69 0.78
Pinal - Chem 3 76 98.0 0.64 0.57 - 0.71 0.84

Average(3): -~ 95.1. 0.37 - 0.39

Average(4): == 97.8 0.62  ----- 0.79

Any Confidence Level
' ¥

N

Chem 1 - Chem 2 104  97.4 0.65 ~0.59 - 0.72  0.68
Chem 1 - Chen 3 79 97.3 . 0.57  0.50 - 0.65 0.74
Chem 2 - Chem 3 "70 ~ 97.2 0.5 0.46 - 0.62  0.65

‘ im.; - Chem 1 133 97.2 * - 0.69 0.63.-0.7¢4 0.80
Pinal - Chem 2 117 96.8°  0.63 0.57 - 0.69 0.78
Final .- Chem3 95 - 96.8 0.58 0.51 - 0.54 0.9}

. Avexage(3): -- 97.3. 0.59 ———— 0.69

Average(&): --  ~  96.9 0.63 ———— 0.84
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Table 7.1.11, continved

(1) The total number of exposures is equal to' 15 job descriptions X 270
substances = 40350. Agreeasnt vas alculiéod by categorizing theé juidgements
Of each rater into two levels: exposed, at one or more levels of

confidence; and exposed, or not, at all other levels.

(2) This represents the number of exposures attributed - present by both

ntou,
(3) 'rhc .Average excludes thc co-purhoui of the 1individual chemist's

uulmntc vith that of th. Final Coding.

{(4) - The averade includes the compirisons of the individual chemist's

A}

assessments vith that of the Final Coding.
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As in the previous ‘trul, & sepirate analysis of agreement was-performed.

‘for each of the 3% substances vhich were attributed in any of the four

codings. Exposure vas categorised as exposed, at any level of confidencs,
and not exposed. Detailed results are reported in Tables A.’l.i and A.8.5.
Inter-rater aqrmcni, averaged over the three comparisons of the chemists,

for five ranges ot.avcragc o:po:uro ptevalence, is prountod in Table

,7.1.12. | (Note that there were 29 substances attributod by the three

chntntl.) Aqrtmnt for each of tln four non-gzero pnvalonco nnqu vas

about equal usinq the uppa index (:mm [ 0.2!). The value of the

index of crude agreesent vas much higher for those substances in the lovest
prevalence range as compared o thoc; in the higher prevalence ranges.
Clearly, there vas some discordance betveen the chemists in coding these
substances, since excellent agreement vas observed: for only three of the 29
substances (ie, P, 2 90%; Table 7.1.13). There vas good agreement observed
for 13 substances (708 S p, < 90%), and there wvas an equal number of

substances for'whith agreement was poor (p, < 70%).

RN




Table 7.1.12

«atm

it

\

Average Pairvise Agresment for Exposure Categorized a} Any Level of

Confidence as a Function of Average Prevalence of Exposure

in the Rubber Industry Trial

Number Of Substances

Average Prevalence(l) in Prevalence Range

Average

Mressent (2) (

\
Range Nean Nusber s of Pe ' &
3 s Total s
\ - »
0-0 0.0 41 3.3 100.0  1.00
>0 - 10 513 5 ' 1-, .90.3 0-22
»10 - 30 20. 13 .8 72.2  0.28
>30 - 50 40.9 5 1.9 61.8  0.28 ’
>80 C 2.2 6 2.2 .71.1  0.34
Totais (3): 32.0 29 10.8 73.3  0.28
(4 3.4 J270  100.0 97.1(6) 0.93
($): 3.4 270 100.0 97.3(6) 0.59
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Table 7.1.12, continued =
(1) Based on assessaents of exposure O 15 Job descriptions and averaged
over the original codings by the three chesmists.
(2) Vvalues of Py and x for each substance vere oObtained by avcuct'nq
agreement, for exposure assessed at any ,lcvclﬁ of <confidence, among the
three chemists only. '
(3) Aﬂé&gﬂl over the 29 substances for vhich exposurs wvas coded present by
any of the three chemists.
(4) Averaged over all 270 substances on the exposure checklist. For the
241 (270-29) substances for which exposure vas not coded in any job
description, values of p, and ¢ vere set to unity.
(3) Averaged oyer the three pairs of raters using the collapsed table
method (Table 7.1.11),

(6) The difference betveen these tvo nusbers wvas due to rounding errors

-
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‘Table 7.1.13

Distribution of the Extent Of Agreement for Individual Substances

vhich were Attributed Present at Any Level of Confidence

B

“ ot 'in the Rubbér Industry Trial '
L ,

Agreement ~ Number of . " Average’

(1y - Substances Aqrimnt

M ._‘ . " Number §% 6: R Pe . [

Total s
o _

Excellent(2) 3 1. 97.0 0.55
Good 13 4.8 80.2 0.27.
Poor 13 a.8 62.3 0.23
Totals (3): - . 29 10.7 . 73.9 0.28
(4): 270 100.0 97.2(6) 0.92
(5): 270 100.0 97.3(6) 0.59
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Table 7. 1.13 , continved

™

- \ " ’
(1) Agreement for sach individual substance, averaged over the three

original assessments of exposure, vas categorized as follows:
P |

=90% Excellent

70-908  Good \ .

<70% Poor
(2) Xxcellent agrnunt‘ vas attained for the following substances (see
Table A.8.5): |
Rubber Abrasive dust

Floor dust

(3) Averaged over the 29 substances for vhich exposure vas coded present in

at least one job description by one Of the three chenmists.

(4) Averaged over all 270 substances on the exposure checklist. Tor the

241 (270-29) substances foy which exposure vas not coded in any job

description, values of p, ahd 1 vere

(S) Averaged over . the three pairs of raters using the collapsed table

.~

method (Table 7.1.11). \

(6) The difference between these , two numbers was due to rounding errors

2

only.

O e N
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(7.1.2.3) The ¥inal Coding

e

1 L . }
The rinal Coding, vas derived after a npting of the three chemists. .It

only :approxintu’ a true consensus rating since only one chemist
rc-aluiqned'oqucure based on the decisions reached during the meeting. Ag
significantly larger number of expo:n.;reh vere attributed in this coding as
compared to the original three. Six substances’ ( 1norqanic~pigme'nts, iron

a

dust, rubber dust ammonia, tin fumes, a,nd conbustion products oOf natural
gas) vere idded to the list_of 29 that vere attributed o:igina?l.ly; These
substances, however, accounted for only 0.4% of the total prevalence of
exposure (ie, 5.4%). Therefore, the original 29 substances vere assiqned
in many more job. descriptions than had been attributed in the oriéinal
three codings. The collective knowledge of the three éhenists may have
been responsible for tl;o - larger proport'ion of exposures attributed.
Perhaps, the effect vas also due to a sub@mcious tendency py the raters
to smooth~out disagreements by adjusting tlzeir ratings during the meeting.
Furthermore, the dhgnui vho recoded.thc files may haye misinterpreted the

decisions that had been made during the meeting. .
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*3 L ;
(7.2) Trials that Compared the Assessments Of Exposure Of
. ‘ '
Individual Cheaists and External Raters
The purpose of these trfals (ie, the Paint Manufacturing and the welding
Trade trials) was to measure the degree of agreement in ‘attributin\q
exposure between individual chemists from the cCancer study and external

judges.

(7.2.1) The Faint Manufacturing Trial

(7.2.1.1) Materials and Methods

Five job descriptions were selected from Cancer Study subjects vho had been
employed in the paint manufacturing 1ndustr'y (Table A.9.1). Four jobs

involved mixing or packagin'g rav materials vhile the fifth entailed

operating a furnace vhicﬁ converted lead metal to lead oxide.

Three raters, two from the Cancer Study (Chemists 1 and 2) and an external
rater (Judge 1), independently. assessed exposure from a checklist
containing 173 substances. (One substance vas added to the exposure cod’ing
form cont;ining 172 substances.) A descriptic;n of 'the professional

experience of the raters was presented in Tables 5.2 and 5.3.
{(7.2.1.2) Results

The proportion of exposures attributed at each level of confidence -is )

>

presented in Table 7.2.1. Forty-two of the 173 substances on the exposure

checklist were coded - present in at least one job description by at least

-
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one rater: The iverage proportion of exposures imputed at any level] of
confidence was 6.4%, or about eleven exposures per job description. The
Cancer Study chemists coded a greater number of exposures at the high
confidence lével than ‘the external judge. The différences, however , were
only significant (p<0.05; Table A.9.2) between the external judge and
Che.nist l. In addition, Chemist 1 assigned about 4.5 times as many
exposures at the medium 1level of confidence as did the other raters. For
the most part, Chemist 2 and the external judge’ attributed ' exposure only
wvhen they were highly confident that the exposure had occurred.

Substances having an average prevalence of exposure greater than 40%, at
any level of confidence, are presented in Table 7.2.2. (Estimates of
prevalence for each of the 42 substances are given in. Table A.?.L) From
‘;i:his subset, all ten substances attributed by the external judge were
ascribed by Chemist 1 and two substances (xylene and toluene) were not

coded by Chemist 2. Chemist 2's estimate of prevalence for "solvents”,

howe"ver, agreed well with the other two raters.
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Table 7.2.1
Proportion of Exposures Ascribed at Each Level of

Confidence in the Paint Manufacturing Trial (1)

Proportion of Exposures Attributed

Present at Confidence Level:

Rater Lowv Medium High \Any
X L 4 x X
Judge 1 0.0 0.7 .7 4.4
Chemist 1 0.8 3. 5.2 9.1
) \
Chemist 2 0.8 0.7 4.3 5.8
Average: 0.5 1.5 4.4 6.4
b
,ﬁ‘.

(1) The denominator used to calculate the percentages is equal to the total
number Of exposures considered by a rater: This is equal to 5 job

descriptions X 173 substances (863 expocdre‘).

“« A
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Table 7.2.2
Prevalence of Exposure for Selected Substances Ascribed at

Any Level of Confidence in the Paint Manufacturing Trial (1)

Prevalence of Exposure as Attributed by:

Substance Judge 1 Chemist 1 Chemist 2 Average
of three
raters
L 4 | ) L § %
Paints and varnishes 100 100 80 . 93
Solvents 100 80 80\- 87
’Ato-atic Hydrocarbons 80 80 BO 80
Nineral spirits 40 80 80 67
Netal Oxide bDust 40 80 60 60
" Lead Compounds 40 100 20 60
Altphatic
Rydrocarbons o 80 80 33
Linseed 01l 20 80 60 53
Xylene 80 60 0 47
Toluene . 80 60 0 47
Organic Dyes
and Pigments 20 60 - &0 40

—
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Table 7.2.2, continued

(1) Percentages are based on assessments of exposure to 5 job descriptions.
Substances vere selected for inclusion in this _tahlc if the avotag;
prevalence of the three raters' codings wvas greater than 40% (ie, exposure
vas coded present in at least 2 job descriptions). See Table A.9.4 for the

complete 1list.
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For each pattern of concordance presented in Table 7.2.3, the nuaber of
Observed exposures vas significantly larger than would be expected by
chance alone (p<0.00l). Agreement among all ratc:n- vas excellent at each
level of contidence depicted in Table 7.2.4 (MMAI 2 0.95; x 2 0.57), and
vas greatest (¢ = 0.76) at the high level of confidence. The results of a
pnirviuh analysis (Table 7.2.5) 1indicated that there wvas very good
agreement at all levels of confidence (average p, = 96.6%; average g =
0.59). Agreenent between the external judge and the tvo chemists was
highest for exposure assessed at the high level of confidence. Tor the
four nxponin variables and the synthetic index (Table A.9.3), moderately
good agreement was Observed (average g = 0.43) for the tvo comparisons vith
the external judge. TFair agreement (average = 0.36) vas Observed,
hovever, for the scale defining concentration, A higher degree of
agreement vas observed for the comparison of the coding of the two cheaists

{average ¢ = 0.51).




Table 7.2.3

L Pattern of Concordance layel of fidence Thtee Raters
Ascridbi sute in t aint Manufactur ] g

[

\

Bumber of Raters Attributing Exposurs: " Numbsr of Exposures Obseyyed and Expected at Confidence level:
) L . ll; h Medive or Any )
Prasent . Absent . Observed cted baerve Xpect . Observed Expected
3 g 0 ] 0.1 Y %) 0.2 23 0.1
T2 1 . 18 48" 22 8.2 28 . 5.6
: 1 _ 2 24 1044 40 . 136.2 &2 125.6
(1] 3 805 755.7 780 720.4 772 733.7
- Total (2): e g s g6 s ms
Chi-aquare (3): 4.4 56.4 . 3.7

(1) The expected number of exposutes reprasents the distribution of agreement calculated under the assumption of statistical
independence. Agreement was calculated by categorizing the judgemants of each rater into two categories: exposed, at oue
or more levels of counfidence, &nd expused, or not, at all other levels. ’

(2) The total mumber of exposures, 865, {s aqual to 5 job descriptious x 173 substances.

(3) This is a test, on ] df, of the nnll hypothesis that the observed numbers in the concordant cells (3-0 and 0-3) are equal
to that sxpected by chance slone.

£l
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, Table 7.2.4
Overall Agreement Among all Raters for Exposure Categorized at Three

Levels of Confidence in the Paint Manufacturing Trial (1)

Kgreement Indices for Exposure

Categorized at Confidence Level:

Index High Nedium Any
g or High
Y
MMAI 0.97 0.95 0.95
x
Kappa 0.76 0.57 0.66
95% C.1. ° (.72, .80) (.53,.61) (.62, .69)

(1) A total of 865 exposures = 5 job descriptions x 173 ‘substances vere
used in the calculations. A dichotomous exposure scale vas .used for each
comparison: exposed at one Or more levels of confidence and exposed, or

not, at all other levels.

M Tttt e g o7
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Table 7.2.%
Using the Oou‘nined Table Method for Exposure GCategorized

of Confidence in the Paint Manufacturing Trial (1)

- n,, P. [ 4 95* C- Il l'

{(2) L - for 1

Judge 1 - Chem 1
Judge 1 ~ Chem 2
Chem 1 - Chem 2

Average(3): ’
Average(4):

Judge 1 - Chem 1
Judge 1 - Chem 2
Chen 1 - Chem 2

Average(3):
Average(4):

High Confidence Level

25 97.4 0.69 0.57 - 0.82 0.78
19 96.7 0.56 0.41 - 0,71 0.94
42 97.8 0.62 0.52 - 0.73 0.82
-- 97.1 0.63 ————- 0.86
-- $7.3 0.62 2 =~ew- 0.83

Any Confidence Level

32 93.8 0.52 0.41 -~ 0.63 0.83
23 97.1 0.50 0,37 - 0.63 0.58
42 97.8 0.62 0.52 - 0.73 0.82
-- 95.% Q.51 e 0,71
-- 96.2 0.3% wome- 0.74
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. e . Table 7.2.5, continued

(1) A total of 865 exposures = 5 job descriptions x 173 substances were

_used ih the calculations. A dichotomous exposure scale was used for each

comparison: exposed at one or mOre levels of confidence and exposed, or
not, at the other levels. .

{2) This represents the number of exposures coded present by both raters.
(3) The average excludes the comparison of the two chemists' codings.

(4) The average includes the comparison of the two chemists' codings.
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A pairvise analysis vas performed (Table A.9.4) for each of th; forty-two
substances attributed by any of 'thc'ntcu. As in the previous trials, a
dichotomous exposure scale vas used. The average inter-rater -aqr;'nnnt,
betveen ttj twvo chemists and the external judge, vas tabulated over four
ranges of avc‘u;go exposure prevalence (Table 7.2.6). Both summary Beasures
ot\ agreenent decrease with increasing prevalence. Excellent iq:}'ocnnt vas
observed for 18 of the 42 -substances (Table ‘7.2.7). There wvere 16
substances for wvhich agreement vas qogd'and eight ‘fOt vhich agreement wvas

poor .

Y
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Table 7.2.6
Average Pairvise Agreement for Exposure Categorized at Any Level
! T~
\
of Confidence as a Function of Average Pravalence of T

Exposure in the Paint Manufacturing Trial

Bumber Of Substances A@Eraqe
Average Prevalence(l) in Prevalence Range Agreement (2)

Range Mean Wumber % of P, £

\
| x Total L §
-~
0-0 0.0 131 75.7 100.0 1.00
> Q - 20 12!5 26 15.0 8602 ) 0-“
>20 - 40 33.3 7 &1 6.1  0.29
>40 62.2 9 5.2 6.0  0.19
7
Totals (2): 26.§ ) 42 24.3 77.4 0.36
(3): 6.4 173 100.0 94.5(5) 0.85 N

(4): 6.4 173 100.0 95.5(5) 0.51




Table 7.2.6, continued

\ (1) Based oR assesszents ©Of exposure to-five job descriptions and

~

averaged over the three
‘ (2) values of p, and { for ‘each ce vere obtai‘.;ud by averaging
agreement betveen the external ;udéo and the two chemists. |

(3) Averaged Over all 173 substances oOn the exposure checklist. For -the

131 (173-42) substances ior which exposiure vas not coded, values of p, and

———

t vere set to unity. Py

(4) Averaged over the two comparisons betveen the external judge and the .
- chemists using the collap;od table method (Table 7.2.5).

(5) The difference in these tvo numbers vas due sblely to rounding errors.

[ TV
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Table 7.2.7
Distribution of the Extent.of Agreement for Individual Substances
vhich vere Attributed Present at Any Level .of Confidence

in the Paint Manufacturing Trial

[

*

Agreement Number of Average

® (1) Substances Agreement

Number % of P, '

Total ]
b

Excellent (2) 18 '10.4  92.2 0.63
Good 16 9.3 76.9 0.23
Poor 8 4.6 45.0 0.03
Totals (3) : 42 23.3 77.4 0.36

N (4) + 173 100.0  94.5(6) 0.85

{5} : 173 100.0 .95.5(6) 0.51
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Table 7.2.7, continuded ~+~
B

H
v

él) Agreement for each individual substance, averaged over the comparisons
between the external judge ;nd the two chemists, was categorized as
follows:
Py
290% Excellent
70-90%  Good g

<70% POOX

(2) Excellent agreement was attained for the following substances (see

Table A.9.4):

Amphibole Asbestos Silica Dust _ Calcium Oxide
Metal Oxide Fumes Paints, varnishes Cobalt oxide
copper oxide " 'Aliphatic alcohols Heating otl :
Methylene Chloride‘: aengidine ) Raphtylamine ,
o-toluidine . Pape, dust ‘coal dust
Pesticides

£4

Combustion products of coal/coke

R N L s

3
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Table 7.2.7, continued
(3) Averaqe'd over the 42 substances for which exposure was coded present in
at least one job description by one of the three raters.
(4) Averaged over all 173 substances on the exposure checklist. For the
131 (173-42) substances for which exposure wvas not coded 1in any job
description, values of p, and ¢ vere set to unity.

(5) Averaged over the two comparisons with the external rater using the

collapsed table method (Table 7.2.5).

(6) The difference in these two numbers was due sOlely tO rounding, errors.

Fal

NG
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(7.2.2) The VWelding Trade Trial

(7.2.2.1)"Materials and Methods

Eighteen job description; from fourteen subjects vho had been employed as
welders or solderers were selected for this trial, Fourteen of these job
descriptions vere from welding occupations, and one each from industrial
nachinery', engine and related equipment, motor vehicle mechanics and
repair, and teaching in a vocational institute. Employment occurred in
industries as diverse as aiapliance manufacturing and pulp and paper. The
specific occupations, industries and time periods Of employment for each

job description are listed in Table A.10.l.

Two chemists from the Cancer Study (Chemists 1 and 3) and a panel of three
external judges (Judges 2) ascertairied exposure from a checklist of 270
substances. The professional experience of the raters vere described in

Tables 5.2 and 5.3.

Exposure was attributed using a coding form containing 270 substances. 1In
normal production coding, certain substances vere assigned exposure levels
automatically by the computer entry system wvhen~ the presence of certain
other suhstances were indicated. During the trial, it wvas assumed by the
chemists that  exposure for these' additional substances would be
automatically coded. Since this did not occur, the data for eleven

substaices was lost. Thus, only 259 substances vere used in the analysis.

°
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(7.2.2.2) Results

Exposure to 88 dJdifferent substances was assigned in at least one job
description by any Of the raters. On average, theére vere 2] exposures per
job description attributed by the three raters (average prevalence 8.2%).
Chemist 1 assigned the largest number of exposures (9.7%) and Chemist 3
attributed the greatest number of high confidence level exposures (6.‘5%,
Table 7.2.8). The chemists assigned, at any confidence level, one-quarter
to one-half more exposures than did the panel of external raterl.‘ Most of

the differences in the estimates of prevalenC\ Of exposure between the

various pairs of raters vere significant (p<0.05; Table A.10.2).

Substances that v'cre assigned, ‘at any level of confidence, an average
Prevalence of exposure greater than 30% a;e presented in Table 7.2.9.
There wvas fairly gqood agreement among all raters in estimating prevalence
for each of Ll:l'mu substances. Four substances attributed by the chemists
(metal dust, silicon carbide, mineral spirits, and solvents) vere npt coded
present by the panel Of external raters. (Estimates of prevalence for all

1

88 substances will be found in Table A.10.4.)

.




Table 7.2.8

13%

4
Proportion of Exposures Ascribed at Each Level of

| Confidence in the Welding Trade Trial (1)

~

Proportion of Exposures Attributed

Present at Confidence Level:

Rater Low Medium High Any

% L] L %

Judges 2 0.9 1.0 4.7 6.6

Chemnist 1 1.7 3.4 4.6 9.7

Chemist 3 0.0 1.9 6.5 - 8.4

| Average: 0.9 2.1 5.3 8.2

(1) The denoninator used to calculate the percentages is squal to the total

number ©Of exposures considered by a rater.

descriptions X 259 substances (4662 exposures).

o -

This is equal to 18 job
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Table 7.2.9
Prevalence of Exposure for Selected Substances Attributed

at Any Lavel of Confidence in the Welding Trade Trial (1)

Prevalence 0Of Exposure as Attributed by:

Substance Judges 2 Chemist 1 Chemist 3 Average

of three

raters

3 % x x -
Metal Oxide Fumes 89 94 100 94
lilttoqon Oxides 83 94 100 93
Carbon Nonoxide 89 94 83 . 89
Ozone 78 94 94 89
Arc Welding Fumes 83 94 83 89
Iron Fumes ’ 83 89 83 85
Abrasive Dust 67 a3 89 80
Iron Dust . 72 83 72 76

Mn Fumes 83 61 89 76
Rydrofluoric acid 39 78 100 " 72
Hydrochloric acid 39 83 9% 72
Acetylene 78 56 61 65
Gas Welding Fumes 72 50 72 65




- 137 -
Table 7.2.9, continued

Prevalence Of Exposure as Attributed by:

Subgance Judges 2 Chemist 1 Chemist 3 Average

Of three

raters
L} $ % |
uild Steel Dust 72 78 a3 61
Metal Dust . 0 94 83 39°
Pyrolysis 6 . 94 78 59

, —_—
Mineral Spirits 0 72 33 57
Pb Pumes " 72 s0 56
n Fumnes 56 50 33 46
Silicon Carbide 0 78 56 45
. Iron Oxides 78 0 56 M
Alumina 6 78 39 4
Solvents 0 72 33 35

{1} Percentages are based oOn assessments Of exposure to 18 job
ducr\),ptions. Sub:tanc.u vcr; selected for inclusion 1in this table if the !
average prevalence of the three assessments Of exposure vas (reater than
30% (ie, exposure was coded present in at least 5 jJob descriptions). See

Table A.10.4 for the complete 1list.

.- B o
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The analyses of agreement, using the collapsed t';ablc method, is presented
in Tables 7.2.10 to 7.2.14. Por each comparison based on categorizing
exposure at one or more levels of confidence, the ‘obntv;d number of
oxpo..uru in the concordant cells vas significantly larger than would be
expected by chance (Table 7.2.10). vVery good agreemsnt among the three
raters vas also indicated by the high values of the Mean Najority Agreement
Index muu-z 0.93) and xappa (¢ 2 0.62; Table 7.2.11). Agreement fOr each
pair of raters 1is presented in Table 7.2.12. Excellent agreement between
the panel of external judges and the two chemists vas Observed for exposure
assessed at the high, medium or high, or at any level of confidence
{(average p, = 96.0% and ¢ = '0.61). The degree of concordance vas higher
for the tnto:-chniut‘ comparison. PYor the comparisons between the panel of
judges and the tvo chemists, agreement wvas sarginally good for the ccal'n
defining concentration and frequency (average z = 0.35; Table A.10.3) and
about equal for the remaining variables (average g = 0.45). Agreement vas

better for the inter-chemist comparison (average over all variables i =

0.56). % . {
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Table 7,2,10

-Pattern of Concordance by Level of Confideuce Among Three Raters
. Ascribing Exposure in the ﬂidig‘ Trads *tlli [§)]

Iu'nbet of Raters Attributing Exposure: -Number of Exposures Observed and Expected at Confidence level:
’ _High Medium or High Any
Present Absent Obugved Expected Observed Expected Observed Expected
3 0 127 0.7 180 1.8 196 2.5
'2 1 104 36.3 145 69.3 162 85.4
1 v 2 s 147 662.0 198 884.5 237 968.6
0 . 3 ) 5 4284 3963.0 4139 3706.4 4067 3605.5
. Total (2): 4662 4662 4662 4s62 ' A662 4662
Chi-square (3): 336.5 491.8 526.0

(1) The expected number of exposures represents the distribution of agreement calculated under the assumption of atatistical
fudependence. Agresment was calculated by categorizing the judgements of each rater futo two categories: exposed, st ome
or more levels of confidence, and exposed, or not, at all other levals.

(2) The total number of exposures, 4662, fs equal to 18 job descriptions x 259 substances.

(3) This is a test, on 1 df, of the null hypothesis that the observed numbers ia the concordsnt cells (30 and 0-3) are equal
to that expected by chance alone,

61
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Table 7.2.11
Overall Agresment Among all Raters for Ezposure Categorized at

Three Levels of Confidence in the Welding Trade Trial (1)

Agreement Indices for Exposure

Categorized at Confidence Level:

Index - High Medium Any

R or High

X MMAI 0.96 0.94 0.93
Kappa 0.64 0.64 0.62
93% C.I. (.62, .66) (.62, .66) (.60, .64)

a \

(1) A total of 4662 exposures = 18 job descriptions x 259 exposures were

used in the calculations, Agreement vas calculated by categorizing the

judgements of each rater into two levels: exposed, at one Or more lévols of

\
confidence, and-exposed, or not, at all other levels.

e A




. ————— e e ey
D

Table 7.2.12

Pairvise Agreenent Using the Collapsed Table Method for Exposure

Categorized at Tvo Levels Of Confidence in the Welding Trade Trial(l)

Rater Pair Ny, P « 95% C. I. '

(2) X tor «

e T -

High Confidence Level .
Judges 2-Chem 1 139 96.7 ., 0.63 0.57 -~ 0.68 0,64
Judges 2-Chen 3 170 96.1 0.63 0.58 - 0.68. 0.76
Chem 1-Chem3 176" 96.5 0.66 0.62-0.71 0.82
Average(3): - 96.4 0.63 -;--- 0.70
Average(4): -—- 96.4 0.64 _  -~--- 0.74
Judges 2<Chen 1 223 93.3 0.55 0.51 - O.GOM 0.70
Judges 2-Chem 3 224 97.6 0.61 0.57 - 0.66 0.70
Chem 1«Chem 3 303 97.9 0.69 0.65-0.73 0.75
Average(3):  ~-- 93.5 0.58  ~---- 0.70
Average(4): -—- - 96.3 0.62 ~-e-- 0.72
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Table 7.2.12, continued

(1) The total number of exposures, 4662, is equal to 18 job descriptions x
259 substances. Agreement wvas calculated by categorizing the judgements of
each rater into 2 levels: exposed, at one Or aore levels of confidence, and

exposed, or not, at all other levels.

(2) This represents the number Of exposures attributed present by both

~—
gt —————

\
raters. T

—~—

. SR .
(3) The average excludes the comparison Of-the two chemist's coding.

(4) The average includes the comparison of the twg chemist's coding.
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rb; dotailcd_ results of the analysis of agreement for the 88 substances
attributed by any of the three raters is reported ‘én Table A.10.4. Average
inter-rater agreement, between,the chemists and the panel of Jjudges, is
tabulated over five ranges of average exposure prevalence (Table 7.2.13),
The index of crude agreement varied considerably across prevalence ranges.
The maximum value vas observed in the lovest prevalence range (p,»93.1%)
and the minimua value vas 1n.tho 20-50% .tange (Pe=53.2%). There did not
appear tO be any such relationship for the Kappa index which, as noted
A previously, is not a good 1indicator of agreement vhen srmall samples are
remployed. Basing ‘thc ut;nt of agreement on this former index, it vas
found that there vas éxcellent agreement for 40 of the 88 substances in
vhich exposure vas attributed (Table 7.2.14). There wvere 22 substances for

vhich agreement was good and 26 for which agreement vas poor.
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— ' Table 7.2.13
Average Pairvise Agreement for Exposure Categorized at Any Level of
Confidence as a Function of Average Prevalence of Exposure

in the Welding Trade Trial

Number of Substances Average
Average Prevalence(l) in Prevalence Range Agreement (2)
Range Mean Number 5 of P ]
Total %

0-0 0.0 171 58.0 100.0 1.00
>0 - 10 3.8 38 3.3 93.1 0.26
>10 - 20 14.0 13 4.4 78.1 0.34
>»20 - 50 32.8 19 6.4 53.2 0.15

~N
>50 74.3 18 6.1 70.4  0.37
Totals (3): 26.0 88 29.8 77.6  0.27
(4): 8.8 - 259 100.0 92.4(6) 0.75

(5): 8.8 259 100.0 95.5(6) 0.58
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Table 7.2.13, continued

(1) Based on the assessments of exposure to 18 job descriptions and
averaged over the three codings.

(2) valués of p, and « for each substance w;re obtained by avesaging
agreement between the panel of external judges and the two .chemists. '
(3) Averaged over the 88 substances for vhich exposure was. coded present in
at least one job description.

1

(4) Averaged over all 259 of the 270 substances on the exposure checklist.

