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PREFACE

The follow i ng report requ i red over 18,000 hours of work and was the

effort of many individuals who collaborated together for over two years.

A1though the overall mortal i ty, as well as the total cancer mortal i ty of

the highway maintenance workers was substantially reduced, this study has

raised several serious questions about certain aspects of highway

maintenance safety and health. To fully respond to these questions,

additional effort will be required. This effort will include a complete

integration of the scientific literature with the results of this study and

additional epidemiologic and environmental studies. It is in this context

that this report is considered preliminary.

The report is divided into five sections -- introduction and

background, methods, results, discussion, and recommendations. The

introduction and background section outline the need for the study and

events that led to its initiation. The methods section describes the

record sources evaluated in establishing the cohort of highway maintenance

workers and the techniques used in compiling and analyzing the data

collected. The results section describes those findings that were believed

by the investigators and reviewers to be important. The discussion section

evaluates these results in the context of other epidemiologic and

scientific data. The recommendations section outlines recommendations to

further evaluate the questions that arose as a consequence of this study.

A glossary is provided at the end of this report that defines commonly

used abbreviations and terms that are technical in nature.

vii
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EXECUTIVE SUMMARY

ABSTRACT: A reported leukemia excess in Wheaton, Mi nnesota, was

investigated by the Minnesota Department of Health (MDH) in 1979-1980.

This investigation revealed that although four of the men with leukemia had

been employed as highway maintenance workers by the State, the leukemia

could not be associated with particular job histories, farming practices,

or other personal data. In 1984 1ega1 act ion aga inst the state ; nvo1ving

these cases again focused attention on the possible leukemia risks and

exposures among highway workers. Following a review of all relevant

information, the MDH concluded that a large-scale study of all highway

maintenance workers was necessary. This conclusion was based on three

factors: 1) The leukemia occurrence among highway workers in Wheaton was

not, in and of itself, evidence of increased risk among these workers.

Their work experience was not unique; more importantly, statisti~ally

unusual clusters of leukemia are frequently reported in the scientific

literature; 2) Highway maintenance work may involve exposure to a variety

of potentially harmful materials, and disease risks other than leukemia may

be important; and 3) The number of past and current highway maintenance

workers employed by governments (city, county, and state) in the u.S.

probably exceeds 500,000.

A study of highway maintentance worker mortality was initiated in

April 1985, after a feasibility study indicated that existing records would

support a high quality epidemiologic study. Through various record

sources, all men were identified who worked in highway maintenance for the

Minnesota Department of Transportation (MNDOT) at least one year between

1945 and 1984. Almost 5000 workers were thus identified. The cause of

death was ascertained for all workers who had died as of the end of 1984.
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The number of men who had di ed from each of over 100 di fferent causes of

death was compared to the number that would be expected based on Minnesota

mortal i ty rates for men of the same age, who di ed duri ng the same time

period, and were from the same region of the state.

The total number of deaths that occurred in this group (1530).was

significantly less than the number expec.ted, a common finding in

occupational studies. An unexpected finding was the lowered overall risk

of cancer deaths, and especially of lung cancer. Despite the favorable

overall mortality experience among highway maintenance workers, several

findings raise serious questions about the health and safety of these

workers. Most important "among these findings are increased risks of

leukemia among long-term workers and accidental deaths among short-term

workers. Also of potential concern are deaths from urinary cancers, colon

cancer, and chronic renal failure.

The extent to which these increased risks were directly related to

workplace exposures or act i vi ties is not known. In vi ew of these

uncertainties and the large number of workers employed in this occupation

in Minnesota and the U.S., the following actions are strongly recommended:

1) Worker mortality should be periodically updated and cancer morbidity

should be assessed when possible from the statewide cancer surveill ance

system; 2) Specific studies should be conducted to characterize any

specific highway maintenance activities that may be associated with

increased mortality risks; 3) A pilot study of injury surveillance should

be conducted; 4) Additional environmental monitoring for suspected

exposures to hazardous agents should be performed; 5) A pilot study should

be conducted using cytogenetic assays to assess personal exposures to

harmful substances; and 6) Both management. and labor should continue

efforts to minimize worker exposure to hazardous materials and activities.

E-2



BACKGROUND

I.n 1978, an American Cancer Society representative reported that the

number of leukemia cases seemed unusually high among residents in Wheaton,

Minnesota. A preliminary investigation of this apparent excess of leukemia

by the Minnesota Department of Health (MDH) revealed that six cases of

leukemia in males had occurred over a ten-year period, while only one case

would have been expected in a population of that size. Of greater concern

than the actual number of cases was the finding that five of the six

leukemias occurred in highway maintenance workers (HMWs), an occupation

that was restricted to a small fraction of the Wheaton population.

A case-control interview study was conducted in 1979-1980 to explore

whether personal, medical, or occupational factors might be associated with

these cases. Similar work histories and other activities such as farming

and smoking were found among workers with and without leukemia. This study

did not reveal any obvious factors that would explain the occurrence of

leukemia among the highway. workers in Wheaton.

Interviews of 70 MNOOT employees stationed at District 48 (which

includes the Wheaton area) were also conducted in 1979-1980 to obtain

occupational, personal, and medical histories. This information, along

with preliminary data fro. cytogenetic assays on several employees, was the

basis of a proposal for a more detailed study that would evaluate evidence

of HMW exposure to mutagenic ~gents. Federal funding for the proposed study

was not approved. A recommendation for a large-scale epidemiologic study

of highway workers was also put forward in 1980 by MOH staff, but this

recommendation was not implemented due to budget and staff limitations.

In 1984, legal actions against the State of Minnesota stemming from

the Wheaton observations again focused attent10n on leukemia occurrence in

highw~y workers. rt was concluded by many at that time that the
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stat i st ica1 i mprobabi 1i ty of the Wheaton cases occurri ng by chance alone

and the nature of the workplace exposures experienced by these workers were

substantial evidence of a causal relationship. Amidst these speculations,

the present MOH staff moved to resolve the concerns over potential health

effects of long-term occupational exposures among highway maintenance

workers.

