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A 
major challenge in case-control stud­
ies of occupational exposures is the 
assessment of past exposures. De­
tailed interviews with subjects or 
proxies are sometimes used, but 
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Accurate exposure assessment remains a challenge in occupational 
epidemiology. We evaluated one approach, use of a job-exposure matrix 
(]EM), by applying the National Institute for Occupational Safety and 
Health (NIOSH) ]EM to a large case-control birth defects study that 
included parental occupation information. We investigated the ]EM 
exposure predictions in several ways and found that for a substantial 
proportion of the parents in the birth defects study, the ]EM yielded either 
no exposure data or nonsense predictions. Among exposure predictions 
that were plausible, most were of low probability. The high probability 
exposure predictions were statistically unstable, and neither low nor 
high probability exposure predictions were reliable. There was consider­
able discrepancy between the ]EM predictions and expert assessments for 
five exposures of interest. Application of the NIOSH ]EM to the birth 
defects study database ( and probably other databases as well) does not 
provide a useful means of assessing occupational exposures. 
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these are expensive, time-consum­
ing, logistically difficult, and limited 
by low validity when administered 
either to study subjects 1

•
2 or, as is 

often necessary, to spouses.3
,4 Expert 

assessment based on occupational 
histories is an expensive and time­
consuming alternative, and it is fur­
ther limited by the scarcity of quali­
fied experts.5

·
6 

A third approach is the job­
exposure matrix (JEM).7

-
9 A JEM is 

a cross-classification of job titles and 
exposures that allows exposure to be 
inferred on the basis of the job title10 

( or, in more complex JEMs, on the 
basis of a job title, industry, and/or 
calendar times of employment). A 
large number of JEMs have been 
described, some designed for popu­
lation-based studies7

·
11

-
14 and others 

designed for use in specific indus­
tries such as electric utilities, 15 paint 
manufacturing, 16 or welding. 17 

The advantages and disadvantages 
of JEMs have been discussed exten­
sively in recent years. 5

•
8

•
18

-
20 Expo­

sure assessment derived from JEMs 
may entail considerable misclassifi-
cation and lead to biased risk esti­
mates. Validity is thought to improve 
if a JEM is based on empirical data; 
if it uses probabilities and/or scales 
of exposures rather than dichoto­
mous designations; if it is confined 
to specific exposures, plants, indus-
tries, or worker populations rather 
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than being broadly inclusive; and if 
appropriate statistical analy1ical 
techniques are used. 

The National lnstinne for Occupa­
tional Safety and Health (NIOSH) 
JEM, developed in the 1980s and 
described in the literalure in 1991, 13 

is one of the largest job-exposure 
matrices, and it has been made 
widely available to investigators by 
N!OSJ--1. Several epidemiological 
studie, have used the NlOSH JEM, 
either to estimate the extent of cer­
tain exposures21 23 or to test etiolog­
ical hypotheses regarding workplace 
exposures.24 It is therefore important 
to evaluate the validity of the NIOSH 
JEM. 

Several appruachcs to such an 
evaluation are available.25 First, one 
might use a definitive accepted stan­
dard, comparing JEl'vl predictions 
with objective measurements of ex­
posure. Second, one might compare 
the exposure predictions generated 
by two different JEMs. Third, one 
might compare JEM predictiom with 
expert assessments. Fourth, one 
might test known associations using 
JEM-derived exposure predictions; if 
such studies replicate known associ­
ations (and do not identify unlikel) 
associations), then the validity of the 
JEl\l is supported. Several studies 
have critically evaluated JEMs in 
one or more of these ways. s,w.~6 - 31 

This report describe, an evaluation 
of the utility and validity of the 
NIOSH JEJ\J. We applied the JEM to 
an existing database, the Slone Epi­
demiology Unit Birth Defects Stud) 
(BOS). to test its performance as a 
tool for evaluating risks of occupa­
tional exposures. We used four ap­
proaches: (1) describing the distribu­
tions of exposures predicted by the 
JEM among the BOS parents: (2) 
assessing the JEM' s performance in 
demonstrating a reported associa­
tion; (3) comparing IBM predictions 
\vith expert assessments for three 
specific exposures; and (4) examin­
ing expert agreement with the JEM 
as a function of probability of expo­
sure. 
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Methods 
The methods of the BDS have 

