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When construction workers completed their tasks, care of new buildings became 
the responsibility of maintenance employees. Sometimes obviously, and at other 
times insidiously, asbestos-containing building material (ACBM) deteriorated or 
was physically damaged, necessitating repair or replacement. Not identified as a 
public health priority, such maintenance was often deferred when it was not 
cosmetically necessary. 

Although the health hazard of asbestos exposure from thermal asbestos insula- 
tion during building maintenance work was recognized as early as 1932,* and 
concerns were raised about the potential health hazard of spray-applied ACBM in 
193Z3 and 1953,4 quantitative industrial hygiene assessment of exposure circum- 
stances was not begun until the 1 9 7 0 ~ ~ ~ ~  Health investigations have begun de- 
scribing asbestos-associated diseases among workers exposed to ACBM during 
the course of their usual work.'-'* 

In 1984 the United States Environmental Protection Agency (EPA) conducted 
a national survey of buildings to estimate the extent of friable ACBM in existing 
structures. They concluded that approximately 31,000 schools and 733,000 public 
and commercial buildings were likely to contain such materials. I 3  Priority has 
been placed upon addressing the ACBM in schools. 

The Wisconsin Division of Health (WDOH) within the Wisconsin Department 
of Health and Social Services (WDHSS) has served as the lead agency for the 
U.S. Environmental Protection Agency's (EPA) School Asbestos Programs since 
1979. 

Wisconsin has 429 public-school districts containing 1,923 schools with a total 
of 2,230 buildings. There are an additional 986 private-school districts containing 
1,014 schools with 1,142 buildings, and 18 government-school districts (state, 
county) with 28 schools and 107 buildings. All these schools are regulated under 
the Asbestos Hazard Emergency Response Act (AHERA). 

Under AHERA regulations, all school districts were required to submit asbes- 
tos management plans to WDOH for review by October 1988. The WDOH devel- 
oped and maintains a computerized database program for storing data abstracted 

This project was partly supported through cooperative agreements with the National 
Institute of Occupational Safety and Health (NIOSH) and the Agency for Toxic Substances 
and Disease Registry, No. U53-CCU500801 and No. U60-CCU502984, and the U.S. Envi- 
ronmental Protection Agency, No. K005903. 
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during the management plan review. TABLE 1 summarizes the status of ACBM 
identified from the inspections done to prepare the AHERA management plans. 

Significantly damaged friable thermal system insulation was reported from 
37% of the public-school districts, but from only 15% of the private-school dis- 
tricts. Significantly damaged friable surfacing ACBM was reported by 4% of 
public- and 1% of private-school districts. While 96% of public- and 86% of 
private-school districts reported nonfriable miscellaneous ACBM (primarily floor 
and ceiling tile), only 2% of public and 0.2% of private districts found significantly 
damaged miscellaneous materials. 

Wisconsin Occupational Exposure and Disease Surveillance 

No national occupational exposure or disease surveillance program exists in 
the United States. The fragmented and unreliable status of our ability to charac- 
terize the impact of past and future work-site exposures on the public’s health was 
characterized first in 1984 congressional testimony14 and later in a 1987 report 
from the National Academy of Sciences.’’ 

TABLE 1. Asbestos-Containing Materials in Wisconsin Schools: Summary of 
1989 AHERA Plan Reviews 

Thermal Surfacing Miscellaneous 

Friable Damaged Friable Damaged Friable Damaged 

Public-school 
districts 
(n = 411) 326 (79%) 153 (37%) 78 (19%) 16 (4%) 91 (22%) 9 (2%) 

Private- 
school 
districts 
(n = 872) 424 (49%) 130 (15%) 105 (12%) 8 (1%) 48 ( 5%) 2 (0.2%) 

To begin to address occupational and environmental health surveillance needs 
in Wisconsin, the WDHSS entered into a five-year (1984-1988) cooperative agree- 
ment with the National Institute for Occupational Safety and Health (NIOSH). 
The intent was to evaluate existing Wisconsin data systems for utility in occupa- 
tional disease and injury surveillance and to pilot selective sentinel disease sur- 
veillance. 

