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Exposure to Potential Occupational Asthmogens:
Prevalence Data from the National Occupational
EXposure Survey

Rafael E. de la Hoz, MD, MPH,™™ Randy O. Young,2 and David H. Pedersen, PhD?

Few data are available about the prevalence of occupational exposures to agents which can
cause occupational asthma or aggravate preexisting asthma (asthmogens). Using potential
occupational exposure data from the National Occupational Exposure Survey (NOES) of
1980-1983, we investigated the number of asthmogen exposures, asthmogen-exposure(s) per
production worker, and unprotected occupational asthmogen exposures in different industries
and occupations. Data for the entire United States were used to generate estimates of
occupational exposure at two selected state and local levels. It was estimated that 7,864,000
workers in the surveyed industries were potentially exposed to one or more occupational
asthmogen(s) in the United States. The average number of observed potential exposures per
asthmogen-exposed worker was 4.4, and varied from 11.9, in the Water Transportation
industry, to 1.2 in Local and Suburban transportation. The largest number of observed
potential exposures was recorded in the Apparel and Other Finished Products (garment)
industry. This work and further analyses using this approach are expected to contribute to a
better understanding of the epidemiology of occupational asthma, and to serve as a guide to
target future occupational asthma surveillance effoAm. J. Ind. Med. 31:195-201, 1997.
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INTRODUCTION

a well-recognized clinical entity, it is difficult to diagnose
and is probably grossly underreported. Consequently, there

More than 200 agents have been characterized @® no reliable estimates of its incidence and prevalence
potential causes of occupational asthma (asthmogens), #éredith et al., 1991; Chan-Yeung, Malo, 1995]. Further-
the list continues to grow with the introduction of newnore, since careful documentation of exposure is one of the
chemicals in the workplace [Chan-Yeung, Lam, 198Gundamental elements to the diagnosis of occupational
Chan-Yeung, Malo, 1995]. Although occupational asthma igsthma, the scarcity of information about exposures occur-
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ring in specific geographic areas has contributed to limiting
the detection and prevention of occupational asthma.

We premised that estimates of prevalence of potential
exposure to occupational asthmogens could be generated
from hazard surveillance data available from the National
Institute for Occupational Safety and Health (NIOSH).
Beginning in 1980, NIOSH conducted a national survey
intended to profile occupational exposure to chemical,
physical, and biological agents. This survey, known as the
National Occupational Exposure Survey (NOES), had been
preceded in 1972-1974 by the National Occupational Hazard
Surveillance (NOHS). The NOES consisted of management
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interviews and walk-through inspections of a sample @3 of the 85 2-digit 1972 SIC code businesses were defined

4,490 industrial facilities in the United States. The databaas part of the target industrial groups to be surveyed. These
constructed from this survey permitted the estimation of thveere: SICs 7, 13, 15-17, 20-42, 44-51, 55, 72, 73, 75, 76,

number of workers in the nation potentially exposed t80, and 84. It was estimated that these industries employed a
specific agents, including asthmogens. total of 33.4 million workers in the United States at the time

Regrettably, the NOES database has been underutilizEfidhe NOES.
by physicians and researchers interested in occupational A two-stage sampling strategy was used to select the
asthma because the capabilities of the data system wactual sample from the national universe of eligible facili-
inadequately understood [Greife et al., 1995]. Tabular esties. The first stage involved a random selection from strata
mates of the number of workers potentially exposed tiefined by geography, number of employees, and concentra-
individual asthmogens have been recently generated [Betion of establishments included in the target population. This
stein et al., 1993]. However, those summary tables did n@tsulted in the selection of 98 geographical areas in the
account for overlap of asthmogen exposures (e.g., exposudted States (Primary Sampling Units). The second stage
of one individual worker to one or more asthmogens), namvolved systematic sampling from a list of establishments
did they identify those occupations and industries in whiobrdered by number of employees and SIC codes. The
workers may be at higher risk of exposure to asthmogeafective refusal rate among establishments initially selected
and, consequently, occupational asthma. for inclusion in the NOES was 0.3%.

