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FRAZIER TM, LALICH NR, PEDERSEN DH. Uses of computer-generated maps in 
occupational hazard and mortality surveillance. Scand j work environ health 9 (1983) 
148-154. The purpose of the present paper was to describe five ways in which computer- 
generated maps for 3,073 United States political subdivisions (counties) are being used 
as a part of the National Institute for Occupational Safety and Health surveillance 
system. Four maps show the approximate spatial location of potential workplace 
hazards in terms of (i) worksites, (ii) workers, (iii) estimates of the proportion of workers 
at risk for US counties, and (iv) counties within a selected state.. A fifth map shows 
age-standardized county-level mortality for a cause of death associated with an occu- 
pational risk. These five types of maps represent first efforts to present and disseminate 
information in an effective format and to generate occupational health surveillance 
leads that may warrant further research. 
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In the United States, the National Insti- 
tute for Occupational Safety and Health 
(NIOSH) has the responsibility for devel- 
oping a surveillance system that will 
contribute to the detection and description 
of epidemiologically significant changes in 
work-related injury, disease, disability, 
and mortality. The scope of this surveil- 
lance system is broad. I t  involves the 
assessment of hazards and illnesses among 
106 million American workers employed in 
nearly 5 million worksites scattered over 
a land area of 3.5 million square miles 
(9.1 million kms). 

Occupational health surveillance at 
NIOSH involves both the identification of 
workplace hazards and the effects of 
hazards on the health of workers. Sur- 
veillance is one of the methods used for 
risk identification in the priority setting 
process described by Rantanen (7). 
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Funds for this type of surveillance are 
limited, amounting to approximately two 
cents (USD 0.02) per worker per year. 
Therefore it is necessary to develop effi- 
cient information collection, analysis, and 
dissemination methods. The purpose of 
this paper is to describe one of these 
methods, the use of computer-generated 
maps in the surveillance of work-related 
hazards and health effects. In order to 
provide a background for the description, 
we will first review the origin of NIOSH 
interests in the use of computerized 
mapping in surveillance. 

Interest in the application of computer- 
generated maps to descriptive epidemio- 
logy in the United States began in the 
early 1960s with the work of Stark at the 
National Cancer Institute (4). Mason and 
his colleagues, also working at the National 
Cancer Institute, moved ahead rapidly 
during the 1970s with their publication of 
maps depicting patterns of cancer 
mortality (3). Our mapping work at NIOSH 
began as a result of the funding and tech- 
nical assistance we received from the 
National Cancer Institute. With the 
National Cancer Institute, the National 
Center for Health Statistics, and other 



research institutes we share an interest in 
developing methods that allow us to study 
county-level mortality and occupational 
hazard profiles. 

In the United States the National Center 
for Health Statistics compiles vital 
statistics from all states. Aggregate data 
tapes are used to describe county-level 
cause-specific and age-standardized mor- 
tality rates. This information has been 
used by several investigators to map 
cancer, cardiovascular, and infant mor- 
tality rates (1, 2). At NIOSH we have also 
used mortality data to map causes of death 
known to be associated with occupation. 
During this process we recognized however 
the need and opportunity for producing 
maps that generate surveillance leads by 
identifying counties in which the work- 
force has a high potential for exposure to 
occupational hazards. An inventory of 
chemical, physical, and biological hazards 
has therefore been developed from the 
National Occupational Hazard Survey that 
was conducted by NIOSH during 1972- 
1974 (5). 

In this survey a national probability 
sample of workplaces was selected for the 
purpose of gathering information on 
potential exposure of workers to hazards. 
Over the years 1972-1974, 20 surveyors 
visited over 4,500 different industrial sites 
throughout the United States. Each site 
visit consisted of a management interview 
to gather basic information about the 
facility and its occupational health 
policies and a detailed walk-through sur- 
vey of the plant. During the walk-through 
survey all observed exposures to specific 
chemicals, tradename products, and 
physical agents were recorded as "po- 
tential exposures." The surveyors also 
noted the duration of potential exposures 
and any industrial hygiene control mea- 
sures that were being applied. The final 
result of the survey effort was the 
National Occupational Hazard Survey 
data base, consisting of almost 5 million 
records describing potential workplace 
exposures by industry, occupation, and 
agent. This data file provided the first 
step in generating county-level hazard 
maps. 