For the 171 (259-88) substances for which exposure was not coded in any job

descriiption, values of p, and x vere set to unity.
(5) Calculated using the collapsed table method (Table 7.2.12).

(6) The -difference between these two values vas due solely to rounding
, ]

errors.




R
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Table 7.2.14
Distribution of the Extent of Agreement for Individual Substances
which were Attributed Present at Any Level of Confidence

in the Welding Trade Trial

b

Agreement Number of Average

(1) Substances Agreement

Number % of P, K

)/
Total  §

Excellent(2) 40 15.4 95.1 0.38
Good ™ 22 8.9 8l.5 0.30
Poor 26 10.0 47.7 0.07
Totals (3): 88 34.0 77.6 0.27
N (4): 251 100.0 92.4(6) 0.75
(5): 251  “100:6°  95.5(6) 0.58

———— - .. —— a3 L — ST e A1 bkt £

‘M
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Table 7.2.14, continued

(1) Average agreement for each 4individual substance, betwveen the panel’

of external judges and the two chemists, was categorized as follows:

P,
Z90% Excellent
70-50% Good
<70% Poor
{2) Excellent agreement was attained for the followving substances (see

Table A.10.4):

Insulation material dust Construction site dust . Mine dust
Cement dust Glass fibres Brass dust
Solder alloy dust Concrete dust Aluminum dust
Calcium oxide Calcium carbide Chrome dust
Nickel dust ,‘ Copper dust inc dust
Stlver dust Cadmiun dust Tin dust

Coke dust Cobalt dust Ratural gas
Arc velding fumes Aluminum fumes Iron fumes
Silver fumes Aliphatic alcohols Bronge dust
Ionizing radiation Paints and varnishes Cyanides
Nickel compounds Caustic solution / Acrolein
Toluene Turpentine Cutting fluids
Perchlorethylene Inoroglnic acid solution

Combustion products of natural gas’

Combustion products of coal/coke
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Table 7.2.14, continued

(3) Averaged over the 88 substances for vhich exposure was coded
present in at least one jJob description by one of the three riters.

(4) Averaged over all 259 substances under consideration. For the 171
(259-88) substances for wvhich exposure was not coded in any job
description, values Of p, and ( vere set to unity. .

(5) Averaged over the comparisons of the chemists and the external
judges using the collapsed table method (Table 7.2.12).

(6) The difference in these twvo numbers was due solely to rounding

errors.
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(7.3) Trials that Compared the Consensus Codimy of the Chemists

vith that of External Judges

The purpose of these trials (the Metal 1Industry and the Chemical
Manufacturing trials) was to measure the agreement 1in attributing
exposure between external judges and Cancer Study chemists who used the

consensus approach.

(7.3.1) The Metal Industry Trial
(7.3.1.1) Materials and Methods
o3

Seven job descriptions vere obtained by interviewing seven workers
employed in two factories in the Montreal area that were engaged in the
fabrication of metal products. The two plants were chosen by our
collaborators at the Département de santeé connunataiée & 1'hdpital
Sacre-Coeur (referred to as DSC) because empirical exposure data to
occupational agents had been collected. The data was obtained through
the DSC's environmental monitoring program of selected industries. The
program vas based on a wvalk-through of the plants by trained }ndustrial
hygienists. During these visits, the hygienists measured
concentrations of some airborne mnaterials in the vicinity of each
employee. In addition, materials and machines used by the employees
were recorded and a chemical breakdown Of the materials wvere Obtained
from the manufacturer. Vvariation, over time, 15 the quality of the air
and in the materials used could not be assessed since only one visit

vas made to each plant.

e
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Workers were eligible for selection if: 1) they vere employed at either
of the twvo plants at the time of the trial, 2) industrial hygiene data
had been collected for the worker, and 3) according to this data, the
worker had been exposed to a "typical" set of exposures found in the
plant's environment. In addition, subjects were chosen from different
occupations wvhich were fairly representaiive of the operations at the
two plants (see Table A.11.1). The interview wvas performed at each
plant by a bilingual interviever from the Cancer Study. Only the part
of the questionnaire concerned vwith each subject's current employment

vas administered.

It vas intended that these files would be placed in the production
strean of the Caricer Study. In order to prevent the chemists from

realizing that a special trial wvas undervay, 1t vas necessary to create

N
-

a ~Titetime work history for each subject. Previously coded job
descriptions from the (files of the Cancer Study vere selected for the
purpose of completing the work hi:tqu of each subject. The criterion
for selection of these other job descriptions was only that they should
be reasonably compatible wvith each other. FOor example, job -
descriptions for company executives in unrelated fields were not
admissibile. It became necessary, because Of time constraints, to give
the chemists all seven files at one time. Even though it was
impossible to conceal from the chemists that these files were not part

of the routine coding, it is believed that the coding was not affected.

Two chemists (Chemists. 4 and 5) coded exposure using the consensus
méthod. Exposure vas assessed from an exposare coding form consisting

{

»
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of three hundred substances. The cheaists' professional experience vas

described in gable 5.2.

Two industrial hygienists from the DSC (Judges 3) coded exposure using
information derived from the occupational monitoring progranm. The
coding was done at two sessions with one of the principal investigators
of the Cancer Study (Chemist 1) and the author present. These persons
helped the hygienists quantify exposure to each substance. TO ensure
that no bias was introduced by the presence of the investigators, the
following procedure was followved for each jJob description: First,
wvithout intervention, the presence or absence of each successive
substance listed on the exposure coding form was indicated by the
hygienists. Folloving the identification of an exposure, the
hyqionistl‘as:iqned codes to each of the four exposure variables. At
that point, and only then, did the researchers intervene if it vas
thought that the raters vere -not certain hov to code the exposure. As
a result of this process, it is believed, but by nO means assured, that
.the criteria used for coding the exposure variables vas roughly

consistent vith that used in the Cancer Study.

The hyqicnist:rporgornnd twvo assessments for each subject. The first
assessment entailed using the exposure data that had been collected
during the occupational surveys. This coding vas then updated after
revieving the job description, vhich had been previously obtained by
interviev. This ;attcr coding of the external raters, vhich used the
job description and the industrial hygiene data, vas compared $c the

consensus coding of the chemists.
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(7.3.1.2) Results

¥
?

Sixty-five of the 300 substances on the exposure coding form vere
attributed by the raters 1is at 1least one job description. The
proportion of substances attributed at each level of confidence 1s
presented 1;1 Table 7.3.1. The proportion of exposures attributed by
the ch;-ists, at any level of confidence, was 4.7%. This is roughly
equivalent to attributing 14 exposures per job description. The
external judges coded a much larger number of exposures (5.8%). The
difference in assigning exposure at the high level of - confidence vas
‘not significant (p>0.05), but a significant dif;ercncc was Observed for

exposure categorized atf the medium or high and at any level of

confidence (Table A.11.2).

A list of substances in vhich exposure vas att.r.;ibuth in more than two
job descriptions i'a given in Table 7.3.2. (See Table A.ll.3 for the
complete lil;..) 0f the 18 substances 1listed in the table, four vere
not attributed by the chemists: silicon carbide, toluene, manganese

fumses, and mineral oil.

" . T J
e O e . -

7
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Table 7.3.1
Proportion of Exposures Ascribed at each Level

of Confidence in the Metal Industry Trial (1)

Proportion of Exposures Attributed

Present at Confidence Level:

Rater " “Low Medium High Any
{2) % X % R 1
Consensus 0.2 0.3 4.2 4.7 p
»
Judges 3 0.1 1.6 i.7 5.8
\
Average: 0.2. 0.7 4.5 5.3

(1) The denominator used to calculate the percentages is equai to the total
number of exposures considered by a rater. This 1s equal to 7 job

descriptions X 300 substances (2100 exposures).
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Table 7.3.2

Prevalence of Exposure for Selected Substances Ascribed at Any Level

of Confidence in the Metal Industry Trial (1)

t

Prevalence of Exposure as Attributed by:

Consensus External

Substance Average

Judges of two

ratings
L} | L]

Metallic dust 85.7 71.4 78.6
Stainless steel dust 71.4 71.4 71.4 -
Alumina 71.4 57.1 64.3
Arc velding fumes 71.4 '57.1 64.3
Mild steel dust 42.9 71.4 57.2
Abrasive let 57.1 57.1 57.1
Iron fumes $7.1 57.1 57.1
Carbon monoxide 57.1 57.1 57.1
Nitrogen oxides 57.1 57.1 57.1 ‘
Metal ;xidc fumes 57.1 57.1 57.1

.
e ———————— L ——— e

crae a -
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Table 7.3.2, continued

Prevalence of Exposure as Attributed by:

§  Substance Consensus External Average

Ve Judges of two

ratings

5 L L]

Ozone 28.6 57.1 42.9
Solvents 28.6 57.1 42.9
Kickel fumes 28.6 57.1 42.9
Ultraviolet radn. 28.6 2.9 5.8
Silicon carbide 0.0 57.1 28.6
Tolusne 0.0 57.1 28.6
Manganese fumes 0.0 57.1 28.6
Nineral oil 0.0 ’ 57.1 28.6

(1) Percentages were based on assessments oOf exposure to 7 job
descriptions. Substances were selected for -inclusion in this table if the
average prevalence of the codings by consensus and by the panel of judges
vas greater than 30% (ie, exposure vas coded present in at least 2 job
descriptions). (See Table A.l11.3 for the complete 1list.) The judgements

Of each rater were categorized into exposed, at any level of confidence,

and not exposed.
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Agreenent wvas assessed for exposure categorized at ihc high, medium or
high, and at any level of confidence. For each pattern of concordance
corresponding to these classifications, the observed number of exposures in
the concordant cells was greater than expected by chance alone (Table
7.3.3). Very good agreement was also indicated using the syssary indices
(average x = 0.58 andnaverage P, = 96.1%; Table 7.3.4). Agreement vas fair
for each exposure variable (average ¢ = 0.46; Table 7.3.5); it was lovest

tor the scale defining concentration (x = 0.38).
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Table 7.3.3
Pattern of Concordance by Level of Confidence Among Tw® Raters

Ascribing Exposure in the Metal Industry Trial (1)

Number of Raters Number of ExpoOsures Observed and Expected

Attributing Exp: . at Confidence Level:
High Medium or High Any
Present Absent 0 E (o] E (o} E
i
2 0 43 3.1 56 4.4 56 4.6
1. 1 76 155.8 79 182.3 84 184.9
0 2 1981 1941.1 1965 1913.3 ., 1960 1908.6
Total (2): 2100 2100 - 2100 2100 2100 2100
Chi-square (3): 4.2 64.1 60.6
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Table 7.3.3, continued

(1) The expected numbers represent the distribution of agreement calculated
under'ihe assumption of statistical independence. Agreement was calculated
py cateqorizihq the judgements of each rater 1h}9 tvo categories: exposed,
at one or. .more levels of confidence, ‘and exposed, or not, at all other
levels.

(2) The total number of exposures, 2100, is equal to 7 job descriptions x
300 substances.

(3) This is a test, on 1 df, of the null hypothesis that the observed
numbers.in the concordant cells (2-0 and 0-2) are equal to that expected

by chance. alone.

por
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Tlee 7.3.4

-

Agreement using the Collapsed Table Method for Exposure Catéqofized at
Three Levels of Confidence in the Metal Industry Trial (1)

&

Agreement ¥Fndices for Exposure

Attributed Present at Confidence Level:

High Medium Any
or High
n,,(2) 53 66 68
0 L
Py (%) 96.2 96.1 95.9

K 0.55 0.59 ') 0.59 %

95% C.1.

for K 046 - 064 .51 - -67 -51 - 067

L' 0.58 0.59 0.65

'
- [N N ——————- e ORI, . o, S R A% PF e HET 2 D e N S bttt g+

~



(1) The total number of exposures, 2100, is equal to 7 job veséription& X
300 substances. Agreement was calculated by categorizing the judgements of

each rater into 2 levels: exposed, at one or more levels of confidence, and
A

exposed, or not, at all oiher levels.

exposures attributed present by both
+ "&

T

(2) This represents the number of

raters.
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»
Table 7.3.5 .
LY
Inter-Rater Agreement Using the Collapsed Table Method for the Four
Exposure Variables and the Synthetic Index

in the Metal Industry Trial (1)

Contact Frequency Concen- Level of Synthetic
tration Confidence Index(2)
Pe(®) 95.6 94.6 93.6 95.2 - 94.3
.
X 0.51 0.47 0.38 0.52 0.44

95% C1 .43 - .60 .40 - .54 .31 - .44 .45 - .60 .37 - .51

for & ®

x' 0.59 0.59 0.50 0.59 0.36




- Table 7.3.5, continued
/
/

(1) The total number of exposures, 2100) is equal to 7 job descriptions X

4

300 substances. The original scales of mjasurement (four categories) vere
used for each of the four exposure variables.
(2) The synthetic index is defined as frequency x concentration x level of

confidence and is categorized into three levels: no, “medium”, and "high”

exposure,

-
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A separate analysis of agreement vas performed for each of the 65
substances attributed in either of the two codings. Detailed results are
reported in Table A.l11.3. In Table 7.3.6, {inter-rater agreement Iis
presented for four ranges of average exposure p;ovalcnce. The index of
crude agreement for each Of the three non-zero prevalence ranges is about
equal. The value of Kappa for tM tvo upper prevalence ranges vas fairly
high (¢« 2 0.49), but wvas zero for the lowest range. Of these 65
substances, . excellent agreement was observed for 13 (Table 7.3.7).

Agreement vas good for 45 substances and wvas Poor seven substances.

o,




Table 7.3.6
Average Pairvise Agreement for Exposure Categorized at Any Level
of Confidence as a Function oOf Average Prevalence of Exposure

. in the Metal Industry Trial

Number of Substances Average
Average Prevalence(l) in Prevalence Range Agreesent
Range Mean Number % of - «
L ] ] Total L §

0-0 0.0 235 78.3 100.0 1.0

>0 - 10 6.1 20 6.7 85.7 0.0
>10 - 30 19.1 29 9.7 79.8 0.49
" >30 54.6 16 5.3 77.7  0.60
Totals (2): 22.7 65 21.7 8l.1 0,34

; N

' (3): 4.9 300 100.0 95.9 0.86
’ (4): 4.9 300 100.0 95.9 0.59
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Table 7.3.6, conttinued

(1) Based on the assessment oOf exposure (O seven job descriptions and
averaged over the tvo ratings.

(2) Averaged over the 65 substances for vhich exposure vas attributed in at

q least one job description.

(3) Averaged over all 300 substances on the exposure checklist. For the
235 (300-63) substances forj), vhich exposure vas not eodod; in any job
description, values of p, and ¢ were set to unity.

(4) Obtained from Table 7.3.4.




Table 7.3.7
Distribution of the Extent of Agreement for Individual Substances
vhich were Attributed Present at Any Level of Confidence

in the Metal Industry Trial

Agreement Number of Average
(1) Substances Agreement

Number % of Pe x

Total

Excellent (2) 13 4.3 100.0 1.0

Good 45 15.0 80.9 0.21
roor : 7 2.3 47.0 -0.01 §

Totals (3): 65 21,7 8l.1 0.34
(4): 300 100.0 " 95.9 0.86

(5): 300 100.0 95.9 0.59
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& Table 7.3.7, continued

(1) Agreement for each individual substance wvas categorized as follows:
Py
290% Excellent
70-90% Good

<70% Poor

.
T

(2) Excellent agreement was attained for the following substances (see

Table A.11.3):

Xylene . Toluene Di-isOcyantate

Aliphatic esters Pyrolysis and combustion fumes
Soldering fumes Aluminium fumes

Silver fumes Lead fumes

Carbon black - Paints and lacquers

Carbon monoxide Nitrogen oxides '

Inorganic pigments

(3) -Averach over the 65 substances for wvhich exposure vas coded
present in at least one job description.

(4) Averaged over all 300 substances on the exposure checklist. For
the 235 (300-65) substances for which exposure was not coded in any job
description, values of p, and ¢ were set to unity.

{5) Averaged'over al; ratings using the couaps_;d table method (Table

7.3.4).,

»
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B
(7.3.2) The Chesical Manufacturing 7Trial

(7.3.2.1) Materials and Methods

Job descriptions for this trial were produced frorm job function sheets
supplied by the industrial hygiene department of a large Canadian chemical
manufacturer. Enumerated On each 0f these fOorms vas the job title, the
department in the plant in éhic}: the worker was employed, the precise
functions to be performed by the employee, and the machines, tools and
materials that would be used on a regular basis. Five of these job
functions vere chosen from different areas of one of the manufacturer's
plants, These vere then transformed into job de:):riptions, with the help
of an industrial hyqianis\‘t from the company (Judge 4) and an interviewer
from the Cancer Study. Materials, machines, and protective equipment were
included in the 3Job description. In addition, the general working
environment in the area in vhich the job was-supposed -tO have taken place
was also mentioned. The Jjob descriptions lacked details that would
normally be brought out during an interviev (eg, frequency of chemical
spills, etc). Nevertheless, it was feit that these job descriptions could
provide a sufficient amount of information. that would enable the raters to

accurately code exposure.

As in the previous trial, it was intended that the Cancer Study chemists
would review these 3job des\criptions as part of the production coding
process. In order to prevent them from realizing that a special trial was

undervay, a lifetime job history was created for each hypothetical subject

by selecting pr‘eviously coded job descriptions

K
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from thc" files Of the Cancer Study. The criteria for selecting these
job descriptions have been previously described in the Materials and

Methods section of the Metal Industry Trial. ¢

Two chemists (Chemists 4 an_d 5) coded exposure using the consensus
method. Exposure vas assessed from an exposure coding form consisting
of 300 substances. . The professional experience of the chenists w:s
illustrated in Table 5.2. The 1industrial hygienist from the company
coded exposure fros information on the job function sheets and other
industrial hlygicnc data on record, and from his general knowledge of
the 1ndustr£:al environgent. The coding vas done at tvo sessions with
one of the principal investigators of the Cancer Study (Chemist 1) and
the author present at 'the first! session 4on1y. The procedures were
identical to that described in the Materials and Methods section °f, the
Metal Industry Trial. JTITwo Jjob descriptions were coded in the first
session and the remaining three wvere coded by the external judge alonc.‘

The occupations and time periods Of employment are presented in Table

A.12.1.
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(7.3.2.2) Results

Thirty-four of the 300 substances on the exposure checklist vere
attributed in at least one job description by at least one rater. The
proportion of subsgances attributed at each level of confidence {is
presented in Table 7.3.8. About six exposures per job description vere
attributed by the chemists (prevalence of exposure = 2.0%). Judge 4
assigned approximately nine exposures per job description (3.0%). The
differences in the estimates of the prevalence of exposure at all

levels of confidence were significant (p<0.05; Table A.12.2).

Y

A list of substances 1in wvhich exposure was attributed -in | at least one

job description is presented in Table 7.3.9. (See A.12.3 tor the

complete list.) Of this subset, acetic acid and cellulose acetate vere

L

highly prevalent (average exposure prevnience of 80% and 60%,

respectively).

For each pattern of concordance listed in Table 7,3.10 the number of

' observed exposures was greater than that expected by chance alone.

\
Good agreement was observed at each of the exposure levels (average ¢ =

0.47 and p, = 97.7%; Table 7.3.11). Agreement vas fair and relatively
constant for the four exposure variables and the synthetic index

(average ¢ = 0.39; Table 7.3.12).

[N s e 3 — —

iy
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Table 7.3.8
Proportion of Exposures Ascribed at Each Level of Confidence

in the Chemical Manufacturing Trial (1)

Proportion of Exposures Attributed

Present at Confidence Level:

Rater Lov ~ Medium High "> Any
X L 4 L %

Consensus 0.{' 0.3 1.5 2.0
Judge 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 percentages is equal to the total
number of exposures considered by a rater. This is equal to S5 job
- )

descriptions X 300 substances (1500 exposures).

1 euwm oz e M it P
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.Table 7.3.9

Prevalence of Exposure for Selected Substances Ascribed at Any

Level of Confidence in the Chemical Manufacturing Trial (1)

Prevalence of Exposure as Attributed by:

Substance Consensus Judqe‘ \4 Average
of \twvo
. ratings
L ] | % ’
} Acetic aciad . 60.0 100.0
Cellulose acetate . 60.0 60.0
Acetone 40.0 £0.0 i
Alkali, caustic
solution 40.0 40.0 40.0
Aliphatic alcohols 40.0 40.0 40.0
Mineral spirits , 40.0 20.0 30.0
Aliphatic ketones 20.0 40.0 30.0

C,l*
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Table 7.3.9, continued
(1) Percentages are based on assessments of exposure to 5 job descriptions.
Substances were ‘selected for inclusion in this table if the average
prevalence vas greater than 20% (ie, exposure was coded present in at least

1 job description). See Table A.12.3 for the cqulete list,
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Table 7.3.10
Pattern of Concordance by Level of Confidence Among TvO Raters
Ascribing Exposure in the Chemical Manufacturing Trial (1)
| )
Number of Raters Number of Exposures Observed and Expected
Attributing Exp: at Confideénce Level:
High Medium or High ~ Any
Present Absent o] E ‘ o E o] E
T s
2 0 13 0.6 1’0/ 0.7 20 0.9
] \
:
4 '
R S | 32 36,9 3s 65.6 35 73.2.
\ i+
| ~ 0 2 1455  1442.5 1449 1433.7 1445 1425.9
~ bl
!
- Total (2): 1500 1300 1500 13500 1500 1500
‘Cht-lqunn (3): 11.3 14.9 21.0
! -
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Teble 7.3.10, continued

(1) The expected numbers refresent the distribution of agreedent calculated
under the assumption of statistical independence. Agreement vas calculated
by categorizing the judgements Of each rater into two categories: .uposod ,

at one or more levels Of confidence, and exposed, or not, at all other

@

\

(2) 1“ho total number Of exposures, 1500, is cquai to 5 job descriptions x
300 substances.

(3) This is a test, on 14df, of the null hypothesis that the observed
numbers in the concord'ant cells (2-0 and 0~2) are equal tO that expected

by chance alone.
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Table 7.3.11
' Palrvise Agreement Using the Collapsed Table Method for Exposure: Categorized
at Three Levels Of Confidence in the Chemical Manufacturing Trial (1)

Agresment Indices for Exposure

Categorized at Confidence Level:

. Righ Medium Any
or High '

ng,4(2) 13 16 20

: « N 0.43 0.47 0.52

9% C.I. )

fot | S ¢27 - -59 :32 - .52 .3. - o“
z! 0.58 . 0.%9 0.6

P
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] Table 7.3.11, cﬁntiuqod,‘ ) W
; g -

! ’ .
(1) The total number of exposures, 1500, is equal to S5 job descriptions X

o

300 substances. Agreesent was calculated by cathorut;ptho judgements of

sach rater into 2 levels: exposed, at one or more levels of confidence, and

exposed, Oor not, at all other levels.

(2) This represents the nusmber Of exposures attributed present by both

raters.
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’ , Table 7.3.12 S .

' Inter-Rater Agreement Using the Collapsed Table Methpd for the

Tour ExXposure varisbles and the Synthetic Index in the

used for each of the four exposure variables.
(2) The synthetic index is dot/uud as concentration x frequency x level of
confidence, grouped into 3 categories: no, "medium”, and "high" exposure,

b Wagaeis g

[P

q Chemical Manufacturing Trial (1) o 0
' - ' 1.
§
Contact - Frequency  Concen- Level of  Synthetic
° ) :
tration Confidence Indcg\lz) i
. « s
i
[ . . ; :
Py (¥} 97.0 97.0 96.7 97.3
[ 3 0.39 0.39 . 0.32 0.44
' © 2
’s* C1 027 - '51 i 027 - .51 ) -22 - .‘2 030 - 057
tor « ) . &
;’ . ° ‘ ) .?' . - . 5 F.
! 0.50 0.6 0.49° = 0.37 0.54
. . !
. . . . i
(1) The total number of exposures, 1500; is equal to 5 job descriptions X
300 substances. The original scales oOf measurement (four categories) were 5
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' A separate analysis of agreement was performed for each Oof the 34
-ubn;nc,- attributed by any of the raters, Detailed results are repolited
in Table A.12.3. An nnalyc'u, stratified by average prévalence, wvas not
portorn;d since the majority of these substances (27 of the 34) wvere coded
vith an exposure " prevalence less than Zox? Excellent aqrqunnt v'ac'

4

poor agreement for eleven substances (Table 7.3.13).

obi.md for eleven substances, good agreement for twelve substances, and.

P
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Distribution Of the Level of Agreement for Individual substances |

Table 7.3.13

»

N Vhich vere Attributed Present at Any Level of Confidence "

in the Chemical Manufacturing Trial

L

Agresment: ‘ “Nusber of Average .
(1, Substances Agreement -
| _Wumber & of P, -t
TOtAl ]
Excellent (2) 1 3.7 100.0 1.0
GOOC 12 ‘.0 .0.0 0.05
roor n 3.7 _ $8.2 -0.06
Totals (3): 3¢ 11.3 79.4 0.32
(4): 300 100.0 97.7 0.92 "4
{S): 300 100.0 '97.7w 0.5%2
\
l
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(1) t for each individual substaice vas categorized as follova:
1] . .

' , |
° - ’. Yc] @

i

290% Excellent

Fann

70-90% Good

' <70% roor |

.

(2) Excellent agreement vas attained for the following substances (see

Table A.13.3):

Titanium dioxide : Natural gas

ozone . Yormaldehyde

Caustic acid solution Bengene

Cellulose acetate Aliphatic alcohols . )

Aliphatic aldehydes  Aliphatic esters
'3

Combustion products .of nlfuul gas . . 2

(3) Averaged over the 34 substances for gmhich exposure vas coded

present in at least one job description.

(4) Averaged over all 300 substances on the exposire checklist. Yor

the 266 (300-34) substances in vhich exposure was not coded in any job
dccértption, values of p, and ¢ were set to unity.

(5) obtained using the collapsed table method (Table 7.3.11).

[}
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(7.4) “The Colle/Recode Trial : :

’

S~

) -
E]

The purpose oOf this trial wvas to evaluate the reliability, or
repeatability, of sttributing exposure by @nsensus for a team of

Cancer Study chemists.

(7.4.1) Naterials and Nethods

In the Metal Industry and Chemical Manufacturing trialg twelve job
descriptions were oObtained from sources exterior to " the Cancer Study.
It vas intended that these files would be processed bLy the team oOf

chemists Over a. period of four months. In order to prevent the

-cmnti from realizing that a special trial vas undervay, it was

necessary to create a lifetime vork history for each subject. For" this
purpose, previously coded job descriptions were haphazardly selected
from the files of the Cancer Study. The criteria for selecting these
other 3job descriptions were only that they should be reasonably
compatible with each other. In addition, only job descriptions were
selected 1f no substantial changes had to be made to the time period of

,employment. As a result of this process, 23. job descriptions were

selected. Time periods of employment, and the occupations and.

\
industries in vhich employment occurred is presented in Table All3.l.

Tvo ' chemists (Chemists 4 and 5) participated in both the original

coding (referred to as the First Code) and the second coding (referred

to as the Recode). In both cases tt;c coding vas performed using the.

consensus method. »
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The Jjob d‘oscriptionn 'that were utilized in“.this trial arceé¢ from

different time periocds m the 1life of tho Cancer study, vhen coding
&

'thutl containinq ditforcnt numbers of subltancu vere used. 1In none

ot the job descriptions, hovever, vere substances attributed in the
Recode vhich did not appear on the exposure checklist -used in the
original coding. Two hundred and seventy substances were used as the

basis for the an?l‘yu:.
{7.4.2) Desults

One hundred and ciqht of the 270 o:pomrn vere attributed in at least
one of the codingl. The propornon Oof substances attributed at each
level of confidence is presented in Table 7.4.1. The proportion of
Q:murn&jndgcd present, at any level of confidence, was about 2.3% in
both codings, vhich translates to about six (x/po-ur.u per joh\
description. Thers vere no significant differences at each of the

levels of oconﬁdoncc listed in the table (Table A.lS.i).

Yor each pattern of concordance, the number of observed exposures vas

greater than that expected by chance (Table 7.4.2). Very good

e greement vas cbserved at each of the three levels of confidence

{average ¢ = 0.65, p, = 98.5%; Table 7.4.3). Agreement for each of the
four exposure variables and the synthetic index vas also quite good
(average ¢ = 0.60; Table 7.4.4). ' Agreement vas least for the variable

measuring concentration (x s 0.53).

A separate analysis Of agreement vas performed for each of the 108

v
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nbputancn attributed 1in either coding (Table A.13.3). An analysis,
l'tratitiod by average prevalence, was not performed since the pajor:ty
Of the substances (105 of the 108) were coded with an cxpt;suro
'%nvahncc less than 205. There wvas excellent agreement for 102
substances (Table 7.4.5); there vere six substances in wvhich agreesent

kY
vas good and none in vhich agreesent was poor.
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] " Table 7.4.1%—~ .
e .
tion of Exposures Ascribed at each Level of Confidence

i -

~ in the Code/Recode Trial (1)

. Proportion of Efpocurés Attributed
- 1 ) . Present at Confidence Level:

Coding - Lov Mediun High Any

& [ 2 3 A LY

uz s.\) n
: N First Code 0.02 0.39  1.92  2.32
Recode b 0.06 0.37 1.95 2.38 -

Average: 0.04 0.38 1.94 | 2.34

(1) The denominator used to calculate the percentages is equal to the total
nunber of exposures considered by a rater. This is equal to 23 job

descriptions X 270 substances (6210 exposures).

[P

o e
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Table 7.4.2
Pattetﬁ? of Concordance by Level of Confidence' Among .Two Raters
- N
Ascribing Exposure in 'the Code/Recode Trial (1)

Number of Raters Rumber of Exposures Observed and Expected

Attributing Exp: at Confidence Level:
High Medium or "High Any
Present Absent ) E ) E o “E
) rd
2 o 74 2.3 97 3.3 ~99 3.4
1 1 92 23@ 93 280.4 94 285.2

3

0 2 . 6044 S5972.3 6020 5926.3 6017 5921.4
Total (2): 6210 6210 6210 6210 6210 6210
Chi-square (3): 90.8 ? 131.2 134.4
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Table 7.4.2, continued

\

(1) The expected numbers represent the distribution of agreement calculated

under the assumption of statistical independence. Agreement vas calculated

~
by categefizing the judgements of each rater into two categories: exposed,

at one or more levels of confidence, and exposed, or not, :t all other
levels.