Our goal in this study was to generate estimates of the The NOES surveyors administered a standardized ques-
number of workers potentially exposed to one or moigoonnaire to plant management, directly observed processes
asthmogens within different occupational and industriaind operations, and recorded potential exposures for all
classifications. We then modified these national estimatesaimployees based on direct observation in the surveyed
permit the estimation of exposure prevalences in specifiorkplaces. Note that the term ‘potential exposure’ is used

geographic locales. in relation to all NOES observations of worker occupational
exposure, because no environmental levels or industrial

METHODS hygiene measurements were made (except for noise levels)
due to the complexity and cost of attempting to do so on

NOES such a large scale. Direct observation involved recording the

use of (and potential occupational exposure to) different

Detailed documentation about the NOES survey aigents, including tradenamed compounds. The latter re-
data analyses methods have been published by and gired resolution of the individual components in a separate
available from NIOSH [U.S. Department of Health anJradename Ingredient Clarification operation. More than
Human Services—NIOSH. 1988: U.S. Department of Healft?:000 different potential exposure agents and over 100,000
and Human Services—NIOSH, 1989a; U.S. Department Wpidué tradename products were seen during the walk-
Health and Human Services—NIOSH, 1989b]; a review wi rough visits. Survey observations also included the avail-
recently published [Greife et al., 1995]. Briefly, the survePility and use of exposure controls (respiratory protective
was conducted between November, 1980 and May, 19&guipment, ventilation, etc.), job title, worker gender, and

and involved on-site visits by trained surveyors to a stratifid °C€SS description. The stratification of the survey data by

probability sample of 4,490 industrial facilities with a2°th SICindustry codes [Office of Managementand Budget-—-

minimum of eight employees each, which employed close 'tl'gchnical Committee on Industrial Classification, 1972] and

1,800,000 persons. During the survey, each worker's occufyg'SUS occupation codes [Bureau of the Census, 1980]

tion was classified using 3-digit 1980 Census codes [Bure@lPWed standardized retrieval.

of the Census, 1980]. Each industrial facility was classified

within a broad industrial category (‘major group‘) by mean®©ccupational Asthmogens

of the 2-digit 1972 Standard Industrial Classification (SIC)

codes [Office of Management and Budget—Technical Com- A study list of 367 potential occupational asthmogens in

mittee on Industrial Classification, 1972]. the NOES had been previously derived from literature
The sample of surveyed facilities was designed to s®arch [Bernstein et al., 1993], and is available from the

representative of virtually all non-agricultural, non-miningauthors. This list includes agents that can be generally

and non-governmental businesses covered under the Occuiassified as: (a) allergens, i.e., agents capable of causing

tional Safety and Health Act of 1970. Based on earlidrronchoconstriction by an allergic or IgE-mediated mecha-

NIOSH survey work, however, target industrial groups wem@ism; (b) irritants, which have been postulated to cause

selected. Accordingly, relatively little survey activity wasnflammatory bronchoconstriction, and may cause de novo

performed in Wholesale or Retail Trade, and no facilitiegsthma or aggravation of preexisting disease; or (c) pharma-

were surveyed in the Finance or Real Estate sectors. In athlogic bronchoconstrictors. Many agents, however, cannot
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be conclusively classified at present because their patih@d derived data on production workforce (as defined

genic mechanism is unknown (e.g., isocyanates) [Chamefore) by 2-digit SIC code.

Yeung, Malo, 1995]. Furthermore, although definitive data We were then able to obtain average number of

are not available for all such agents, itis clear that they diffpotential asthmogen exposures per exposed production
in their potential to cause or aggravate asthma in exposedrker by both 2-digit SIC and 3-digit census occupation

workers. codes. The goal was to obtain a gross, indirect measure of
risk of exposure (not of disease), and this process is similar
Employment Figures to previous ones [Frazier et al., 1984; Pedersen et al.,(1983].

Furthermore, estimates at the national level were calculated

These refer exclusively to the target industrial groug8r unprotected potential asthmogen exposures (observed
covered by the NOES and described previously. For tigcupational exposures with no exposure controls) per

purposes of this work, the following types of workforcegroduction worker by 2-digit SIC and by census occupation
were defined. code. The estimates for SIC 23 (Apparel and Other Finished

Products) are presented in this article for illustrative pur-

1. Total Workforce or Employment: All employees on th@0ses. All estimates of potential asthmogen exposure per
payroll within each 2-digit SIC industry covered by thevorker were calculated to two decimal places.
NOES. The Total Workforce includes clerical or adminis-
trative personnel with very limited or no exposure to th8tate and Local Data Estimates
agents investigated in the survey.