been described previously.32 The 
study includes infants \vith a wide 
variety of birth defects drawn from 
participating hospitals in the metro­
politan areas of Boston (initiated in 
1976), Philadelphia (1977), and 
southeastern Ontario ( 1979) and 
from one-third of the state of Iowa 
(1983 to 1985). Mothers are inter­
viewed by trained nurses. typicall) in 
the subject's home, within 6 months 
of the infant" s birth. The interview 
elicits information on a wide variety 
of medical and demographic factors 
as well as environmental exposures, 
especially medications. Industry and 
occupation of both mother and father 
at the time of conception are ascer­
tained. Occupations are coded by 
using an industry/occupation dictio­
nary derived from the system devel­
oped by Hoar et al.7 This approach 
uses a two-digit industry code based 
on the Standard Industrial Classifica­
tion and a three-digit occupation 
code based on the US Dictionary of 
Occ11;Jatio11al Titles. We expanded 
the industry codes to three digits and 
the occupation codes to five digits to 
allO\\ greater specificity in coding. 

The job-exposure matrix devel­
oped by NIOSH is based on data 
gathered as part of the National Oc­
cupational Hazard Survey, a national 
survey of businesses representative 
of US industry, conducted from 1972 
tu 1974, \\ith data from a stratil'ied 
sample of 4636 US workplaces. It 
was designed to describe health and 
safety conditions in the workplace 
and to determine the extent of expo­
sures to chemical, physical, and bio­
logical agents. The NIOSH JEM of­
fers several advantages over other 
matrices. It is based on empirical 
data from a representative sample of 
all major sectors of US industry. In 
addition to providing a simple yes/no 
exposure indicator for each pairing 
of a job/industry combination and a 
chemical, the NIOSH JEJ\,l also pro­
vides a probability of exposure. (For 
each job/industry combination, the 

database includes the number of per­
sons observed, the denominator. and 
the number exposed to a given chem­
ical, the numerator.) As a nationally 
based matrix, the NIOSH JEM was 
intended to have broad applicability 
in occupational health research. De­
tails of the data collection process 
and the development of the matrix 
have been described. 1 3 

To evaluate the utility ol the 
NIOSH JEM in occupational terato­
gen research, we first assigned expo­
sures and exposure probabilities to 
each of the 12,188 mothers and 
12.017 fathers for whom data on 
occupation existed in our files in the 
following manner: 1 1 J all e.xisting 
industry/occupation codes in the 
BDS were first converted lo Census 
codes to be compatible with the 
NIOSH JEM; and (2) information 
contained in the JEM was then used 
to assign to each BOS parent (a) 
exposures to spL'Cific agents, and (b J 

probabilities for those exposures. 

Describing the Distributions of 
Exposures 

We next reviewed the exposure 
predictions that emerged. Firc,t. we 
observed the extent to which BDS 
parents could be assigned exposure 
probabilities by the JEM, and we 
noted the categories of BDS parent 
occupations for which the JEM did 
not provide information. Then we 
created distributions of probabilities 
of exposure to specific chemicals for 
a \Vide variety of industry/occupation 
pairs, and we redewed these distri­
butions, 

Evaluating JEM's Performance 
in Assessing a Previously 
Reported Association 

For this component of our evalua­
tion, we selected an association pre­
viously reported in the literature: ma­
ternal exposure to organic solvents 
and malformations of the genitouri­
nary tract. 33 We reviewed the num­
bers of mothers who were predicted 
by JEM to be exposed to various 
solvents, and we selected a solvent, 
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benzene, with a high number of ex­
posed mothers for analysis. Prelimi­
nary examination of the data showed 
an elevated odds ratio for benzene in 
relation to kidney malformation and 
sufficient power, so we elected to 
explore this hypothesis in further de­
tail. 

Cases included mothers of infants 
with a diagnosed kidney malforma­
tion who were either stillborn or 
liveborn. Controls were mothers of 
infants with a malformation other 
than kidney. Both cases and controls 
were restricted to women who re­
ported an industry/occupation com­
bination for which the JEM could 
provide exposure information. We 
calculated the odds of exposure to 
benzene among infants with kidney 
malformations, treating exposure as 
a dichotomous variable, with "ex­
posed" defined as any non-zero 
probability of exposure. 