(2) The total number of exposures, 6210, 1is equal to 23 job descriptions x
270 substances.

(3) This 1is a test, on 1 df, of the null hypothesis that the observed
numbers in the concordant cells (2-0 and 0-2) are equal to that expected

by chance alone.
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Table 7.4.3 o
Agreement Using the Collapsed Table Method for Exposure Categorized

at Three levels of Confidence in the Code/Recode Trial (1)

Agreement Evaluated for Exposure

Categorized at Confidence Level:

High Medium Any
or High
E ) )“ag
ny,(2) 74 97 99
S
P (%) 98.5 98.3 98.5
g 0.61 0.67 0.67
o 95% C.I.
fOf [ & 05‘ - 068 .61 - .73 .61 - -73
g
'S 0.61 0.67 0.68
;
. 2 ———
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Table 7.4.3, continued ‘
. - L

(1) The total number of exposures, 6210, is equal to 23 job descriptions X

270 substances. The original scales Of measurement (four categories) vere

used for each of the four exposure variables.

~(2) This represents the number of exposures attributed present in both

asEessaents.
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Table 7.4.4

Intqr-qator Agresment Using the Collapsed Table Method for

the Pour Exposiure Variables and the Synthetic Index in the

Code/Recode Trial (1)

Contact Frequency concen- Level of Synthetic
tration Confidence Index(2)
Py (%) 98.3 & 98.1 97.8 98.3 98.2
t . 0.63 ©0.58 . 0.53 0.683 0.61
95% CI .57 - .69 .52 - .64 .47 - .59 .56 - .69 ‘.55 - .67
for «
n' 0.66 0.62 0,54 0.64 0.62

~ (1) The total number of ciposures, 6210, 1is equal to 23 job descriptions X

270 substances.

- ot

{2) The synthetic index:.is defined as concentration x frequency x level of

o

confidence, broken dowvn into three categories: no, "medium”, and “high"

exposure.
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Table 7.4.5
Distribution of the Level of Agreement for Individual Substances

vhich were Attributed Present at Any Level of Confidence

o e ks g

.

m e s e b

in the Code/Recode Trial

3

Agreement Number of - Average
{1): Substances Agreesent
Number & of Pe K
Total %

Excellent 102 37.8 96.2 0.’55
Good 6 2.2 4.1 0.2%
PoOr 0 0.0 - -
Totals (2); 108  40.0 95.% 0.53
(3): 270 100.0 98.2(%) 0.8
(‘)t . 270 ].00.0 ,"5(5‘ 0.67
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‘Table 7.4.3, continued
' (1) Agreement for each individual substance vas categorized as follows: 1
" Be

290% EIxcellent (W

~

70-90% Good
<70% PoOT

, »

, (2) Averaged over the 108 substances in vhich exposure vas attributed
by at least One rater. ‘
(3) Averaged over all 270 substances under consideration. For the 162
.€270-108) cubatnnc?s for which exposure was not coded 1in any 3job
. .Aécla'tpt‘ton, values of p, :lnd x were set to unity.

(4) Obtained using the collapsed table method (Table 7.4.3).

(S) The difference in these two numbers vas due solely to rounding

errors.
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(7.5) lynthnin of Results _
()A.l) wi in Attziﬁuttug Exposure at Differeat )
Levels of Confidence -

In five Of the seven trials, no significant differences between r;toru
’vcz'c observed in utu;ating prevalence of exposure at the high level 6!
confidence (Table 7.5.1). Significant differences were oObserved,
however, in the Chemical Manufacturing and in the Velding-Trade trials.
Fev exposures vere attributed at the lov level of ~'ccmndcm:lc. Thus,
exposure vas attributed or'lly when the raters felt fairly certain that
the exposure hndb occurred. Although not app;rcnt from this susmary
table, the chemnist vith the greatest amount of experience (Chnittl 1
attributed a higher proportion of cxponuru‘ in pcry trial :‘.n vhich he
participated. , ' \

¢

. In Table 7.5.2 the avctigt value of Kappa (and '), taken over all '

pairs of raters -in each trial, is summarized for exposure cato‘qariicd
At the high and at any level of confiderice. In every trial, good to
excellent agreement vas oObserved at each of these levels of confidence.

i 4 .
(Similar results were observed for exposure categorized at the medium

or high level of confidence.) Averaged over all pairs of raters in all

trials, the extent of inter-rater agreesent wvas about fqual at all
levels of confidence considered in this thesis (average ¢ = 0.39 and ¢«

= 0.70). ‘
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‘ . ) Table 7.5.1 {
) ‘ . - Average Proportion of Ixposures Ascribed at Two Levels of

- o Confidence in all Trialg of Inter-Rater Agreement (1)

Average Proportion of Exposure

‘ R ?f o . ‘. . Attributed at Confidence Level:
' | High Any
Trial . mo. of- Avg., S.D. Avg. S.D.
S , | © maters OO S ¢
{,
( ‘ L : :
‘ Comparisons Among Cancer Study Chemists
\ Rubber Ind. (2) 3 2.3 0.1 3.4% 0.7
: ” General Comp. . 2.6 0.3 3.9% 1.0
<  raint Mfg. (3) 2 4.8 0.7 7.5% 2.3
: o ‘Welding Trade m" 2 5.6 1.3 © 9.1 0.9

o

Comparisons Between Individual Chemists and External Judges
Paint “fg- (4) 3 4.4 0,8 6.4 2.4

Welding Trade (4) 3 , 5.3% 1.1 8.2* 1.6

1

3 : .. o . crwtt et aaas P
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» Table 7.5.1, continued
“. Average Proportion of Exposure
© Attributed at Confidence Level:
’ High Any
“1.’1 .OO ot Avq- s.Da Avq. SQD-
N - Raters L 5 % .- o
%
Lo . d-wilou Between Consensus Coding and External Judges
SRR  Netal Ind, 2 £.5 0.4 _ 5.3% 0.8
( . Chemical Mfg. 2 2.0 0.7  2.5% 0.7 :
- f - ‘ - ’ : :
Reliability of Consensus Coding ,
' Code/Recode 2 1.9 0.02 2.3 0.04
f‘ ' \-‘ - . ﬁ
] .
. /.”‘

ST ’ © i
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s Table 7.5.1, continued

{1) The exposure prevalence vas averaged over all raters, except vhere

o

noted belov. . *** indicates that differences in the proportion of
exposures between participating raters vas significant at p<0.03.

Significant differences in the attribution of exposure vere ovaluatid,

=3

[

for pairs of raters, using lNc¥esmar's test. Cochran's Q-index was used

" tor situatton:"involvinq multiple raters. “Avg." represents " the

average proportion of exposure (in %) for the number of raters listed

in column two. "S.D." is the standard deviation.

[

{(2) éxcludcs the rgpal Coding.

. (3) Excludes the comparison §f the ‘tvo chemists vith the external

Judges.
: 3
(4) Excludes the comparison between the chemists.
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Table 7.5.2
, .Average Agreement for Exposure Categorized at Tvo Levels of

Confidence in all Trials of Inter-Rater Agreement (1)

13

- L 2 .
Average Agreement for Exposure
Categorized at Confidence Level:
Trial \ ¥o. of Avg. High Any
Raters _ D, t .« £«
%

Comparisons Among Cancer Study Chemists

Rubber Ind. (2) 3 97.9 0.57 0.59  0.59 0.69
x * General Comp. 4 97.6 0.60 O.éi 0.52 0.64
Paint Xfg. (3) 2 97.6 0.63 0.86  0.62 0.82
velding Trade (3) 2  96.8 0.66 0.82  0.69 0.7

N ~ .
Average: 97.5 0.62 0.73 0.61 0.73

‘Comparisons Betveen Individual Chemists and External Judges

raint Mfg. (4) 3 96.7 0.63 0.86 0.51 0.71
Velding Trade (4) 3 96.1 0.63 0.70 0.58 0.70

o
Am*l "o‘ . 0063 0-7. ' 0055 0'71

e awn b
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' Table 7.5.2, continued

Average 'Agreement for Exposure

Categorized at Confidence Level:

Trial oo Fo. Of Avyg. : High Any

Raters p, 3 et e x'

f .
Comparisons Between Consensus Coding and Xxternal Judges

Netal Ind. 2 96.9 0.55 0.59 0.59 0.67.
Chemical Mfg. 2 98.4 0.43 0.58 0.52 0.65
~ ~ Average: 97.7 0.49 039 ~  0.56 0.66

Reliability of Consensus Coding

#  Code/mecode 2 98.9 . 0.61 0.61  0.67 0.68°
Overali Average: 97.5 0.59.0.69  -0.59 0.70
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Table 7.5.2, continued

A e 8 Tt ke o

(1) Agreement vas calculated by first categorizing the judgements of

each rater into two levels: exposed, at one or more levels of \

P
3 o VOt

o%ntidenco, and exposed, Or not, at all other levels. Averages of «x: . ‘1
and ' are presented over all pairs of raters participating in each i
trial, except vhere noted belov. ‘ . , %

(2) Excludes the Final coding.

v

{3) Excludes the co-pariton'of the external judges with the chemists.
(4) Excludes the comparison betwveen the two chemists. "
* !
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(7.5.2) Susmary of Agreement for th..ltpOlﬂ!' variables

.
.

' ‘ For each of the four: exposure variables (ie,' contact, frequency,-
3

concentration, and level of confidence) and the synthetic index,

inter-rater agreement was averaged among all pairs of raters vmﬁ

(Table 7.5.3). Averaged over all

participated in each of, the trials

J ,
comparisons, agreement was moderately good for all five variables

- (average x = 0.48). Without exception, concordance was least for the

' scales detin1n§ intensity of exposure and highest for level of
. contidence: )
v \ a -
e
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1 . "\ - \ B
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Table 7.5.3
Average Agreement, using Kappa, for the Four Exposure Variables and

i
the Synthetic Index in all Trials of Inter-Rater Agreement (1)

Average Agreement for:

Trial Mo. ©f Avg. Contact Freq. Conc. Level Synth.
Raters p, of Index
(2) conft.
% « « 3 « «

Comparisons Among Cancer Study Chemists

Rubber Ind. (3) 3 96.6 0.52 0.50 0.41 0.51 0.52
General Comp. 4 95.7 0.45 0.42 0.40 0.47 0.45
Paint Mfg. (4) 2 93.1 (.49 0.48 0.47 0.55 0.57
Welding Trade (4) 2 92.8 0.69 0.53 0.46 0.57 0,54

Average: 94.6 0.54 0.48 0.44 0.53 0.52

Comparisons Betveen Individual Chemists and External Judges

Paint Mfg. (5) 3 93.5 0.41 0.43  0.36 0.47 0.51
| welding Trade (5) 3 90.8 0.52  0.34  0.36 0.45 0.39
| Average: . 92.2 0.47 0.39 : 0.36 0.46 0.45

[
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Table 7:.5.3, continued

Average Agreement for:

Trial No. of Avg, Contact Freq. cConc. Level Synth.
. iaters Pe | of Index
(2) ‘ c;:nt.
LY t « X « [ :

. . .
Comparisons Between Consensus and External Judges

Metal Ind. 2 9¢.7 0.51 0.47 0.38 0.52 0.44

Chemical Mtg. 2 97.0 * 0.39 0.39 0.32 0.4 0.43

Average: 95.9 0.45 Q.43 0.35 0.48 0.44

Reliability of Consensus Coding

Code/Recode 2 98.1 0.63 0.58 0.53

[=]
o
W

0.61

——

Overall Average: 9.5 0.5} 0.46 0.41 0.351 0.50

EA
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Table 7.5.3, contthued

(1) Agreement vas calculated for the four exposure variables (contact,
frequency, concentration, and level of confidence) using the original
four-point scales of nu;urcncnt. For the synthetic 1index, which wvas
defined as frequency x concentration x level of confidence, agrunn\t
vas Obtained by categorizing the values into three levels: no,
"medium”", and "high" exposure., Thereafter, an average vas taken over
all pairs of raters, except vhere noted below.

(2) Averaged oOver the 5 variables.

(3) Excludes the Final Coding.

(4) Excludes the comparison of the chemists wvith the external judges.

{5) Excludes the comparison between the two cht\utt.
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(7.5.3) Summary Of Mreeaent fOr those Substances Attributed

A sumnary of the extent of agreement for those substances vhich vere
attributed is presented in Table 7.5.}. Substances are omitted from
consideration here if the various raters agreed unanimously that there vas
no expoiﬁrc. The fourth column Of the table represents the index of crude
agreement averaged Over all pairs ©Of raters and over all nttribut;d
substancu: The number of substances in which excellent and ¢ood agreement
wvas Observed &jprelentcd in the last four columns. There vas excellent
agreement observed for 56% of those substances attributed and good
aqrﬁ"cf:’ent vas observed for 29% of thenm. On average, there vas qgood

agreement in attributing the p;rennce or absence of exposure (average p, =

g3x) )
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Table 7.5.4.
Level of Agreement for those Substances Attributed at Any Level

ﬁ . of Confidence in all Trials of Inter-Rater Agreement (1)

IRy APEITN W P L L AR cn e Nk P

Rumber ©f Substances in

i vhich Agreement vas (2):
Trial Total ¥o. of Avg. Excellent Good
1 No. of Substances P
Substances Attributed § ¥o. % of EOo. % Of
~ (a) (a) (a)
) : < 5 :
{ /:’D, cu-pati}hs Among Cancer Study Chemists
k Rubber Ind. (3) 270 29 ‘73.3 3 10.3 13 4.8
General Comp. 172 105 94.2 91 86.7 14 13.3
Paint Mfg. (4) 173 2 786 14 33.3 18 42.9
g ' Welding Trade(4) 251 88 B7.9 - 45 51.1 29 33.0
i i : - iotgh 264 3.5 T153 58.0 74  28.0
i | - Comparisons lctvc’oi\\ Individual Chemists and Extctn‘q} Judges
; e Paint Mfg. (5) 173 "\ 42 77.4 18 42.9 16 38.1
a welding Trade(S) 251 88 77.6 40 45.6 22 25.0
; \
- ( | ' Totals 130 77.5 S8 44.6 38 29.2

v NN S W1
" .
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Table 7.5.4, continued

Wumber of Substances in

t , vhich Agreement wvas (2):

Trial Total ¥o. of Avg. Excellent Good

Bo. of Substances Pe
Substances Attributed & ¥o. X of No. & of

(a) - (a) (a)

Comparisons Betwveen Congsensus and External Judges

Metal Ind. 300 65 82.0 14 21.5 43  66.2
Chemical Mfg. 300 34 79.4 11 32.4 12 33.3
Total: 99 "80.7 25 25.3 33 5.6
Reliability of Consensus Coding B ’
Code/Recode 270 108 95,5 102 9.4 6 5.6 .
"~ Grand Total: 601 82.9 338 56.2 173 28.8
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- Table 7.5.4, continued

(1) Agreement was calculated by first catoqorl:g;é the judqcnnf: of
each 'r;tcr into two levels: ‘exposed, at any level of confidence, and
not exposed. Averages of p, are presented over all pairs of raters
participating in each trial, except where noted below.
(2) Agreement fOr esach individual substance was categorized as follows:
P
290% Excellent
70 - 90% Good
<70% roor

(3) Excludes the Final Coding.

. (4) Zxcludes the comparison of the chemists with the extsrnal judges.

{3) Excludes the comparison between the tvo chemists.
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(8.0) Discussion
(8.1) Validity and Relisbility of the Chemists' Coding

The consensus method of coding exposure for metal industry and chemical
manufacturing occupations was shown to be valid. A highcr~ degree of
concordance was observed, howvever, in the Netal Industry Trial. This
is partly explained by the chemists' ‘greater familiarity with metal
industry occupations, The chenists had previously c;nsult« ‘with .
industrial hygienists and engineers, they had access to published

reports of occupational surveys in this industry (DSC, 1984), and they

‘had previously participated in related trials (eg, the Welding Trade

Trial). By contrast, the chemists had no previous experience coding
exposure for occupations sil’ilar to those wused in the Chemical
Nanufacturing Trial. They were not able to visit the site or consult
?:onpa.ny personnel. (The plant from vhich these Jjob descriptions were
generated is * unique in Canada.) The cheaists had to rely solely on
published material as the source of exposure information. Moreover,
since the -job descriptions for this trial had no‘t b:on obtained by
intervieving subjects, it was felt that the working environment wvas not

as accurately described as in the Metal Industry Trial. Hence, the

sxtent Of agreement observed in the chemical trial probably represents

a lower limit to the validity of the consensus approach.

‘The validity of the coding of paint manufacturing and welding

occupations by individual chemists can be inferred from the high degree

i

of agreement observed between the chemists and, external judges. Since

very good agreement was also observed betveen the individual chemists,

°
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it is likely that a consensus coau{q by these cheaists, if undertaken,
would be at least as valiad,

Agreement between internal and n"tcrnal- l‘;t.tl Vvu higher in the Paint
Manufacturing and Welding Trade trials than in the mni Industry
Trial. The Cancer Study chemists' greater experience coding paint and
welding occupations may be partly responsible for this difference. on,

the othor- hand, the external Jjudges 1in the Netal Industry Trial

probably had the most accurate exposure information. 1In fact, these

raters attributed a higher proportion of exposures than in the

consensus coding, Thus, it is possible that the 1lover agreement
Observed in the metal trial reflected some difficulty on the part of
the Cancer Study chemists in identifying exposures. It is unlikely,
hovever, that the metal 1industry occppations were inherently more
complex than those in the other two trials. This should be evident

vhen

is recalled that tvo of the subjects worked as velders, one as
a ter and the remainder worked as poli'shen and netal formers.

It is likely that the external raters provided the best assessments of
exposure that could be obtained under the imposed constraints of time
and cost. The external r;tcrl in tﬁc Metal Industry Trial probably had
the best exposure 1ntormition since environmental measurements for tou

substances -from an occupational survey were used in conjunction with

.information gleaned . from intervievs. Even with these accurate

Reasuresents Of exposure, it was clear that the Jjob doscz"iption
provided additional information not available from the survey. For

example, if different materials were used at different times, it is

A3
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likely that only those naterials used at the time of t!‘n survey vould

be notod.— The interviews were able to indicate lubltmc:: not °

otherwise catalogued. Overall, it can be concluded that since good

agreement vas observed in all conparis'ona vith external raters, that
(

the participating Cancer Study chemists generally coded exposure as

accurately as any other eligible rater.

The results of the Code/Recode trial indicate that the consensus method
was quite reliable. The nature of this trial vas such that each rater
coded the same job descriptions at two different times. Hovever, the
author wvas'assured by the participating chemists that they were unavare
;:hat they had previously coded these job descriptions. Thus, the hiqh‘

level of agreement observed could not have been due to this effect.

(8.2) Inter-rater Agreesment among .Cancer Btudy Chemists

[ D
.

The results of the inter-chemist comparisons, u%nq the Ka}KA

statistic, indicates a high level of agreement between intcrn'al raters
coding a wide range of occupations. significant differences 'in
estinates of prevalence vere observed, howvever, between some chemists.

{The implication of simultaneously observing significant differences in

*prevalence betwveen raters and high values of Kappa are discussed in

% section (8.4).) In particular, it was found that the chemist vith the

most experience (Chemist 1) attributed a higher proportion of exposures

than any other rater. In practice, differences between chemists could

be resolved through other related coding activities, such as regular - |
3

staff meetings.
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The coding experience of the chemists in the Cancer Study was
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different; some vorked mainly in primary codinq"vhud others wvorked in
5
secondary coding. The high degree of ajreesient betveen the chemists,

as Beasured by the Kappa statistic, suggests that the chenists who

L e R

participated in these trials can pro)bably work in any facet of the

routine codtmi- (eg, primary or secondary coding).

(8.3} Implications to tho Cancer Study

(8.::“.'1) Generalizability to all Job Descriptions on File

Certain factors may affect agreement and, contequgntly, the accuracy of
the chemists' coding. It is likely, for example, that the rater's
knowledge of industrial environments, the :.;enahuity of his coding,
i the industry and occupation in which the worker vas employed, the time
period of the occupation, the location 6f the job (eg, in the nontrcdi
u:ca. or not), and the quality of the job description are some factors
that nay affect agreement. The trials vere not. designed to 1solate

N
which of these or other factors would affect agreement. Many more job

‘ descriptions ~sampled in / a different way, would be required toc ansver
. th type oOf question.”/ It is possible that the chemists’' coding may

not be as accurate for certain types of job descriptions. This could

imply that the results obtained here should not be extrapolated to the
set of job descriptions on file in the Cancer Study. Furthermore, the
i generalizability of these conclusions to all job descriptions 1in the
; ( ; » Cancer Study may be limited because a sn;ll number of job descriptions
(about 100) were cododiln these trials. 1In spite oOf these n'quncn\ts,

; ’ there is reason to believe that the results Of these trials can indeed
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be generalized to those job descriptions that. were obtained by
intervieving subjects. rini:, good agreement vas observed in trials
.th.t evaluated specific types of occupations (egs, paint, welding, and
rubber). Second, there vas good agreement for a large proportion of
attributed substances. Finally, and most importantly, the results of
the Chemical Manufacturing Trial placed a relatively high lover limit

‘on the accuracy of the'coding of exposure for unfamiliar occupations.

(8.3.2) Generalizability to all Chemists
¢

In the Cancer Study, the chemists used a consensus method tO assess
exposure. Other activitu;s, such as consulting vi;h industrial
experts, extensive literature reviews, and site visits tend to
increase, with time, the chemists' state of xnovledq; of industrial
snvironments. Information is kept on file and is shared among the
chemists in day-to-day activities and through “q% meetings. Thus,
the manner in which information is shared vi't?ﬁ/the Cancer Studyi the
high level of inter-rater agreement betveen chemists vho performed
different coding tasks in the Cancer Study, and the belief that the
external raters provided excellent assessments of exposure implies that
tvo specific conclusions reqa;dinq the participating Cancer JStudy
chemists can probably be generalized to all trained chernists: 1) most
trained chemists will attribute exposure as well as any other “expert®;
and 2) most trained chemists should be able to perform any coding task
vithin the Cancer Study (ie, primary and secondary co:mq and special

projects).
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(8.4) Limitations of the Present study

The conclusions discussed above may be seriously compromised- if the
coOllapsed table method 1is not an appropriate means of summarizing
‘aqteenent. .In particular, the values obtained fer the Kappa statisticy
may not adequately reflect the degree of agreement averaged over all
substances. The value Of Kappa obtained tr;m the collapsed t:.able was,
h&cver,- consistently 1less than that obtained from an arithmetic
average of individual values .0f KXappa over all substances. This

indicates that estimates using the collapsed table were probably

conservative.

S

¢

Furthermore, the qualitative interpretation given to the values of

Kappa may not satisfactorily indicate real differences in co&ing
exposure betveen raters. In particular, the use of Landis and Koch's
(1977a) ad hoc system of interpreting values of KXappa may not be

appropriate. For example, it is not clear whether a value of Kappa of

.0.5, vhich is considered "good" agreement, reflects a larger difference

in the raters' sensitivities and specificities than a value of 0.4,
which is considered only fair agreement. In addition, the values of
Kappa obtained from the intgt-chemist comparisons in the Paint
Manufacturing and Welding Tr;de trials indicate further difficulties .in

interpretation. 1In the former trial, the chemists' estimates of
»

'preva_lencg wvere extremely different (9.1% versus 5.8%). In the latter

trial, the values vere not as djivergent (8.4% versus 9.7%). Yet, the
two values of Xappa were very close - 0.62 and 0.69, respectively.

This seems to indicate that Xappa may not be sensitive to departures in
- - 3

+




-
R ~°»"-ﬂ’%awmﬁmv&?wmmmmm,ww%»?www~. 2

L.

RN

[

oy e w2

L e LR WS T ¢ e M0 E R L

- 214 - ' . .u -
il '
estimates of prevalence. The result also implies that the qualitative
interpretation conveyed to Xappa ﬁay require that differences in
estimatés of prevalence be taken into account.’
One limitation of the present study was that few job descriptions vere
used in any one trial.

As a result, estimates of agreement for

individual substances were not precise. In fact, the index of crude

v <

agreement vas used to indicate the extent of agreement for individual
substanc;es since Kappa is highly unstable for small sample sizes. The
analysis in which the average index of agreement between raters was
calculated as a function of the average prevalence of exposure
generally showed that there was higher agreement in the low prevalence
categories. This was not unexpected since it is well known (cf, Rogot
and Goldberg, 1966) that there is 1less opportu;ity to err when there
are more ratings in one category; 1ie, for high or 1lov values of
prevalence. It was shown, however, that the averag? obtained over all

substances generally reflected the extent of agreement observed for

those substances in the "medium" prevalence categpries.

1

»

(8.5) Comparison Of these Results wvith other Studies

The results of the present study and those of Baumgarten et al.,6 1983,
in Qwhich the occupations reported by subjects in the Cancer Study were
sht;vn to be valid, indicate that the detemination of exposure in the
Cancer Study is accurate. various other methods have been used to
measure past exposure in other occupational settings. The results from

these studies, although few in number, lend credibility to the notion

-
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that past exposure to specific agents can be assessed fairly

accurately.

It is intete‘sting to coinpare the result; of two studi;es vhich assessed
the accuracy of the coding of different raters. In the study by
Macaluso and his co-workers, 1983, assessments of exposure to
polycyclic aromatic hydrocarbons (PAH) and asbestos were compared
between a team of chemists and a job/exposure matrix. The average
agreement observed was approximately equal (average p, = B0% and « >
0.5) to that obtained in the present study. 1In their study it was also
found that there was a larger difference 1in the two estimates of the
odds ratio for PAHs than for the two estimates of the odds ratio for
asbestos, even though agreement was higher for PAHs (Kappa = 0.58
versus 0.52). Certainly, the differences in 0odds ratios were due to
the different distributions of exposure in the case and control series.
It has been shown (Xraemer, 1979, Thompson, 1982, and walter,6 1983)
that Kappa is related in a complicated way to the sensitivity and
specificity of the two raters and to the prevalence of exposure in the
population. (Most other summary measures of agreement will also be
functions of these parameters.) Consequently, various combinations of
values of these parameters may lead to estimates of Kappa that may not

reflect trus differences in risk ratios.

It is instructive to investigate why the study by Soskolne, 1982,
e

reported much lower levels of inter-rater agreement than that obtained

here. 1In his study, job titles containing information on occupation at

a chemical plant were used by various raters to attribute exposure to a
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= set of substances. It may difficult to compare his study with the

present one because of the use of different scales of measuring
exposure. ‘Moreover, there vere large differences in the estimates’of
prevalence of exposure, which may confound the comparison of ghe
estimates of agreement wusing the Kappa index (Thompson, 1982, and
Walter, 1983). Despite these problems, it is believed that the lov
leveles of agreement observed by Soskolne may be attributed to a lack of
detail in the job title and to an inconsistént usage of the coding

criteria.
(8.6) Further Research

It has been inferred from the results of the seven agreement trials
that the chemists' coding was fairly accurate. It may, however, be
wvorthwhile to investigate the appropriateness of extrapolating the
results to all job descriptions on. file by investigating the factors
that may affect agreement. The results of such a project would
certainly be of interest to the epidemiclogical community. This
ambitious project may not be feasible, however, because of the

potentially high cost involved.

In all of these trials, the agreement in determining vhether an
exposure had occurred was higher than that of attributing intensity of
exposure. The results of the pneumoconiosis trials (eg, Liddell, 1963)
suggest that improvements in inter-rater and intra-rater agreement for
determining exposure may occur if finer scales of measurement are used.

For example, frequency and concentration could be coded on a ten-point
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scale by taking into account whether the rater seriously considered
coding the exposure into an adjacent category. It does not seen
sufficiently important at this time to Jjustify determining whether

agreement would improve with the use of different scales.

Although outside the scope-of this thesis, the tables provided in
Appendices 7 through 13 may be used to determine whether inter-rater
agreement for certain substances was poor. The results of such an
analysis may then prove useful in correécting coding deficiencies or in
planning future trials.

-
Jn the author's opinion, the most important issue is whether the
estinates of excess risk deduced from different exposure assessments
are large of small. In the context of the Cancer Study, it may be
vorthvhile to select a fewv exposures and and at least two sites ot
cancer to test what kind of differences in risk ratios would be
obtained by different raters.

7
Research into the validity of ascertaining exposure will be important
in other epidemiological investigations but, becauyse of the cost

involved, may not be assessed through e:}ensive experimental trials.

As previously discussed, there are Rmany difficulties in interpreting

curtcptly used indices of agreement. One solution may be to correlate
indices of agreement with other neasures that are mnore readily
interpretable and are epidemiologically important. For example,
measuring differences 1in estipates oOf risk ratios between different

raters is more important than estimating some statistic of agreement.

. - - — = - e . e B o
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One potential avenue 1s the use of numerical simulation. This can be
enployed to avoid the large cost of having more than two sets of raters
judge a complete set of files, Thus, exposure assessments Of
hypothetical raters can be made by specifying certain parameters (eg,
sensitivity, specificity, and prcyalence). Risk ratios can' be
calculated and correlated with values of various indices of agreement
(eg, Xappa)l. The results from such simulations may then provide a more

intuitive basis for interpreting agreement indices and may then provide

the basis for designing and testing new scales of measurement and,

A

perhaps, other methods of coding exposure. £
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(8.7) Comclusions

The objectives of this thesis were met by measuring the extent of
agreement among participating raters in seven trials. In sum, it was
dlscovet?d that there was good to excellent agreement in attributiﬁq
oipouute among chemists, and between chemists and external judges.
From this, it wvas inferred that the coding of individual chemists and
of chemists using a conasensus process was accurate.

It has been previously shown that the reported occupations were fairly
accurate (Baumgarten et al., 1983). Thus, it can be tentatively
concluded that the methods used to Jetermine exposure in the Cancer

Study are fairly accurate, <
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Glossary of Terams and Abbreviatioms
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ANOVA:
Analysis of variance.
&
Cancer Study:
An  abbreviation for the study "Monitoring the Occupational

Environmental for Carcinogens*™.