Following review of available information, the MOH concluded that a

large-scal~ study of all causes of death among all HMWs was necessary to

address the social and public health issues that had been raised. This

conclusion was based on three considerations: 1) The Wheaton leukemia

occurrence could not, in and of itself, establish that highway workers were

at increased risk. No other reports of unusual leukemia occurrence in

these workers had been received elsewhere in the ~tate, although it was

established that the work experience of the Wheaton highway worker~ was not

unique and workers elsewhere would be expected to have similar experiences.

More importantly, unusual clusters of leukemia (and other cancers) in

particul ar groups halle frequently been reported throughout the U.S., and

these clusters can rarely be attributed to specific exposures; 2) Review

of highway maintenance work indicated that it involved a variety of

substances or exposures that are potent i all y harmful. These substances

include asphalt and asphalt fumes, fuels and fuel exhausts, and herbicides.

Considering the potential for diverse types of exposure, disease risks

other than leukemia would need to be considered in any evaluation of these

workers; and 3) The number of current and former HMWs employed at all

levels of government in the U.S. (city, county, and state) probably exceeds

500,000. Thus, even modest risks could affect a large number of

individuals.
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In November 1984, after developing the required background

information, the MDH, in collaboration with the University of Minnesota,

began to investigate the feasibility of conducting a full-scale mortality

study of HMWs employed by the state. The feasibility study addressed

several key issues: 1) whether a cohort (group) of highway maintenance

workers could be completely and accurately defined from existing records;

2) the types of exposures that might be expected among these workers as

well as the number of workers that might have experienced such exposures;

and 3) costs and time required to complete a study. The initial phase

included a comprehensive review of employment and retirement records and

historical documents within the MNDOT, its central and district offices,

and other government agencies. A sample of approximately 1200 payroll

and personnel records and several hundred historical documents were

reviewed.

The feasibility study was completed in January 1985. The results

indicated that existing records would support a high quali~y epidemiologic

study of HMW mortality. It was estimated that at least 9~ of the cohort

of HMWs could be identified and their vital status determined. The large

number of these workers (5000-7000 ever employed as HMWs) would provide an

adequate study size to detect important increases in rare disease~ such as

leukemia. It was estimated initially that the study would cost $206,000

and would require approximately two years to complete. With approval of

$150,000 from the MNOOT 1n early 1985 (the remainder of the cost to be

provided by the MOH), the study was launched April 1, 1985.

E-5



STUDY METHODS

The study method selected is commonly employed in large scale

epidemiologic studies of occupational groups, and is generally referred to

as a retrospective cohort mortality study. Although extremely difficult

and time consuming to a.ctually implement, the study design is relatively

simple in principle. All men who worked in highway maintenance for the

MNDOT for at least one year anytime between 1945 and 1984 were first

identified. This required development of a definition of a "highway

maintenance worker," a task that was accomplished with assistance from both

the AFSCME Union and the MNDOT.

An intens i ve search and revi ew was then undertaken of approxi mate1y

80,000 MNDOT personnel and payroll records, both at the central (St. Paul)

and district offices, to identify anyone who had worked in highway

maintenance. Records were also reviewed from tbe Department of Employee

Relations (DOER) and the Minnesota State Retirement System (MSRS). From

this review, it was found that 4849 workers met the criteria for inclusion

in the study. Once this group (or cohort) of workers was .identified, an

exhaustive effort was made to determine whether each individual was alive

or dead as of December 31, 1984 (the end of the study). Workers were

"traced" through a variety of means and sources, including Social- Security

Administration (SSA) records, MNDOT record~, Minnesota State Retirement

System, MDH death records, Department of Motor Vehicles, and phone tracing.

If an individual had died, the cause of death as listed on the death

certificate was determined. It was possible to determine the vital status

of 99.6% of the 4849 e1 igible workers.

Because of the many possible errors that can arise when a large number

of people (20 abstracters) review and tabulate such a large number of

records, numerous error checking and quality control procedures were
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implemented throughout the study. Records were reviewed and re-reviewed,

both manually and by computer, until no errors in completeness or accuracy

could be found. Consequently, despite the size of this study and the

forty-year time period that it encompassed, an extremely high degree of

completeness and accuracy was achieved.

Once the mortal i ty exper-i ence of th is cohort was determ i ned, it was

then compared to that of other Hi nnesotans. Because the time frame for

this study encompassed five revisions of the system used to classify causes

of death, it was necessary to develop a common codi ng system for all 1.3

million M~nnesota death certificates dating back to 1945. Computer

programs were developed to analyze the voluminous data generated in this

study. For analysis, the number of deaths for each cause that occurred

among HMWs was compared to the number of deaths that would be expected if

t~ese workers had the same mortality as men of similar age, during the same

time period and from the same region of the state.

The compari son of observed and expected numbers of death was

accompl i shed by dividing the number of observed deaths by the number of

expected deaths (observed/expected deaths). The result of that division is

referred to as a standardized mortality ratio or SMR, and indicates the

relative magnitude of any excess (or deficit) of observed deaths. An SMR

of 1.0 indicates that the number of observed deaths was exactly the same

as the number that was expected. An SMR of 2.0 indicates twice as many

deaths as expected (100~ excess), while an SMR of 0.5 indicates half as

many death s as expected (50~ defi cit). To ass i st in i nterpretat i on and

selection of data for further analyses, appropriate. tests of statistical

significance were applied to each SMR.
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As part of this study, the MDH and the MNDOT undertook an evaluation

of possible workplace exposures that may be experienced.by HMWs at the

present time. In August 1986, industrial hygiene field surveys were

conducted during a resurfacing project in the Metropolitan area and during

a painting project in the Detroit Lakes area. Personal air samples,

general air samples, and bulk material samples were taken and analyzed for

a variety of substances that might be present and may be hazardous to the

workers. In addition, all available industrial hygiene data from the

Minnesota Occupational Safety and Health Administration (MN-OSHA) and the

MNDOT were reviewed.
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MAJOR FINDINGS

Description of Study Cohort: A total of 4849 workers were included in this

study based on the three major eligibility criteria: 1) male; 2) worked at

least one year as a HMWs; and 3) employed by the MNDOT anytime between

1945 and 1984. For purposes of analysis, several categories of workers

were distinguished. Individuals who worked only in highway maintenance

activities ("HMWs only") were considered separately in some analyses from

the overall group ("All Workers"), many of whom had other duties in

addition to highway maintenance. Of the total 4849 workers, 2U94 were

classified as HMWs only. Adistinction was also made between urban and

rural workers. Approximately one-third of the cohort was considered urban,

(i.e., they had been stationed in the two Metropolitan area districts);

"rural" workers were those stationed at any of the other 14 districts in

the State. It was found that rural workers tended to work longer (15.1

years) than urban workers (11.3 years), and they al so tended to start and

end work with MNDOT at an older age. It was also observed that those who

worked only as HMWs had a shorter duration of employment (8.5 years) than

all workers combined (13.9 years).