Comparing JEM Predictions 
With Expert Assessments 

We selected three chemical expo­
sures for expert review on the basis 
of the following criteria: ( 1) they 
must include at least some industry/ 
occupation combinations in the JEM 
with high probabilities of exposure, 
(2) our reviewers must consider 
themselves sufficiently knowledge­
able about them to make valid as­
sessments, and (3) they are of poten­
tial interest in birth defects 
epidemiology. The three chemical 
exposures selected were dichlorodif­
luoromethane (218 combinations), 
propylene glycol (231 combina­
tions), and amorphous fused silica 
(234 combinations). For each of 
these exposures, the reviewers inde­
pendently rated each job held by 
BDS parents according to four levels 
of exposure: none, low (probability 
greater than O but less than one­
third), moderate (probability be­
tween one-third and two-thirds), and 
high (probability greater than two­
thirds). We evaluated the concor­
dance between these expert assess­
ments and the JEM predictions by 

calculating the proportion of indus­
try/ occupation combinations that 
were assigned the same exposure 
level by the JEM and by both ( or 
neither) expert. 

Assessing Expert Agreement 
With JEM as a Function of 
Probability of Exposure 

As an extension of our benzene 
analysis, two of the authors, an oc­
cupational medicine physician (HF) 
and an industrial hygienist (MJE), 
independently reviewed all industry/ 
occupation combinations that had 
been designated as benzene-exposed 
or xylene-exposed by the JEM. Each 
reviewer assigned a dichotomous 
(yes/no) exposure status to each in­
dustry/occupation combination. We 
then stratified the industry/occupa­
tion combinations considered to be 
exposed by the JEM according to 
decile of exposure probability as­
signed by the J EM. Within each 
decile, we calculated the proportion 
of industry/occupation pairs that the 
experts had considered exposed. We 
also examined the exposure proba­
bilities as a function of the number of 
observations in the JEM. 

Results 

Distributions of Exposures 
The process of converting BDS 

occupation codes to JEM-compatible 
codes revealed some apparent incon­
gruities in the JEM. For example, the 
industry "insurance" includes the oc­
cupation "investigators and adjust­
ers, except insurance." The occupa­
tion "groundskeepers and gardeners, 
except farm" is listed in 39 indus­
tries. For 14 of these, "soil" is iden­
tified as an exposure, but for the 
remaining 25, it is not. In addition, 
the occupation "farmers, except hor­
ticultural" is listed only in the indus­
try "radio and television broadcast­
ing." 

Among the 12,188 mothers and 
12,017 fathers with industry and oc­
cupation data in the BDS, 3786 
(31 % ) mothers and 5955 (50%) fa­
thers were assigned exposures by the 
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JEM. Among the occupations not 
included in the JEM (and therefore 
not assigned exposure designations) 
were some common ones, such as 
elementary and secondary school­
teachers (n = 891), computer sys­
tems analysts (n 299), computer 
operators (n = 301), dental labora­
tory technicians (n = 103), lawyers 
(n = 248), and police officers (n = 

196). 
After identifying the most com­

mon JEM-derived exposures among 
BDS parents, we examined the expo­
sure probabilities assigned by the 
JEM for these exposures. Three gen­
eral patterns were apparent, as illus­
trated in Figs. 1 through 3. Although 
the majority of exposures occurred at 
low probability in virtually all cases, 
for some (Fig. 1), there was a sub­
stantial proportion with probability 
of 0.5 or greater. For others (Fig. 2) 
there was a decreasing frequency as 
probability level increased but still a 
measurable number of exposures 
above 0.5. However, for most agents 
(Fig. 3), exposures at a probability of 
greater than 0.5 were rare. 

JEM's Performance in 
Demonstrating a Reported 
Association 

There were 38 cases and 3748 
controls for whom the JEM could 
assign exposures. Of these, benzene 
exposure was assigned to 13 cases 
and 612 controls. When maternal 
exposure to benzene was defined 
without regard to probability of ex­
posure (ie, exposure as a dichoto­
mous variable), the odds ratio for 
kidney malformations was 2.7 (95% 
confidence interval, 1.4 to 5 .1). 
When adjusted for potential con­
founding by maternal age, maternal 
education, parity, religion, calendar 
time, maternal smoking, paternal 
smoking, geographic region, and ba­
by's sex, the odds ratio for kidney 
malformations increased to 3.2 (95% 
confidence interval, 1.5 to 6.8). 
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Fig. 1. Distribution of exposure probabilities for dichlorodifluoromethane in mothers. 