Chance Agreement:
The agreement that would be expected by chance if the raters vere
judging the trait 1ndeponde;tt1y.

v
Chance~corrected Indices:
. Summary measures Of agreement vwvhich are evaluated by taking into
account the agreement that is expected by chance 1f the raters assess

the trait indepcnd;nt ly.

Chemist:
An internal rater employed in the Cancer Study who a:nlud
occupatiodal exposure froh detailed job descriptions obtaimdlucuany
from intervieving subjects. ‘

.
Chemist Team:
The team of <Cancer Study chemists v:o assessed occupational exposure,

by & consensus method, after revieving job descriptions,

colh—pod Table Method:

A statistical icthod used to assess inter-rater agreement for

b ) '
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attributing exposure to a set Of predefined substances. Por two

raters, one contingency table is obtained by crosstabulating the

assessnents Of exposure for each substance under consideration. These

tables are then combi by summing t cdrresponding cells of each
,

table. Statistics can then be calculated from this “collapsed table"

to provide a summary measure of inter-rater agreement.

Concentration:

The variable used to»indicate, on a relative scale, the average, veekly
level dose to each substance liaiod on the exposure coding form.
Conccntrationv is coded on a four-point scale: no, "low”, "mediun”, and

"high® exposure.

Concordant Cells (Of Agreement):

The agreement between two observers judging a trait on a scale having X
categories can be represented by a Xxk contingency table. The values
in each of the K cells on the diagonal represent the number of
observations for which there is perfect agreement. These are known as

the concordant cells of agreement.

consensus Coding: \
The process vhereby the team of Cancer Study chemists reviews job
descriptions and then attributes exposure toO substances 1listed on the
exposure coding. fora. At least two chemists score each job
description; the first chemist performs the preliminary coding and the
second verifies and modifies the work of the first. Other chemists may

also be called-on to offer their expottige.

\

y
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Contact: <
The variable used to indicate whether exposure to a substance wvas

absent or was either cutaneous, respiratory, or both.

~
a:

The variable representing the number of raters wvho participated in an
L3 :

‘agreenent trial,

ag:

Degrees of freedom.

DE8C: -

Departenent de Sante Communautaire or Community Health Department.

Exposure Checklist:

See Exposure Coding Form

Exposure Coding Form:

The list of chemicals, compounds and physical agents that were under

consideration in the Cancer Study.

Exposure Profile:

The type and extent of exposure that a subject may have incurred in any
one job., It is defined by the set ot"va.lun attributed to each of the

four exposure variables (contact, frequency,K concentration,

-

and level

of confidence) for each substance on the eiposurc coding sheet.

SR P
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- Exposure Variables:
The variables that indicate the level of exposure ("frequency”,
- "concentration"), the type oOf exposure ("contact”), and
;”* trustwvorthiness of the ascertainment of  exposure ("level
confidence”) as determined by the rater wvho interpreted the
description. s
External Judge: ®
Any rater, other than a chemist, who participated in the aqr,enont
trials reported in this thesis. ’rho.u raters possessed expert
knowledge of the uses of u:;:ctials and processes used in certain
i industries and occupations.

Final Coding:

In the Rubber Industry Trial, a (fourth assessment of exposutre vas
derived after a meeting of the three participating chemists.

The
purpose of the meeting was to form a consensus with ;eqard to assigning

exposure to rubber industry occupations. This Final Coding, which vas
) ‘ evaluated by one Of the chemiasts, vas then used in the analysis of
L inter-rater agreement.

’

m:

I

The-variable used to indicate, in each occupation,

the average amount
of time oOf exposure to each substance on the chemical cogltnq sheet.

Vil

"~

Frequency is coded on a four-point ordinal sgcale; viz: no exposure,

less than 5%, 5-30%, and greater than 30% of the time.

. s
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THis term 1is used in two different vays: a) it refers to the
probability that one event vill occur regardless of the outcome of
another event (Larsen & Marx, 1981). Therefore, the ratings of two
observers will be statistically independent if they use entirely
different criteria to Jjudge a trait. If this is true, then any
Observed agreement would be explainable by chance alone. b)
Independence may also refer to the situation in which the raters are
unavare of each other's assignments. This situation will occur as a
‘resu:!t of study design and is sometimes referged to as “"design

tndependence”.

Index of Crude Agreement:
This index, wvhich is also known as the overall proportion of agreement,
is defined as the sum of the concordant cells in a Kxk contingency

table. It is denoted by the symbol p,.

Job Description:

.For each occupation of a subject enrolled in the Cancer Study , relevant

information is collected for the purpose of ascertaining exposure to
certain occupational agents. A description of the tasks, machines and
materials used, and the general vorking environment are obtained
uuuaolly by intervieving subjects. The Jjob description represents, for
the trials reported in this thesis, the fundamental unit of

observation.
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Job Exposure Matrix: . . 3
A device that is used to infer the eftent of exposure in occupational
environments from a set of predefined substances. The set of job
titles and substances under consideration are specified in advance.
Each job title on file will be accorded exposure levels to a subset of
these substances using information obtained from the literature and
other sources. The exposure levels may depend on the time of the
occupation or on other factors. An exposure profile for an individual
can then be obtained by specifying the job title, the time period of

employment and other relevant variables. The linkage is usually

performed automatically by computer.

Joint Distribution (Of Rater Assessmsent):

The distribution of the probability of ‘the occurrence of an event that
is simultaneocusly dependent on two or more variables, eacﬁ having their
ovn distribution (Larsen and Marx, 198}). For .example, tvo raters who
are independently scoring a categorical variable having K categories
will generally produce different frequency distributions (i.e.,
different marginal distributions). The joint distribution of rater
ascertainmini vill result when the two scores are cross-tabulated. The
nev random variable that is created by this process will have KxX

values. The distribution of this new variable is simply the joint

" distribution of rater assessment.

',
LI

¥

The ratio of Xappa to «,,,-

- J R Tt rwvm’%m%—rrﬂl
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xappa (x):

A statistic that is used to measure agreement for raters wvho judge a
trait on a cateqoric;l scale. It 1is corrected for chance agreement by
subtracting the agreement that would be expected 1if the raters wvere
judging the trait independently. 1t is then standardized ty dividing
by the maximum excess agreement.
Eappa Mazimum: \
The Rmaximum value of Kappa that would result given the observed
marginal proportions. The symbol («,,,) is used to refer to this

quantity.

Level of Confidence:

The vati;ble used to indicate the degree of trustworthiness of
eXposure. Four values are used by the raters: no exposure, "possible”
cxyocurc,b”probahle' exposure and "almost certain" exposure,

i

Marginal Proportions:

The frequency of occurrence of the categories of any variable used to

describe a trait in a population of subjects. Suppose, for example,

that a variable, vhich is composed of four categories, is measured by
two raters. The marginal proportions are simply the two frequency
distributions for each of the two raters. If a 4x4 table is used to
represent the cross-classification of the ratings of the 2 observers,
then the frequency distribution, obtained above will be identical to

that displayed in the margins of the table.

'r--h-—-
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MMAI: ' '
Nean Najority Agreement Index.

MPDI:

Mean Pair Disagreement Index.

The number ©f job descriptions used in any agreement trial.

The number Of exposures jointly attributed present by two raters. .

Overall Proportion of Agreement:

A synonym for the Index of Crude Agreement,

This symbol represents the Index of Crude Agreement.

Pattern of Concordance:

The distribution of the number of exposures classified according to the

number of raters who attribute the exposure present and absent. 1If.

there are three raters attributing exposure then there will be &

categories of interest. For example, there will be one category where

~

twvo Of the three raters attribute exposure vhile the third rater codes

3

it absent.

Prevalence Of Exposure:

The frequency of exposure Obtained from assessing exposure to a set of
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job descriptions. It refers to the frequency of exposure to any of the
substances on the exposure coding form. It also refers to the total
frequency of exposure with respect to all ‘' substances and job‘
descriptions. 1In the former instance the deaominator is‘ the number of

job descriptions whereas in the latter case the denominator is the

number of substances multiplied by the number of job descriptions.

Primary Coder:

The process Of consensus coding, >as performed by the team of chemists,
consists of at 1least two chemists sequentially reviewing each job
description. The <chemist who (first reviews the job description and
assigns exposure is known as the primary coder. The chemist, or
chemists, who subsequently review the file are vlimown as gecondery

Coders. . ,

v

Q: /A(\
Cochran's Q index. It is used for testing the equality of the marginale

proportions in situations where there are more than two raters. Y

3
‘

k %,

QI: This refers to the questionnaire/interview which is used to elicit
complete occupational and personal history for subjects enrolled in the
Cancer Study. It is composed of two parts: the SAQL which is used to

(3

elicit a lifetime work history and the interview which Lis‘ used to

obtain information on personal variables and.‘details for each '

[

occupation.

‘

- .
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.
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The number of substances on the chemical coding form.

s':
The number of substances on the exposure checklist that were assigned,
in any agreement trial, a prevalence of exposure greater than zero, as

estimated by any of the raters.

Sampling Unit: /'
The constituent members of a population that are being sampled. The

job description 1is the sampling unit for the trials reported in this

thesis.

8AQ:
An acronym for self-administered questionnaire. SAQl refers to the
questionnaire used to elicit lifetime work histories from subjects.
Ko
SDAI:

Standard Deviation Agreement Index.

Secondary Coder:

The process of consensus coding, as performed by the team of chemists,

consists of at least two chemists sequentially reviewing each job

<

AN
description. The chemist wvho first reviews each job description and

assigns exposure is known as the Primary Coder.  The chemist, or
chemists, vho subsequently review the file are Kknown as Secondary

Coders.
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Synthetic Index:

A composite index of exposure defined by multiplying the values of the
exposure variables frequency, concentration and level of confidence.
Uncoerected Indices: .

Any measure of agreement that does not account for agreement that would

be expected by chance.

Onit of Obssrvationm:

See Sampling Unit.
1
4
work History:
The set of job descriptions that comprise the lifetime, occupational

history of a subject. P
i
958 CI1:
Ninety-five percent confidence {nterval for Kappa derived using an

asymptotic estimate of variance. -

*
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Occupational Exposure from Bubjects
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Work hustory [.D. no.:
Job. Neo. Name: Surname:
w1l You worked at

from 19 __ _tol9__ asa

Was this full-time or part-time?

Was there shiftwork? If yes, what hours?

Company

w 2.

-

W 2.a)

w2 b

Job
v i

\ AR

w 3.

W 6.

Main actuvity of company or organization”?

PROBE for other relevant activities or products

IF INDUSTRIAL, PROBE tor production process used

Now | would like to ask some questions about your job and about the type of environment
where you worked. How would you describe the place where you usually worked?

factary or plant construction site office
laboratory warehouse restaurant or hotel
vehicle outdoors others?

In what department of the company or organization did you work?

JOB DESCRIPTION

1 would Like you to describe in detad your specific tasks. Try to describe what you
did and how you did 1t. We are particularly interested in any materials that you
manipulated or machines that you used. .

(OPERATION AND MAINTENANCE OF MACHINES, VEHICLES; LOADING, UNLOADING
CONTAINERS; CLEANING; SUBSTANCES OR CHEMICALS USED - PROBE FOR
FUNCTIONS AND NAMES)

Did you ever have to replace someone else?

-

IF YES, how often and what were your tasks?
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v 8.

w 9.

W 10.

W Ll

¥ 14,
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' 4
LD, no.:

What other work was being done around you by other workers?

-

Can you describe the (room, office, workshop) where you worked? g

(SIZE, NUMBER OF PEOPLE, NUMBER OF MACHINES, TEMPERATURE).

3

Was there dust or smoke or fumes or gases in the environment where you worked?

{F YES, PROBE FOR DESCRIPTION, SOURCE, NAMES (CIGARET\KE SMOKE)
/

7
.~

Did you work with: oils or solvents or acids or detergents?

IF YES, PROBE FOR FUNCTIONS, NAMES.

Did your job 1nvolve exposure to radiation? (X-rays, micro waves...)

IF YES, PROBE FOR FUNCTION.

: » : .

Did you have to wear any protective equipment while at work?

IF YES, WHAT AND WHY?

Did this job have a bad effect on your physcal health?

IF YES, WHY?

Was there anything you did not like to do?

How stressful was the job? Dad this job make you feel tense or anxious most of the
time?

Ny
IF YES, WHY?

// \\

/ /

\| .
% |
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PAINTERS

A) In what type of industry did you work as a painter?

B)

1. oconstruction - private hous@A
- large buudings, briages, other metal structures

2.  assembly or repair of cars, trucks, vehscles
3. ship building or repasr

4  housshold appllances: iridges. stoves...

3.  tumniture, otfice oquipment...

6. other:

To what type of surfacs did youw apply the pant?
1. wond

2 wtal

3. exmwerna meoncy

&  walls, ceilings

3. other:

What type of paunt did you use?

L exseriors oil
latex
metal gaint
2. interior: ol
latex

ename! (washrooms)

3. special paints varnishes

- primars, undercoats..mmat type:

u'oodsmps

[ Wiat colaurs were used:
always white
other colours: specily

]




D)

t)

)

G)

t

Wwhat did you apply the puint with?

1.  berush
2. roller .
) gw

Did you have to clean or strip surfaces before applying the pamnt?

l.  sanding

2,  degreasing (soivent)

3. stripping (to remove an old layer of paint or varnish):
caustic solution
special soivent

What products did you use to Clean your brushes, roliers, guns?

I. solvent like: varsol, naphta

2.  turpentine

).  othen

What products did you use to clean your hands, face...?

i, solvent - like: varsol, naphta

2. turpentine

3. other:

Did you wear protective equipment during your work?

l. gloves
2.  mask
3,  others * ! Hl%
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MACHINIST

Tvpe of machine tools

What kind of machine tool did you use?

Lathe, drill, saw, milling machine, boring machine, planin
machine, broaching machine, truing machine, grinding wheel
sharpener, screw or thread-cutter.

What kind of knife were you using?

Cutting oils

Did you ever use cutting oils?

What type: Straight cutting oils?
Soluble cutting oils (Emulsion type)?
Synthetic cutting oils?
Trade names:
. Colour and appearance:
How much of your working time d4id you use them?

Lubrification oils and greases

Did you ever use lubrifiers?

Trade names.
Did you do the maintenance on the machines?

Netals

¥What kind of metals were you using?

Stainless steel.

Mild steel

Copper

Brass

Bronze

Cast Iron

Special alloys (please specify)
Aluainum

Others

Please specify alloy numbers if possible:
What pieces were you machining?

e e e ety A e e e AT e 2 A S
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MACHINIST (page 2)

Solvents

What were you using to clean your hands?

Mineral spirits (varsol)
Naphta

Kerosene

Chlorothene

How many times a day?
What were you using to degrease metal parts?
Trichloroethylene
Carbon tetrachloride
Mineral spirits
- Trade names, ex. chlorothene,royalone
Describe the procedure.
Was the liquid heated?
Did you ever use acids, alkalis (caustic), or any other cleaner?

Welding

Dié you do any welding?

what kind? Arc, gas, etc.
If welding was done near you, how far away?
(If more than 308 of his working time, fill out welder guestionnaire'

Grinding

Did you do any grinding?

What kind of wheel? Wheel number if possible?
Did you use oils?

Did you do any wheel straightening?

What kind of abrasives?

1f grinding was done near you, how far away?

Heating

What kind of heating was used in the plant?

Coke
Coal
Salamander

_— - A < o $om ke ke S
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Appendix 3
Exposure Coding yora
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Exposure Code Exposition Cont. | Conc.| Freq.| Fiab.| Remarques
{1} SOLIDS (1) SOLIDES
(1A) INORGANIC (1A) SOLIDES ’
SOLIDS INORGANIQUES
abrasives dust 110001 poussieres d'abrasifs
insulation material 110002 poussiéres d'isolants
dust (inorg.) (1norg.)
construction site 110003 poussiéres de chantiers
dust de construction
excavation dust 110004 poussieres d'excavation
metallic dust 110005 p&nssxéres métalliques
inorganic pigments ;110024 pigments 1norganiques
extenders 110026 | matiéres de charge
cement (Portland) 110010 ciment (Portland)
concrete 110016 bé ton :
brick 110014 briques
refractory brick 110017 | briques réfractaires
clay 110015 argile
ashes ' 10029 cendres
stlica =& 1110009 sijice
alumina 111301 alumine

silicon carbide

111401

carbure de silicium

asbestos (chrysotile) (110007

amiante (chrysotile)

L
asbestos (amphiboles) | 10008

amiante (amphiboles)

talc 110013 talc

glass fibers 110012 fibres de verre

glass dust " 110011 po&.:ssx‘eres de verre
muneral wobl fibers [110025 fibres de laine minérale
sulfur ——111600 soufre

sodium carbonate 111101 carbonate de sodium
sodium silicate 111110 silicate de sodium

Mg carbonate 111202 carbonate de Mg -.

calcium oxide (ime) ’112001

oxyde de calcium
(chaux)

112002

Falcium sulfate fultats de cdlcium
zypsum) {gypse
calcium carbide 112003 carbure de calcium

e ——
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Exposure Code Exposition _ Cfont. Conc.] Freq.| Fiab.] Remarques

calcium carbonate 112005 carbonate de calcium

utanjum dioxide 112201 bioxyde de titane

iron oxides 112601 oxydes de fer

zinC oxide 113001 oxyde de zinc

lead oxides 118201 oxydes de plomb

lead chromate 118205 chromate de plomb

basic jead carbonate | 118204 carbonate basique de
plomb

Cr dust 112400 poussiere de Cr

Fe dust 112600 poussiere de Fe

Ni dust 112800 poussiere de Ni

Cu dust 112900] poussiére de Cu

Zn dust 113000] poussiete de Zn

Cd dust 114300 poussiére de Cd

Sn dust 115000 poussiére de Sn

Pb dust 118200| poussiére de Pb

bronze dust 110018 poussiére de bronze

brass dust 110019 poussiére de taiton

stainjess steel dust 110020 poussiere d'acier
inoxydabie

muld stee] dust 110021 poussiere d*acier doux

solder ailoy dust 110022 poussiére d'alliage
a_soudure

aluminum alloy dust |110028 poussiére d'alliage
d*aluminium

(1B) ORGANIC (1B) SOLIDES

SOLIDS ORGANIQUES l

fabrics dust 160001 |  poussiéres de tissus

synthetic fibers 150001 fibres synmthétiques

plastic dusts 150002 | poussieres de plastiques

rubber dust 170006 poussiere de csoutchoug

organic dyes and 13000! teintures et pigments

pigments . organiques

coal dust 170001"| ° poussiére de charbon

carbon black 170002 noir de carbone

300t 170004 suie

®
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Exposure Code Exposition Cont.| Conc.| Freq.| Fiab.| Remarques
coke dust 170005 poussiere de coke
graphite dust 170008 poussiere de graphite
charcoal dust 170009 poussiere de charbon
de bois
cellulose (paper 170003 cellulose (fibre de
fiber) papier)
cotton dust 140001 poussiere de coton
wool fibers 140002 fibres de laine
silk fibers 140003 fibres de soie
flax fibers 140008 fibres de ln
rayon fibers 150007 fibres de rayonne
acrylic fibers 150008 fibres acryliques
polyester fibers 150009 fibres de polyester
nylon fibers 130010 fibres de nylon
acetate fibers 15001 1 fibres d'acetate
wood dust . 140004 poussiere de bois
cork dust 140009}  poussiere de hege
grain dust 140005 poussiere de grains
tobacco dust 140017 poussiere de tabac
flour dust 140006 pouss;ére de farine \
starch dust 160012|  poussiére d'aMydon
sugar dust 140013 poussiér‘e de sucre
fur dust 140007 | poussiéte de fourrure 1
hair dust 140010 poussiere de cheveux
felt dust 140015 poussiére de feutre
leather dust 140016 poussiere de cuir
urea ‘ 125002 urée
tannic acid 145001 acide tannique
rosin 140014 colophane
cellulose acetate 150012 acétate de cellulose -
cellulose nitrate 150013 nitrate de cellulose
polyethylene 150014 |  polyéthyléne’
polypropylene 150015 polypropyiéne
polystyrene 150016 polystyrene
polyvinyichloride 150017 chiorure de polyvinyle

W
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2 144
Exposure Code Exposition Cont. | €onc.| Freq. | Fiab.| Remarques
polyvinylacetate 150018 acétate de polyvinyle
polyamides 150019 polyamides
poly-acrylates 150020 poly-acrylates &
acrylonitrile- 150021 acrylpnitnle-butadxéne ’
butadiene-styrene -syyrene .
alkyds 150022|. alkydes i
epoxies 150023 epoxy
phenol-formaldehyde {150024|  phénol-formaldéhyde
urea-formaldehyde 150025 urée-formaldéhyde
melamine- 150026 mélamine-formaldehyde
formaldehyde
polyurethanes 150027 polyuréthanes
polyesters 150028 polyesters
: styrene-butadiene  |150029 caoutchouc SBR o v
rubber o
polychloroprene 150030 polychloropréne
polybutadiene 150031 polybutadiene
natural rubber 140018 caoutchouc naturel
(2) GASES (2) GaZ
(2A) INORGANIC (2A) GAZ
GASES INORGANIQUES
coal gas 270001 gaz de houille
hydrogen 210100  hydrogene
carbon monoxide 210601 monoxyde de carbone
hydrogen cyanide  {210602|  cyanure d'hydrogéne
.ammonia 210701 ammeniac
nitrogen oxides (NO,_)210703]  oxydes d'azote (NO_) X
ozone 210801 ozone
sulfur dioxide 211601 bioxyde de soufre
hydrogen sulfide 211602 sulfure d'hydrogéne
chlorine 211700 chlore
hydrogen fluoride 210901 fluorure d'hydrogéne
hydrogen chloride {21170} chlorure d'hydrogéne
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o
Exposure Code Exposition Cont. | Conc. | Freq | Fiab.| Remarques §j
RN . //
(2B) ORGANIC (2B) GAZ
GASES ORGANIQUES .
i
anesthetic gases 260001 gaz anesthésiants ‘
spray gases 260002 gaz propulseurs
natural gas 220001 gaz nature!
methane 220101 méthane b
propane 220102 propane
formaldehyde 220501 formalideéhyde
ethylene oxide 220603 oxyde d'éthylene
methyl chloride  ,{220805] chiorométhane
ethylene 221101 éthylene
acetylene 221102] acétylene ’
vinyl chioride 221301 chiorure de vinyle -
phosgene 225001 phosgéne &
(3) FUMES AND (3) FUMEES
SMCOKES
. cooking 370002 Cuisson des aliments
plastics pyrolysis 370013 pyrolyse de plastiques Y
rubber pyrolysis 370014 pyrolyse de cacutchouc !
engine emissions 370004 gaz d'échappement
engine emissions- 370006 az d'échappement
(ciesel only) diesel seulement)
engine emissions 370011 %az d'échappement
(jet fuel) jet fuel)
engine emissions 370012 %az d'échappement
(propane) propane)
combustion products |370005 prod. combustion
of coal/coke charbon/coke R
combustion prod.  |370008|  prod. combustion /
of hiquid fuel combustible liquide ,
2 A
combust:on prod. of [370009 prod. combustion
wood . s du bois
combustion prod. of (370010 prod. combustion S
_natural gaz gaz nature]
pyrolysis and 370001 pyrolyse et combustion .
combustion (other {autres produits
or ganic products organiques)
4

-
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Exposure ' Code Expos:tion ' Cont. | Conc.| Freq.| Fiab. R:marques
| Lt ,
' !
gas welding fumes 1316361, fumees de soucage !
! ' as gaz .
+ "
arc welding fumes  13J00G2:  fumées de soucage A
| . _alarc ) |
soldering fumef “ 310003! fumees de brazage ’
| . tendre )
metal oxide fumes ! 310006, fumées d'oxydes '
,  meétalliques ;
Mg fumes 311201  fumées de Mg T !
Al fumes 311301] fumées ae Al o |
Cr fumes 312401  fumées ce Cr ] |
Mn fumes 3125G1 fumées de Mn I
Fe fumes 312601 fumées de Fe ;
Ni fumes 312801 fumees de Ni o
Cu fumes 312901 fumées de Cu |
Zn fumes 313001 fumées de Zn o \
Ag fumes 314701 fumées de Ag J ™
Cd fumes 1314301|  fumées de Cd !
Sn fumes 315001 fumées de Sn !
Au fumes 317901 fumées de Ay
Pb fumes 318201 fumées de Pb \
(4) LIQUIDS AND (¢) LIQUIDES ET - *
YAPOURS VAPEURS
(¢A) INORGANIC (8A) LIQUIDES ET
LIQUIDS AND "'YAPEURS
VAPOURS INORGANIQUES
plating solution 410005 solution de placage
tnorganjc acid 410001 acides tnorganigues
solution en solution
alkall, caustic 410002 alcalis, caustiques *
solution en solution
javex 410003 eau de javel
nitric acid 410704 acide nitrique
hydrogen peroxide | 410802 peroxyde d'hydrogene !
phosphoric acid 411501 acide phosphorique
« JMfuric acud 411603 acide sulfurique
rmercury 418000 mercure

PR USO——




- A3.8 -

[xBosure | Code L Expos 11, lL‘on'.. Conc | Freq. ! Fiab | Remarques
— ' —
(sB) ORGANIC ,’ (4B) LIQLIDES ET ! I
LIQUIDS AND ! VAPE URS ,'
VAPOLRS { ORGANIQLES Jm
wood varnishes and 3“70002 vernis e1 teint _res ] T J ”
stains : ,_abois ' N r'g
M i i
metaj coatings 1 470005 ( revétements 2 metaux [ ! y).
‘paints, varrishes, | 470001 peintures, verr:s H 1
lacquers (cthers) [ laques (autres) !
1nks [ 476003 encres | s {
adhesives (synth.) iu60002 achesifs {syntn.) ]
1
arumal, vegetal glueq‘ 440001 colles an.males et |
végetales
solvents 465003 solvants |
wa xes, polishes | 460004 cires, polis '
—
fubricating ous and | 460612 huiles et graisses . [
_greases | lubrifianted i o
curting fluds }‘&60013 huiles de coupe :
(metal) (metaux)
hydraulic fluid 460019 fiuide hycraulique
mineral ol {other) | 460022 huitle minerale (autre)
gasoune (leaded) 460005 essence (au plomb)
avgas 460026 avgas
kerosene 460006 kérosene
jet fuel , 360025 |  jet fue!
diese! ol 460007 diesel
heating o1l 450008 huile a chauffage, ;
' mazout i
petroleum ether 460028 éther de pétroie |
mineral spirits 460009 essence minerale
minera) spirits ©60027 essence minérale .
with BTX avec BTX
crude oyl 46001 pétrole brut i
asphalt ~ 1460016 asphalte
coal tar and pitch {46005 goudron et poix
creosote 460017 créosote
turpentine 440002 terébenthine
linseed o1l 440003 huile de Iin

e e e o n e e em————

L}
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Exposure Code | Exposition ! Cont.| Conc.| Freq.| Fiab.| Remarques
paraffin QZOOOI] paratfine
silicone (o1l, grease) | 420002 silicone (huile, graisse)
PCB ail 460029 huile BRPC
methanol 420201 | méthanol
cthanol 420202 éthano)
ethyleneglycol 420203 éthyleneglycol '
isopropano| 420204 isopropanol
formic acid 420403 acide formique
acetic acid 429401 acide acétique
- acetone 42150} acétone
diethylether 420602 diethyléther
carbon tetrachloride | 420801 tétrachlorure de
carbone
chloroform 420802 chlorofarme
methylene chloride |420803|  chlorure de méthyléne _
l.1.1-trichlorethane | 420804 1.1.1-trichloréthane _
carbon disulfide 421001 disulfure de carbone _
trichjoroethylene  [421302 trichloréthylene
perchioroethylene |421303]  perchloréthyléne
methy! methacrylate|42 1404 meéthacryiate de
methyle
benzene 430161 benzene
toluene 430102 toluene
xylene 430103 xyléne
styrene 430104 styrene
phenol 43020} phénol
trinitrotoluene 43070} trinitrotoiuene
camphor 440501 camphre
(5) CHEMICAL (5) FAMILLES ?
FAMILIES CHIMIQUES
Be compounds 510499 composés du Be
Al compounds 511399 composés de Al
Cr compounds 5124991  composés du Cr
Mn compounds 512599 composes du Mn
Fe compounds 512699 composés du Fe
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Exposare Codt Expesition Cont l Conc. | Freg.| Fiab.] Remarques
- 4 — .
Co compounds 512799 composes du Co ' '
N compounds 312899 composes du Ni I

Cu compounds 512999 composes du Cu |

Zn compounds 513099 Composes du Ln A

As compounds 513399 composes de As i
Se compounds 513499 composes du Se l
Ag compounds 5164799 composés ge Ag h
Cd compounas 514399 composes du Cd i

Sn compounds 515099 | composés du Sn 5 A J
Te compounds 515299 camposes du Te i i
Sb compounds 515199 | composés du Sb o

Au compounds 517999 composes de Au r

Hg compounds 513099 compesés du Hg |

Pb compounds 518299 composes du Pb

cyanides 310001 cyanures

fluor ides 310002 tluorures

~hromates 510003 chromates

nitrates 310005 nitrates

hypochiorites 310004 hypochiorites -
alkanes (Cl’ck) 520198 alcanes (Cl-C“)

alkanes (CQ'CH) 520199  alcanes (C,-C )

alkanes (C”o) 2201971 alcanes (SFpPL)

unsaturated aliphatic[321T39 hydrocarbures alipha-

hydrocarbons tiques insatures

nhp?:mnc alcohols 520299 alcools aliphatiques

aliphatic aldehydes |520599 aldehydes aliphatiques

aliphatic ketones 521599 cetones aliphatigues

aliphatic esters 521499 esters ajiphatiques

chiorinated alkanes [520899| alcanes chlores

chlorinated alkenes |521399| alcénes chlorés

*fluorocarbons 521699 {luorocarbones

glycal ethers 521999 éthers-oxydes

aromatic hydrocar- (530199 hydrocarbures aroma-

bons (mononuclear) tiques mononucléaires

aromatic hydro- 530198 hydrocarbures aroma-

carbons (polynuclear)

tiques polynucléaires
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Exposure Code Exposition Conrt. Freq.| Fiab.| Remarques
aromat:c aicohols 330299 alcoois aromatiques
romatic amines 330399 | _amunes aromatiques
phthaiates 531799) phthalates
lsocyanates 331899 | isocyanates
{6) OTHERS (6) ALTRES
bleach 990022 décolorant
cleaning agents 990005 produits de nettoyages
(exc. solvents) {(exc. solvants)
cosmetcs 990007 cosmétiques
pharmaceuticals 990008 produits pharmaceu- v
tiques
photograph:c 990089 | produits photogra-
products phiques
laboratory products 930012 ) produits de laboratoire
fertilizers 990013 engrais
_pestiCides 990014 | pesticides
_biocides 990021 biocides
(7) RADIATIONS (7) RADi;TXONS
lonizing radiations  {8%0001 radiations ionisantes
radio frequency 890002 radio fréquences
mMICrowaves mucro-ondes
b

ultraviolet 390003 ultravioclet

t

Juin 1984
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Appendix 4
Instructions to Chemists in the Dse of The Exposure Coding Pors

Written by M. Gérin for Use in the Cancer Study




1)
2)

k)

4)

5)

”

- A2 -

UTILISATION DE LA EILLE D'EXPOSITION

>

ID: 1identifie le mméro du dossier (un dossier pour chaque patient).

job no: se rapporte su mméro chronologique de l'emploi considéré
en,tomencant par le premier emplol occupé. On remplit une
fiche d'exposition pour chaque emploi de chaque personne.

dates: année du dé&but er de la fin de 1l'emploi en question. En
rédgle générale, on ne considire pas un emplol de durée infé-
rieure I 6 mois.

codes: a) code industriel 2 3 chiffres tel que tiré de la "classi-
fication des activités é&conomiques’”, 1970, Bureau fé&déral
de la stactistique du gouvernement f&édéral canadien. Ce
code représente l'activité principale de la compagnie em-
ployeur (p. &x: 1industrie textile, construction, commerce,

T gouvernement).

b) code professionnel 3 7 chiffres tel que tiré de "la classi-

. fication canadienne descriptive des professions - 1971" du
ministére de la main-d'ceuvre et de 1l'imigration du gouver-
nament f&déral canadien. Ce code représente la profession

de 1l'employé durant cecte période (p. ex: soudeur, nettoyeur,
employé de bureau).