The second step involved the use of a 
commercially available computerized file 

that describes the characteristics of about 
4.7 million American industrial facilities. 
This is the Dun & Bradstreet file. The Dun 
& Bradstreet descriptors include standard 
industrial codes, county in which the 
workplace is located, and size of work- 
force. The National Occupational Hazard 
Survey and the Dun & Bradstreet file 
have been linked. We have assumed that 
the types of potential exposures seen in the 
Survey for a specified standard industrial 
code are representative of all similar 
standard industrial codes in the file. By 
using this linked data base, we are able to 
generate county-level maps that approxi- 
mate the geographic location of worksites 
with a high probability of workers po- 
tentially exposed to a selected industrial 
hazard. We are well aware of the approxi- 
mate nature of these maps. In some 
respects they may be about as predictive 
as a long-range map of weather conditions. 
Nevertheless we believe that they will be 
useful in generating hypotheses and in 
stimulating questions and leads for further 
investigation. 

With this information as background we 
will next describe five types of maps that 
we have recently developed at NIOSH. 
The first four maps describe potential 
exposures to a workplace hazard. The 
fifth type of map displays county-level 
cause-specific mortality rates for a disease 
that is in part caused by this hazard. 

Type 1 - Worksites/specific hazard 

Since 1975 NIOSH has published a series 
of 37 current intelligence bulletins that 
review, evaluate, and disseminate new 
information that may indicate either the 
existence of an occupational hazard not 
previously recognized or provide new 
information about a known hazard. These 
bulletins convey important public health 
information and recommend voluntary 
protective action. 

In collaboration with the NIOSH staff 
responsible for preparing the bulletins we 
are exploring the utility of adding a 
county-level computer-generated map to 
each publication. This map will show the 
location of worksites similar in classifi- 
cation to those where the agent specified 
in the bulletin was observed during the 



Fig 1. Distribution of facilities where workers are potentially exposed to formaldehyde. Selection 
criterion: industries in which potential exposure was observed for 10 % or more of the workforce 
(National Occupational Hazard Survey). 

1972-1974 National Occupational Hazard 
Survey. For illustrative purposes the map 
in fig 1 shows county worksite distribution 
for a recent bulletin (6). It shows a 
computer-generated map of the 3,073 US 
counties coded to display the number of 
facilities (worksites) of the type in which 
formaldehyde was observed in the Nation- 
al Occupational Hazard Survey. There are 
two features of this map !that need 
explanation. The first is the selection 
criterion that is stated as "Industries in 
which potential exposure was observed 
for 10 O/o or more of the workforce." 
The density configuration of the map can 
be changed by varying this criterion. For 
example, if we portrayed worksites with 
90 O/o of the plant's workforce potentially 
exposed, very few counties, if any, would 
qualify. In contrast, if the criterion was 
set at 1 O/o, many more worksites would 
qualify, and the map would lose much of 
its discriminatory utility. On the basis of 
our experience with the chemical de- 
scribed in this bulletin we have selected 
a 10 O/o exposure level. 

Secondly, the selection of the class 
intervals used for coding counties can 

affect the visual impression conveyed by 
the map. In this map the intervals were 
selected according to cumulative percentile 
distribution points, ie, 60th percentile or 
less, 61st-89th percentile, and 90th 
percentile and over. Thus counties coded 
solid black in the formaldehyde map 
constitute the top 10 O/o of all US counties 
with respect to the number of worksites 
in which 10 O/o or more of the workers are 
potentially exposed to a chemical of high 
interest because of the evidence of its 
carcinogenicity. 

Computer-generated county-level maps 
will complement the descriptions presently 
used in the current intelligence bulletins 
to show the production, use, and potential 
exposure to workplace hazards. 

Type 2 - Workerslspecifi,~ hazards 

The next map (fig 2) shows the spatial 
distribution of workers rather than work- 
sites. The example selected is again con- 
cerned with formaldehyde, but in this map 
there are two important changes. First 
the selection criterion has been set to show 



Fig 2. Distribution of workers potentially exposed to formaldehyde. Selection criterion: industries 
in which potential exposure was observed for 45 ''10 or more of the workforce (National Occu- 
pational Hazard Survey). 

the county location of worksites in 
industries where 45 O/o or more of the 
workforce is potentially exposed to form- 
aldehyde. Second this map shows the 
number of workers potentially exposed to 
formaldehyde. Maps of this type may 
prove to be of use in identifying clusters 
of workers at  risk of exposure to a 
specified industrial hazard. 