JEM Predictions Compared 
With Expert Assessments 

Among the mothers in the BDS 
database, the JEM designated a total 
of 67 industry/occupation combina­
tions as benzene-exposed. Examples 
included "registered nurse" in "hos­
pitals" and various occupations in 
the printing industry. In 46 (69%) 
industry/occupation combinations, 
both reviewers agreed that the job 
would likely include benzene expo­
sure; an additional 19 (28%) were 
classified as benzene-exposed by 
only one of the reviewers. Both re­
viewers agreed that two jobs (3%) 
were not likely to be bcnzene­
exposed; one of these ("registered 
nurse" in "hospitals") accounted for 
85% of the benzene-exposed moth­
ers in this analysis. 

For dichlorodifluoromethane, pro­
pylene glycol, and silica, the review­
ers assigned exposure ratings of 
none, low, moderate, and high. Re­
viewers were considered to have 
agreed if their categorical ratings 
matched exactly. With this defini­
tion, the reviewers agreed in 67% of 
industry /occupation combinations 
for dichlorodifluoromethane, 72% of 
combinations for propylene glycol, 

and 79% of combinations for silica. 
Agreement was 20%, 3%, and 2%, 
respectively, between at least one 
reviewer and the JEM. Much of the 
agreement between reviewers was 
attributable to jobs that, although 
considered exposed by the JEM, 
were rated as "no exposure" by both 
reviewers. Even among the 20 indus­
try/ occupation combinations to 
which the JEM assigned a probabil­
ity level of 1.0, 14 (60%) were con­
sidered as unexposed by both re­
viewers. Examples included 
dichlorodifluoromethane exposure 
among "cashiers" at "gasoline ser­
vice stations," and "managers and 
administrators" in "banking," and 
silica exposure among "supervisors 
and proprietors" in the "retail florist" 
industry. 

Assessing Expert Agreement 
With JEM as a Function of 
Probability of Exposure 

The agreement between expert as­
sessment and JEM assignment, strat­
ified by the JEM-assigned probabil­
ity of exposure, is shown in Table 1, 
for the case of benzene. The propor­
tion of industry/occupation combina­
tions for which both reviewers 

agreed with the JEM exposure as­
signment increased as the probability 
level increased, but there were only 
six industry/occupation combina­
tions with probabilities greater than 
0.5. Because this result was unex­
pected, we repeated the analysis us­
ing a different exposure, xylene; the 
results are shown in Table 2. For 
xylene, agreement with JEM expo­
sure assignment also increased with 
probability of exposure. However, 
lack of agreement also increased 
with high probability of exposure. In 
fact, of five jobs with a JEM­
assigned probability of 1.0, our ex­
perts assigned a probability of O to 
three of them. Thus, even among 
industry/occupation combinations 
with high probability of exposure, 
there was considerable disagreement 
with expert assessment. 

Because the relationship between 
probability level and degree of 
agreement was not as strong as an­
ticipated, we investigated the manner 
in which the probabilities were de­
rived within the JEM itself. For each 
industry-occupation pair, the JEM 
provides (A) the number of workers 
surveyed by the National Occupa­
tional Hazard Survey, and (B) for 
each exposure, the number of work­
ers in that industry/occupation who 
were observed to have been exposed. 
A measure of probability can then be 
calculated by dividing B by A. For 
dichlorodifluoromethane, propylene 
glycol, and silica, we grouped indus­
try-occupation pairs according to de­
ciles of JEM-assigned probability 
level and examined the numbers of 
observations on which these proba­
bilities were based. Further, for each 
decile of probability, we calculated 
the mean and median number of 
observations for each industry­
occupation pair within that decile. 

This analysis revealed an inverse 
relation between the probability level 
and the number of observations on 
which that probability was based 
(Figs. 4 through 6). In particular, in 
all cases in which high probabilities 
of exposure were assigned, the num­
ber of observations on which they 
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Fig. 2. Distribution of exposure probabilities for dichlorodifluoromethane in fathers. 

were based was small-in many 
cases, fewer than five. Although 
small sample sizes alone need not 
imply inaccuracy, expert review of 
benzene and xylene probabilities 
concluded that these high probabili­
ties did not accurately reflect the 
likelihood of exposure. 