An important aspect of cohort studies is the number of workers who are

included and the number of years over which each worker is alive (and

therefore y at risk of death) during the time frame of the study. This

variable is expressed as Nperson-years of observation" and is dependent on

both the number of workers and the number of years of follow-up. In this

study, there were 96,567 person-years of observation for all workers. For

HMWs only, there were 38,750 person-years of observation.
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Causes of Death: There were 1530 deaths that occurred among the 4849

workers during the 4~ year time frame included in this study. For

analysis, the number of observed deaths was compared to the number that was

expected based on Minnesota mortal ity rates for white males of the same

age, time period, and region of the state (urban vs. rural).

The proper interpretation of the results from a large study requires

considerable professional judgement, involving many criteria. In this

study, SMRs were calculated for approximately 100 causes of death for

workers employed during specific time periods, for spec i f t c lengths of

time, and age categories. When such a large number of SMRs are calculated,

some can be expected to be "significantly" increased or decreased just due

to chance. Therefore, statistical significance alone is not a sufficient

guideline for interpreting a specific result. A variety of other criteria

must also be employed, including such factor~ as whether a particular cause

of death h~d been suspected before the study was conducted (an! priori

hypothesis), the actual number of deaths involved, the magnitude of the

SMR, trends over time or with work experience, the consistency with other

known information about a disease or exposures, and other factors. Causes

of death that were of specific interest at the outset of this study

included leukemia, soft tissue sarcomas, other cancers, occupational lung

diseases, and accidents (deaths due to injuries). A complete description

and discussion of the HMW mortality experience is presented in the full

report. A summary of the major categories of death is sho~n in Figure E-1.

Following is a summary of the major findings of this study.
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Figur~ E-l. Sel ected Causes of Death Among Highway Mai ntenance Workers
(HMWs) Compared to Other Minnesota White Males
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All Causes: The total number of deaths from all causes was 1530, whi 1e

1676 deaths w.ere expected (SMR=0.91). There was no trend with increasing

duration of employment (Figure E-2). The nine percent deficit was

statistically significant and was accounted for by lowered mortality among

all three major causes of death: heart disease, cancer, and cerebrovascular

disease. Alower overall mortality among employed populations compared to

the general population is a very common finding in occupational studies.

Thi s di fference is attributed to the fact that reasonably good heal th is

necessary for initial and continuing employment; thus, workers have

slightly lower overall mortality rates at least over the time that they are

employed. The lower mortality among working populations is called the

"healthy worker effect." The all-causes deficit observed here was similar

to that found in many other occupational studies.

Figure E-2. Observed/Expected Deaths (SMR) A.ong HMWs By Years Worked:
All Causes ".
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All Cancers: There were 278 cancer deaths overall, wh i ch was 17% fewer

than expected (SMR-O.83). This deficit was statistically significant.

There was no evidence of increasing risk with increasing duration of

employment (Figure E-3). In contrast to the overall mortality experience,

E-12



the deficit of cancer deaths cannot be expl ained in terms of the heal thy

worker- effect, which appears to have 1ittle or no impact on cancer,

mortal ity. Overall cancer mortality in other large occupational cohort

studies is generally much closer to the expected mortal ity based on the

general population rates. The deficit in overall cancer deaths is affected

by the observed defi c its in severa1 of the mos t common types of cancer,

including lung cancers and gastrointestinal cancers (discussed below).

Figure E-3. Observed/Expected Deaths (SHR) Among HMWs By Years Worked:
All Cancers
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Respiratory Cancers: Most cancers in this category are of the lung and
....

bronchus. The number of respiratory cancers was significantly less than

expected. The 57 deaths represented a 30% deficit. Reduced respiratory

cancer mortality was evident in both urban and rural workers, and risk was

not associated with length of work or year started (Figure E-4). Since the

major cause of respiratory cancers is smoking, this finding suggests that

these workers tended to smoke less. This finding also suggests that

widespread exposure to high levels of respiratory carcinogens (e.g., tar

fumes) is unlikely; this is consistent with the very limited monitoring

data.
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Figure" E:"'4. Observed/Expected Deaths (SMR) Among HMWs By Years Worked:
Repsiratory System Cancers
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Leukemias and Associated Cancers: No overall elevation was noted for the

category that included leukemias, Hodgkin's disease, lymphomas, and

. multiple myelomas (SMR - 0.9). Within this category, however, a sl ightly

greater than expected number of leukemia deaths was found (SMR ::I 1.1). All

of the 17 observed leukemia deaths occurred during the period 1965-1984.

None were observed during 1945-1964, although 5 were expected. As shown in

Figure E-5, the significant elevation in leukemia (SMR ::I 4.2; 320% excess)

occurred only among workers with 30-39 years of work experience, and who

started work between 1900 and 1944. Excess risk was found for both urban

and rural workers.

Since the conclusion of the study follow-up (December 1984), 2

additional ieukemia deaths are known to hav~ occurred, 1 of whom also had

30-39 years of work experience, but who started work between 1945-1954.

Results from this incomplete follow-up are shown in Figure E-6, which

indicates the minimum leukemia excess for HMWs who worked 30-39 years.