Remarques: - lorsqu’'il y a ambiguit® ou indécision dans le
choix d'un code, 1l faut choisir le code qui
représente le mieux l'environnement de travail
de la personne;

- un propriétaire d'entreprise qui serait soumis
3 des expositions devrait étre class& plutdt
comme le contremaltre &quivalent;

- un soldat qui exerce des fonctions inhabituelles
qui se rapprochent plus de celles d'une autre
profession devrait recevoir le code &quivalent
3 cette profession (p. ex. mécanicien).

. contact: code indiquant la voie d'exposition la plus probable.

l: voie respiratoire uniquement: pour poussidres, gaz,
funé&es et vapeurs;

2: vole cutanée uniquement: indique un contact d'une ma-
tidre liquide ou solide avec
la peau (p. ex: solutionscaus-

tiques);




6)

7
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J: voias respiratoireset cutanées: lorsque 1'exposition
se fait simultanément
par les deux voies
(p. ex; pauf la plu-
part des liquides orga-
niques,s’'il y a contact
cutané,il y a aussi
présence de vapeur et
contact respiratoire).

Remarques: - un contact sera généralement 1 ou 3, rare-
ment 2. Le mode de contact est surtout utile
pour distinguer 1" osition 3 un méme produit
sous forme de vapeir ou de liquide (série des
"mati®res' inorganiques et organiques);

- pour les expositions physiques, on utilise le
chiffre 9.

Concentration: représente le niveau relatif de concentration moyenne

fréquence:

durant le temps d'exposition. Cet indice prend les
valeurs de 1 2 3:

l: niveau faible
2: niveau moyen

3: niveau &levé

Il n'y pas de référence absolue pour classer une expo-
sition 3 un nivesu donné, mais i1 faut considérer une
dchelle différente pour chaque produit, &chelle qui
peut étre relfée sux divers métiers conduisant A cette
exposition (p. ex: poussiere bois: pour un polisseur
de meubles sans protection, congentration 3; pour un
peintre dans le meéme atelier, concentration l) (autre
exemple: benz2ne: pour un travailleur manipulant du
benzdne pur: concentration J; si le benzdne est une
impureté dans un solvant industriel: concentration 1).

correspond 3 la proportion du temps de travail pendant
laquelle 1’ exposition a lieu 3'un niveau proche de son
niveau moyen.

1: moins de 57 du temps (moi;ns de % h.-par jour)

2: de 52 307 du temps (entre % h. et 3 h. par jour)

J: de 30 2 1002 du temps (plus de 3 h. par jour).

oo

#ram - [ —
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On pense ici A une journ&e de travail. de 8-9 heures
environ.

-

Remarque: si dans la période de temps considérée 1'.ex-
position n'a pas lieu tous les jours, les -
pourcentages précédents s'appliquent éggle-
ment au niveau d'une semaine, d'un mois ou
mé@me d'une ou plusieurs années (p. ex. une
semaine par an = fréquence 1).

8) fiabilicé: correspond 2 1l'estimation que se fait le codeur de la pro-
: babilité que 1l'exposition ait eu lieu effectivement.

3: correspond 2 une quasi certitude (ex: gazoline pour un
pampiste)

2: indique une bonne probabilité (ex: émissions de soudage
au gaz pour un mécanicien auto)

1l: indique une possibilité mais faible ou une grande incer-
titude (ex: laimu:e et débardeur).

Plusieurs &léments peuvent concourrir A 1l'incertitude concernant
la réalicé d'un contact ou d'une exposition. Tout d'abord 1'information
tirée de 1'interview peut étre insuffisante pour se faire une idde pré&cise
de 1'environnement de 1'individu. Il peut également y avoir une probabi-
lité incrinsdque qu'un produit donné ait &té urilisé dans un emplol ou une
industrie déteminée. A ceci s'ajoute le niveau d'incertcitude du codeur
lui-m@me qui juge de sa capacité 2 décerner cette exposition.

- 9) liste des expositions

b] La feuille d'exposition liste une série de substances chimiques et
mélanges dans divers &cats physiques, et comprend &€galement quelques pro-
cédés industriels et quelques expositions physiques.

a) code: 3 chacun des produits est associé& un numéro 3 6 chiffres ou
code; ce code reflécte la nature physique (poussiére, gaz...)
et la nature chimique de 1'exposition considérée (inorganique,

' organique, fonctions chimiques...). Notons qu'il n'est pas
nécessaire de connaltre la base de ce code pour attribuer
les expositions.

b) classes d'expositions: & chaque exposition correspond une défini-
tion précise. Les expositions sont regrou- -
pées en classes reconnaissables par le ler

' chiffre du code:

- les poussidres:
- les gaz:
- les fumées:

W N
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c)

d)

e)

£)

-

- les liquides et vapeurs (sous
forme de vapeur, liquides ou

solutions): 4
- les groupes chimiques: 5
- les expositions physiques: 8
- les autres (temporaires,

procédés...): . 9

Dans chaque classe ou applicable, on divise les produits en
inorganiques et organiques. On liste en premier les expositions
correspondant 3 des mélanges (qu'ils soient de cowposition varia-
ble ou fixe) puis les expositions 3 des composés chimiques simples.

Les sections suivantes présentent une description générale de
chacune des classes.

les poussidres: les poussidres résultent généralement de la désin-

tégration mécanique d'un matériau solide en par-
ticules fines. On considére ici celles quil sont
suffisamment fines pour &tre en suspension dans
1'air et pénétrer dans le corps par le nez ou la
bouche. Certaines fibres sont &également incluses.
On retrouve sur la liste des poussiires inorgani-
ques de type général (abrasifs, isolants) et spé-
cifique (carbure de silicium, gypse) ainsi que des

poussiires et fibres organiques. -
t

les gaz: 1les gar comprennent deux groupes: les inorganiques et les
organiques. .

les fumées:

les liquides
et vapeurs :

les fum&es sont composées de particules solides prove-
nant de la condensation de substances formées lors du
¢hauffage de la combustion ou décomposition 3 la cha-
leur de solides, liquides ou gaz (ex: fumées d'oxydes
métalliques); dans un sens plus large, on inclut aussi
les gaz et vapeurs en &manant (ex: gaz (fumées) d'échap-
pement, fumées de soudage).

sous ce terme on regroupe les produits et mélanges chi-
miques qui ne sont dans leur é&tat habituel en milieu de
travail ni des poussiéres, ni des gaz, ni des fumées.
Il s'agit alors de substances normslement liquides ou
dissoutes ou dispersées dans un solvant. Elles se
manifestent sous forme liquide (contact cutané) ou

sous forme de vapeurs (contact respiratoire) ou les

deux,

On retrouvera sous forme liquide dissoute des composés
inorganiques A faible volatilité&, par exemple: acide
phosphorique en solution dans ll' eau, la plupart des sels
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inorganiques solubles (ne sont pas liscés), les
bases en solution. Par contre les acides halogénés
psuvent se retrouver #galement sous forme de vapeurs.

"La liste des expositions organiques comprend des mé-

langes liquides complexes (ex: peintures, encres)
pour lesquels l'exposition sera soit respiratoire
solt cutanée et respiratoire 3 la fois. Il en est
de méme de la plupart des composés identifids qui
pourront se retrouver 3 l'état pur ou en mélange,
dans ‘une phase liquide ou leeut (ex: benzéne,
trichlor&chyléne).

g8) la lisce des groupes “
chimiques:

on a regroupé ici des classes d'exposition
par leur nature chimique: le métal pour les
composés mécalliques, la fonction chimique
pour les composés organiques. Ces catégories
sont utilisées soit syscématiquement chaque
fois qu'un composé en faisant partie est codé
ailleurs dape la liste (ex: hydrocarbures *
aromatiques et benzéne) ou indé&pendamment si
on ne désire pas spécifier le composé parci-
culier (composés du plomb) ou lorsqu'on a
affaire 2 ui mélange de produits de méme
nature chimique sans en reconnaltre les cons-
tituants précisément.

h) autres expositions: cette classe regroupe des produits cu mélanges

L AN

difficilement classifiables ailleurs ou en
attente de classification ou redéf/inition.

i) expositions physiques: pour les deux expositions listées, on uti-

10) méthode de codage:

——— i s e mpen o

lise le code 9 comme code de contact.

Nous recommandons la fagon suivante pour procédexr
au codage:
A5

a) lecture de l'histoire occupationnelle compléte
du cas envisagé, c'est-a-dire les différentes
feuilles d'interviev et le questionnnire auto-
administré; ceci permet de se faire une idée
globale de la carridre de la personne et du
type de spéclalisation qu'elle a pu atteindre.

A ce stade, des codes industriels et occupation-
nels ont &cé& accribués et les emplois regroupés
8i nécessaire.

b) lecture appr;afondie de chaque feuil#& d'inter-
view correspondant 3 un emploi. cune des




c)

d)

- A4,7 -

questions posées devrait permettre de préciser
l'cnvitonneunt de travail de la personne. Il
“slagit alors d'intégrer cette information (sou-
vent incompldte ou h&téroclite) et de la compléter
si néceasaire par la consultation: - d'ouvrages
ou articles se rapportant 2 ce métier ou cette
industrie, - de personnes ressources dans ces
mémes domaines, - de dossiers similaires anté-
rieurenent codés, et d'établir une liste d'expo-
sitions possibles. )
¢

on inscrit alors ces expositions sur la feuille
d'expositions chimiques. .

- a1 l'exposition fait partie de la liste, on _
entoure le code correspondant et on lattribue
des valeurs dans les colonnes contack, con-
centration, fr&quence et fiabilité.

- 81 l'exposition n'en fait pas partig, on la
rajoute dans un espace vide, si possible dans
son groupe (poussiéres, gaz...). numéro
de code lui sera attribué avant l'entrée dans
1'ordinateur. On lui attribue les leurs
nécessaires dans les colonnes contact \cgncen-
tration, fréquence et fiabilité.

on procédde alors 3 une lecture-revision systéma-
tique de la feuille d'expositions groupe par
groupe et produit par produit en incluant celles
des expositions sur la liste qui auraient pu &tre
oubliées lors de la premidre évaluation.

s
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Appendix 5
1

Justification for Using the Collapsed Table Method

as a Means of Assessing Inter-Rater Aqrnmlxt

' /
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(A.5.1) Introduction '
In this thesis, agreement has been measured for raters attributing
exposure to physical and cﬂicu agents by reviewing detailed job
~ descriptions obtained usually by interview. A summary measure oOf
. ~ agresment has been obtained by pooling each rater's assesszent of
. tx;ocutc for each of phc s substances on the exposure checklist and for
each of the n job descriptions. The purpose is to Obtain an "average”
measure of inter-rater agreement over all substances and job

———s

descriptions. The process consists of adding together the cells of the
s contingency tables corresponding to each lubct::ée. Thus, one
"collapsed” table is formed having n x s observations. (This 1is
referred to as the collapsed table method.)

At first sight, it might appear that the exposure has replaced the job
description as the sampling unit. Heuristic arquments are presented in
this Appendix that demonstrate that this is not the case. In fact, it
vill be sholn that this process is identical to taking a simple
a‘!thnottc average of the index of crude agreement, p,, over the s
contingency tables. By way of an example, it will also be demonstrated
that the averages of the oxp;ctcd value of this index, p,, and the
Xapps index, x, aro”approxf-ataly equal to that obtained from the
collapsed table. No formal proof of the latter tvo assertions will be

given.
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(A.5.2) ma llq.h of the Validity of the Collapsed Table Method
. a m‘ot Weasuring Average Inter-rater Agreemsat

Consider the following t tablc; vhich represent agreement between two

raters (R-1 and R~2) vho|assessed exposure on a dichotomous scale to

two sabstances (s=2) for each of 30 job descriptions (n=30).

\

gusTANCE 1 | SUBSTANCE 2
Rr-2 R=-2
- s ] - R
- 6 12 | 18 - S 3y | 8
. -1 A | . oy
{ . . I :

Y 0 ji2 o+ 2 20 I'n
ﬂ . © 2 |3 ? 23 | %0

. " P, » 0.533 ' P, = 0.833

Py = 0.453 Pe = 0.624

a ¢ = 0.146 .« = 0.5%6

@
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Suppose nov that these two tables are combined, as described above, for
[

the purpose of obtaining summary measures Of agreement; vig,

- SOLLAPSED TABLE
“ 2
- + l
-1 15 | 26
R-1 | .
| .
f + & 30 M
18 s | 60 '
_ ,
! P, = 0.683 ‘
’ Py * 0.333 4 : :
« = 0,321

-~

4

The daifference between the arithmetic :nvcraqo of each of these
quantities, over the two strata, and the values derived tro‘ul the
collapsed table -are small (<10%;, see Table A.5.1). Thus, it appears
that the collapsed table method provides a means of summarizing

inter-rater agreement over the complete set Of exposures.
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o Table A.S.l_

, . Colparison of Agreement Indices - . K‘

Value of agreement statistic for:

]

Mreesent Substance

Substance Average colhp" % Difference

Statistic Number 1

T M et e 2R

. el

Number 2 (1) Table (2)
Pe 0.533 0.833 '0.683 0.683 0.0 E
Pe 0.453 0.624 o'.sss 0.533 1.1
- N 2.1« 0.536 o.ss; 0.321 9.4 -, -
. }
| :‘

(1) Arithmetic average of the values obtained from the contingency «
tables for Substances 1 and 2.

(2) Calculated as (Average-Collapsed)/Collapsed x 100%.

[N . . . !
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(A.5.3) Nore eners) Considerstione-
Por the index of crude agreement it can also be shovn that vhen the
n:unbcr of job descriptions (ie, ‘Observations) .in each table is equal,
the average of p, over the original tables will alvays be equal to that
obtained from the collapsed table. When the condition of equal sample
sizes does Ot hold, the 1index of crude agreement obtained from the
collapsed table 1is identically equal to a wsighted average over the

original tables. The weights are equal to the inverse of the total

nusber of observations in each table.

"

&

It appears, hovever, that the value of Xappa °‘obtained (from tﬁo
collapsed table can not bc vritg.cn as a veighted average over the
co:utitucnt ‘conttnqoncy tables. Various weighting schemes have bsen
tried (see 'uhlo_‘ A.5.2), but all yileld values different from that

obtained from the collapsed table.

It would also be o.t interest t;" comparé the value obtained from the
conaéud table to that obtained vhen an average is formed by veighting
eiach individual value of xappa by the reciprocal 6! its estimated
variance (Fleiss, “1981). This procedure would be applied only if it
vas believed that the underlying inter-rater agreement for each of the
substances \;;, oQuali. In general, this would not be the case, although
it =ight- be a reascnable agsumption for certain clusters of substances.
In any Q\;ont, this procedure vas no't followed in the thesis since, as

vas noted in Chapter 3, little confidence can be placed in asymptotic

(and, perhaps, jackknifed) variances when table sizes are small (n<50),
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as is encountered in this thesis. v

~

&

¥

[

" Lastly, there may be proglcms~ vith the estimates of ,the variance of

xappa'obtatned from the collapsed table. The variance 1is calculated
from the colln;ned table using asymptotic statistical theory which
assumes that each entry 1in the table 1s an independent observation.
Since the values in the collapsed table are not lndépendent it is not

clear whether the variance obtained from the collapsed table, and the

- resultant qontidcnco‘- intervals, are interpretable in the usual

statistical way. Nevertheless, confidence intervals are calculated for

all comparisons.
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Weighted Averages Of Xappa Derived from the Frevious Example (1) -
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Table A.5,2

«

-

o

A

Weight Value of ¢ % Difference
Pactor derived from vith respect
_use of the to collapsed
Veight PFactor value (2)
) . ‘
”
1 0.351 9.4 ’
1-p, 0.313 -2.5
) Py
cmmmememaa 0.451 41.9
(P1y ¢ Py
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(1Y A v?tghm average for X is dogung‘ ast
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> where the v; are . weights and the g; are tho") individual values Of Kappa
_cbtained for each stratua. ) ,
(2) The value obtained from the collapsed table is 0.321. The percent
difference is calculated from the foraulas {Weighted
Average-Collapsed )/Coliapuﬂ %/ 100%
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TAMLE w0, (REFERS TO TAKINL I vaRTANLE A

FROM FACH vAR ETSTS CONNECTFUL
CFLL FREWUENCY (UNWELGATED)
VALUL uF ouw Wak]laslt

valLitt oF CuL VvaR]AblLe

VALUE UF CuNT=RglL VARl ABLE

+
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00, EnDso0Nn) [Nt, RuUrvV, COLv,
WFHU O U 8 y)
¢ TU,IR, 2L A 0,88)

LP e, nLiK20h(L:R) ) THEN
z 1

= JliufF,

SIRuLP, T(FKh.0)1 ) STrTYV

w 8 INT(~DWY)
2 N1 eenLy)
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STRaLPF
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A TIME
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CalL LBt ( wauPrd, s A R)R )
Call 2€Entr { | nlsDb s MAXSIN )
Catl (fwar (Wil of, ~8XSIk )
CALL /¢t rnt ( KuP 8>, NaxSTK
’ Call (Fnft ( vailddla, raxsIn )
Crhll (FRN ( 0L, S8X5TW )
CALL ZFutY ( Pu, raxSTR )

PLU 106 » = ), MEXSTR
DNPEF (K ) = JFal SF,
NUVaR® ) = F al 5F,
- - RutaufFh th) =2 0O
106 CUMITdn
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o
Ceoee THINIALIZt #0m NFe 1ARLEF
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102 Cunitee
NUSIWY = o
) f 1o 3 on
» Lianlt = InV(])
e ROk 2 3l ( Rumv )
CuL = 1ut ( Ccutv )
EnNT = Fal 5F,

c
Lavee I1IIallZE FOr gy STrATUE
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105 CubiTant
' Call ZEnn ( ToiLF, MAXAPY = WMAXARY )

1LSTRAT = 101t OTRTY )
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C
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N STely = |}
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Liee = M
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G 10 110

250 éun = .IPUg.

B
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c
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-
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WNSTRT, RAPSUH, LT, KAPCAT, PVALUE, DF, »35S5)
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»
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KaPd?y = 1,95 * SURI(1,/C]J)

~

- Logns -SUMMAKY Cani:0l oF DUNE
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NAPPA, NULAR, LRGSE, NULSE, WAPSUM,
e ¥ b1y P9 €30 LU, PVALUE, OF, wUMBELR, JNUEF ., NUVAR,
UVLNul., RAPMAX, PC, PO, KAPAVG,-

“hNAKSN],

HOSUMK

+FALYF,

N‘PCN',

-

VANJICK s PVALUJ, DFJs XaPLHJIe SIZIHLe NUSUMK )
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, ——— et SAMLAG, SamSTi, %~Ont) ’
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I x0w = |
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e em e L2 % KAPSUY = 1,96 % SuRT(1./C1)
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Ceene JACAKWIFF
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CALL KAPUVN(SVR AP, SYJACKA, SvUnD, SViOVR, KAPAVG, 1.
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PLAL LAGEL FTULE ARD SET LAngl FLAG 100 TRUC IF
Nal ID LARLL S HAVF NOT REFN xFAD

IMPLICT! IMIFGFR ( & = 2 ) ‘ o\

CHAKACTERaTO FTHLEwR0,MH(2) A ——
LUGLCAL NalMblLy NOL 8, DHENAN, wle SAMLAB, $A"Slwf’FlPST
LUGICAL JArRHF ;

RLAL wEIGHY ( 30, 30 ) ~

LY

CUMMDN /7 LAHS /7 DM, ¥, wRaTE Y, WRAYe2, NSTRAT, nAMEL.
. JACK NP

CuMpOn /17 myilite

CuMp e /7 MBA 4/ FAXTAR, +AXSIK, HAXARY
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—mee e e . v - - -
Coveo MUNE KFFFFS TU IYPE (OF STATS wEWHULIKED
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c o . ‘ ‘
Ceves MUDE = ) - SaME AS MUDt s O oul SUiMalY RAPPFA UVLK % .
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c . ‘ p
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I1F C OMENAM ) Naukl =3 LFALSE,
1F ( .NUT, Untt'aM ) Narel = JTRUF,
1F ( ule NE, 0 ) Wl = ThUE, v
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T 8 FALSL,
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200 Ccuni Tk
MEATF) = nRaTel « §

o
Y Conse PLAU RATFH2 LARELY

ol e e o e e e Sap— = . .
. .
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¢
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Cannn RETURL :
¥ c -
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F&p : L . . . o
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+ : L $S3IZT THIET EITETES IS :s-z::-Y///)
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TMPLICIT IMIFLEKN ( 4 = 2 )
CHARAMLYEPwIU {11 tefo, H(2)
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1F ( UNLV} } RETHUNN ¢
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IKAPPAT, TuS, trAPRAT, 1S5, - TE XPECIFD?,
TaYy, TSTAMpARD FRRiNT, Tun, 195 3 C.l. T,
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SUKRKNUTINE fe ( MRY, NRZ, LSTRAL, LINb, Kaltl, kalEZ, STRaTA,
KAPPA, MNal=H, LPGSCs NULSE, RAFSUM, RAPCHIT,
C?» LYr L4, L3, PVAL, UF, KUmHEF, UNUFF, NUVAR, UVeRal,
KaAPHL X, FL, P, wgPaVi;e NaPdHJ, VARICK, PVALUI, DFJ, KAPCHJ,
STZTHL o WNHHMR )

* * > @

RUUTTINE Tu nRPITE napPa STATS 10 PrinTek

(2 NaXa ]

TSMPLYCTTY LMIFGFR ( A = 2 )
CHARBLTL WU ralFL(4R1), FAIEQUIRE), STRAIA(LSTKAT)
REAL KAPPA(CLSIRAT), LWRGSE(LSTRAT), NULSE(LSTRAT),
R KAPSUN . RAFCHI, pvAaL, C1, C2, DF, €3, C4,
+ LIMTNT, CIHTm2, CINTMY, (I%AXY, (I~AX2, CImAX3,
+ nAPPAX(LSTRATY, PC(LSTKAT), VARICK(LSTRAL), KAPAVG,
¢ e—— % MAPSK . WFJ, KaPCHJ, PvALUJ, PUILSIRAT) .
LURLICAL NULAR, waWmEL, vle UNNDEF(LSTRAT), wOVAKRI(LSTRAT),
VR . OVFHAL, JaCKeF, NUSUMK s
a CRARKALTER®PU HUVAL, NFVAL . :
PIMENSTUN NUMRER(LSIRAT), SIZInL(LSIRAT)
~Lukllie # LABSZ UTa, wT, NkATFL1, NrAIFZ, NOSTRAT, NAMEL,
+ JALWWF o .
] NATA LNVAL 7/ TINDEFINED \ ¥ e,
S BATA UNLVAL /ZTPELRFF(LT AGREEMENT 1/ e

»

c .
—Lvveow WRITF HEADTUGRDS - -
. € '
[

- IF L LTiun fF, 00 ) #
+ LALL Meauh  FALSE.s WULABe, Nkly iRz, RaTibly, <&TE2s LIMg)
— e

. Cewse LARLI o FRUCESSING

A
IF C MUY W§0LAE ) THFN '
o DO Tuou N 3 1, LOTKAT - '
CIMINE 3 RAPPA(K) = 1,90 = LRLSH (n) © Ot
CIMING = KRAPPA(K) = 1.9 & VARJLREK) .
CIMINGS 2 RAPPA(K) = 1,90 * LULSL(R) ‘ :
’ CIMAY]Y = RAPPA(R) * 1,9 = LRLSEIR)

Fivaxe & nAPPA(K) ¢ 1,90 & VARJLVF(X) _

—_—t CIrAXS 3 KAPPAIK) ¢ 1,9 # LULSE (N) e

o - ] ©




Qi = e A e e g TR

e e R A 4 i

- AT -

b oMule GNOFFERY JaNi, Jalnry )

+ RELE O 6y %000 ) K, STRATALK),
+ - KAPF AR ), KAPHAX(F DY, PCLK),
+ LrehGof (K), Cl4jhy, ClWAXT, NUMBFKR(R), PU(N),
- * VARIEA(n ), LINMTW2, ClaBk?, SILTolik),
* Kubsfiv), clmpt3, CLAAxS ’
TH ( «huT, UMDFF(R) ) )
+ RLTE € 9, 94185 ) K, RATEY (N1 ), HATLZ (MK2)»
+ FabPratrl, wuPrax(in), Pr(K),
_— et . LKGSFAK), CI™MINK1, CI¥AXL, MUMUEKF(A), PULR),
* VARYCRIrn), CLIrIn2, CImAR2, SIZTuL (X),
* NULSFURk), CL4IN3, CIMAX3
e TH ( oNUT. UNDEF(K) .ahG. onOT. JACKNF ) ¥

+ wRTTE ( 6, 4020 ) K, STrRAJALK),
.. KAPPALR), KADOMAX(RY, PFC(K),
K J -LKGOELK), CAIMINL, CIMaXl, NUMBER(K), ""Ul’\)’
* NULSFUK), CImIN3, CIVAX3, SIZTBL(K)
TF ( DEF(K) _AND,. nAPPA(R) LA, u.)

+ WRTITE € 60 9010 ) K, STRATA(K),
+ . huvaL, PC(K), PU(K)
It ULDEFIN) JAuD, KAPPARN) LEQ. 1.)
——— KWeITF ( 6, 9010 ) K, STRATA(K), -
+ ONEVAL, PC(n), PILK)

Lidvn = LING + P
e 1F ( LI~ bE. 80 ) THE
CALL HeAubh ( FALSE., NALAY, NI, WR2,
. RATEY, RATFZy LING ) _—
Enn IF :
1000 LONT [ HNOF s

oo ELSL . ‘
ELSL 7
c : - »
——Cwnee—bU LAYFLS . i .