Discussion 
In theory, the concept of a matrix 

such as the JEM offers an efficient 
tool for the investigation of potential 
associations between workplace ex­
posures and adverse health out­
comes. By providing a mechanism 
that systematically links an industry/ 
occupation combination with work­
place exposures, a matrix would al­
low researchers to infer exposures 
that were not directly measured. The 
NIOSH JEM has particular potential 
because it is based on direct obser­
vation of a large number of work­
places and is thus built on a large 
body of, empirical exposure data; it 
also provides the probability of ex­
posure to a given substance for each 
industry-occupation pairing. 

We found that a substantial num­
ber of industry/occupation combina­
tions could not be coded to the JEM, 
that the majority of industry/occupa­
tion combinations in the JEM show 
very low probabilities of most expo­
sures, and that higher probabilities of 
exposure are based on very few ob­
servations. We also found a number 
of exposure assignments with both 
high and low probabilities that 
seemed to be anomalous. For exam­
ple, the JEM considered banking 
managers to have a 100% probability 
of exposure to xylene but a 0% 
probability of exposure to paper. La­
borers in the bus and urban transit 
industry were assigned a 100% prob­
ability or exposure to soap, janitors 
in eating and drinking places were 
assigned a 10% probability, and 
cooks in eating and drinking places 
had only a 0.7% probability of soap 
exposure. Overall, when comparing 
expert reviews with JEM exposure 
predictions, we found low concor­
dance. However, the JEM did dem­
onstrate· an association for which 
prior evidence had established some 

basis, maternal benzene exposure 
and kidney malformations. 

Several published studies have 
evaluated the NIOSH JEM, two by 
comparing it with another matrix and 
two by comparing JEM findings with 
expert assessment. Cicioni et al34 

compared JEM predictions with ex­
pert assessments for one exposure, 
asbestos, by using cases and controls 
from the Los Angeles County Cancer 
Surveillance Program. Their findings 
were similar in key respects to ours. 
Many of the jobs in the Program 
database did not have information in 
the JEM, and there was considerable 
disagreement between JEM predic­
tions and expert assessments. Of 
4116 cases classified as "exposed" 
by the JEM, 1851 (45%) were con­
sidered to be unexposed by the ex­
perts. Of 288 cases classified as 
"high exposure" by the experts, 180 
(62.5%) were classified as unex­
posed by the JEM. These authors 
noted the importance of timing, es­
pecially in a study of long-latency 
diseases; although the JEM observa­
tions dated from l 972 to 1974, the 
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Fig. 3. Distribution of exposure probabilities for propylene glycol in fathers. 

TABLE 1 
Rates of Agreement* Between Experts Regarding Exposure Status According to 
Probability Level: Benzene 

Both Ex- Neither Ex-
perts Agree pert Agrees 
With JEM WithJEM 

JEM-Assigned P Level No.of Jobs n % n % 

<0.1 44 30 57 2 5 
0.1-0.19 11 7 64 0 
0.2-0.29 3 2 67 0 
0.3-0.39 3 2 67 0 
0.4-0.49 0 
0.5-0.59 3 2 67 
0.6-0.69 1 1 100 0 
0.7-0.79 0 
0.8-0.89 1 100 
0.9-0.99 1 100 
1.0 0 
Total 67 46 69 2 3 

• Experts defined exposure only as dichotomous ("yes/no") variable. 

exposures relevant to their cases may 
have occurred years earlier, limiting 
the applicability of the JEM. A fur­
ther limitation they noted was that 
the JEM provides probabilities of 
exposure-but not exposure inten-

sity, which facilitates exposure mis­
classification. Rybicki et al30 com­
pared three approaches to exposure 
assessment: self-report, expert re­
view by an industrial hygienist, and 
the NIOSH JEM. The exposures of 

interest were three metals: copper, 
lead, and iron, and the subjects were 
188 workers in manufacturing indus- ·.• 
tries in the Detroit area. Agreement 
between the industrial hygienist and 
the JEM ranged from 69.2% to·.·.· 
86.0%. With industrial hygiene re- i 
view considered as the definitive .. • .. 
standard, the JEM sensitivity ranged < 
from 0% (for lead) to 21.2% (for ; 
copper), and the JEM specificity) 
ranged from 86.4% (for iron) to) 
92.6% (for lead). / 