Thus, it cannot be concluded that the excess leukemia mortality risk has

subsided. '
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Figure E-5. Observed/Expected Deaths (SMR) Among HMWs By Years Worked:
All Leukemias
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Figure E-6. Esti.ated Mini.u. Observed/Expected Deaths (SMR) Among HMWs
With 30-39 Years Experience By Year Started With Follow-Up To
Decellber 1986: All Leuk.ias
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It is important to recall that the possible connection between

leukemia risk and HMWs was first suggested following the reported excess of

leukemia in Wheaton, Minnesota in 1978. Preliminary investigation had

indicated that several of the men with leukemia had been employed as HMWs.

This observation, led, in part, to the eventual conduct of the present
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study. It is interesting to note, therefore, that none of the Wheaton

leukemia deaths involved workers with 30-39 years of experience and that

these deaths were not part of the observed excess. In other words,

although the Wheaton leukemia deaths were perceived as highly unusual and

eventually led to the present study, they did not have an impact on the

high risk profile for leukemia developed from this study.

Studies in California and Washington have suggested an excess risk of

hemolymphatic cancers or leukemias in transportation or highway maintenance

workers. A vast body of research on the epidemiology of the leukemias has

identified a number of risk factors for leukemia. Environmental or

occupational exposures that have been associated with increased risk

include ionizing radiation, benzene and possibly other solvent exposures,

and some pesticides. Smokers also appear to have an increased risk.

It is not known which, if any, of these exposures may be related to

the observed leukemias. For example, benzene is (or was) a constituent of

some materials utilized by HMWs (e.g., gasoline and diesel fuel). Certain

constituents .of asphalt and tar fumes and auto exhausts are carcinogenic in

animals, while coal tars are considered human carcinogens. While available

recent monitoring data do not show excessive present exposures to these

agents, no data are available on historical exposures. Thus, the observed

leukemia excess cannot presently be attributed to any particular exposure,

occupational or otherwise.

Intestinal Cancers: No overall excess was seen for intestinal cancers (SMR

• 0.9). Among urban workers, a nonsignificant 401 excess was found, based

on 11 deaths. There was a statistically significant excess (SMR • 5.8) for
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those deaths that occurred 40-49 years after the year in which a person had

initially started their employment (referred to as latency in this studY)

(Figure E-7). This excess was due to three colon cancers. Although

intestinal cancers are not generally viewed as occupationally-related (the

main risk factors include diet, colitis, polyps, family history, and

history of other cancers), several occupationa1 groups, such as coke oven

workers, appear to have an increased risk.

Figure E-7. Observed/Expected Deaths (SMR) Among Urban HMVs By Latency:
Intestinal Cancers
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Cancer of the Urinary System: This category cons i sts of cancers of the

kidney, bladder, and ureters. Overall, the 19 observed deaths ,were not

different than expected (SMR • 0.9) and there was no trend with increasing

duration of employment or year started. As shown in Figure E-8, however,

there wa~ a greater than expected number of deaths for those who died 40-49

years after the start of employment (SMR • 2.9).
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Figure E-8. Observed/Expected Deaths (SMR) A.ong HMWs By latency: Urinary
Systell Cancers
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Both kidney and bladder cancers contributed to this excess. Smoking,

occupational exposures, and several other risk factors are associated with

increased risk of these cancers. Increased bladder cancer risks have been

associated with workers in the following industries: dyestuffs, rubber,

leather, painting, and organic chemicals. Increased kidney cancer risks

have been suggested for petroleum refinery workers and coke oven workers.

The lower than expected respiratory cancer in this cohort suggests

decreased smoki ng experi ence. Thus, some type of occupat1ona 1 exposure

cannot be ruled out.

Prostatic Cancer: There were 38 deaths overall due to prostatic cancer,

which was not greater than expected (SMR. 1.0). There was a significant

excess for men who started work in 1955-1964 and were over 40 years of age

when they started (SMR. 2.9). There was a significant deficit, however,

for men who started in 1935-1944 and were over 40 when they started (SMR =

0.5). Risk did not increase for increasing duration of employment.

Prostatic cancer has not generally been associated with occupational
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exposures, and these findings are unlikely to be directly related to work

experience.

Soft Tissue Cancers: These rare tumors were of interest in this stuay

since there have been reports that herbicide exposures may be related to

an elevated risk of soft tissue cancers. Although two deaths had been

coded as soft tissue cancers, the death certificates actually indicated

that these deaths were due to mesotheliomas - a rare cancer that is

associated with exposure to asbestos.

Diabetes: There was a non-significant 20% excess of diabetes deaths, based

on 30 deaths overall. The 18 deaths that occurred in the 1965-1974 time

period was approximately two-fold the number expected. Most of these

deaths occurred in men over 70 years of age. Ri sk di d not increase with

increasing duration of employment. Diabetes has not been commonly

associated with occupation. Among.the many"risk factors are heredity,

race, obesity, exercise, and infection.

Diseases of the Blood Forming Organs: This category was of interest since

it includes aplastic anemias, which may be caused by benzene exposure.

Overall, there were five d.aths in this category, approximately the number

that was expected (SMR • 1.1). Of these five deaths, two could be

classified as aplastic anemias.

Diseases of the Heart: Heart disease is the most common cause of mortality

in the U.S. and in Minnesota. Heart disease was also the most common cause

of death among HMWs, with 677 out of the total of 1530 deaths due to the

various categories of heart disease. This was slightly less than expected

(SMR • 0.93). Interpretation of findings in this category is difficult

since these diseases ara less accurately recorded and coded on death
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certificates than cancers. A nonsignificant excess of deaths fro~ chronic

endocardial disease (SMR • 1.6) was due to heart valve diseases, which are

not known to be work related.

Qi1!!1!1 Qf lh! B!1~i!!lQ!l ~l11!m ~Qn~£!n£!!l: There was a

nonsignificant excess of fibrotic and other chronic lung diseases (SMR =

1.1, based on 30 deaths, Figure E-9). Chronic bronchitis and emphysema

deaths were nominal or nonsignificantly increased. The lack of a

significant deficit in chronic obstructive pulmonary disease, chronic

bronchitis, and emphysema is inconsistent with the deficit for lung cancer,

since smoki ng is the maj or cause for a11 of these diseases. There were

four deaths possibly attributable to pneumoconioses, lung diseases related

to occupational dust exposure.