2. Production Workforce: Workers in each 2-digit SIC  Given NOES national estimates of the number of
industry (out of the Total Workforce) that were observe@roduction and asthmogen-exposed workers, as well as total
to be potentially exposed to one or more of any of thebserved asthmogen exposures, extrapolation to state and
agents (asthmogens or others) observed in the NOH&al data was possible. For illustrative purposes, two
The proportion of workers in the Production Workforcggeographic areas of particular interest to the first author were
(out of the Total Workforce) was 58.6% at the nationadelected. These were Connecticut and the New York City
level for all surveyed industries, and varied amongetropolitan area (including the five boroughs of New York
different industries. By NOES estimate, this proportioand the surrounding counties of Westchester, Putnam, and
ranged from 36% in Communications Services (SIC 4&ockland). The 1993 annual average employment statistics
to 80% in Apparel and Other Finished Products (SIC 23y 2-digit SIC classification for New York City were
Complete data are available from the authors. obtained from the Bureau of Labor Statistics in New York

3. Asthmogen-Exposed Workforce: The estimated numbe@ity. Connecticut annual average employment statistics for
of production workers who were potentially exposed t0991 were obtained from the Connecticut Labor Depart-
one or more of the 367 occupational asthmogens prewient.
ously mentioned within each 2-digit SIC and census As discussed, we had calculated national estimates of
occupation code. This is a subset of the Productiaghe proportion of production workers in the total workforce,
Workforce defined in the previous paragraph. as well as the proportion of production workers potentially

exposed to asthmogens by 2-digit SIC. Local estimates were
This work was concerned almost exclusively with théhen produced by applying national proportions to the local
last two workforces. Two-digit SIC code categories are usetinployment totals by 2-digit SIC. Local estimates of
because the estimates produced are the most stable, in viimaential asthmogen exposures by each 2-digit SIC industry
of the sample sizes. All computer-generated NOES estor the two localities in this study were calculated by
mates were rounded to the nearest thousand for citationagplying the average number of potential asthmogen expo-

the national and local level. sures per production worker at the national level to the
estimated local production workforce. A summary table that

Asthmogen Exposure(s) allows similar extrapolations is available from the first
author.

Workers could be potentially exposed to one or more of
the 367 asthmogens on the study list at the time of tHRESULTS
survey. From the existing NOES database, the total number
of observed potential occupational exposures to one or more Results are presented in Table | for each geographic
of these asthmogens by SIC code and census occupat®rel (i.e., hational, Connecticut, and New York City metro-
code was initially obtained. This was accomplished by politan area). Ranks one through ten are provided in
computer algorithm which extracted those records, alreaggrentheses for each variable and geographic level. In all, 22
cross-referenced to the list of agents. A previous algorithimdustries are listed in the table where prevalence of
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TABLE I. Industries with the Largest Estimated Number of Potential Asthmogen Exposures (EXPS), Potentially Asthmogen-Exposed Production
Workforces (EXP-PWF) in the United States, Connecticut, and the New York City Metropolitan Area*

New York
National data Connecticut data metro data

EXPS EXP-PWF EXP-PWF EXPS EXP-PWF EXPS
SIC Industrial sector (x1000) (x1000) EXP/W (x1000) (x1000) (x1000) (x1000)
23 Apparel and other finished products 4802 (1) 463 (4) 10.37(2) 2 19 32(3) 329 (1)
37 Transportation equipment 2387 (2) 353 (6) 6.76 (7) 15 (3) 98 (1) 7
34 Fabricated metal products 2282 (3) 398 (5) 5.74 9(6) 52 (3) 3 20 (10)
35 Machinery, except electronics 2222 (4) 549 (3) 4.05 9(5) 37 (6) 3 13
17 Special trade contractors 2143 (5) 604 (2) 3.55 13 (4) 45 (5) 28 (5) 99 (4)
80 Health services 2051 (6) 856 (1) 2.40 32(1) 78 (2) 79 (1) 190 (3)
33 Primary metal industries 1924 (7) 228 8.41(5) 2 18 1 8
20 Food and kindred products 1902 (8) 292 (10) 6.51(8) 2 13 4(10) 29(9)
30 Rubber and miscellaneous products 1290 (9) 218 5.91(9) 3 19 3 17
28 Chemicals and allied products 1259 (10) 215 5.85 (10) 5 30(7) 6(9) 38(8)
36 Electric and electronic equipment 1009 346 (7) 2.92 6 (10) 16 3 9
15 General building construction 990 344 (8) 2.87 4 13 8(8) 22
24 Lumber and wood products 701 293 (9) 2.40 <1 <1 <1 <1
44 Water transportation 268 23 11.94 (1) <1 <1 <1 <1
45 Transportation by air 870 86 10.0 (3) 1 8 na na
76 Miscellaneous repair services 365 42 8.66 (4) 1 8 na na
51 Wholesale trade—nondurable goods 119 17 6.84 (6) 3 18 3 23
73 Business services 774 258 3.00 16 (2) 48 (4) 57(2) 222 (2)
50 Wholesale trade—durable goods 483 145 3.32 8(7) 26(9) 28 (4) 94 (5)
27 Printing and publishing 936 270 3.47 6 (8) 20 (10) 19 (6) 80 (6)
38 Instruments and related products 401 154 2.60 6(9) 15 2 5
72 Personal services 725 129 5.64 5 27(8) 9(7) 49 (7)