In 1987 the pilot surveillance activities were expanded under the NIOSH 
Sentinel Event Notification System for Occupational Risks (SENSOR) initiative 
to include sentinel physician reports and investigative intervention. 

METHODS 

Surveillance Data Systems Utilized 

1. Wisconsin Vital Statistics Registration System (VSRS)Ih 

The Vital Statistics Registration System in Wisconsin was converted to a 
computer data base beginning in 1959. Cause of death is coded by a certified 
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nosologist using current International Classification of Disease (ICD) codes. 
Usual occupation of the deceased, coded by a certified nosologist using the 
United States Bureau of the Census Codes, became part of the initial electronic 
file. Beginning in 1981, usual industry was coded and added to the VSRS. Multiple 
cause of death coding has been employed since 1973. 

2. Cancer Reporting System (CRS)” 

In 1978, Wisconsin implemented a statutorily mandated, population-based, 
state-wide, Cancer Reporting System (CRS). All primary neoplasms, except basal 
cell and squamous cell carcinoma of the skin, are reportable. The system is 
maintained by the Wisconsin Center for Health Statistics and obtains information 
from all acute-care general medical-surgical hospitals in the state. Each hospital- 
ization is reported. The CRS identifies duplicate reports, and then serially updates 
each case record to reflect the most current and definitive diagnoses including 

TABLE 2. ICD Cause of Death Codes Reviewed to Identify Mesotheliomas 
ICD-7 ICD-8 ICD-9 

(1958-1967) (1968-1978) ( 1979- ) 

158 
- 

- 
197.9 

- 
158.9 

163.0 

199. I 

- 

- 

- 
- 

212.3 
212.4 

228 
- 

- 
158.9 
162 
163.0 

199.1 
199.9 

- 

- 

- 
212.4 
- 
- 

229.9 

findings at autopsy, if performed. The ICD-9 extension codes for Oncology histol- 
ogy (morphology) are utilized. Annually, the VSRS records are electronically 
searched to identify CRS fatalities. Identified matches are then incorporated into 
the CRS data system. 

Physicians and pathology laboratories began reporting nonhospitalized pa- 
tients with cancer in 1987. 

3. Wisconsin Mesothelioma Surveillance 

The VSRS and the CRS form the basis of Wisconsin’s mesothelioma surveil- 
lance system. 

The electronic VSRS spans three International Classification of Disease (ICD) 
coding revisions; ICD-7 (1958-1967), ICD-8 (1968-1978), and ICD-9 (1979- 
present). Unfortunately, until ICD-9, there were no codes specific for either pleu- 
ral or peritoneal mesothelioma. 
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State nosologists were asked to identify the ICD codes most likely to have 
been used for mesothelioma during the periods of the different ICD revisions 
(TABLE 2). For the years 1959-1982, death certificates in the VSRS with these 
codes were identified and the individual microfilmed death certificate reviewed. 
Certificates with any mention of mesothelioma as a contributing cause of death 
were flagged. 

Beginning in 1983, a system was instituted whereby, upon receipt of a death 
certificate with any mention of mesothelioma, a nosologist would flag the certifi- 
cate at the time it was coded and the epidemiology program was notified. 

The CRS informational base was searched for all mentions of ICD-9 extension, 
Oncology histology (morphology) codes, 9050-9053, which are indicative of me- 
sothelioma. Cases that were not duplicates of the VSRS-identified cases were 
added to the surveillance system. 

It was feasible to reconstruct lifetime occupational histories from medical 
records (since 1983, all Wisconsin in-patient medical records must contain an 
occupational history) augmented by interviews with next-of-kin and treating phy- 
sicians. State data sources, such as professional licensure records and public 
employee service records, could be used to verify reports concerning length of 
service and public employment classification. For school employees, current 
AHERA building asbestos inspection reports could serve to verify the presence of 
ACBM and its current status in school buildings. 