Figure E-9. Observed/Expected Deaths (SMR) A.ong HMWs By Years Worked:
Fibrotic and Other Lung· Diseases
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Chronic Renal Failure: There was no overall increase in deaths from

chronic renal failure (SMR • 1.1, based on eight deaths). Risk did not

increase with increasing duration of employment (Figure E-IO). There were

three deaths, however, that occurred among men who had started work at
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least 50 years before their deaths, a number significantly greater than

expected (SMR = 6.6). There are many causes of chronic renal disease,

including medical conditions, heavy metals, and pharmaceutical agents.

Figure £-10. Observed/Expected Deaths (SMR) Among HMWs By Years Worked:
Chronic Renal Failure
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Transportation Accidents: Ninety-seven deaths were due to accidental

causes, a nonsignificant 201 excess. Since transportation accidents were

considered to be a category of special interest prior to the study, these

findings are presented in greater detail. Transportation accidents

involved any accidental death involving a motorized method of conveyance

(car, truck, motorcycle, boat, snowmobile, etc.). Overall, there were 53

such accidental deaths, a significant 40~ excess. Among urban workers,

however, there was a statistically significant two-fold excess compared to

other Minnesotans. As shown in Figure E-ll, the greatest degree of excess

occurred in 1975-1984. It is important to note that transportation

fatality rates during 1975-1984 for white male Minnesotans declined by 25%

compared to previous decades.
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Figure E-II. Observed/Expected Deaths (SMR) Among HMWs By Year Started:
Transporta~ion Accidents
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At greatest risk were workers who had been employed less than five

years. Many of these deaths occurred away from the job, while some clearly

occurred on the job. Although present data do not permit a complete
".

assessment, it was found that 14 of the 53 transportation deaths occurred

at the workplace.

There were 44 deaths from all other types of accidents, which was not

greater than expected. Ten of these are known to have occurred on the job.
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SUMMARY OF MORTALITY FINDINGS

This study was able to provide a very detailed and complete

examination of the mortality experience of a group of men who had in common

work experience as a state Highway Maintenance Worker. Few other

occupational groups in this state have been examined so closely. Because

the overall mortality experience of working populations in Minnesota is not

known, comparisons were made to the experience of the general population.

This study did not find increased mortality risks among HMWs for the three

major categories of death: heart diseases, cancers, and cerebrovascular

disease. The lower all-cause mortality was an expected finding, based on

other studies of employed populations elsewhere. However, the deficit in

overall cancer mortality was not expected, and could be attributed to lower

than expected overall cancer ·ri sks for respi ratory and gastroi ntest ina 1

cancers.

Despite the favorable overall risks, specific categories of workers

were at elevated risk for specific causes of death. Most important among

these are increased ri sks of 1eukemi a among long-term workers and

accidental deaths among short-term workers. Other findings that may be of

significance include deaths froll urinary cancers, colon cancer, and chronic

renal failure.

The extent to which the elevated disease risks are related to

workplace exposures and activities is unknown. In view of these

uncertainties and the large number of workers employed in this occupation

in Minnesota and the U.S., further invest i gat ions are requ ired.

Recommendations for further investigation are outlined in the following

section.
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REC0tf4ENDATIONS

Although this study did not find increased mortality risks among

HMWs for the m~jor causes of deaths, specific categories of workers were at

elevated risk for specific causes of death. Inconsistencies in the

findings, lack of detailed historical exposure data, lack of personal

information on other important exposures, and other inadequacies in the

available data prevent attributing increased disease risks to specific

causes (occupational or otherwise). In light of the findings of this study

and the limitations in available exposure data, the MDH proposes that the

following actions be taken:

1. The .ortality experience of HMVs should be periodically updated.

In addition, the cancer .orbidity experience of these workers should be

addressed if, and .when, sufficient data are available fro. the statewide

cancer surveillance syste••

Canti nued follow-up of past and curr-ent HMWs wou1 d ass is tin

interpreting existing findings, corroborating trends or uncertain findings,

and in targeting and evaluating any programmatic interventions. Avery

incomplete follow-up since the end of 1984 revealed, for example, that

elevated leukeMia lIorta1ity had continued into a later decade for those

workers with over 30 years of experience. The benefits to be gained from

such updates would greatly exceed the relatively modest costs. To reduce

costs and facilitate future follow-up and tracing, the MDH should work with

MNDOT and DOER to ensure that appropriate records are maintained. The

first mortality update and complete follow-up should be scheduled for 1990

(five-years of additional follow-up). It should be possible by that time

to assess cancer morbidity using data from the statewide cancer

surveillance system. Although restricted to cancers, this would provide

'information on cancer occurrence and not just cancer mortality.

E-24



2. Case-control studies should be conducted to further characterize

any specific highway .aintenance activities that may be associated with

increased mortality ris~

This study has indicated that HMWs are at increased risk for

relatively few of the many causes of death. It is not presently known

which, if any, of the many and diverse duties that comprisa "highway

maintenance work" are associated with these increased disease risks. Using

existing record systems, case-control studies of diseases of greatest

interest (leukemia, urinary cancers, and chronic renal disease) would

attempt to distinguish any common elements of the job histories of those

who died from these diseases. For those deaths due to injuries, personal

interviews may be needed to prOVide more detailed information.

3. A pilot study for injury surveillance should be conducted.

This study found HMWs, particularly those with relatively short work

experience in the urban areas, were at increased risk of death due to

injury. A portion of these injuries were clearly job-related. Although

not investigated in this study, it is probable that non-fatal injuries

would greatly exceed the fatal injuries determined in this study. If non­

fatal injuries are equivalently elevated, programs should be developed for

the reduction of injury morbidity and mortality. The first phase ~f such a

program is to determine the feasibility of a statewide injury surveillance

within the MNOOT. The MOH would provide consultation and assistance to

MNOOT for the conduct of a pilot or feasibility study.

4. There should be additional environ.ental .onitoring for suspected

exposures to hazardous agents.

Current monitoring data do not permit adequate characterization of all

potential workplace exposures. Additional monitoring data are needed to
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assess exposures that may be associated with particular job activities and

conditions. These data, along with any historical information, would

facilitate interpretation of observed disease risks and would further

document that exposures to toxic substances were being minimized. Recent

research studies may be useful in selecting appropriate substances and

analytic techniques.