*The mean number of potential asthmogen exposures per production worker (EXP/W) is presented for the entire country. The estimates have been rounded to the next thousand, and ranks are
provided in parentheses for the appropriate category.

exposure to potential asthmogens was relatively high from It can be noted that in some industries the number of
the point of view of either total number of asthmogeproduction workers potentially exposed to one or more
exposures recorded (EXPS), asthmogen-exposed productigthmogens (EXP-PWF) is high, but the number of potential
workforce (EXP-PWF), or asthmogen exposures/workekposures per worker (EXP/W) is relatively low: this is
(EXP/W), or any combination of these, and at any one of theyrticularly noticeable in Health Services (SIC 80), Special
three geographic levels. Trade Contractors (SIC 17), Machinery, Except Electric
(SIC 35), and Fabricated Metal Products (SIC 34).

In other industries the number of potential asthmogen

At the time of the NOES, the Total Workforce (asexposures per worker is quite high, but the number of

defined above) in the United States was estimated to Bgtentially exposed workers is comparatively small. Ex-

33,409,000 persons. The Production Workforce was esimples of this include Water Transportation (SIC 44),

mated to be 19,572,000. The Asthmogen-Exposed Worktansportation by Air (SIC 45), Miscellaneous Repair (SIC

force was 7,864,000 workers (40.2% of the Productioff). and Primary Metal Industries (SIC 33).

Workforce, 23.5% of the Total Workforce). The average Furthermore, in some industries both the number of
number of recorded potential exposures per asthmogé@etentially exposed workers and potential exposures per
exposed worker was 4.43, and varied from 1.15 in SIC 4torker are relatively high. This is seen in Apparel and Other
(Local and Suburban Transportation) to 11.94 in SIC 48inished Products (SIC 23), Transportation Equipment
(Water Transportation). (SIC 37), and Food and Kindred Products (SIC 20). The

National Data
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garment industry (SIC 23) is also notable because it has fHLE II. Average Estimated Unprotected Potential Asthmogen
highest proportion of production workers (80%) and one &kposures Per Production Worker in the Apparel and Other Finished
the highest proportions of asthmogen-exposed workforceRwoducts (SIC 23) Industry*

total workforce (47%).

With respect to the observed use of protective measures Unprotected
(and as a specific illustration), Table Il presents the averageupation asthmogen
number of unprotected potential exposures to asthmogens Description exposures
among production workers in SIC 23 by 1980 census
occupation code. The ten occupations listed account for an449 Maids and Housemen 37.68
estimated 40,000 production workers (8.7% of the produc- 873 Production Helpers 28.00
tion workforce in SIC 23). By comparison, the number of 777 Miscellaneous Machine Operators 21.97
Textile Sewing Machine Operators (census occupation code328 Personnel Clerks (exc. Payroll and Timekeeping) 21.07
744) potentially exposed to asthmogens (with or without 779 Machine Operators 13.99
exposure control) was estimated to be 291,000 (i.e., 62.9%765 Folding Machine Operators 11.73
of the total national production workforce in SIC 23). The 719 Molding & Casting Machine Operators 9.16
average number of potential asthmogen exposures for occu-259 Sales Representatives 9.01
pation code 744 in SIC 23 was 9.65. However, a total lack of 676 Patternmakers, Lay-out Workers & Cutters 6.99
protection was observed for only 19.7% of the production 796 Production Inspectors and Examiners 6.96

workers in this occupation, for an average number of
unprotected potential asthmogen exposures of 1.90 pBe overall estimated average for unprotected potential asthmogen exposures per
worker. The reader may recall that the average number Pfuction worker was 1037 (see Table ).
potential exposures per production worker in SIC 23 at the
national | . .