Descriptive Epidemiology 

This report is the first investigation to utilize the Wisconsin mesothelioma 
surveillance system. We chose to investigate mesothelioma deaths in which usual 
occupation or industry on the death certificate identified public building custo- 
dian/janitor/rnaintenance workers as well as commercial or manufacturing facility 
maintenance and repair employment. 

Additionally, because there is public health concern that school teachers may 
be exposed to asbestos released from friable ACBM and therefore be at risk of 
developing mesothelioma, we investigated deaths of mesothelioma among school 
teachers. 

We began by reviewing the death certificate information on usual occupation 
and industry found in the mesothelioma surveillance system. This review led to 41 
detailed mesothelioma case investigations. 

For this investigation, lifetime occupational histories were reconstructed uti- 
lizing four sources of information. First, CRS data and medical records were 
sought and, when available, reviewed to verify the diagnosis and to identify 
occupational history and asbestos exposure references. Second, self-administered 
questionnaires were sent to next-of-kin requesting information including demo- 
graphics, smoking history, educational attainment (including names of schools 
attended), military service, father’s occupation, employment history since first 
job, and whether the informant believed the individual had been exposed to asbes- 
tos and how. Third, a telephone interview with the next-of-kin was attempted to 
obtain the exposure information contained in the questionnaire when the self- 
administered questionnaire was not returned, or when information provided was 
incomplete or additional specific detail was desired. Fourth, for public employees, 
personnel and pension fund offices were queried to verify dates of public employ- 
ment. 
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TABLE 3. Mesothelioma as a Cause of Death: Wisconsin Vital Records, 
1959- 1988 

Sex 
Years of Death Female Male All 

1959-1963 3 (75%) 1 (25%) 4 
1964- 1968 4 (57%) 3 (43%) 7 
1969-1973 6 (32%) 13 (68%) 19 
1974-1978 13 (36%) 23 (64%) 36 
1979- 1983 25 (23%) 86 (77%) 111 
1984-1988 48 (27%) 133 (73%) I82 

All 99 (28%) 259 (72%) 359 

RESULTS 

Mesothelioma Surveillance 

The mesothelioma surveillance system (1959- 1989) contains 573 mesothe- 
lioma reports (160 females and 413 males). This includes 410 deaths with mesothe- 
lioma identified as an underlying or contributing cause of death (397 Wisconsin 
residents and 13 nonresidents who died while in Wisconsin institutions). The CRS 
contains an additional 77 deaths among those with diagnoses of mesothelioma for 
which the death certificate did not specifically mention mesothelioma (74 resi- 
dents and 3 nonresidents). The vital status of the remaining 63 Wisconsin resi- 
dents and 23 nonresidents is unknown. 

Because the CRS was not in existence for all the years covered by the surveil- 
lance system, mortality trends were examined utilizing only the information ob- 
tained from the VSRS. TABLE 3 summarizes the 359 deaths in Wisconsin residents 
(1959-1988) which identified mesothelioma as an underlying or contributing cause 
on the death certificate. Data on some, but not all, deaths from 1989-1990 are 
available. 

The mesothelioma case mortality for the period 1979-1988, during which the 
CRS was fully operational, is summarized in TABLE 4. This includes all deaths 
among Wisconsin residents with diagnoses of mesothelioma, whether or not the 
death certificate mentioned mesothelioma. The CRS identified 19% more me- 
sothelioma deaths than did the death certificates alone. 

Mesothelioma among Maintenance Workers 

TABLES 5 ,  6, 7, and 8 summarize the occupational information obtained from 
the 29 detailed investigations of those identified as performing maintenance work. 