5. A pilot study should be conducted using cytogenetic assays to

assess personal exposures to .utagenic substances.

Several cytogenetic tests can be performed on blood samples that can

reveal current or past exposures to various types of chemical agents.

Cytogenetic screening of a small group of selected employees who appear to

be at highest and lowest risk would provide valuable information on the

usefulness of this approach to identify potential exposures. A high risk

group may be those, for example, with greater than 30 years of experience.

If cytogenetic tests indicated that exposures have occurred, these data may

be useful in assessing or directing envi~onmental monitoring and in

interpreting .the findings of this study and follow-up studies.

6. The potentially hazardous nature of the .aterials and some

workplace practices utilized in highway .aintenance requires continuing

efforts on the part of both .anage_nt and 1abor to reduce worker exposures

to ha~ful agents and activities.

This study was not able to link increased disease risks with specific

occupational exposures, and limited monitoring data did not reveal

exposures in excess of MN-OSHA standards. Nevertheless, it is apparent

that a variety of the substances used by workers or to which workers could

be exposed on the job are potentially harmful. These substances include

E-26



but are not limited to asphalts; gasoline; diesel fuels and their exhausts;

other petroleum distillates; and herbicides. Continuing efforts to limit

exposure to these materials to the extent practicable is clearly in the

best interest of the employees, regardless of any study findings.
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BUDGET

A budget has been developed for the implementation of the

recommendations outlined above. Some funding has already been provided by

the National Institute of Occupational Safety and Health (NIOSH). NIOSH

has awarded the MDH $60,000 over the next two years to continue some study

and follow-up of HMWs. Through existing staff support, the MDH can

contribute another $40,000. An additional $170,000 (not including

environmental monitoring or in-house MNDOT contributions) will be required

over the next two years to begin implementation of these recommendations.
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1. INTRODUCTION &BACKGROUND

The suspicion that there might be a health problem among highway

ma intenance workers (HMW s) arose in Wheaton, Minnesota in 1978. At that

time, the American Cancer Society representative in Wheaton reported an

apparent excess of leukemia in male residents of that town. A preliminary

study by the Minnesota Department of Health (MDH) reviewed patient charts

at the Wheaton Community Hospital and identified eight cases of leukemia

among Wheaton residents. These patients were diagnosed between January 1,

1969 and December 7, 1978. One of the eight cases was a female, aged 78,

and another had conflicting information with regard to diagnosis. Six

patients were males, between the ages of 52 and 80.

The 1970 population of Wheaton was approximately 2000, including 240

males over age 65. The expected average annual incidence rate for all

leukemias in males 65 and over based on the Third National Cancer Survey

data for Minneapol is and St. Paul was 82.6/100,000. The observed average

annual rate in Wheaton for the same age group over the ten year period of

study was 208.3/100,000. These data indicated the existence of a "cl uster"

of leukemia cases in males aged 65 and older in Wheaton. More importantly,

5 of the 6 cases belonged to a single occupational group -- highway

maintenance workers (HMWs). Four worked for the state and one worked for

the Traverse County Highway Department.

This "cluster" of leukemia cases was further investigated to explore

the possibility that the highway workers in Wheaton had been exposed to an

agent (or agents) that might explain the high incidence of leukemia. Three

steps were taken to accomplish this: 1) based on verbal accounts from

workers and supervisors, a description was developed of the working

environment for the highway workers in Wheaton; 2) a comparison was made

of Wheaton HMWs with workers from the surrounding areas; and 3) a case-
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control study was conducted involving highway maintenance workers. With

the exception of farming, workers with leukemia exhibited no common

occupational experiences or obvious exposure prior to the beginning of

highway work. Although the workers in Wheaton were exposed to several

potentially toxic substances, their work environment did not appear to

differ from similar work sites throughout the state.

The results of this cluster study did not explain the occurrence of

leukemia among the workers in Wheaton, and the results failed to establish

a relationship between leukemia and specific occupational exposures in

highway maintenance workers.

Following this initial investigation, a proposal was submitted to a

federal agency to study the risk of mutagenic damage to highway workers who

were exposed to petroleum products, tars, solvents, herbicides, asphalts,

and other substances. This proposal was not funded. A recommendation was

also made in 1980 that an epidemiologic study of morbidity and/or

mortal ity be conducted of all highway maintenance workers in the state.

This study was not initiated due to budget and staff limitations. In 1984,

legal action against the state again focused attention on leukemia in HMWs.

In a workers compensation decision in May 1985, an award of

approxi mately $250,000 was made to widows of two of the Wheaton workers.

In that judgement, MNDOT was found to be at fault because workers had not

been prevented from cleaning themselves with materials that contained

benzene. Other claims have been settled out of court since that date.

In addition to the court, it was concluded by many at that time that

the statistical improbability of the Wheaton cluster and the nature of

their workplace exposures demonstrated a cause and effect relationship.
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However, based on a review of existing information, the MDH concluded that

such an inference was not warranted and that a large-scale study of all

causes of death among all highway maintenance workers was necessary to

address the public health issues that had been raised. This conclusion was

based on three considerations: 1) the difficulty in interpreting the

Wheaton cluster; 2) the broad range of potential workplace exposures

experienced by highway maintenance workers; and 3) the large number of

such workers both statewide and nationally. These considerations are

described in further detail below. Following this description, the

results of a feasibility study to evaluate the methodologic issues

associated with a full-scale study are summarized.

PERSPECTIVE ON WHEATON AND OTHER CANCER CLUSTERS: To understand why the

Wheaton leukemia cluster, or any cancer cluster, is difficult to interpret

requires a detailed explanation. The most common form of cancer clustering

is spatial and/or temporal clustering of cancer cases. The MDH averages

five calls a month from concerned citizens, physicians, or other health

professionals about what is perceived to be an excess of cancer in a

neighborhood, school, or workplace. Technically, to be considered a cancer

cluster, the perceived excess must, by statistical test(s), significantly

exceed the amount of cancer expected in a comparable population of similar

age, sex, and ethnic composition.