Linet et al35 compared an early) 
version of the JEM with a job- · 
exposure matrix previously pub-) 
lished by Hoar et al7• Their subjects\ 
were 342 cases and 342 controls in a} 
case-control study of chronic lym-} 
phocytic leukemia in Baltimore. The} 
two matrices yielded divergent odM/ 
ratios for most exposures, with the) 
Hoar matrix generally yielding esti-'N 
mates twice as high as those of the\ 
NIOSH JEM. Kappa statistics fo~, 
concordance of the two matrices) 
were reported for 14 exposures (sev+ 

·.:\ 
:::·:: 

:. 
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en each in the cases and controls). Of 
these, only five were greater than 
0.25, reflecting a low level of agree­
ment between the two matrices. 
Hawkes and Wilkins31 used a similar 

TABLE 2 

approach, comparing the predictions 
of the NIOSH JEM with those of the 
Hoar matrix. They studied 214 expo­
sures, using occupations in the metal; 
paper and wood; and chemical, drug, 

Rates of Agreement* Between Experts Regarding Exposure Status According to 
Probability Level: Xylene 

Both Ex- Neither Ex-
perts Agree pert Agrees 
With JEM With JEM 

JEM-Assigned P Level No. of Jobs n % n O/o 

<0.1 141 83 59 4 3 
0.1-0.19 32 17 53 3 9 
0.2-0.29 17 9 53 0 
0.3-0.39 7 4 57 2 29 
0.4-0.49 9 7 78 1 11 
0.5-0.59 7 5 71 14 
0.6-0.69 2 1 50 0 
0.7-0.79 4 4 100 0 
0.8-0.89 2 2 100 0 
0.9-0.99 1 100 0 
1.0 5 2 40 3 60 
Total 227 135 59 14 6 

* Experts defined exposure only as dichotomous ("yes/no") variable. 

Propylene Glycol 
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699 

and paint industries. Kappa and G 
statistics, reflecting agreement be­
t ween the two matrices, were derived 
for each industry/occupation combi­
nation. The kappa statistics ranged 
from 0.02 to 0.27 in the metal indus­
try. from -0.07 to 0.24 in the paper 
and wood industries, and from 
-0.12 to 0.14 in the chemical, drug, 
and paint industries, indicating poor 
agreement. Additional analyses sup­
ported the same conclusion. Al­
though comparisons of two job­
exposure matrices do not permit 
conclusions about the validity of ei­
ther, the low levels of agreement 
between them raise doubts about 
both. 

Our evaluation suggests two major 
practical limitations to the JEM. 
First, many common occupations in 
the BDS were not included in the 
.J EfVI. leading to substantial loss of 
information. Because the distribution 
of job titles among EDS mothers is 
similar to that observed in a repre-
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Fig. 4. Mean and median sample sizes of occupations according to exposure probability for propylene glycol. 
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Fig. 5. Mean and median sample sizes of occupations according to exposnre probability for amorphous fused silica. 

sentative sample of childbearing US 
1xomen who \Vere surveyed as part of 
the I\ational Natalitv and National 
Fetal Mortality Surv;y,3 <> this prob­
lem is likely to affect other data sets 
as well. Also, because the EDS data 
were collected years before applica­
tion of the JEM, some of the job 
descriptions in the database were not 
specific enough to allow definitive 
coding of job titles. 

Second, we encountered a tradeoff 
between validity and statistical 
power, one in which neither option 
seems to be satisfactory. One could 
ignore the levels of probability asso­
ciated with each exposure and indus­
try-occupation pairing, as we did ini­
tially, but because every worker in a 
job with any level of exposure, no 
matter how low, would be consid­
ered exposed, this approach would 
result in substantial misclassifica­
tion. For example, in our analysis of 
benzene and kidney malformations, 
859'c of "exposed" mothers were reg-

istered nurses, which has a JEM 
exposure probability of 0.02. 