- - UN 1200 K = 1, LSIRAT

n

- 1,9% * LRGSE(K)
- hAPPAIK) = 1,90 S NARJICK(K)
RAPPAIK) = 1,90 * NULSE(n)
KAPPA(A) + 1,9 = LRGSE(K)
KAPPA(R) #+ 1,9 & VARJCK(K) |
KAKPLIK)*+ 1,90 uULSL(n)k

Civint
CIMENe
‘ CluINs

CiMpXy

—_— e = = - . CIMAXY
CIMAXS

KARPA(K)

HH UMD

—— el dE 4 LJMUT, UNLEF(R) JABD, JACKNF ) .
vPITE ( 6, 9100 ) K, KaPPA(R), XAPMAX(K), PC(K),
' LRGOF UKD, CIviNY, CImMAXL, NumgER(n), PU(K),
VARJERIN), CTMIN2, CIMAX2, 3121wl (X),
MULSF X)), CL™IN3, CiMaAX3 °

1
¥
* 4 e

Jb- (- WU, UNDFE(K) )

WRITE ( 9, 931Y ) a, “AYL!(NN!), RATEQ(NR2)
KaPPatX), RAPWAX(R), PCIN),

IXGOFIK), CIMINYL, C1IMaAX), Nu"ufk(x). POK),
VARJCK(N), LININ?, CIHAXR?, S1ZTHL (K),
NULSE(K), CIMINT, CIMAXS

h
+
s+ 42

Jd

e v
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T U <NUT, walFF(K) ,alo. KU1, JaCang )

+ WSRETE L o, 9120 ) Ky, RAPPA(K), X4PaAX(N), rCIN),
4 FRESFUK), CloIny, CIMAXT, Nusofein), POIR),
+ ul ot An), CIVviEng, ClMaXs, StZ7taL(n) .
V(U FUR) _ALD. RAPPALR) B0, v.)
- 4 LTUF ( Ay Y110 ) K, NOVAL, PLIK), PH(K)
TF ¢ bbbt Fin) MDD, KBPPA(R) JtN, 1.)
+ CRRYIF Ay 9110 Y Ry une VAL, PCLK), PULIK) .

flHo S LInd ¢ 2
IF ( Llise bF, a0 ) TrFu

—9100 FURMAT(TOT,2X, 13, T35, F7.5, TaS, F7.5, 155, Fl1.5,

N ~ TS, F8.,%, THO, F6&.3, 1%,
Fh.3, 195, 1S5 7 1S5, F7.5,

~16%, Fo.5,. 180, F6.3, 1X, F6.3, 195, IS-/
165, Fd.5, THO, F6.3, 1X, F6.3 )

L K B R J

o

9120 FURWAI (Tut, 1X, I3, 135, $7.5, TaS, F7. 5. lss,.Ff s.

+ 'f\ﬁ. ”" 5. YBO,r fﬁ 3, 1’,
+ Fb.3, 199, 15 7 155, F7.5,
——— . thso Fb.s,‘ lbop Fb-‘;' l" Fb.x' 1950 15 )

9110 FurRKaT ( tot, 1x, I3, T35, 429 , 155, F7.5/ ¥55, F7.95)

-9115 FURSAT(IX, I3, LR, R2U, 1X, ARGy 1Ar FloSe R, FTu5,
1Xe FH.S, )X, FA,S, '
1%, FR.Sy 21X, IS/21Xy FI1.5,

_--41'-38'57 J" Fb.}v leo Fbol' lx' 15'
1!, fﬂ.'i' \'“' ,Fh.s, lx' ,Fb.-s )0

+ b s o

L IF ( DSUMK ) RETURL

° CALL HEBAVA | FALSL., nOLAB, NkK1, WR2, : e
— + e et RPATEYs RATEZs LlNo ) .
EhD lf W
12v0 CNuTINUF
— - Fup 1Ff
. c ’ :
el oete ~RETUR [ .;F NU UF SIRATA = | .. ’ v .
C ’ s \
. IF & LSTRAT ,LFe 1 ) REIURN |
¢ i%
—Loeoae LUPrALS -
P .
9060 FUPi‘ll'anTplx'I.so Ti10, APV, T35, F7.5, 145, F7.5, 155, k7.5,
+ 165, FR,>, TR0, FA.3, . }
+ 1X, 6.3, 135, 15/ 1S4, F7.5,
Ao .. A0S, FBL9, 100, F6.3, 1X, FbO.3, 199, 157 .
* Thb' F”.b' Tb‘,' }6050 lxl "6.3 ) 3 ;
. [ |
— 9020 FURMAT (10T, 1X, 13, T10, 420, 135, F71.5, 145, F7.5, 155, k7.5, )
+ 1A%, Fhr.5, T80, Fo.3, !
. * 1X, P63, 9%, 1S/ 185, F7.5, !
— b 4 L 16%, Fn,5, Tbo, F6.3, 1X, Fo6.3, 195, 15 ) __
9010 FURMAT(tne, 11, I, Tin, APu, T35, A20, 155, F7.5/ TSs. F7 5) t

lx, F?.S'

N
WS Jni;&h’ﬁ”&%w-ﬁuul- 34 # ol i -




E-
E
3
{
{
% ¢ - Aso]g - -
i C - ’
; A SUMEAKY SIALS RUUTTF , .
' o C
S c .
% “ |
' EuThY WoSu £ I15InAT, LIYes RAPSUE+ KAPCH], C29°Cly * .
F + Cde €39 PVAL, Db, NYERAL, KAPAVG,
E L.t ’ KAPSMY, BYALUJ, DEJ, KAFCHJ, wNSaR )
% * T
4 IF U Wh3UR ) PETURL .
S - IF U uVePRal ) .
? » WRETE ( &, 9500 ) - -
93uvd FOrMaT T3, 115, Tt V E W A L L K AP P A SUMME LT,
ST S 1 0V EK ‘AL L T Aab L E Str77 )
i . WKITE (o, 9200) [5ThkAT, RAPAVG, KaPslk, KaPLR]l, PVAL, DF, C1, C¢
-— 92U0 FURMAT  (///7% S U 2 » AR Y XK A P P A S 71T a 7‘31‘/
+ Pt == =2z 2 == =2 =2 =3 = =T == = =t7/
* T “Ut “P b'HAIA e ® 9B GOSRatre s ’ 1 4 IQI
RS, J T (AOIE InAl w0l all SIKATA ARE UWSER [F SuMe KAFPaSTt.
x + T SLRE UNDFFINE)T 2/
+ T SumMvawy KAPPA (UNwFIGHTED) ..., T, F5,.%//
» —— e ¥ T LANGLE SaAMPLE VARIANLES L V4
+ ? s=s=2 ==zzzz =zISEEITs 17/
.t T SUMAKY KAPPLE (WFIGHTIED) L.i0ee T2 F5.37/
et ' CHI Sy FOR HOMOGEWEITY L..eeeee T, F10.4/ -
F T (HO: STHATA ARF HOMUGENLOUS )T s/
/ + T PVAL'": FOR CHI S'JUAKE dse0oefsoes e 1 ’ F7.S'T ( DF - ‘tl “

ﬁ\\‘///f—h\\\_;;1/i_~_x - Fo.u, T )17/ ‘
+ T 952 C.T. FNK LVERALL nAPPA ... T »FS5.3,1 10 1,FS5,.377) ‘

LiNe = LIuntt7
o fﬁ ( JALKNHF ) TnEw : . ' i .
WhTIE (o6, 9400) KaPOMJ, KAPCHJ, PVALUJ, DFJ, C3, L4, . .
QUuUO FURMAT (1T JACKKNIFEDL VARIANCEOLT/ .

0 " + T SSBRSESSTSTST= =========tT// s

3

+ T SuMAaARY KAPPA (WFIGHTIFD) ceveee Te FS.377
NS Y T ChI Su FOr HMOGFRELTY ceeeeense T » F10.4/ .
+ 1 (nn- STRAIA ARE HUMUGENLOUS )1 7/
4 - + ’ pan”t F"h CHI b“UARF PO v ecsere T "F7.5’T ( “F = T’
‘ — et Fo,u, t )17/ ’ . -
+ T 95% (.. FOR DVERALL KAPPA ...e T ,FS.3,1 10 t,F5.3//7)

LiNe = LTIdht12 |
St e E DT R . .

PLTURL .
¢ - -FND
g SURKRNUT [Ne FAFPAC ( MUDdE, KAPPA, MAPMAX, PC, PO, LRGSE, NULSE, ]
R + simneR, UNDFF, TARSTIZ, TaAdLE, wEIGHT, NUVAR,
o . VARJUK ) ’ ‘
. (o :
- Lo —-REFLR TU J. FLFISS, zSTAT MeTAnnS FuR RATES A PROPURI OS2,
. C CHAP 13, (2hv ENITINNY FYR FyRMuULAL
C ¢
-, e —BUTE -THAT MU' aF 1GHTS RFOUUIRLS A DI AGONAL MATRIX ~
( } C SHEH 'THAT ALL ELEMENTS (J,Jd)s 1 AND (J.K) = 0O
- c THIS |IS TuF DEFAWLT
C b . ©

S R

-

oy
Te e attosgun o =

B B

T A

ot 3 oo o LS
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TRPLTILTE JHIteEn (8 = 7 )
HLAL hAPPa, LGSy, NULSE, TaHLF (30,30),

* vETGIT 30, 40)
RLAL #0, POy PRUW(RYY, POOLCRO), wInOw(s0), wiCOt (30)
) REAL 4r oy, Cyp D, b, KaPuaAX, PUM, vARILK

LURLICAL DR, WOVAR, NaAMEL, 0T, JALK
rEAL Al MZpWw
- - [-k
CuMming s e X / SAXTAR, MAXSIR, MAKAKY .
COMMDG 4 LARS /7 DY, 4T, wRATEL, LKATE2, wSIKAT, WAMEL,
+ TACKhNE

PDaTh ALMZER 7 V1F=12 /

Coewoe THITTAlIZE ACLORNING 10 CALLULATTUN ™MODE

- TJF ( MUDE oLty 2 ) THFN
" CALL ZERU t PRUWN, MAXARY )

CALL ZERY ( PCUL, MAXAKY )
——— .~ CALL JZERU t uTrO., MAXARY ) o
LALI Ztwu | «TLOL, MAXARY )
PO o= 0
- PC = 0
EnNDTF
L ]
JRN S . e e
Covee CUMNT TUTWL Nu, OF URSFRVATIOUNS
C

MUMpEx = 0
NU Lou h = 1, TuRsIZ
— - =0 o J = 1, 1ABSTZ
NUMRFR 2 WUMAER ¢ TARLE(K,J) '
1ov  CcounNtIntiL

Couee CHECK FUR AN EMPTY TAHLE

e TP L NURHER LE9. 0 ) THEN
UMDEF = o TrItE,
Lphst_ a v -
hNUILSL = U,
N TY pouo

Eih T#
C
Coueo XKAPIL A
-
c |/ WKTITE L6, n) ((TABLF (L ,M) ,L=1,4) ,M21,4)
te——  -.LALL. CALCNK ( TaBLEs AEIGHI, .TABSIZ, HUMBEH, PRUW, HCUL, PO,
+ PCese naPPA, UNDEF )
TE ( UNDFF ) THEN
- LRLSE = 0,
‘“ NOILSt = U,

VARICK = 0,
( e eee = D) TU ANUO
EnD T ;

—— — e TGO AR T LT A AN T
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ceoe KAPPA MAX|MUM

(s BaXs]

Puv = 0,
N o8y A = 1, TalsT1/
A = AMINY L PRUNC(K), PLOULIR)Y )
PNN 2 PO A
685U  CUNM]TIelt

KAPMAA = ( POV = P ) 7 (1, = PC )

'

C.... .nthUC ‘
c WRTTF ( A, * J PD, PC, %APPA, (PRUN(JI,J=]1,5), (PCuL(K),rn=1,5]
c . .
—Loeeese HEILHIFLU AVL UF RETOLHTS
c-.'o '\"PUV-’ = V’('t)
Ceeve YICUL = n(,.J)
¢

DU 700 J = 1 #TuRHTIZ
e - un 700 ¥ 1 ,1an817
WTRNL(Y) HIRUN(S) ¢ wFLGHTCI,,K)RPCUL (K)
700 CUNITwLL

#Ha

DO 790 J = 1 +TARSTZ
L0 T4Hn & 1 ,18vS17
- nTLOL D) HICUL(J) ¢+ wEIGAT (KeJd)mkFRUM(K)
750 CUNTT e
Ceosee NLHUR

o WhIIF € n, * ) WTRUM(K)snZ]1,5), (RTCULLJII.J=1rD)
C

_..C...¢. .-SIAMDAPU LH“UKS . -—
c

L eaee LARGF SAMPLE OSTU ERRORS

. cC =0, -

——-—— DU 000 J = 1, TaBSIZ
Ly Aun K = §, TAwS]1?Z
A WEIGHTLI,K) = (ATRUW(S) +ATCOLIK) ) (], = Kapph)
A TABLE(JeR) %A =» 3
L L+ A
VIt

KAPHA = PL &« (1. = KAPPA )}

C - R x R
U L JLE, ALMIFKN ) C = 0.

cCup
——— - B =

C =

IF

¥

I RGSF s SORY (0 7 (MIPVARFK®x () =P )en?) )
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C
Cacve OF FUK Nu ASongy
C

D o= o0, .
Pu 900 J = 1, Taprnyy
LO 9v0o ¥ = 1, [AbS])2
t (PEILHI (U rR) = (LTICHLER) ¢ WRUN(D)) )2e?
£ EePRUNLT) & pCol (k)
{s i+ t
Q0u  COUNTINIE
N =D~ PL * ¥l
JE -4 b Jlib. ALMIER ) p 2 @,

"o

NUEL SE = SUKT (U 7/ (NUMHER: ( 1, «=P_) 22 ) )

C.... De LG

c WHITF C 6r ® ) nAPPA, Pus, P, ke Bs (s D, Er» LRGOE, wuULSL
Cc
Ceoee JACAKUIFF
C s L]
TP JALKEF )
- LALL JCRLIF _C RUMRER, RAPPA, TaBSI¢, TABLESs WEIGHT .
+ NOVAR, vakJCr )
Y S .
Cxnne Rt TURY 3
c .
8000 CUOMNTTNNE
RE TURW §
€D

SURKOUTIME ZFnit ( TaRLF, N )
REAL TABLI L (N)

. e ——— e e e —— ® -
TABLLECR) = 0,
100. CONTINUE
RETURY
—— . -.FtD N Ll

SURKAUTINE BLWR ( TARLE, I )
CHANACTLF TARLF(n)

PO 0y K = 1, U
TAstetn) = ¢ ¢
—30U _CUNT ik N

RETURU
— ExD
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SURROIGT ML RAYIIWR € KAPPRA, LWRLSE, HDEF, wiyAn, KabaVi,
. LY, :'qluﬁtl P‘APSKH", Ll, R‘P’CHIO »VAl 1k, l)F' w)
C
Couwee RUMITHE T LALCULATE Slivmary anARPA
C-.o. SLF rl"lSC" "ﬁ?‘
c .
c -
THPLTILTY IMTRUER (/= 7 )

Rt AL AAPPAalSIFALY ), LRGSFLLOTHAL), Ay Cly) KAPSUM, KaFCHL» €y Le

+ PVat bt » 0F s RAPAYG
LURIC AL DIDEP (NOTHKATY, NOVAR(WSTIRAT)

TF G niyfF JLF. 2) THEN
—— - . A=. 0,
KAPAYG = 0,
LY =0,
——— - - .-LO. 30006 N = 1, NSTRAT
KAPAVEL, 2 RAPAVE ¢ KAPPA(K)
‘ TF (ODEF(K) ,OR NOVAR(K) 0K, LKGSE(X) LEU, 0,) GU T0 1000

cmeee— e e — L B ERGUE(K) A LRGSE (K)
A=

A + KuPPA(X) , C

fl s L) ¢+ 1, /7 ¢C
- 1oun L\&AﬂlNUF

IF (A Jtu. U, UR, C] .tQ. 0. ) RETURK 1
— nNAPSUM .= & /-C1]
NBPAVG = KaPaVGL / NSTRAT

EnD T4
B
c
—Lowwooe-CALCHLAITUI Or LHI SOUARE FUR HOMUGENETIY -
C
17
c—- - - KAPCKH] = o, -
MUVALOS 3 U
TF—4—300)F JLFo-2) THEW L — e e
DN 200y » 3 1, NSTRAT
It (UNDEFLR) JOR NOVARIK) Ur, LKGSE(K) kU, 0,.) GU 10 200u
- w - C m (NAPPA(R) = KAPSUK) a=x -
Nz te /7 (LKGSF(K) » LRGSE(n) )
KAPCH] = NAPCHT + C»D
—— -~ NUVAI O -2 HOVALS ¢+ 1
2hvo CLONTHUF
Coses PVALLUL .
NE = OVALS = |
o CALL MDLH ( KaPCHI, DF, PVALUL, IR )
PvALllE = 1, = PYALIIL
- Fub TF
c
——Laaxa _RETUR
(o
RETUR:,
Fisn -




T T g

. T

‘

SUMHOST N LALL sk € TanLf, nwFlGal, 1AnS1/Z, pU«ikM, PPay, Prul,

Pu, KC, NaVIPA, uebEp )

TRPLILYD 1l ny L oy =2 )
ReaL 1ANLL(80,30), PCOLCTANSIZ), rPRuatTARbIZ),

L

wFIfuT L3y, Y

RCAL PO, PLy nBAFPA, ALV/FHR
LUGICAL UuDEF

CUMLiie 7 AR 7 PAXTAH, MAXSIR, HAAARY

RATA AL IMZER 7 Vb=t 2 /

IwhLF = FALSL.

C
c....
C

3a0
Cones

c .

*

c..'.

CALCUHLATL PrOrOKT LONS

DU 340 h = 1, TABSNTIZ
b %40 J = 1, 1AsSIZ

TABLE(K,J) = (VALLE(KeJ)/NUMBENR)
CUNTInNtIL
PERULG
KRIIF C 6, * ) ((LARLE(JsIN) s K21,5),d21,5)

ENTRY FUP TACRKLTIFF ROUITINE DILY

ENVRY CalLNXJ ( IABLE, rEIGHT, TaBS1Z, NudgEr, PiOn, PCOL,
o Pu, PC, KAPPA, uNuEl )

INTITAL1ZE «CCONMPING TO CALLULATTUW MUDE

CALL LFERO ( PrfYy, MAXANY )
GALL ZFKD ( PLOL, MAXARY )

—— () R P - - - - .-

c -
C-...

c....

PC 2 v

PRON, PLOL
PROA = P(l.) = SUIM(J) (PC1Jd))

—c.'.‘."‘P‘L“L S—P‘.J‘ = ‘OUH(I) (P(lJ’,

c

a

e 40 —CONTTHUE

DU 400 J = 1, TaRSTZ
be dvo K = 1, 1ABSI7
FPROWLJ) = FRUWC(T) + TBRLE(J,K)

PU 4Su J 3 1, TaRMTS

Vo aso kK =z 1, 1AKS]?

PCLLGY) = PCUL(J) ¢ TABLE(K,J)
CONTTIUIL ‘

Pu -

Ny Sou J =1» 1ANSE?
DU SO0 N s3e 1ABSITZ
PN = PU ¢ TARLE(Jax)anfFIGHT(Jd,n)

CuNTTrUL - M2a .
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Cedeoe PL

H) by J = 1, TARSTL
LO &b x & 1, 1ALST?
PL 2 PO 4 AETLHTJeR)*PrOn(II2PLOL (N)
60U  Cunltiiin
c
Coeees KAPPA
£

IF C ARS (), = PC ) _LE< ALMIFR AND,
— e - - ABS ( PO w PLC ) ,Lbte ALMIEx ) [HEW
UNDFF = ,Tnrit,
nadpPa =2 1,
GNTAH Ryhu
FND T#
IF ¢ AR5 (1, = PL ) LLE, ALMIFKR ) THEW
UNLFf = JINRUE,
KRAPPA 3 U,
LOITD Rygou
wh TF

— — @

KAPPA = ( PU = PC ) / (1, = PC ) *

BOUO CUNTTWUE

= c..'. DEHUG
c WRILE(6s%) KAPRA, PU, PC » ((18BLE(L/N) oLs1sTARSIZ)»ME1,TARS]TL)
PELTURN .
B e 1L .
SURROUT INE JCANIF ( NUMBEW, KaPPB, 18gSJZ, TAplks wklIGHI,
+ UNDEF, VEKJICK )

SEF: MILLER, STUMETKIKA 6151-15,1974 FOR A KEVIENW
- ~FLEISS aun DAVIS aJgf 11S:R41=R4S, 1982 FOR AN EXAMPLE
AND EFROY, HIOMFTPIKA 6A:509=599, 98] FOk A COMPAR]SON
OfF METHOLS ' -,

!
;)
i
|

Oiv 4 BYTF wWURO HACHINES (EG, JR¥) THIS WOUTINE SHUULD
Rt USLD In UOURLE PRECISIUN MUDE : .

[

}

LnnnnnLnn‘

IMELTICTT [HIFLFN L & =« 7 ) ’ -

. ReAL TABLC ¢ 30, s0 ), PSEUUO ( 9u07), A
REAL wEIGHTL 80, 30 ) )

REAL JALKuF, PNUWLZ0), PCUL(30), PU, PC, VARJCK, HKAPPA
REAL WwOCEL(YOV)Y - s
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Appendix 7

Supplementary Tables for the General Comparison Trial
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Occupations, Industries, and Time Periods of Employment for

Job pDescriptions used in the General Comparison Trial

Occupation/

- 5702 -

Table A.7.1.

standard

Occupation . Tine Perlod
Industry Industrial Code of
Description Code(l )I‘ (2) Employrent
|
Leather worker/ 179 8569-158 1932-34
Small leather goods
Tar chaser/ 378 8178-214 1934-38
Chenical mfg
Enlisted serviceman/ 902 6117-999 1938-47
Armed Forces
Spray Painter/ 503 8595-126  1947-77 .
Railvay Transport ’
Drill Press Operator/ 323 . 8315-150 . 1942-45
Motor Vehicle nfg - G) .
Ritchen helper/ 614 . 6198-134 1945-47
Food vholcsal; ‘ |
Leather worker/ 179 8569-294 1947-51
Small Leather Goods - |
327 4197-160 1951-72

' ot&ico Clerk/

Shipbuilding
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Table A.7.1, continudd

Standard Occupation Time Period

Occupation/
Industry . “ Industrial Code of
Description code(1) (2) Imployment
)

Management, WEC/ 806 1179-299 1972-79
University, College
Construction Labourer/ - 404- 8798-114  1934-35
Building Constructi‘on
Motor Vehicle Maint./ 658 8581-114  1935-39
Motor Vehicle Repair
Airfrane Assembler/ 321 8515-118 1939-45
Alrcraft Nig
Patternmaker/ 321 8395-299 1945-74
Aircraft Mg
Cook/ 82 6121-134 1968-72
Hospital
Labourer, Concrete/ 09 87i8-114 1972-79

Other construction




Table A.7.1, continued

occupation/ . Standard Occupation Time Period
Industry Indus,tru} Code of
Description . Code(1l) ' (2) Employment
% Wood Worker/ - 821 8541-126  1979-80
' Hospital .
Labourer/ 627 9918-199  1980-80

s

Scrap Metal Wholesale ’
" Pieh Clesner/ 102 8217-130 1926-59
rish Products " ‘
- construction La;:our_cr/ 404 8798-114  1959-66
, - Building Construction
; : _ Pish Cleaner/ 102 §217-130  1967-73

i PFish Products

(1) Refer to SIC, 1970.

(2) Refer to OCC, 1971. _ . ;
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Table A.7.2 ]
Statistical Tests of Equality of the Proportion of Exposure
Attributed Present at a Given Level of Confidence between

all Raters in the ‘General Comparison Trial (1)

|
A
Chi-Square Value for Exposure
‘ Categorized at Confidence Level (2):
Rater Pair High Medium or Any
High

Chem 1 - Chen 2 6.8wn 29.8w* 29, 4> ”
Chem 1 - Chem 4 1.6 33.6%* 45.6%
Chem 1 - Chen 6 3.o™ 1,7 3.1 .
Ch.' 2. - Ch'll ‘ 1.8 0-4 217
Chem 2 - Chen 6 0.2 16.4%% 4 13,7%%
Chem 4 - Cher § 0.5 20.6** 25 .4
Overall (3) 7.3 534 62,3 %»
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, Table A.7.2, continued

(1) A total.of 3040 exposures = 20 job descriptions x 172 substances vere
used in the calculations.

(2) The {:ests in the first part of the table are derived using McNemar's
Test (1 df). FNote that: * indicates p < .05; ** indicates p < .Ol.

(3) This test wvas evaluated using Cochran's Q statistic on 3 df.
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Table A.7.3

Inter-Rater Agreement using the Collapsed Table Method for the Four Exposure Variables

and the Synthetic Index in the General Comparison Trial (1)

B

Rater Pair Contact Frequency Concentration Level of Confidence Synthetic Index (2)
pg K x' p2 x x! p2 x ' , p2 x ' pg '3 x'
1Chel 1 = Chem 2 95.9 0,49 0,65 95.4 0,42 0,55 95.2 0.40 0.52 95.7 0.46 0.65 95.5 0.44 0.52
Chem 1 — Chem 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
f Chem 1 — Chem 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
; Chem 2 - Chenm & 97.6 0.58 0.62 97,2 0.52 0.6l 97.0 0.49 0,56 97.6 0.59 0.67 97.4 0.55 0.66
Chem 2 - Chem 6 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
Chem 4 - Chem 6 95,7 0,39 0.5 95.6 0.37 0.48 95.4 0.3 0,46 96,1 0.45 0.60 95.8 0.40 0.56
Average (3): 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): 9.4 0.51 0.64 96.0 0.45 0.58 95.3 0.43 0.34 9¢. 050 0.6% %.7 5.37 R

TR R

(1) A total of 3440 exposures = 20 job descriptions x 172 substances were used on the calculations.

The original scales of measurement (four categories) were used for each of the four exposure variables.

(2) The synthetic index is defined as frequency x concentration x level of caonfidence, grouped into 3 categories:
(3) This average includes the comparisons with Chemist 6.

(4) This average sxcludes the comparisons with Chemist 6.

13
H
[}
4
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no , “medium”™ and “high™ exposure.

Ly
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Table A.7.4
——'—————-—-

Frequency of Exposure for all Attributed Substances in the General Comparison Trial (1)

Substance Prevalance of Exposure as Attributed by:
Chem 1 Chem 2 Chem 4 Chenm 6 Average
% A % % )3

Abrasive dust 30 20 15 25 22.5
Insulating material dust 5 10 o 5 5 6.3
Construction dust 15 15 15 20 16.3
Mine dust 0 .10 10 0 - 5.0
Metallic dust 25 35 20 20 25.0
Asbestos (Chrysotile) 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 carbide 5 5 0 15 6.3
Sulfur 0 0 0 5 1.3
Potassium nitrate 0 0 0 5 1.3
Gypsum 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 J— 5 0 0 0 + 1.3
Sodium chloride 0 5 S5 5 3.8
Coal dust 5 5 5 10 6.3
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 dust 0 0 0 10 2.5
Carbon dust 5 0 ] 0 1.3
Coal gas 0 0 o - 5 1.3
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Table A.7.4, continued
S

Substance Prevalence of Exposure as Attributed by:
Chem | Chem 2 Chem 4 Chem 6 Average
4 Z X X | X
Carbon monoxide 5 5 0 20 \7.5
Nitrogen oxides 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 b) 0 2.5
Formaldehyde 10 0 0 0 2.5
Vinyl chloride 5 -0 0 0 1.3
Pyrolysis and
combustion fumes 15 10 10 5 10.0
Cooking fumes 5 5 5 10 6.3 °
Engine emissions 20 20 20 15 18,87
Combustion products
of' wood 0 0 0 5 1.3
Gas welding fumes 5 5 5 15 7.5
Arc welding fumes 10 0 0 10 5.0
Metal oxide fumes 15 15 10 10 12,5
Lead fumes 5 S 0 0 2.5
Inorganic actid solution 5 0 0 0 1.3
Caustic solution b] 0 0 0 1.3
Paints and varnishes 15 10 10 20 13.8
Wood stains and varnishes 10 10 10 10 10.0
Dyes 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 30.0
Waxes and polishes 10 0 0 p 3.8
Gasoline 5 5 10 15 8.8
" Diesel oil 0 0 0 b} 1.3
Mineral spirits 20 10 15 15 15.0
Aromatic napthas 5 5 0 5 3.8
Lubricating oils 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 S 0 0 0 1.3
Glues 0 0 0 5 1.3
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Table A.7.4, continued

Substance Prevalence of Exposure as Attribufed by:
Chenm 1 Chem 2 Chem 4 Chem 6 Average

4 X 4 b4 4
Turpentine 10 5 0 10 6.3
Linseed oil . 10 10 5 10 8.8
Methanol 10 5 0 0 3.8
Ethanol 5 0 0 0 1.3
Ethyleneglycol S 0 0 0 1.3
Carbon tetrachloride 5 0 0 0 1.3
Methylene chloride 10 0 5 10 6.3
.. Tetraethyl lead 0 0 0 5 1.3

Trichloroethylene 5 0 0 0 1.3
Benzene 25 0 0 A 6.3
Toluene 15 0 0 0 3.8
Xylene 5 0 0 0 1.3
Phenol . 10 0 0 0 2.5
Benzidine AN 10 0 0 0 2.5
Naphtylamine 15 0 0 0 3.8°
O~toluidine 10 0 0 0 2.5
Aluminum compounds . 0 0 5 5 2.5
Chrpme compounds 5 0 o 0 1.3
Iron compounds 5 10 0 5 5.0
Zin¢ compounds 5 0 0 0 1.3
Cadmium compounds 5 0 0 0 1.3
Lead compounds 15 5 5 0 6.3
Aliphatic hydrocarbons 20 3 0 15 25 15.0
Aliphatic alcohols 10 5 0 0 3.8
Aliphatic acids 10 0 0 0 2.5
Aliphatic aldehydes 5 - 0 0 0 1.3
Aliphatic saturated

halogens 10 0 0 5 3.8
Aliphatic unsaturated

halogens 5 0 0 0] 1.3
Aromatic hydrocarbons 25 0 5 20 12.5
Aromatic alcohols 5 0 0 0 1.3
Rubber 10 5 10 5 7.5
Plastics 5 5 10 5 6.3
Leather 10 10 10 10 10.0
Foodstuff 15 10 15 15 13.8

—
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able A.7.4, continued

-——--—-—-——l—————-

Substance Prevalence of Exposure as Attributed by:
Chem 1 Chem 2 Chem 4 Chem 6 Average
X X b4 3 4
Cleaning agents 16 15 5 10 10.0
Pharmaceuticals 0 5 0 0 1.3
Non—-specific dust 0 5 20 5 7.5
Metal oxide dust 10 15 15 25 16.3

(1) The table is based on the assessment of exposure to 20 job descriptions
using a dichotomous scale: exposed, at any level of confidence, and not

exposed.
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Table A.7.5, continwed