TABLE 4. Deaths among CRS Mesothelioma Cases: 1979-1988 
Sex 

Years of Death Female Male All 
1979-1983 32 (23%) 105 (77%) 137 
1984- 1988 64 (29%) 160 (71%) 224 

All 96 (27%) 265 (73%) 361 
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All 29 of the maintenance workers reviewed were male and all were diagnosed 
as having pleural mesothelioma. The mean duration of maintenance work was 20 
years, with a range of 5 to 36 years. 

Two school districts had each employed two of the ten school school mainte- 
nance workers. 

Many occupational opportunities for potential asbestos exposure, in addition 
to maintenance work, were identified. However, for 10 (34%) of the 29 mainte- 
nance workers the only identifiable source of potential asbestos exposure was 
derived from their maintenance work. For five (17%), histories indicated some 
prior employment in occupations and industries with probable asbestos expo- 
sures: four had worked in shipyards and one person had shipyard and asbestos 
product manufacturing facility employment. 

Opportunities for indirect occupational exposure were identified for ten who 
had spent time in the construction industry. Additionally, four had served aboard 
ship in the Navy, two of whom were likely to have spent time in the engine rooms 
of ships. One maintenance worker had household asbestos exposure and one had 
neighborhood exposure. 

If it is assumed that asbestos exposure began on the first year of employment 
in maintenance work, it is possible to evaluate whether latency periods were 
sufficient to make it plausible that maintenance work asbestos exposures contrib- 
uted to the occurrence of the mesotheliomas seen. The mean latency from onset 
of maintenance work was 26 years. For three individuals the latency was less than 
15 years (9, 9, and 1 1  years). Such short latencies would be unusual, unless we 
consider the possibility of earlier asbestos exposure during construction work for 
two and that the third had a history of significant household asbestos exposure as 
a child. If these possible asbestos exposures are included in the assessment of 
latency, periods from first identified exposure all exceed 20 years. 

Mesothelioma among School Teachers 

TABLE 9 summarizes the occupational information obtained from investigation 
of the 12 school teachers. There were 6 male and 6 female teachers. All 6 males 
were diagnosed with pleural mesothelioma, while three of the six cases in females 
were of peritoneal origin. For 9 (75%) of the school teachers the only identifiable 
potential source of asbestos exposure was derived from in-place ACBM in their 
schools. One male teacher had spent one season in the merchant marine aboard an 
iron ore-hauling ship and had worked outdoors at a coal-burning electric genera- 
tion plant while attending college. Two other teachers had worked in residential 
construction. Unexpectedly, two of the teachers were found to be sisters. In two 
instances, two teachers had taught for some time in the same school. 

AHERA information was available concerning the schools in which 8 of the 
teachers worked. Among these, 6 taught in schools containing friable surfacing 
material as well as thermal insulation. Two others taught in schools that contained 
only friable thermal insulation. The status of any ACBM in the schools of the 
other 4 teachers was unknown. 

DISCUSSION 

Mesothelioma Surveillance 
Consistent with worldwide observations over the past 30 years,la20 Wisconsin 

has experienced a markedly increasing prevalence of mesothelioma deaths among 
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both sexes. The five years from 1984 to 1988 accounted for close to the same 
number of mesothelioma deaths (182) as occurred in the preceding 25 years (177). 
As seen in TABLE 3 nearly three-quarters of all cases occurred among males. The 
ratio of cases in males to those in females has doubled from 1.3 (1959-1973) to 2.8 
(1974-1988) as the number of male cases increased earlier and more rapidly. Over 
the past decade (1979-1988), the ratio of male to female cases (3.0) has remained 
constant. The magnitude of the increase in cases among Wisconsin females, espe- 
cially over the decade 1979-1988 is greater than that reported by others.2' These 
differences may partly be due to our inclusion of data from more recent years 
(1986-1988). This observation in Wisconsin is undergoing further investigation. 