The map in fig 2 was generated by 
automated cartographic techniques that 
use data from the two previously men- 
tioned data files, the National Occupational 
Health Survey and the Dun & Bradstreet 
file. The assumptions made in the use of 
both files make it necessary to re- 
emphasize the approximate nature of 
these maps, particularly when we are 
making estimates of the number of work- 
ers potentially exposed to specific 
hazards. 

Type 3 - Proportion of workerslhazard 

If one is willing to assume that the Dun & 
Bradstreet count of workers in a given 
county is reasonably complete, it is 

possible to generate county-level maps 
that estimate the proportion of work- 
force that is potentially exposed to a work- 
place hazard in a particular area. This 
type of estimate is useful when we are 
attempting to correlate occupational risks 
with county-based mortality patterns. 
Fig 3 shows, for counties, the number 
of workers potentially exposed to form- 
aldehyde per 100,000 workers in that 
area. A map like this may suggest leads 
that warrant further epidemiologic 
investigation. 

Type 4 - Proportion of workers per 
hazard per state level 

Another series of maps can be generated 
for individual states. In addition to 
providing greater detail, these maps are 
very useful in our efforts to decentralize 
occupational health surveillance and to 
help state health departments to improve 
their occupational health programs. Fig 4 
shows the proportion of workers poten- 
tially exposed to formaldehyde in 
counties in the state of Indiana. 



Fig 3. Distribution of workers potentially exposed to formaldehyde. Selection criterion: industries 
in which 5"/0 or m80re of the workforce is potentially exposed (National Occupational Hazard 
Survey). 

Type 5 - Cause-specific county 
mortality rates 

As stated earlier, our surveillance efforts 
are concerned with both workplace 
hazards and work-related diseases, disa- 
bilities, and deaths. For the latter, we are 
attempting to use standardized county- 
level cause-specific mortality rates as a 
means of displaying geographic patterns 
for causes of death that are related to 
occupational risks. For illustrative pur- 
poses the cause of death selected was 
that thought to be related to form- 
aldehyde (fig 5). Other causes of death 
that are much more clearly related to 
occupational exposures could have been 
selected, eg, benzene and leukemia, but 
our purpose is not to demonstrate asso- 
ciation but rather to display data in ways 
that suggest surveillance leads. Again, in 

Fig 4. Distribution of workers potentially ex- 
posed to formaldehyde in the state of Indiana. 
Selection criterion: industries in which 5 ' 1 0  or 
more of the workforce is potentially exposed 
(National Occupati,onal Hazard Survey). 



Fig 5. Deaths due to nasal cancer (ICDA 160) among white males, aged 65 years and over - 
1972 through 1974. The mortality rates presented are the estimated average annual rates per 
100,000, age-adjusted to the 1970 United States population. The mortality rates of the white areas 
are zero or not estimable. 

fig 5 the use of mortality rates helps but 
does not entirely eliminate the type of 
problem caused by the visual domination 
of counties with a concentration of 
population or a large land area. 

Next steps 

The five types of maps in this communi- 
cation represent our first efforts to pre- 
sent both hazard and health effect in- 
formation in a format that has three 
general uses. First the hazard and the 
mortality maps can be used independently 
to generate occupational health surveil- 
lance leads. Second the juxtaposition of 
potential hazard maps with maps that 
show causes of mortality may suggest new 
hypotheses that warrant in-depth study. 
Finally we believe computer-generated 
maps that utilize existing data files pro- 
vide an efficient and effective means of 
disseminating information. 

Methodologically much remains to be 
done. In addition to the problems 

associated with training and maintaining 
staff skilled in the use of automated carto- 
graphic techniques, we are also concerned 
with the following problems: (i) the need 
to increase the accuracy and completeness 
of both the hazard and the mortality data, 
(ii) the inability to use all of the infor- 
mation presently collected on death cer- 
tificates, eg, multiple cause of death 
coding and information on the industry 
and occupation of the deceased, (iii) the 
lack of comparably coded county-level 
health parameters other than causes of 
death, eg, disease and disability data, 
and {iv) the need to develop computer- 
generated maps in a way that will en- 
courage their use in priority setting, ie, in 
risk identification and risk estimation. We 
are in the process of moving ahead with 
the mapping surveillance program de- 
scribed in this paper. 
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