evel was 10.37 (see Table I) DISCUSSION

Connecticut Data . . . , .
An important deficiency in occupational asthma epide-

Table | includes the ten industries with the highegpiological research has beenthe lack of adequate data on the
estimated number of production workers potentially eRrévalence of exposures. In this work, data from the NOES
posed to asthmogens in Connecticut. Note that four of tR§Ve been processed to provide that information.
top ten industries are different from those listed at the 1Ne analysis presented here reveals that 23.5% of the
national level. That would suggest that Printing and Publish.orkforce employed in industries covered by the Occupa-
ing (SIC 27), Measuring Instruments (SIC 38), Wholesafional Safety and Health Act_ of 1970, and targeted by the
Trade of Durable Goods (SIC 50), and Business ServicQES survey, were potentially exposed to occupational
(SIC 73) might be expected to have more significance ﬂ§thmogens. Industries Wlth pr.oduct|on workforces poten-
terms of asthmogen exposures in Connecticut than in tfiglly exposed to a relatively high number of asthmogens
nation as a whole. Finally, the table shows the ten Connedfj¢luded Water Transportation (SIC 44), Apparel and Other
cut industries where the largest number of potential asthrfgllished Products (SIC 23), Air Transportation (SIC 45),

gen exposures would be expected to take place. Miscellaneous Repair Services (SIC 76), and Primary Metal
Industries (SIC 33).
New York City Metropolitan Area Data Surveillance for occupational asthma (as in general

occupational health) should have two components: public
Table | presents the ten industries with the largekealth (medical), and hazard surveillance [Markowitz, 1992].
production workforces potentially exposed to asthmogeih#erences from medical (physician-based) surveillance for
(EXP-PWF) and those with the largest number of potentiatcupational asthma have tended to focus attention on
asthmogen exposures (EXPS) in the New York City metr@eccupational asthma caused by a small group of better-
politan area. characterized agents, such as isocyanates or Western red
In contrast with national data, New York City data pointedar dust [Cullen, Cherniack, 1989; Meredith et al., 1991;
to relatively high numbers of potentially exposed workReilly et al., 1994; Gervais, Rosenberg, 1986]. At present,
forces in Business Services (SIC 73), Wholesale Trade thiere are very limited prospectively collected data on the
Durable Goods (SIC 50), Printing and Publishing (SIC 27incidence of occupational asthma in workers exposed to
and Personal Services (SIC 72). The most notable differermartain selected agents [Weill et al., 1981]; even more
with respect to Connecticut is the relative importance difnited are population-based incidence data [Reilly et al.,
potential asthmogen exposures in the garment industry (S1894; Meredith et al., 1991].
23) in New York City (as is also the case at the national This analysis of NOES hazard surveillance data corrobo-
level). rates some of the expectations of the large number of
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potential asthmogen exposures in industries where wedlirvey was conducted (early 1980s). Changes have occurred
known occupational asthmogens like isocyanates are wid@hyindustry (health and safety, new production technologies
used (e.g., SICs 17, 36, 37, and 45). However, it also poiretad agents, geographic location, etc.) that may have affected
to some risk of occupational asthma in several industrissme of the findings reported here.
where this risk has been less well recognized. For example, In general, we believe that nearly all previously dis-
the potential risk for occupational diseases and disability oussed [Greife et al., 1995] potential limitations of the data
the garment industry (SIC 23) was not related to asthmere taken into account. Further analytical work based on
[Brisson et al., 1989] until two recent preliminary report?NOES data is in progress, which includes cross-referencing
[Friedman-Jimaez et al., 1994; Herbert et al., 1989]. Thavith other databases containing more detailed exposure
number of potential exposures (total and per productiénformation, as well as the use of a number of previously
worker) estimated from the NOES data suggest that occupblished ‘risk ranking‘ indices [Pedersen et al., 1983;
tional asthma may deserve further investigation as a causd-opines et al., 1986].
disease in that industry. With respect to the Health Services Finally, this work underlines the importance of ongoing
industry (SIC 80), recent (1988-1992) data from SENSO®tcupational hazards surveillance at the national level, even
(Sentinel Event Notification System for Occupational Riskgnore so in view of the increasing number of new workplace
in New Jersey reported 12.3% of the occupational asthr@¥posures, a changing workforce distribution, and the recog-
cases from that industry [Reilly et al., 1994]. nized need for better targeting of resources. The NOES data,
Analysis of the NOES data also provides informatiods demonstrated here, are a unique source of information
about the observed use of exposure controls in differepfpout potential exposures to asthmogens by occupation and
industries and occupations. For example, relatively intensiigdustry and can be used to obtain estimates at the local level
use of exposure controls was observed in SICs 44 and 8d to detect differences in exposure prevalence patterns.
which have a high average number of asthmogen exposuR&ter targeting of medical and public health surveillance
per worker. In contrast, in SIC 23 (Apparel and Otheiesources at the local level could result from a wider
Finished Products), which also has a high average numbekgpwledge (and ongoing updating) of those exposure preva-
potential exposures per worker, lack of protection wd§nce estimates and patterns.
frequently observed, although only for some specific occupa-
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