When TABLE 3 is compared with TABLE 4, it can be seen that over the period 
of CRS full implementation (1979- 1988) the death-certificate-only data underesti- 
mated mesothelioma deaths by 24% among females and 17% among males. Histo- 
pathologic study of surgical biopsy or autopsy tissue was used to establish the 
final diagnosis in 99% of the CRS mesothelioma deaths. 

Mesothelioma Case Investigations 

Epidemiologic analyses utilizing death-certificate characterization of usual oc- 
cupation and industry have been useful in occupational and environmental health 
research.22 We found usual occupation and industry as listed on the Wisconsin 
death certificate a useful starting point in identifying individuals for further inves- 
tigation who were likely to have performed maintenance work or taught school for 
significant periods. 

While the listing of maintenance work on the death certificate was confirmed 
by the in-depth interviews, it must be kept in mind that in the mesothelioma 
surveillance system there are certainly more individuals who had performed 
maintenance tasks than are discussed here. It is likely that instances occur where 
maintenance was not considered the usual occupation of the individual by the 
physician completing the certificate of death. The full assessment of the contribu- 
tion of maintenance work to the occurrence of mesothelioma in Wisconsin will 
not be known until we have gathered full lifetime occupational histories on all the 
mesothelioma surveillance system reports. 

We conclude that in the absence of access to complete lifetime occupational 
histories, usual occupation and industry as listed on the death certificate are 
useful in identifying individuals who are likely to have spent significant propor- 
tions of their employment in the identified occupation and industry, but will miss 
others with short-term employment which may add to the cumulative risk of 
disease. 

Maintenance Employment 

Building or industrial plant facility maintenance work often requires skills in 
multiple trades (such as plumbing, carpentry, painting, electrical work, and pipe 
and boiler repair and maintenance). We found that in 23 of the 29 cases, the work 
performed was of such a general nature. 

Given the diversity of skills needed, it is not surprising that many of the 
maintenance workers had also worked in the construction industry and that five 
had worked in shipyards. General construction work has been identified as a 
possible source of intermittent asbestos and could have added to the cumulative 
lifetime asbestos exposure of our  case^.*^^^ 
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All of the maintenance workers were likely to have performed tasks around 
thermal asbestos materials. It was commonly reported that periodic maintenance 
of boilers and pipes was performed either by the individuals or in their vicinity. 
Mention of acoustical or surfacing material was less common. 

The patients reported in cases 7 and 10 in TABLE 5 were employed at the same 
university facility, which was known to have friable thermal and acoustical 
ACBM. A similar situation was described in the school district in which the 
patients in cases 2 and 4 in TABLE 5 had both worked. It is unlikely that these 
clusters are due to chance alone. 

An unexpected observation was that four (17%) of the patients had served 
4-year enlistments in the U.S. Navy. Two (one a boilerman and the other an 
engineer) spent time in the engine room and were probably exposed to asbestos 
aboard ship. The other two served aboard ship and may also have been indirectly 
exposed. A recent report of the mortality of United Kingdom military serviceman 
(those with more than 5 years of service) found an excess of mesothelioma among 
the Royal Navy servicemen (7 cases of mesothelioma).26 Asbestos diseases have 
also been reported among long-term merchant  earne en.^'*^^ It is important to 
consider military service when investigating possible sources of asbestos expo- 
sure when mesothelioma develops. 

School Teachers 

This is the first report that systematically investigates possible sources of 
asbestos exposure among school teachers with mesothelioma. In 9 of the 12 cases, 
the only potential source of asbestos exposure identified was in-place ACBM. 