Perhaps jobs with lmv probabili­
ties of exposure ( cg, 0.1 or less) 
provide no information and should 
be excluded from consideration. Be­
cause the vast majority of exposures 
in the NIOSH JEM have very low 
probabilities [or most jobs, excluding 
individuals with exposures of low 
probability would sacrifice large 
amounts of data, diminishing the 
po\ver of the JEvI. HO\wYer, there is 
an even more fundamental problem 
with this approach. Restricting the 
JEM to industry/occupation combi­
nations with high probability of ex­
posure requires that these probability 
estimates be meaningful. 

As discussed above, high probabil­
ities assigned by the JEM are unsta­
ble. To a large extent, this is to be 
expected. To obtain a probability of 
less than 0.01, one must observe 
more than 100 people in that job. 
However, one can derive a probabil-

ity of I _O on the basis of only a single 
observation. Indeed, in virtually all 
instances when high probabilities 
were assigned, the samples on which 
they were based \Vere very small-in 
many cases, fewer than five observa­
tions. Of particular importance, judg­
ments of our occupational medicine 
and industrial hygiene expert review­
ers suggest that these assessments 
are not only unstable, but also of 
questionable validity_ For example, 
in our initial benzene analysis, we 
had ignored the JEM-assigned prob­
abilities and had classified as "ex­
posed"' all jobs with non-zero proba­
bility of benzene exposure. In fact, 
the probability of exposure assigned 
by the JEM to hospital-based regis­
tered nurses is 0.015. Such a low 
probability of exposure could ex­
plain why neither expert reviewer 
considered the job to be benzene­
exposed. 

Thus, the high probability levels in 
the JEM are very unstable because 
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Fig. 6. Mean and median sample sizes of occupations according to exposure probability for dichlorodifluoromethanc. 

they are based on so few observa­
tions and are of questionable valid-

, the low probability levels, which 
involve the greatest numbers of peo­
Jle. are of little value because these 
::,ccupations cannot realistically be 
considered exposed. We conclude 
that application of the NIOSH JEM 
to the BDS or similar epidemiologi­
cal databases does not provide a 
reliable means for assessing occupa­
tional exposures in relation to health 
cutcomes. 

Given the nature of our analysis, we 
cannot determine whether the prob­
lems we identified are unique to the 
NIOSH ;JEM or are related to the more 
global limitations inherent in making 
job-exposure inferences. 2025283738 It 

be that the information contained 

in an industry/occupation combination 
is simply not sufficient to allow valid 
inference of chemical and physical ex­
posures, whether by means of a matrix 
or even by expert review. Almost ev­
ery industry or occupation listed in the 
Census codes encompasses a large 
number of diverse titles, and such het­
erogeneity would itself create diffi­
culty in assigning exposures. Our ex­
perience with the Hoar linkage system 
also supports this theory. We earlier 
rejected the Hoar system because of 
the large number of invalid exposure 
assignments that we discovered. We 
had hoped that the inclusion ota mea­
sure of probability of exposure (as 
contained in the JEM) would reduce 
this problem, but it did not. 

The concept of a matrix may be 
applicable in certain situations; for 
example, matrices developed for spe­
cific industries or for individual stud­
ies may be sufficiently detailed to 
provide a useful mechanism for in­
ferring exposures. As another alter­
native to automated exposure assign­
ments based on a generalized matrix 
such as the JEM, one might consider 
review of job titles by industrial hy­
gienists as a means of identifying 
exposures. Reviews by our consult­
ants of the job titles of BDS parents 
resulted in a higher degree of agree­
ment between them than with the 
JEM for exposures to a limited num­
ber of selected substances. However, 
this approach is limited by the ability 
of the experts. 
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An approach we have not investi­
gated that avoids reliance on job 
titles would be to focus on a rela­
tively small number of exposures 
that are of potential interest. Experts 
could then review job descriptions 
rather than job titles to determine 
exposure status. This would enable 
one to focus on a subset of industries 
and occupations and ask more di­
rected questions when gathering oc­
cupation information in an interview, 
thus ensuring that relevant infonna­
tion is available to make exposure 
assessments. It is of interest to note 
that Sierniatycki et al, in a compari­
son of several methods of determin­
ing exposure status, found that de­
spite its high absolute cost. an 
approach similar to this was the most 
cost-effective. 6 
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