Because of this statistical requirement, there has been great emphasis

on developing quantitative methods to evaluate the significance of' cancer

clusters. Often, however, the attention given to the statistical model

totally obscures the known natural history of the disease in question. For

example, in a recent report of occupational clustering of melanoma, a

fourteen-fold excess was found (Aldrich, 1981). This high "risk" was
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presented as evidence of an increased risk in the given occupational

setting. This cluster, however, was based on three cases, all of whom had

lived in Florida, had fair skin, spent substantial time outdoors, and had

documented histories of overexposure to the sun (sunburning). Sunburning

is a risk factor for melanoma.

Another mi sconcept i on often encountered wi th cancer cl usters is the

publ ic and cl inical perception that the rarer the observation, the more

likely that the cluster has an environmental etiology. For example, two of

the most extensively studied types of cancer clusters are leukemia and

lymphoma (Caldwell, 1976). Since these are relatively rare cancers, the

probability of observing a number of cases in a small population is

extremely small. Many studies of these clusters have reported

probabilities of occurrence ("p values") of less than one in a million.

This sign;ficance level is often incorrectly misconstrued as meaning that

there are 999,999 chances out of a mi 1li on that the cl uster is not due to

chance alone. This misconception arises for two reasons: 1) not

understanding the basic limitations of statistics; and 2) not identifying

the appropriate reference population.

In the context of statistical evaluation of a cancer cluster, a

significance level is meaningful and interpretable only if the observations

are drawn at random from a defined population. This seldom occurs with

cancer cluster reports. A cancer cluster report involves recognition of an

unusual event (t.e., perceived excess of cancer). Th t s recognition does

not represent a random sample, but rather a sample already suspected of

being rare and therefore probably at the extreme of a "normal ll

distribution.

The appropriate reference population is usually not the group in which

the cancer cluster occurred. By the logic described above, one can expect
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extreme observations in a "normal" distribution to be perceived as

unnatura1 and therefore reported to pub1ic health authori ties. It is also

possible to circumscribe any group of cancer cases in a manner that gives

the appearance of more cancer than is expected for the overall population.

A good example of how easy it is to observe clusters is given by a

study of leukemia clusters in Los Angeles (Glass, 1968). The distribution

of cases was examined in advance and subpopulations within Los Angeles were

defi ned ina way that generated pockets of high 1eukemi a rates. Ni ne of

thirty-two areas were found with leukemia rates as high or higher than

Niles, Illinois (Heath, 1963) or Orange, Texas (Heath, 1964), where two of

the most publicized leukemia clusters have occurred. When the data were

analyzed for the entire city, no evidence of clustering was found.

Cancer clusters may, therefore, represent "expectedly unexpected"

events. Another example of the population-wide commonality of cancer

clusters comes from a study of leukemias and lymphomas in Great Britain

(Cartwright, 1984). In this study, 1520 cases were distributed among 2645

geographically defined sectors. There were many more occasions than

expected' with three or more cases within a sector. The impl ications of

these and other findings is that, if a large area is examined in detail for

a long period of time, a statistically significant excess of cancers will

be observed. Therefore, clusters occur continually within any large

population and their population-wide occurrence is often no greater than

that expected by chance alone (Pike, 1980). Thus, the appropriate

reference population in which to judge the statistical significance of the

cluster is all subgroups in the large population similar to the one in

which the cancer cluster was identified. The appropriate larger

population, however, is often difficult to define.
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In view of the above discussion, it is easy to understand why merely

calculating the statistical significance of an observed cluster is falling

into disfavor. The number of observed cancers is usually statistically

elevated; yet it is impossible to draw any conclusions from the finding.

In an attempt to incorporate biologic principles into the evaluation of the

significance of a cancer cluster, more sophisticated methods are being

developed. Case-control studies which contrast the case group's

interaction with putative environmental factors (or other agents) to a

control group's interaction with the same factors are being recommended as

a method to eval uate the signi ficance of observed cancer cl usters (Pi ke,

1975).

These methods are expens i ve and time consum i ng and have been

successfully completed in only a handful of studies. In many instances,

such as Wheaton, case-control studies cannot further resolve the problem.

Another method used to explore the significance of a reported cancer

cluster is to study a much larger group that is representative of the group

in which the cluster was observed. The rationale is that if the cluster

were an artifact of time and space statistics, it will not be generalizable

to a much 1arger group (e.g., all highway maintenance workers). In

addition, the larger numbers of the cohort (group) provide for more

powerful inferences about the plausibility of an association between the

work group and the cancer. If the association is verified, then a

relatively larger number of subjects may become available for case-control

studies to analytically define the most specific risk factors. This was

the method used in the current study.

1-6



HMW EXPOSURE OVERVIEW: Highway maintenance has been defined as the

preservation and upkeep of a highway in as nearly as practical, its

original condition or its subsequently improved condition. The upkeep of

highways includes repairing road surface failures, sealing joints,

maintaining shoulders, and repairing and improving drainage structures.

Maintenance operations include many traffic services such as sanding and

the removal of snow and ice. Other operations included in highway

maintenance are the maintenance and construction of road signs and traffic

markers, weed control, and general maintenance of the right of way

(Tessman, 1970).

Hi ghway rna intenance workers have or had many potent ia1 exposures to

hazardous materials. These exposures include: 1) diesel fuel; 2) diesel

exhaust; 3) asphalt and tars; '4) herbicides; 5) gasol ine; 6)

polynuclear aromatic. hydrocarbons; and 7) benzene. This list is not

exhaustiv~, rather it compris~s those substances believed to be of primary

concern at the outset of this study. These substances are discussed

below. Other substances of potential importance that are not di scussed

here include lead, dusts, and solvents (nonbenzene). Also not discussed

below are job-related activities or practices that pose potential risks of

traumatic deaths or injuries. The following discussions are not intended

to be critical and comprehensive reviews of the literature.