Subatance Ches 1-Chen 2 Ches 1-Chem 4 Chea 1~Chen & Chan 2-Chen & Chen 2-Chem ¢ Chen 4-Ches 6 Average
* [ ' Po [3 < Po 3 ® Po © % Po 3 = » « x Po x
{(2) 2 (2) } 4 (2) X (2) 2 (2) 2 (2) } 4
Cerbon momoxtde h *100,0 1.0 1.0 95.0 0.0 [ 85.0 0.35 1.0 95.0 0.0 . 85.0 0.3 1.0 80.0 0.08 90.0 0.28
Herogen entdes 100.0 1.0 1.0 100.0 1.0 1.0 25.0 0.0 u 100.0 1.0 1.0 5.6 0.0 ™ 85,0 0.0 - 2.5 0.50
Sulfur dioxide 100.0 1.0 1.0 100.0 1.0 1.0 0.0 0.0 - 100.0 1.0 1.0 90.0 0.0 - 9%0.0 0.0 u 5.0 0.5
Spray gases 95.0 0.0 - 100.0 1.0 1.0 100,0 1.0 1.0 95.0 0.0 . 25.0 0.0 - 100,0 1.0 1.0 97.5 0.50 -
Ratural gas 95.0 0.0 - 1000 150 1.0 100,06 1,0 1.0 93.0 0.0 . 95.0 0.0 [} 100.0 1.0 1,0 7.5 0.50
Propehe 9.0 0.0 . 95.0 0.0 . 100,0 1,0 1.0 100.0 1,0 1,0 5.0 0.0 . $5.0 0.0 - %.7 0.3
Tormaldehyde 5.0 0.0 u %0.0 0.0 v 95.0 0.0 - 100.0 1.0 1.0 100,00 1.0 1.0 100.0 1.0 1.0 ”.? 0.50
Viayl chloxide 5.0 0.0 . 95.0 0.0 '] 5.0 0.8 u 100.0 1.0 1.0 100.0 1.0 1,0 100.0 1.0 1.0 97.5 0.50
Pycolysis and
comhustion fumes 85.0 0,32 0.42 95.0 0.772 1,0 90.0 0.46 1.0 20,0 0.44 0,44 5.0 =0.07 -0.11 85.0 -0,07 -0,11 8.3 0:31
Cosking fumss 100,0 1.0 1.0 100.0 1,0 1,0 95.0 0.64 1.0 100.0 1.0 1.0 5.0 0,64 ).0 95,0 0.64 1.0 9.5 0,82
Eagine smissions 100,0 1.0 1,0 1000 1.0 1.0 9.0 0.8 1.0 100.0 1.0 1.0 5.0 0.83 1.0 95.0 0.83 1.0 97.5 0.92
Combusttion products . . -
of wood 100.0 1.0 1.0 100.0 1.0 1.0 93.0 0,0 L) 100.0 1.0 1.0 95.0 0.0 - 95.0 0.0 u 9.5 0.50
Cas walding fumes 100,0 1.0 1.0 100.0 1.0 1.0 90.0 0.46 1.0 100.0 1.0 i.0 920.0 Q.% 1.0 9%0.0 0.4 1.0 95.0 0.73
Arc welding fumes %0.0 0.0 v %0.0 0.0 - 90.0 0.44 0.8&4% 100.0 1.0 1,0 90.0 0.0 [} 90.0 0.0 u 9).7 0.24
Hetal exide fumes 90.0 0,61 0.61 5.0 0,32 0.42 5.0 0,32 0.42 95.0 0,77 1.0 85.0 0.3 0.42 80.0 -0.11 -0.11 - 86,7 0.52
Legd fuass 100.,0 1.0 1.0 5.0 0:0 N 9.0 0.0 . 95.0 0.0 Y 95.0 0.0 v 100,0 1.0 1.0 %.7 0.33
Inorgsic acid solution 5.0 0.0 - 95.0 0.0 - 5.0 0.0 - 100.0 1,0 1,0 100.0 1.0 1.0 100.0 1. 1.0 97.5 0.;{-\-
Caustic solution 5.0 0.0 - 95.0 0.0 - 5.6 0.0 u §00.0 1.0 1.0 100.0 % 1.0 100,0 1.0 1.0 7.5 0.50
Paints sad varauishes 5.0 0,77 1.0 95.0 0.77 1.0 ?5.0 0.83 1.0 100,0 1,0 1.0 90.0 .0 %0.0 0,62 1.0 9.2 0.7
Wood stains and varaishes 100.0 1.0 1,0 100.0 1.0 1,0 100,06 1.0 1.0 100.0 1.0 1.0 100.0 1. .0 100,06 1.0 1.0 100,0 1.00
Dyes and pigmsats 95.0 0.6k 1.0 106.0 1.0 1.0 c0,0 1.0 1.0 95.0 0.64 1.0 95.0 0.64 1,0 100.0 1.0 1.0 7.3 0,82
Organic dyes and pigments 95.0 O0.64 1.0 0.0 0.0 95,0 0.64 1.0 5.0 00 = 100.0 1.0 1.0 5.0 0.0 u $5.0 ©.38
Adhenives 20.0 0.61 0.6} 95.0 0.77 1.0 20.0 0,46 1.0 9.0 0.77 1.0 9C.0 .46 1.0 5.0 0.64 1.0 92.5 0.55
Solvents 70.0 0.37 0.64 65.0 0.26 0.55 3.6 0.27 0.3 85.0 0.57 0.66 5.0 0,63 7.2 0.0 0.47 0.64 75.0 0.43
Vazes and polishas 0.0 0.0 ] %0.0 0,0 ] 8.0 -0,07 -0.11 100.0 1.0 1.0 9.0 0.0 v 9.0 0.0 2.5 0.16
Gasoline 100,06 1.0 1,0 95.0 0.64 1.0 90.0 0.46 1.0 95.0 0.64 1.0 0.0 0.4 1.0 $5.0 0.77 1.0 9%.2 0.6&
Dissel of) 100.0 1.0 1.0 100.0 1.0 1.0 95.0 0.0 - 100.0 1,0 1.0 $5.0 0.0 u 925.0 0.0 [ 7.3 0.50
blllnltli spirits 90.0 0.62 1.0 95.0 0.8) 1.0 $5.0 0.8) 1.0 95.0 0.77 1,0 95,0 0.77 1.0 100,0 1.0 1.0 95.0 0.0
Aromatic aspthas 90.0 -0.05 -0.05 95.0 0.0 . 90,0 0.46 1.0 95.0 0.0 - 90.0 0,46 1.0 5.0 0.0 w %0.8 0.15
Lubr tiag oils and gresse 75.0 0.31 0,58 90.0 0.724 1.0 80.0 0.47 0.64 835.0 0,48 o0.58 85.0 0.48 0.58 90.0 0.6% 0.8 84.2 0.5)
Catting flulds 95.0 0.64 1.0 100,0 1.0 1.0 95.0 0.0 . 95.0 0,64 1.0 90.0 0.0 [ 95.0 0.0 " 95.0 0.
Cosl tar sad pitch 100.0 1.0 1.0 100.¢ 1.0 1.0 100,0~ 1.0 1.0 100.0 1,0 1.0 100.0 1.0 1,0 100,06 1.0 1.0 100.0 1.00
Crgosote & $5.0 0.0 . 5.0 0.0 - 5.0 0.0 - 100.0 1.0 1.0 100.0 1.0 1.0 100,00 1.0 1.0 %%.7 0.50
Mech 95,0 0.0 » 93.0 0.0 a 95.0 0.0 . 100,0 1.0 1.0 100,00 1.0 1.0 100.0 1.0 1.0 97.5 0.50
Cluss 100.0 1.0 1.0 100,0 1.0 1.0 95.0 1.0 1.0 $5.0 0.0 . $5.0 0.0 - 7.5 0.50

0.0 [ 100.0

gL LY
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Table 4.7.5, contineed

Substance Chan 1~Chen 2 Chon 1-Chen 4 Chom 1-Chen 6 Chon 2-Chen 4 Chen I-Chen & Chen 4~Chem ¢ Aversge

;, « o x « ! ) « «* T [ x° o [3 <’ o «

X 2 X {2) X 2) X 2)  § (2) 4

Terpeucine < 95.0 0.8 9.0 0.0 90,0 0,44 0.44 $5.0 0.0 . 95.0 0.64 1.0 0.0 0.0 . 92.5 0.29
Linseed of} 90.0 0.4 95.0 0.64 100.0 1.0 1.0 85.0 0.64 1.0 90,0 O.44 O.44 95.0 0,64 1.0 4.2 0.63
Mathanol ! 95.0 0.8 9.0 0.0 %,0 0.0 - $5.0 0.0 . 95.0 0.0 . 100,0 1.0 1.0 95.0 0.27
Ethanol 9.0 0.0 95.0 0.0 95.0 0.0 L] 100,0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 7.5 0.50
Ethyleneglycol 5.0 0.0 « 95.0 0.0 w 95.0 0.0 w 100.0 1,0 1.0 00.0 1.0 10 100.0 1.0 1.0 7.5  0.50 -
Carbon tetrachloride 95.0 0.0, » 95.0 0.0 [ $5.0 0.0 ] 100.0 1,0 !.0 100,0 1.0 1.0 100.0 1.0 1.0 97.5 0.50
Methylone chloride %0.0 0.0 . 95.0 0.64 1.0 100,0 1.0 1.0 93.0 0.0 ] 0.0 0.0 [ ¥5.0 0.64 1,0 9%,2 0.38 -
Tetraathyl lead 100.0 1.0 1. 100.0 1,0 1,0 95.0 0.0 - 100.0 0.0 - 95.0 0.0 u 95.0 0.0 . 87.5% 0.33
Tetchlorosthylens 25.0 0.0 w 5.0 0,0 » $5.0 0.0 v 100.0 1.9 1.0 160.0 1.0 1.0 100.0 1,0 1.0 97.5 0.50
Benzeus 75.0 0.0 u 5.0 0.0 u 75.0 0.0 u 100.0 1.0 1.0 106.0 1.0 1.0 100.0 1.0 1.0 87.5 0,50
Toluene 85.0 0,0 - $5.0 Q.0 '} 85.0 0.0 - 100.0 1.0 1.0 106.0 1.0 1.0 100.0 1,0 1.0 2.5 0.30
Xylens 5.0 0.0 ] 95.0 0.0 u 5.0 0.0 v 100.0 1.0 1.0 100,06 1,0 1.0 100.0 1.0 1.0 9.5 0.30 '
Phesol 9.0 0.0 " %0.0 0,0 . 9.0 0.0 '] 1000 1.0 1.0 100,0 1.0 1.0 100,06 1.0 1.0 95.0 0.50
Seazidine %0.0 0.0 . $0.0 0.0 " 0.0 0,0 u 100,0 1,0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 95.0 0.50
Naphtylaning 85.0 0,0 LY 85.0 0.0 u 85.0 0.0 ) 100.0 1.0 ° 1.0 100.0 1.0 1.0 100.0 1.0 1.0 92,5 0,50 3
O~toluidine h %0.0 0.0 '} %0.0 0.0 L] 920.0 0.0 u 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 93.0 0,50 P
Aluaious compounds io0.0 1,0 1.0 95.0 0.0 u 5.0 0.0 y 5.0 0,0 - 95.0 0.0 - %0.0 -0.05 -0.05 95,0 0.18 -
Chroas coapounds 5.0 0.0 u 95.6 0.0 M 5.0 0.0 - 100,0 1,0 1.0 100,0 1.0 1.0 100.0 1.0 1.0 97.5 0.50 e
Iron compounds 85.0 -0.02 -0, 95.0 0.0 M 90.0 ~0.05 -0.50 0.0 0.0 . 85.0 -0.07 ~0.11 9.0 0.0 wu 0.0 -0.03
Zinc cowpounds 5.0 0.0 5.0 0.0 wu 5.0 00 100.0 1,6 1.0 1000 1.p 1.0 1000 1.0 1.0 97.5  0.50 ' -
Cadalun compounds $5.0 0,0 . 95.0 0.0 v 9.0 0.0 u 100,0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 97.5 0.50
Lasd compounds 90.0 0.46 1.0 90.0 0.46 1.0 $5.0 0.0 - 100,060 1.0 1.0 95.0 0.0 . 925.0 0.0 2.5 0.32
Alfiphstic hydrocarbons 0.0 0.0 85.0 ©.48 0,58 75.0 0.3 0.34 5.0 0.0 [ 15.0 0.0 u 90.0 0.6% 1.0 81.7 0.13
Aliphatic alcobols 85,0 -0.07 0.1} 0.0 0 ] %.0 0.0 « 9.0 0.0 . 5.0 0.0 - 100.0 1.0 1.0 92.5 0,16
Aliphattic scids %0.0 0.0 [ 90.0 O, . .0 0.0 - 100.0 1.0 1.0 100.0 1.0 1,0 100.0 1.0 1.0 5.0 0.50
Altphatic sldahydes 95.0 0.0 ] 95.0 0.0 Y] 5.0 0.0 - 100.0 1.0 i.0 1006.0 1.0 1.0 100.0 1.0 1.0 7.5 0.30
Alfiphatic saturated 9.0 0.0 ') 9.0 0.0 " 95.0 oO.64 1.6 100,0 i1.0 1.0 ?25.0 0.0 . 95.0 0.0 - 9",.2 0.27
halogens
Aliphatic wassturated 95.0 0.0 [} 95.0 0.0 5.0 0,0 '] 100,0 .0 1.0 1000 1.0 1.0 100.,0 1.0 1.0 .5 0.%0
halogeas
Aromatic Wydrocstbons 75.0 0.0 8.0 0,27 75.0 0.29 0.3 9.0 0.0 - #0.0 0.0 9 75.0 -0.0% -0.26 80,0 0.08
Atomatic slcobols 95.0 0.0 95.0 0.0 95.0 0.0 - 100,0 1.0 1,0 100.0 1.0 1.0 100,0 1.0 1.0 97.5 6.50
Rubber 95.0 0.64 100.0 1.0 95.0 O.64 1.0 95.0 0.64 1.0 100.0 1.0 1.0 925.0 0.64 1,0 9.5 0.82
Plastics 90.6 ~0.0 95.0 0.64 100.0 1.0 1.0 935.0 0.64 1.0 0.0 -0.05 -0.05 95.0 0,64 1.0 9%,.2 0.47
Leather 100, 1.0 100.0 1.0 100,0 1.0 1.0 Wo.0 1.0 1.0 100.0 1.0 1.0 100.0 1,0 1.0 100.0 1.0
fosdstuf! . 5.0 0.7 100.¢ 1,0 100,06 1.0 1.0 95.0 0.77 1.0 95.0 7”7 1.0 100.0 1,0 1.0 7.5 0.89
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Table A.8.1

Occupations, Industries, and Time Periods of Employment for

Job Descriptions used in the Rubber Industry Trial

Standafd

Occupation Occupation Time Period
Description . Industrial Code of

Code (1) (2) Employment
Moulding 162 8573-166 1941-43
Cutting and finishing 162 8575-130 1924-30
Dye mixer 162 8161-186 1949-50
Inspector 162 8576-118  1948-50

¢

Moulding 162 8573-299 1940-40
Cutting and finishing 619 8575-178  1949-64
Carpenter 162 8781-114 . 1946-54
Bonding and cementing 619 1957-64

8371-118




Table A.8.1, continued

M'B -

Occupation standard‘ oﬁcupation Time Period
Description | Industrial Code of

. Code(l)’ ‘(2) Employment
Supervisor 162 4150-110 1937-80
N:chalnic and millwright: 162 8584-122 1963-80
. Coat.inq 162 8173-234 1973-81
Nisc vork printing 239 9518-199 1927-29
Coating 162 9173-;34 196881
sonding and cnnoniinq 162 8571-i58 1943-47
Supervisor 162 * 4150-110 1935-39

(1) Refer to SIC, 1970.

(2) nefer to OCC, 1971.

o
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Table A.8.2

Statistical Tests of Equality of the Proportion of Exposure

Attributed Present at a Given Level of Confidence between

all Raters in the Rubber Industry Trial (1)

Chi-Square Value for Exposure

N Categorized at Confidence Level{2):
Rater Pair High Medium or Any
‘ High
b 4

Chem 1 - Chem 2 0.3 8.0%* 2.5
Chem 1 - Chem 3 0.9 32.0%* 31.4%% -
Chem 2 - Chen 3 6.1 9.0%* 16.4** ”
rinali = Chenm 1 23.3»x 23.0%* 23.,0%»
Final -~ Chem 2 30.0%~ 50,0%* 34,8%
Final - Chem 3 36.5%» 92, 4xx 93.1ww '
Overall (3) 0.8 33.4%* 34, 1%n
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Table A.8.2, continued
&

{1) A total of 4050 exposures = 15 job descriptions x 270 substances wvere
o

used in the calculations. ;
(2) The tests 1in the first part o¢f the table are derived using McRemar's

Test (1 df). Note that: » indicates p < .05; ** indicates p < .0l.

(3) This test was evaluated using Cochran's Q statistic on 2 4f. The

assessment of exposute in the Final coding was excluded in this

P

calculation.

< "
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Table A.8.3 ’
Inter—Rater Agreement using the Collapsed Table Method for the Pour Exposure Variables
and the Synthetic Index in the Rubber Industry Trial (1)
Rater Pair Contact Frequency Concentration Level of Confidence. Synthetic Index (2)
. ") K ! P X 'y p K k' Po 3 ! Po K k'
1 4 £ 2 2
1

Chem 1 = Chem 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
>
Chea 1 = Chem 3 96.7 0.50 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 P
o

Chem 2 - Chea 3} 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

. '
Final = Chem ! 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
*
Final - Chem 2 96.4 0,58 0,74 96.4 0.58 0,72 95.7 0.51 0.68 96.3 0.57 Q.74 96.3 0.58 0.73
- 96.3 0.52 0.80 96.3 0.52 0.80 96.0 0.48 0.74 96.5 0.55 0.86 96,6 0.56 0.87
42
96.8 0.52 0,62 96.7 0.50 0.61 96.0 0,41 - 0,52 96,7 0,51 0,61 96.8 0,52 0,61

(1) A total of 4050 expogsures = 15 job descriptions x 270 substances were used in the analyais.

The original scales of measurement (four categories) were used in each of the four expvosure variables.
(2) The synthetic index is defined as frequency x concentration x lavel of confidence, grouped into 3 categories: no , "medium™, and “high" exposure.
(3) The averages exclude comparisons between the individual raters and the Final Coding.



Table A.8.4

Frequency of Exposure for all Attributed Substances

-~ in the Rubber Industry Trial (1)

Substance . Prevalence of Exposure as Attributed by:
Chem 1 Chenm 2 Chea 3 Final Average (2)
) 4 = ) 4 4 X 4
»

Abrasive dust 0.0 6.7 0.0 20.0 2.2
Metallic dust 0,0 20.0 26,7 53.3 15,6
Asbestos (Chrysotile) 53,3 40,0 ‘(\426.7 60.0 40.0
Talc dust 33.3 46,7 3.3 53.3 31.1
Clay dust 26.7 20.0 40,0 26.7 28.9
Inorganic Pigments 0.0 0.0 0.0 20.0 0.0
Sulphur dust 53.3 73.3 46,7 80.0 57.8
Calcium carbonate 40,0 13.3 0.0 33.3 17.8
Titanium dioxide 40.0 20.0 0.0 33.3 20.0
Iron dust 0.0 0.0 0.0 13.3 0.0
Zinc oxide 0.0 13.3 6.7 33.3 6.7
Lead dust 0.0 6.7 20.0 20.0 8.9
Carbon black 86.7 80.0 80.0 100.0 82.2
Rubber 0.0 0.0 0.0 53.3 0.0
Floor /dust 0.0 6.7 0.0 0.0 2.2
Ammon 0.0 0.0 0.0 6.7 0.0
Metal oxide fumes 6.7 26.7 6.7 26,7 13.4
Tin fumes 0.0 0.0 0.0 6.7 0.0
Lead fumwes 0.0 20,0 0.0 13.3 6.7
Pyrolysis & Combustion

fumes 80.0 80.0 40,0 80.0 66.7
Combustion products of

natural gae 0.0 0.0 0.0 13.3 0.0
Benzens 53.3 20.0 0.0 53.3 24,4
Toluene 53.3 13.3 0.0 53.3 22,2
Xylene 53.3 13.3 0.0 53.3 22.2
Adhesives ~ 20.0 33.3 33,37 26.7 28.9
Solvents 73.3 80.0 53.3 86.7 68.9
Mineral spirits 20.0 0.0 46.7 60,0 22.2
Aromatic napthas -53.3 80.0 33.3 73.3 55.5
Lubtricating oils & grease 13.3 26.6 13.3 33.3 17.7

L8y



Table A.8,4, continued

Substance Prevalence of Exposure as Attributed by:
Chen 1 Chem 2 Chem 3 Final Average (2)
X ) 4 X 2 X

Zinc compounds 20.0 0.0 13.3 20.0 1t,1

' Lead compounds 26,7 6.7 26.7 20.0 20.0
Aliphatic Hydrocarbons 66.7 33.3 20.0 0.0 40.0
Aromatic Hydrocarbons 66,7 80,0 0.0 6.7 48.9
Aromatic amines 59.3 26.7 53.3 100.0 44,4
Rubber 100.0 100.0 100.0 100.0 100.0

(1) The table is based on the assessment of exposure to 15 job descriptions using a dichotomous scale:
exposed, at any level of confidence, and not exposed.
(2) The average excludes the Final Coding.

8'8Y
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Table 4,8,3, continued
Substance Chan 1~Chen 2 Chew |-Chew 3 Chou 2-Chem 3 Finsl-Chem | Final=Chew 2 Finsl=Chem 3 Average (2)
< 3 3 ' ? x ry Y [ " ® 3 <" Po 3 x* ® 3
!’ (3 ?’ {3 (3) 1 [€)) X J) 4 (3 2
Tinc compounds 0.0 0.0 6.7 -0.19 -0.2% 8.7 0.0 @ 73,3 0,17 0.17 80.0 0.0 6.7 =0.19 -0.25 77.8 -0.06
Lesd coupeunds 0.0 0.3 1.0 100.0 1.0 1.0 0.0 0.3 1,0 93.} 0,82 1.0 86.7 0.4 1,0 93.3 0.82 1.0 86.7 0.5%
Aliphstic Wydrocarbame 33.3 0.16 0.40 $3.%  0.22 1.0 73.3 0.3 0.4 1.3 0.0 o 6.7 0.0 o 8.0 0.0 u 60.0 0.24
Avematic Wydrocatbewme 73.) 0,33 0,49 33.3 0.0 » 20.0 0,0 - 40,0 0.07 1.0 76.7 0. 04 1.0 $3.3 0.0 - 42,2 0.11
Atematic amines 733 0.8 1.0 0.0 0.20 0,20 46,7 =0.04 -0,08 33,3 0.0 u 2.7 00 w $3.3 0.0 u 60.0 Q.21
Rubber 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 1.0 1.0 00.0 1.0
Average (4):00.4 0,38 - 78,9 0.5 =~ 8.4 0.4 =~ 78,5 0.% 75.4 0.3 75.2 0.26 - 78,4 0,41
Average (3):97.4 0,92 -~ 7.3 0.% - 7.7 091 - 97.2 0.92 - %.8 0.91 - %.8 0.9 - 97.2 (1) 0.91
Averaga ($):97.4 0,65 - 7.3 0,57 -~ 7.1 0.5 -~ 97.2 0.6 - 9%.8 0.6 -~ %.8 0.58 - 97.3 (7) 0.59

(1) The teble is based on the assesement of exposure to 15 job descriptions weing s dichotomous scale: exposed,

expoeed.

a

(1) The average sxclodes the sxposure judgamants made in the Finsl Coding

€3) « maans undeffned value (t.e., O ¢ 0),

(4) Calculated for the 35 Budstances listed in the tabla.

{3) Calculated for all 270 substances assuasing thst R and ¢ equal | for the resaining 235 (270-35) substsnces.
(6) Calcwlated waing the collapaed tabla mathod (see Table 7.1.11).

(7) Tha diffavence in these two nushers ia dus solsly to rounding errors.

st say level of coufidence, and not -~

oL‘sy

R}
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for the Paint Manufacturing Trial
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Table A.S9.1

Occupations, Industries, and Time Periods of Employment for

-

Job Descriptions used in the Paint Manufacturing Trial

Occupation Standard Occupation Time Period
Description Industrial code of
Code (1) (2) Employnent
Kkettle Operator 378 8161-150 1938-39
Mixer 375 8161-218  1945-51
Nixer ars 8161-218 1963-79
Hand Packager 375 9318~122 1951-66
Lead-oxide maker 378 8167-178 1943-52

(1) Refer to SIC, 1970.

(2) Refer to OCC, 1971. \
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Table A.9.2
Statistical Tests of Equality of the Proportion of Exposure
‘Attributc;i rresent at a Given Level of Confidence between

all Raters in the Paint Manufacturing Trial (1)

Chi-Square Value for Exposure

(3

Categorized at Confidence Level (2):

Rater Pair High Mediun or “Any
High

Judge 1 -Chem 1 6.3* 25,.1w» 31,7

Judge 1 ~Chem 2 0.8 0.7 3.

Chemn 1 -Chen 2 2.5 22, 4%w 18. 7n*

.O\nnll ;3) 6.10 32.60*» 38.10*»

(1) A total of 865 exposures_.» 5 job descriptions x 173 substances vere
used in the calculations.
(2) The tests 1in the first part of the table are derived from using

McMemar's Test (1 df). HNote that: * indicates p < .05; »* indicates p <

o

.0l.

(3) This test vas evaluated using Cochran's Q statistic on 2 df.

&
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Table 4.9.3
Inter-Rater eament us the Coll Table Method for the Four e« Varisbles
and t thetic ex in t aint actuting

" Rater Paix Contact Fraguency Concentration Lavel of Confidence Synthetic Index (2)

' p% x x? pli x ! "i « 'y ps K> '3 p‘i x [
Judge } - Chem | 92.0 0.3 0.77 92.9 0.45 0.76 91.9 0.38 0.% 93,1 0.47 0.75 93.4 0.49 0.78
\ Judge 1 - Chem 2 9.3 0,42 0.50 94,2 0.41 0,52 93.5 0.3 0.4) 94.8 0.47 0.5% 94.8 0.47 0.55
Chem 1 = Chem 2 92,7 0.49 0.78 92.6 0.48 0.6} 92.4 0.47 0,62 93.6 0,55 0.72 94,0 0.57 0.75

| .

i Average (3): 93.2 0.4) 0,64 93.6 0,43 0,64 92,7 0,3 0,51 94,0 0,47 0.65 94,1 0,48 0.67
Average (4): Bo L0 LW i oy i BT LW A BT & . . e G )

- |

(1) A total of 865 exposures = 5 job descriptions x 173 substances wete used in the calculations.

(3) The aversge excludes the Chen )| - Chem 2 comparison.
(A) The average includes the Cham | - Chem 2 comparison.

The original scales pf masuresents (four categories) wers used for each of the four exposure variables,
+ (2) Tha synthetic index is defined as frequency x concentration-x level of confidence, grouped into ) categortes:

no , "medium”, and “high" exposure.

b 6y



Table A.9.4
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Inter~Rater

veemant for all Au;ibund Substances in the Paint Manufacturi
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Table A.9.4, continued

Bravalance of Expasure as Atcrfibuted by: — Agreement Statistics for Rater Pair: .
Subatance Judge | Chem | Chem 2 Average Judge 1- Chem 1 udge 1 2 Chem 1-Chem 2 Average (2)
Py x x Po < <' Po 3 x' Po <
X p 4 4 4 4 (3) X (3) X (3) X

Aliphatic Alcohols 0.0 0.0‘ 20,0 46,7 100,0 1.0 1.0 80.0 0.0 u 80.0 0.0 u 90.0 0.50

Arosstic Hydro-

carbons 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

Non—spacific Dust 0.0 20.0 20.0 13.3 80.0 0.0 u 80,0 0.0 u 100.0 1.0 1.0 80.0 0.0

Floor Dust 0.0 20.0 20.0 13.3 30.0 0‘0 v 50-0 0.0 u 100.0 1.0 loo .0-0 0;—0

Kerosens 0.0 20,0 20.0 13,3 80.0 0.0 u 80.0 0,0 u 100.0 1.0 1.0 80.0 0.0

Heating Ofil " 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

Turpentine 0.0 40.0 40.0 26,7 60.0 0.0 u 60.0 0.0 u 100.0 1.0 1.0 60,0 0.0

Methylene Chloride 0.0 20.0 0.0 6.7 80,0 0.0 u 100.0 1.0 i.0 80.0 0.0 u 90.0 0.50

Benstdine 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

Naphtylamines 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

O-tolutdine 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

Aliphatic Saturated

Halogens 0.0 20.0 0.0 6.7 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0 u %0.0 0.50

Pasticides 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

Paper Dust 20.0 20.0 20.0 20,0 100.0 1.0 1.0 100.0 t.0 1.0 100.0 1.0 1.0 100,00 1.0

Coal Dust 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

Carbon Mounoxide 0.0 20,0 20.0 13.3 80.0 0.0 u 80.0 0.0 u 100.0 1.0 1.0 80.0 0.0

Combustion Producta .

of Coal and Coke 20,0 . 20,0 20,0 20,0 100.0 1.0 1.0 100.0 1.0 1.0 100.0 i.0 1.0 100.0 1.0
Avarage (4): - 74,8 0.25 - 80,0 0.45 - 78.6 0,% - 17.4 0.36

. Average (5): * 93.8 0.82 - 95,1 0.87 - 94.8 0.85 -4 94.5(3% 0.85
Avetage ~(6): 93.8 0.52 - 95.1 0.50 - 94.8 0.62 - 95.5(3) 0.51

TTY The table (s based on the asseesment of exposurs to 5 Job descriptions uaing @ dichotomous scale: expossd, at any level of confidance, and

not exposed.

(2) Average calculated for comperisons between the external judge and the two chemists.

(3) u weans undefined value (i.e., 0O ¢+ 0). 1

(4) Calculated for the A2 substances listed in the table.

(3) Calculated for all 173 substances assuming thst p, and «=1 for 131 (173-42) substances. 3=

(6) Calculated using the collapsed table method (see Table 7.2.5), g

(7) T™he difference—in these 2 values is due solely to rounding errors. on

-—
-
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Supplementary Tables for the Welding Trade Trial
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Table A.10.1
Occupations, Industries, and Time Periods of Employment for

JOb Descriptions used in the Welding Trade Trial

Industry Standard Occupation Time Period
Industrial Code of
code(1l) (2) Employment
Appliance Nfg 332 8335-166 1947-50 _ —
Fruit & Vegetable Mfg 103 8581-122 1937-66 P
Boiler & Plate Works 301 8335-150 1967-72 7
Government Administration 931 2791-122 1938-79
Metal stamping 304 8335-142 1954-56
Railroad car mfg. 326 8511-114 1969-80
Shipbuilding 327 8335-138 1939-46
327 8335-138 1950-51

MAdvertising 862 8335-138 1947-48
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Table A.10.1, continued

Industry Standard Occupation Time Period
Industrial Code of
code(1l) (2) Employment Y
Railvay transport 503 8335-114 1940-45
Truck mfg ~ 324 8335-126 1940-46
Bridge construction 406 * 8335-138 1950~-60
Fabricated metal 302 8335-126 1960-67 ’
1 -
concrete products 354 8584-122 1945~47
Eléctric lamps & shades 268 8335-162 1967-71 T
¢ ’e, *
Pulp and paper 271 8335-126  1943-51 -
\ \ %,
I JJ 4 K
Metal mines 059 8335-126 .  1951-57 :
Blacksmnithing 896 8335-126 1957-76 :
2
o \‘3 ; F
(1) Refer to §IC, 1970. L’ | .o S

(2) Refer to OCC, 1971. . : C

Y LR
o

|

e, e
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Table A.10.2
Tests of Equality of the Proportion of Exposure
Attributed Present at a Given Level of Confidence between
all Raters in the Welding Trade Trial (1)
Chi-Square Value for Exposure

Categorized at Confidence Level (2):

}/
Rater Pair High Medium or Any
Htgh -
Judges 2 - Chem 1 0.2 47.6%~ 68.3**
Judges 2 - Chem 3 50,2%= 2.1 15.1»*
‘s
' Chem 1 - Chem 3 39.5» 68.1%> 29.6%*

Overall (3) 48,2~ 19,2%w 17.3%>

[, —— - QPRI WU .
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Table A.10.2, continued
(1) A Total of 4662 exposures = 18 job descriptions x 259 substances vere
used in the calculations.
(2) The tests in the first part of the table are derived using McBemar's
Test (1 df). HNote that: * indicates p < .05; "= indicates p < .0l.