It was unexpected to find two teachers who were sisters. The occurrence of 
more than one mesothelioma in a family is a very rare event. The world medical 
literature contains less than 10 reports of family clustering of m e s ~ t h e l i o m a . ~ ~ . ~ ~  In 
each instance, exposure to asbestos (occupational and/or environmental) has been 
identified. The two sisters in our series fit the pattern described in these reports- 
sharing a similar tumor site and histology. It was postulated by both M a r t e n s ~ o n ~ ~  
and Lynch30 that a hereditary predisposing factor may exist which is especially 
sensitive to induction by asbestos. If such is the case, our sisters probably re- 
ceived their induction dose of asbestos from ACBM within their schools. AHERA 
reports indicate that friable thermal and surfacing material were present in the 
school of one of the sisters. The school in which the other sister taught no longer 
exists and no information is currently available whether ACBM was in the school. 

Considering the rarity of mesothelioma and the more than 3,000 schools in the 
state, it was unexpected to find two school clusters of two cases among the 12 
teachers investigated. In both instances significantly damaged thermal and surfac- 
ing ACBM was present in 1988-89. The status of ACBM at the time the teachers 
were in the schools is unknown. 

CONCLUSION 

Our investigation of mesothelioma cases in Wisconsin with school, residential, 
commercial and factory maintenance and repair employment identified asbestos 
exposure in every instance. For most, the opportunities for asbestos exposure 
came from multiple jobs, including maintenance work. However, in 10 (34%), the 
only identifiable likely source of asbestos exposure was to in-place ACBM, proba- 
bly intermittently disturbed while maintenance activities were performed. We 
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conclude that building maintenance workers are at increased risk to develop 
mesothelioma from exposure to in-place ACBM. 

We report 12 mesothelioma deaths among school teachers. For 9, the only 
likely source of asbestos exposure was to in-place ACBM. Two teachers, with 
similar peritoneal mesotheliomas, were sisters. All previous sibling clustering of 
mesothelioma reports have identified asbestos exposure to the siblings. This sug- 
gests that our two teachers must have been exposed to asbestos, most likely 
during each of their 4 0 f  years of teaching. 

Especially for the maintenance staff in the public school buildings, the high 
prevalence (36%) of significantly damaged friable thermal insulation described in 
our AHERA plan reviews represents a serious concern and underscores the need 
for strict operations and maintenance programs including repair and/or removal of 
such material. Rapid implementation of rigorous operations and maintenance 
programs is needed to prevent future asbestos exposure to the large existing 
maintenance work force and the even larger population of building residents 
whose health may be jeopardized by episodic environmental contamination by 
inadequate maintenance and operational precautions. 

SUMMARY 

The occurrence of mesothelioma is a sentinel event in occupational and envi- 
ronmental disease. I A mesotheliorna surveillance system was established utilizing 
existing computerized Wisconsin vital statistics data maintained since 1959 and a 
Cancer Reporting System (CRS) established in 1978. 

Review of the death certificate listing of usual occupation and industry from 
487 mesothelioma deaths in Wisconsin from 1959 to 1989 led to the investigation 
of 41 persons with likely exposure to inplace asbestos-containing building mate- 
rials (ACBM): 12 school teachers, 10 school maintenance employees, 7 public 
building maintenance workers, 5 private building maintenance workers, and 7 
commercial and factory workers performing maintenance activities. 

For 10 (34%) of the 29 maintenance workers the only source of asbestos 
exposure identified was their maintenance work. For five (17%) histories indi- 
cated some prior employment in occupations and industries with probable asbes- 
tos exposures. Opportunities for indirect occupational exposure were identified 
for ten who had been employed in the residential construction industry. One 
maintenance worker was exposed to asbestos in the household and another had 
neighborhood exposure. 

For 9 (75%) of the school teachers, the only identifiable potential source of 
asbestos exposure was derived from in-place ACBM in schools. One teacher had 
spent a season in the merchant marine aboard an iron ore-hauling ship and 2 had 
worked in the residential construction industry. Two of the teachers were sisters, 
and in two instances, two teachers had taught in the same school facility. 

We conclude that individuals occupationally exposed to in-place ACBM are at 
risk for the subsequent development of mesothelioma. 
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