{3) This test vas evaluated using Cochran’'s Q statistic on 2 4f.

— — [ o A it T deam R we ki



b4
Table A,.10,)
Inter-Rater Agreemsut using the Collspsed Tabla Method for the Four Exposure Variables
' . ng 1al (1)
Rater Pair Contact Frequency Concentration Level of Confidence Synthetic Index (2)
L
pg x « Po x «! Po 3 x' Po x x' Po x x*
b X b4 X
A
Judges 2 -~ Chem | 92.0 0.49 0.3%% 88,3 0.29 0.4) 89.4 0.3 0.41 90.6 0.41 0.49 90.1 0.38 0,44 ]
Judges 2 - Chea ) 93.) 0,35 0,38 90.6 0,38 0.48 90.% 0.37  0.44 92,2 0.48 0.5) 90.8 0.39 0,53 >
o
Chea 1 - Chems ) 9.0 0.69 0.73 92.3 0.53 0.64 9.1 0.46 0.61 93.0 0.57 0.70 92.5 0.54 0,66 O\
W L
Avttl.! {3): 92.7 0,52 0,36 89,6 0,36 0,46 90.0 0.36 0,43 91.4 0.45 0,51 90.5 0.39 0,49
Average (4): 93.4 0.%58 5.52 ¥I W NI TH W 13 .8 .Y .1 N .

(1) A total of 4662 exposuras = 18 job desceiptions x 2359 substances wers used in the analystis,
The original scales of measurement (four categories) ware used for sach of the four exposure variables.
(2) The synthatic index {s defined as frequeucy x concentration x lavel of confidence, grouped tnto 3 categories:
(3) The average axcludss the Cham ! - Chem 3 comparison,
(4) The average includes the Chea | - Chem ) comparlsoen.

no , "medium” and “high®™ exposure.



Table A,10.4

Inter-Rater Agresment for all Attributed Substances in the Valding Trade Trial (1)

L70lY

Substance Prevalence of & re as Attributed t . Agrasmsnt Statistics for Reter Pair:
Judge 1 Chem i Chen 3 Average Judge 3-Chem 1 m.- 3—Chem 3 Chem 1-Chem 3 Average (2)
i 3 X 1 ] 3 x ) « ' P ! Po x
{ ) { () £ o) 2

Abrasive dust 66,7 83.3 68.9 79.6 83.3 0.57 1.0 77.8 0.40 1.0 94.4 1.0 80.6 0.49
Insulation

aaterial dust 0.0 5.6 0.0 1.9 9.4 0.0 u 100,0 1.0 1.0 9.4 u 97.2 0.5
Construction

site duat 3.6 0,0 5.6 3.7 94.4 0.0 u 88.9 -,06 -.06 94.4 0.0 u 81.7 =~0.03
Mine dust 3.6 0.0 5.6 3.7 94,4 0,0 9 100.0 1.0 1.0 94.4 0.0 M 97.2 0.30
Metallic dust 0.0 9%.4 83,1} 59.2 5.6 0.0 M 16.7 0.0 u 88.3 O0.46 1.0 11.2 0.0
Asbestos

(Chrysottle) 0.0 94.4 16.7 37.0 5.6 0.0 u 83.3 0.0 u 22,2 0.02 1.0 44.9 0.0
Asbestos

(Amphibole) 0.0 94,4 16,7 37.0 5.6 0.0 u 83.3 0.0 u 2.2 0.02 1.0 44,5 0.0
Sillca dust 5.6 0.0 21,8 1.1 94.4 0.0 u 17.8 0.27 1.0 72.2 0.0 a 86.1 0.14
Cemant dust 3.6 0.0 0.0 1.9 94,4 0.0 u 94.4 0.0 » 100.0 1.0 1.0 94.4 0.0
Glass fibraes 0.0 5.6 0.0 1.9 94.4 0.0 u 100,0 t.0 1.0 94.4 0.0 u 97.2 0.50
Concrata duat 5.6 0,0 0.0 1.9 9.4 0.0 u 94,4 0.0 u 100,0 1.0 1.0 94,4 0,0
Srass dust 9.6 16,7 11.1 11.1 84,9 0.46 1.0 94,4 0,64 1.0 9.4 0.77 1.0 91.7 0.55
Stainlass

steal dust 27.8 5.6 1.1 72.2 0.0 u 94,4 0.0 u 77.8 0.27 1.0 83.3 0.0
M{ld steel

dust 72.2 11.8 33.) 61.1 83.) 0.% 0.66 50,0 0.13 0.41 55.6 0.2% 1.0 66.7 0.40
Solder alloy

dust 0.0 0.0 1.1 3.7 100.0 1.0 1.0 88.9 0.0 u 88.9 0.0 M 94.5 0.5%0
Aluainuae dust 22.2 22,2 it.1 18.5 100.0 1.0 1.0 88.9 0.61 1.0 88.9; 0.61 1,0 9.3 1.0
Alumtna 3.6 17.8 38.9 40.8 27.8 0.0 1.0 55.6 0.1l -0.6% 50.0 O.11 0.3 41,7 -0.04
Silicon carbide 0.0 77.8 55.6 (L18.] 22.2 0.0 u 444 0.0 u 66.7 0.29 0.55 33.3 0.0
Calciuva oxide 5.6 0.0 0.0 1.9 94.4 0.0 u 94,4 0.0 u 100,0 t.0 1.0 94 .4 0.0
Calcium carbide 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 0.50
Chrome dust 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 0.50
Iron dust 72.2 83,3 72.12 75%.9 71.8 0.37 0.54 66.7 0.17 0.17 7.8  0.37 0,54 72.3 0,27
Iron oxides 17.8 0.0 35.6 44,5 22,2 0.0 u 66,7 0.29 0.5%5 4A. 4 0.0 u 44,5 0.15
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Table A,10,4, continued
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Table A.10.4, continwed ’=3
Substance Prevalence of £ re 88 Attributed byt eemant Statistics for Rater Pair: ’
r B m 1 Chem i Chea 7 Avetage go 0] Average 521
1 b 4 b4 4 Po x x ’ x x i——-;-——?' ’ x
1 @) 1 (3) { 3 1
Paints &
varaishes 0.0 0.0 5.6 i.9 100.0 1,0 1.0 9.4 0.0 u 9.4 0,0 v 97.2 0.30
Cyanides 0.0 0.0 3.6 1.9 100.0 1.0 1,0 9.4 0,0 u 9.4 0,0 u 97.2 0.50
Fluorides 38.9 0.0 22.2 20.4 61.1 0.0 u 0.0 =0.14 =0.23 77.8 0.0 u 53.6 -0.07
Alumi .
m::h 22.2 0.0 0.0 7.4 7.8 0.0 u 717.8 0.0 u 100.0 1.0 1.0 77.8 0.0
Ilnngau'nuﬁ - ,
831.3 0.0 0.0 27.8 16.7 0.0 u 16,7 0.0 u 100.0 1.0 1.0 16.7 0.0
Iron compounde 83.3 0.0 0.0 27.8 - 16.7 0.0 u 16,7 0,0 u 100.0 1.0 1.0 16.7 0.0
Nickel
counpounde S.6 0.0 0.0 1.9 9.4 0.0 u 94,4 0.0 u 100.0 1.0 i.0 94,4 0.0
Copper
Md. 27.‘ 0./0 0.0 ,.1 72-2 0.0 u 72.2 0.0 u 100.0 1.0 1.0 72.2 0.0
Zinc compounds 53.6 0.0 0.0 18.3 4.4 0,0 u 4.4 0,0 u 100.0 1.0 1.0 Y ) 0.0
Ceduiun 1.1 0.0 0.0 3.7 88.9 0.0 u 88.9 0.0 u 100.0 1,0 1.0 . 88,9 0.0
Tin cowpounds 348.9 0.0 3.6 14,8 61.1 0.0 u 66.7 0.17 1.0 94.4 0.0 u 66.4 0.09
Lead compounds 44.4 0,0 1l.1 18.93 $5.6 0.0 u $5.6 0.03 0.1l 88.4 0.0 u 55.6 0.02
Allphatic '
alcohole 0.0 0.0 . 5.6 1.9 100.0 1.0 1.0 9.4 0.0 u 94.4 0.0 u 97.2 0.50
lonizing
radiatton 16.7 16.7 0,0 1.1 100.0 1.0 1.0 83.3 0.0 u 83,3 0.0 u 9.7 0.50
Bronze dust 5.6 16.7 11.1 1.t 88.9 0.48 1.0 9.4 0.64 1.0 94,4 0.77 1.0 91.7 0.55
Average (4): 30.3 0.29 - 87.1 0.24 - 87.9 0.3 - 77.6 0.27
: Average (5): 93.3 O0.76 - 95.1 0.74 -~ 95.9 .0,77 - 92.4 (7) 0.75
- verage (6): 93.3 0.53 - 95.6 0.61 -~ 93.9 0.69 - 5.3 (7) 0.58

TT) The table is based on the assessment of exposure to I8 job descriptions using a dichotomous scale: sxposed, at any level of confidancs,
and N0t exposed. ¢

(2) Average hesed on agreemant between the external rater and the two chesists omly.

(3) u neans undefined value (1.e., 0 ¢ 0),

(4) Calculsted for the 88 substances listed in the table,

(5) Calculated for all 239 subatances assuming that I[71 substances (259-83) have p, and «=l.
(6) Calculated using the collapsed table method (see Tadle 7.2.12).

(7) The difference in these 2 valuas is due salely to rounding errors.
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Appendix 11
Sapplementary Tables for the Netal Industry Trial
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Table A.11.1

Occupations, Industries, and Time Periods of Employment for

° Job Descriptions used in the Metal Indus'"tl’y”l‘t'ul
Occupation Standard Occupation Time Period
Description ' Industrial code of

° Code(1) (2) Employment
Sheet Metal wWorker 304 8333-118 1981-84
Metal Polisher 304 8393-298 1953-84
welder 304 8335-126 1979-84
Metal Poraing Operator 309 8337-138 1973-84
Drill-press Operator 309 8315-150 1980-80
Arc Walder ‘ 309‘ 8335-150 1981-84
»
Spray Painter 309 8595-142 1981-84

(1) Refer to S8IC, 1970.

o

: (2) Refer to OCC, 1971.

—-—— e =
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Table A.11.2
Statistical Tests of Equality of the Proportion of Exposure
§ Attributed Present at a Given Level of Confidence

in the Metal Indu;;ry Trial (1)

Chi-Square Value for Exposure

Categorized at Confidence Level:

High Medium or Any
High ‘
1.3 T7.5%= 6.7%»
el

(I} A total of 2100 exposures = 7 job descriptions x 300 substances were
used 1ih the calculations. The valués in the table are obtained from
McHemar's Test (1 4f). BNote that: * indicates p < .05; ** indicates p <

.0l.
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Table A.11.3

Inter-Rater Agreement for all Attributed Substances ia the Matal Industry Trial (1)

Substance Pravalance of & ure as Attributed by:
Cousensus Judges- Aversge
P x «*’
1 1 1 £ (1)
Solvents 28,6 57.1 42.9 71.4 0.46 1.0
Xylens : 14.3 14,3 14,3 100.0 1.0 1.0
Toluene Di-isocyanate 14.3 14.3 14.)3 100.0 1.0 1.0
Aliphstic esters 14,3 14,3 14,3 100.0 1.0 1.0
Aliphatic ketones 14.) 42.9 28.6 1.4 0.3% 1.0
Tiller pigments 14,3 0.0 7.2 85,7 0.0 u
Polyurethanes 14.3 0.0 1.2 85.7 0.0 v
Talc 0.0 14,3 7.2 85.7 0.0 v
Titaniua dioxide 0.0 14.3 1.2 85.7 0.0 u
Iroa oxides 14.) 14.3 14.73 T1.4 -0.17 -0.17
Phosphoric acid 0.0 14.13 57.1 85.7 0.0 u
Mineral spicits 0.0 28.6 14,3 71.4 0.0 u
Toluene 0.0 57.1 28.6 42,9 0.0 u
Iron compounds 0.0 14,3 7.2 as,? 0.0 u
Cobalt compounds 0.0 14.3 7.2 85.7 0.0 u
Zianc compounds 0.0 28,6 14,3 T1.4 0.0 u
Chronates 0.0 28.6 14,3 Tl.4 0.0 u
Abrasive dust 57.1 57.1 $7.1 71.4 0.42 1.0
Matallic dust as.7 1.4 18,6 85.7 0.59 1.0
Silicoa carbide 0.0 57.1 28.6 42,9 0.0 u
Aluaioua dust 42.9 28.6 35.8 85.7 0.70 1.0
Mild eteel dust 42.9 71.4 57.2 42.9 -0.08 -0.17
Stainless steel dust 71.4 71.4 Ti.4 1.4 0. 0.3
Carbon monoxide 57.1 57.1 57.1 100.0 1.0 1.0
Nitrogen oxides 57.1 57,1 54,1 1000 1.0 1.0
Osone 28.6 37.1 42,9 T1.4 0.46 1,0
Pyrolyste &
coabustion fumes 8.6 28.6 28.6 100,0 1.0 1.0
Arc velding fumes 7.4 57.1 64.) 85,7 0.70 1,0
Soldecring fumes 18,3 14,13 14,3 100,0 1.0 1.0
Metal oxide fumes 57.1 $7.1 .4 0.42 0.42

57.1

LY
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Table A11,3, continued

Substancs Prevalence of Exposure ae Attributed by:

Consensus Judges-3 Avetage R X
X X X X
2
Alunious fumes . 14,3 14.) 14.3 100.0 1.0
Chromiua fumes 28.6 - 87.1 42.9 1.4 0.46
Manganese fumes 0,0 57.1 28,6 42,9 0.0
Iron fumes 57.1 57. 57.1 71.4 0.42
Mickel fumes 28.6 57.1 42.0 7.4 0.48
Copper fumes 14.3 8.6 1.5 85.7 0.3
Silvar fumes 28.6 28.6 28.6 100.0 1.0
Tin funes 14.3 28,6 21.% 85,7 0.59
Lead fumes 28,6 28.6 21.3 100,0 1.0
Caustic solution 0.0 42,9 21.5 $7.1 0.0
Minetel oil 0.0 ° 37.1 28.9 42,9 0.0
Ultraviolet radiation 28.6 42,9 35.8 8s.7 0.70
Aluains 71.4 s7.1 64,3 85.7 0.70
Iron oxides 14.3 0.0 7.2 85,7 0.0
Propane 14,3 0.0 7.2 85.7 0.0
Zinc fumes 28.6 14,3 21.5 85.7 0.39
Iaorganic acid J
solutioa 42,9 0.0 21.5 57,1 0.0
Rydrochloric actd 14,3 ' 0.0 1.2 85.7 0.0
Lubricating olls
& grease 28.6 14,3 21.5 85.7 0.59
Phosgens 0.0 14.3 7.2 8s5.7 0.0
Gas welding fumes 28.6 14,3 21.5 85.7 0.59
Other inorgantic gas 14,3 0.0 1.2 85.7 0.0
Natural gas 14,3 0.0 7.2 8s.7 0.0
Acetylens 28.6 0.0 14.3 7.4 0.0
Combustion products of
natural gas 14,3 » 0.0 1.2 85.7 0.0
Teichloroethylene 14.3 0.0 7.2 85.7 0.0
Acroletin . 14,3 0.0 7.2 85.7 0.0
Sulfuric acid 28.6 0.0 14.3 7.4 0.0
Cottoa duat 0.0 14.3 7.2 85.7 0.0
fydrofluoric acid 0.0 14,3 1.2 85,7 0.0

S LLv
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. Table A.11.3, continued
Substance Prevalence of Exposure as Attributed by: .
Consensus Judges-3 Average Po x x'
1 x 3 z (1)
Anfmsl, vegetable
glues 0.0 14,3 7.2 85.7 0.0 u
Inorgaaic pigmeats 14.3 14.3 14.3 100.0 1.0 1.0
Carboa black 14,3 14.3 14.3 100.0 1.0 1.0
Paiats, varnishes
lacquers 14,3 14,3 14,3 100.0 1.0 1.0
Zinc dust 14.3 0.0 7.2 85.7 0.0 u
o
Average (3): 81,1 0,35 -
. Average (4): 95.9 0.86 -~
' Average (5): 95.9 0.59 -

(1) The table is based on the assessment of exposure to 7 job descriptions using the
dichotowmous scale: exposed, at any level of confidence, and not exposed.

(2) u weans undefined value (i.e., 0t0).

(3) Calculated for the 65 substances listed in the table,

(4) Calculated for all 300 substances assuming that Po and x = 1 for the remaining 235
(300~-65) substances,

(5) Calculated using the collapsed table method (Table 7.3.4).

-
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Appendix 12

Supplementary Tables for the Chemical Manufacturing Trial
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Table A.12.1 .
Occupations, Industries, and Time Periods of Employment for

Job Descriptions used in the Chemical Manufacturing Trial

. A
Occupation Standard Occupation Time Period
Description Industrial Code N of
Code(1) (2) Employment
N
Stationary Engineer 373 9533-122 1575-78
wf
Chemical Process Operator 373 8179-122 1977-82 .
Flaker Tender 313 8167-342 1975-80
\
Chemical Labourer 373 8178-110 1970-76

Filter Press Tender 373 8163-155 1977-80 )

-

(1) Refer to SIC, 1970.

(2) Refer to occ, 1971. . .

iy A
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Table A.12.2

Statistical Tests of Equality of the Proportion of Exposure

Attributed Present at a Given Level of Confidence

Chexical Manufacturing Trial (1)

Chi-square value for Exposure

Categorized at Confidence Level:

High Medium or Any
High
_
6.8%* 4.8 6.4~

(1) A total of 1500 exposures = 5 job descriptions x 300

among

substances vere

used in the calculations. The tests are derived using McNemar's Test (1

df). MNote that: * indicates"p < .05; ** indicates p < .0l.

#
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Table A.12,)

Inter-Rater Agreement for all Attributed Substances in the Chemical Manufacturing Trial (1)

Agresmant Statisci

ca
(2)

gsure as Attributed by:

Pravalence of K

<

Substance

Judge

Average
X

2

sensus
X
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Table A.12.3, continued

Substancs Prevslance of Exposure as Attributed by: Agreement Statistics
Consensus udge Avatage

] x x

X t X £ (2)

Other Inorganic Vapors 20.0 a.0 ? 10.0 80.0 0.0 u
Aliphatic Esters 20.0 20.0 20,0 100.0 1.0 1.0
Cleaning Agents 20,0 0.0 10.0 80.0 0.0 u
Average (3): 79.4 0.34 -

Avotﬂl (4): 97.7 0.93 -

Average (3): 97.7 0.52 -

G 2Ly

(1) The table ia based on the assessment of exposure to 5 job deacriptions using a dichtomous scale: exposed, at
level of confidence, and not exposed.

(2) u seans undefined valus (i,s., 0% 0).

(3) Calculated for the 34 substances listed in the table.

(4) Calculated for all 300 substances assuming that p, and x = 1 for the remaining 266 (300-34).
(5) GCalculated using the collapsed table method (Table 7,3,11).

any
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Appendiz 13
Supplementary Tables for the Code/Recode Trial
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Table A.13.1
Occupations, Industries, and Time Periods of Employment for

Job Descriptions used in the Code/Recode Trial

/

Industry/ Standard Occupation Time Period

oc‘p‘uon Industrial Code of

Description Code(1) (2) Employment

Y
Drug and Toilet/ 616 5141-110 1930-37
Salesman
Defense/ . 902 9175-118 1939-61
Truck Driver T
Motor vVehicle Repairs/ 658 5131-118 1962-70
Salesman
Local Administration/ 951 6111-126 1971-80
Pire Pighter
Chemical Industry/ 379 6191-114 = 1930-70
Cleaner
Parming/ 017 7181-110 1925-46
Farm Hand 1947-50
: , .

'
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Table A.13.1, continued

4

Occupation Standard Occupation Time Period
Description Industrial Code of
o Code (1) (2) Employment
Trade Contractor/ 421 8787-118 1943-60
RoOLer
Trade Contractor/ 421 8780-154 1961-81
Foreman
Signs & Displuy/ 397 8595-334 1947-49
Stripper
S8igns & Display/ 397 1137-118 1950-78

Sales Manager

Q

Fruit & vegetable Proces./ 103 1143-110 1982-84
MNanager

Pulp and Paper/ 271 7913-122°  1937-42

Logger




”
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'nﬁe A.13.1, continued

™
Occupayion Standard Occupation Time Period
LA
Description Industrial Cole of
Code(l) (2) Employment
Defense/ 902 8382-110 1942-49
Aircratt Mechanic
N\
)
" Appliance Manufacture/ 332 8531-142 1947-56
Appliance Assembler
Cosmunication Eqpt Mfg/ 33s 8149-166 195%6-71
Braider lTender
Communications Eqpt Nfg/ 335 4150-114 1971-75
Shipping Supervisor
Comnunication Eqpt Mig/ 335 9533~-122 1978-84
Stationary Engineer
Chenical Manufacture/ 378 8178-110 & 1944-77

Labourer
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Table A.13.1, continued
Occupation Standard Occupation Time Period
Description Industrial Code of
Code(l) 2) Employment
( s
Trade Contractor/ 421 8785-110 1950-77
Painter
Pl
Textile Manufacture/ 189 8278-174 1960-84
Machine Cleaner '
Trade contractor/ 421 B333-118 1946-56
Sheet Metal Worker
Railvay Trangport/ 503 2797-199 1956-64

Instructor

(1) Refer to SIC, 1970.

(2) nefer to OCC, 1971.
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Table A.13.2

Statistical Tests of Equality of the Proportion of “Exposure

Attributed Present at a Given Level of Contlaencc

in the Code/Recode Trial (1)

Chi-Square Value for Exposure

Categorized at Confidence Level:

/
High Medium or Any
High \
1
0.04 0.01 0.17

{1) A total of

used in the calculations.

MCHemar's Test (1 d4f). MNote that:

.0l.

6210 exposures = 23 job descriptions x 270 substances were

The values in the table are obtained from

* indicates p < .05; ** indicates p <
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Substance

Table A,13.3

Inter—Rater Agreement for all Attributed Substances

in the Code/Recode Trial (1)

Prevalence of Exposure as Att’:ributed in the:

First Code

Recode

1

P 'S x!
X 3 £ (2)
Abrasive Dust - 0.0 ‘1\3.0 87.0 0.0 u
Insulation Material Dust 21,7 13.0 91.3 0.70 1.0
Construction Site Dust 4,3 4,3 100.0 10 1.0
Mine Dust 8.7 4.3 96.7 0.65 1.0
Metallic Dust 17.4 8.7 B82.6 0.25 0.40
Agbestos (Chrysotile) 8.7 %B.7 100.0 1.0 1.0
Asbestos (Amphibole) 8.7 8.7 100.0 1.0 1.0
Silica Dust 4.3 8.7 95.7 0.65 1.0
Glass Fibres 4,3 0.0 95.7 0.0 u
Inorganic Pigments 4.3 4.3 100.0 1.0 1.0
Alumina 0.0 8.7 91.3 0.0 u
Sulfur 4.3 0.0 95.7 0.0 u
Calcium Oxide 8.7 8.7 100.0 1.0 1.0
Zinc Oxide 0.0 4.3 95,7 0.0 u
Gypsum 0.0 4.3 95.7 0.0 u
Titanium Dioxide 0.0 4.3 95,7 0.0 u
Iron Oxides 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 8.0 u
Aluminum Dust 4.3 0.0 95.7 0.0 u
Iron Dust 4.3 0.0 »_ _— 95.7 0.0 u
Copper Dust 8.7 4.3 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
Stainless Steel Dust 4.3 4.3 100,0 1.0 1.0
Mild Steel Dust -8.7 8.7 100.0 1.0 1.0
Cpal Dust 4,3 4,3 100,0 1.0 1.0
Carbon Black 4.3 0.0 95.7 0.0 u

L°ELY



Table A.13.3, continued

Substance | Prevalence of Exposure as Attributed in the:
First Code Recode ) x k'
X 1 4 (2)
Soot 4.3 0.0 95,7 0.0 u
Fabric Dust 4,3 0.0 95,7 0.0 u
Synthetic Fibres 4.3 0.0 95,7 0.0 u
Rubber Dust ~— 4,3 8:7 ~ 95.7 0.65 1.0
Polystyrene Dust 4,3 4.3 § 100.0 1.0 1.0
Cotton Dast 4.3 4.3 100.0 1.0 1.0
Wool Fibres 4,3 4,3 100.0 1.0 1.0
Wood Dust 13.3 13.0 91.3 0.62 a.6
Cork Dust 4,3 4.3 100.0 1.0 1.0
Floor Dust 4.3 0.0 95.7 0.0 u
Carbon Monoxide 13.0 8.7 95.7 0.78 1.0
Hydrogen Cyanide 4.3 4.3 100.0 1.0 1.0
Ammonia 8.7 8.7 100.0 1.0 1.0
Nitrogen Oxides 8.7 8.7 100.0 1.0 1.0
Ozone - 3 . 4.3 4.3 100.0 1.0 1.0
Sulfur xide 8.7 4.3 95.7 0.65 1.0
Hydrogen Sulphide 4,3 4.3 100.0 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
. Freons 4.3 4.3 100.0 1.0 1.0
Propane 8.7 4.3 o 95,7 0.65 1.0
Formaldehyde 8.7 8.7 91.3 0.45 0.4
Acetylene 0.0 4,3 95.7 0.0 u
Phosgene 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 . 8.7 95.7 0.65 1.0

8'ELY
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Table A.13.3, continued

Substance Prevalence of Exposure as Attributed in the:
- First Code Recode P K k'
X 2 £ (2)
Combustion Products. .
of Coke and Coal 4.3 4.3 100.0 1.0 1.0
Combustion Products '
of Liquid Fuel - 4.3 13,0 91.3 0.47 1.0
Conbustion Products - .
of Woad ‘ 4,3 8,7 v 95,7 0,65 1.0
Gas Welding Fumes 0.0 4.3 _95.7 0.0 u
Arc Welding Fumes 4,3 4.3 100.0 1.0 1,0
Soldering Fumes 4.3 4.3 100.0 1.0 1.0
Metal Oxide Fumes 4.3 4.3 100.0 1.0 1.0
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 4.3 100.0 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
Ledd Fumes 4.3 4.3 100.0 1.0 1.0
Inorganic Acid
Solution 4.3 0.0 95,7 0.0 u
Javex g 0.0 4.3 /\/\\MES‘:} 0.0 u
Hydrofluoric Acid 0.0 4.3 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 Gasoline 8.7 8.7 91.3 0.45 0,45
Paints, Varnishes, ‘
Lacquers 8.7 8.7 100.0 1.0 1.0
Wood Stains &
Varnishes 0.0 4,3 95.7 0.0 u

6°€ELY
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Table A.13.3, continued

Subgtance Prevalence of Exposure as Attributed in the: —-
First Code Recode ’ Po K k'
4 )4 X (2)
Organic Dyes 0.0 4,3 95.7 0.0 u
Adhesives 4.3 4,3 100.0 1.0 1.0
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
Heating 01l 8.7 0.0 91.3 0.0 u
Mineral Spirits 21,7 8.7 78.3 0.18 0,35
Lubricating Oils
& 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
Linseed 0{il 8.7 8.7 100.0 1.0 1.0
Polychlorinated ‘
B.&phenyl 4.3 0.0 95,7 0.0 u
Mineral Spirits with
BTX 0.0 13,0 87.0 0.0 u
Isopropanol 4.3 4.3 100.0 1.0 1.0
Acetic Acid 0.0 4.3 95.7 0.0 u
P~dioxan 0.0 4.3 95,7 0.0 u
Methylen Chloride - 0.0 4.3 95.7 0.0 u
Trichlorethylene 0.0 4.3 > 95.7 0.0 u
Lead Compounds 2 0.0 4,3 95.7 0.0 u
Chromates 4.3 \ 0.0 95.7 0.0 u
Aliphatic Hydrocarbons B.7 0.0 91.3 0.0 u
Aromatic Hydrocarbons - 4.3 . 0.0 95,7 0.0 u
Foodstuff ) (1] 4.3 95.7 0.0 u
Cleaning Agents 8.7 4.3 95.7 0.65 1.0
Mineral Wool . 0.0 8.7 91.3 0.0 u
AVGAS 0.0 . 4.3 95.7 0.0 u

3
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Table A.13.3, continued
Substance Prevalence ;E_ngolnte as Attributed in the:
First Code Recode p 3 '
z z £ (2) .
)] " s
I -

Poly (acrylonitrile) £ .
butadiene 4.3 0.0 . 95.7 . 0.0 u
Coal Tar & Pitch 13.0 21.7 91.3 0.70 1.0
" Asphalt 17.4 26.1 91.3 0.75 1.0
Polyest¥rs 4.3 0.0 95.7 0.0 u

"
N [ —
' Average (3): 95.5 0.53 -
Average (4): 98,5 0.83 -

(1) The 1ab1i is based on the assessment of exposure to 23 job descriptions using a dichotowous scale:
exposed, st any level of confidence, and not exposed. o

(2) u means undefined value ({.e., 0 + 0). }

(3) Calculated for the 108 substances ljsted in the table,

(4) Calculated for all 270 substances assuming that p, and x=1 for the rematning 162 (270-108) substances.

(5) Calculated using the collapsed table method (see Table 7.4.3).
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