Diesel Fuel: Diesel fuel, like all petroleum-derived liquid fuels, is a

complex blend of many hydrocarbons. It is called a "middle distillate"

fuel as it is separated by distillation from lighter hydrocarbons, which

make up gasoline, and heavier hydrocarbons. Three types of diesel fuel are

currently sold in the United States; two of these are used for highway

vehicles.
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Diesel #1 contains hydrocarbons with boiling points between 180

degrees and 250 degrees celsius. Diesel #2, a heavier fuel, con t a i ns

hydrocarbons boiling between 200 degrees and 350 degrees celsius. Diesel #1

is used primarily as a fuel for automobiles and city buses. Heavier

vehicles, such as those used for farming, construction, and highway

transportation, use diesel #2. Both kinds of fuel are composed mainly of

three primary types of hydrocarbons: paraffins, napthenes, and aromatics.

The substance of greatest potential concern in diesel fuel is benzene.

Benzene is quite volatile because of its low boiling point. Gasoline has

a higher concentration of benzene than diesel fuel; gasoline may contain up

to 4% benzene. Little data exist on the concentrations of benzene in

diesel fuel; however, it is substantially lower than gasoline. The

aromatic (e.g., benzene) content of both gasoline and diesel fuel has been

stead i 1y i ncreas i ng since 1976. With decreas i ng 1ead content, the

concentration of aromatics has increased in order to maintain the octane

rating. Thus, benzene levels in gasoline and diesel fuel are higher at

present than in the past (John Walls, personal communication). Diesel fuel

also contains low levels of polynuclear aromatic hydrocarbons (discussed

below) (Guerin, 1978).

D;es~ Exhaust: Diesel exhaust is a complex mixture of thousands of

chemical components which have not been completely characterized. A small

number of these components, including organic compounds such as polynuclear

aromatic' hydrocarbons (PAHs), nitro-PAH, and aromatic amines, are of

potential toxicologic and biologic significance (NAS, 1983). When these

organic compounds are adsorbed onto soot particles in diesel exhaust, their

retention in the lung is substantially greater than when they are inhaled

in their pure form. Since the great majority of organic compounds are
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relatively lipid soluble, they may be directly absorbed through the

pulmonary circulation into the blood. For this reason, the lung may not be

the only organ affected by diesel exhaust.

Most epidemiologic studies of the health effects of diesel exhaust

have examined respiratory cancers. Though early studies were

predominantly negative, some of the more recent studies have suggested

increased lung cancer risk in groups exposed to diesel exhaust (Higgins,

1987). A major 1imitation of these studies, however, is the lack of

measurements of diesel exhaust and the inability to control for other

factors (e.g., smoki ng) that also infl uence cancer ri sk.

Two recent studies of railroad workers exposed to diesel exhaust lend

support to the hypothesis that exposure to diesel exhaust increases lung

cancer ri sk. Garshick (1987) conducted a case-control study of deceased

ra i1road workers. The cases were ra i1road workers who had died of 1ung

cancer and the controls were railroad workers who had died of other causes.

Determination of which workers had been exposed to diesel exhaust was based

on a comprehensive industrial hygiene survey of current exposures and

assessment of job histories. Controlling for both previous asbestos

exposure and smoking, the investigators reported that workers 64 years of

age or 1ess at the time of death, who had been exposed to dt esel exhaust

had a 40% higher risk (SMR • 1.4) of developing lung cancer than unexposed

workers. These investigators also studied a cohort of railroad workers.

They reported that workers with the longest duration of exposure to diesel

exhaust had an SMR of 1.45 (t.e., 45% increase) for 1ung cancer.

The relationship between bladder cancer and diesel exhaust has also

been investigated, primarily with case-control studies. These studies have

suggested an increase in bladder cancer among truck, bus, and taxi drivers

(Higgins, 1987). Data from the National Bladder Cancer Study, the largest
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epidemiologic study of bladder cancer done to date, indicated that males

usually employed as truck drivers or delivery men had a 50% increase (SMR

= 1.5) in risk of bladder cancer (Silverman, 1987). The risk increased

with increasing duration of exposure. The investigators recontacted truck

drivers in Detroit who had the highest risk of all truck drivers in the

study. Drivers who had driven vehicles with diesel engines experienced a

ten-fold increase in risk. However, as there were no actual measurements

of exposure to diesel exhaust, the investigators could not rule out the

possibility that the risk was attributable to other factors.

In summary, data suggest that diesel exhaust exposure may be causally

related to lung cancer. Evidence for an association between diesel exhaust

and bladder cancer is much weaker. Because organic compounds adsorbed onto

diesel particles can be absorbed through the lung into the bloodstream,

other organ systems besides the lung and bladder may also be affected.

This possibility has not yet been systematically investigated in

epidemiologic studies.

Asphalts and Tars: Asphalts and tars have had similar applications in road

paving and maintenance, roofing, as protective coatings, and in many other

industrial applications. Because of their similar appearance and uses,

they are often confused with each other. There are, however, important

distinctions between the two in terms of their origins, chemical and

physical properties, current usage, and evidence of carcinogenic potential

(IARC, 1985; Puzinauskas and Corbett, 1978). Asphalts are derived from

crude petroleum oil while coal tars are produced through the high

temperature carbonization of bituminous coal.
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The manufacturing, handl ing, and app1icat i on of many asphalt and tar

products requires maintaining the pro~uct at an elevated temperature, which

allows fumes and vapors to be emitted into the workplace air or atmosphere.

A primary concern regarding these exposures relates to the presence of

polynuclear aromatic hydrocarbons (PAHs), a large family of compounds that

includes some potent animal carcinogens.

Although, at present, tars are infrequently used in road construction

and maintenance in the u.s. (McNeil, 1983), they may have had greater use

historically. As with roofers, some highway workers may have worked with

both materials over time. Thus, both asphal~s and tars are reviewed

below. A separate overview of PAHs is also presented in this section.

1. Asphalts: The National Institute of Occupational Safety and Health

(NIOSH, 1977) defines asphalt as a "dark brown to black cementitious

material in which the predominating constituents are bitumen which occur in

nature or occur in petroleum processing." Crude petroleum oils contain

varying amounts of asphalts - from less than 5% to over 70%, but typically

10-50% (Puzinauskas and Corbett, 1978; IARC,1985). Several procedures can

be used to separate the asphalts from other materials in the crude

petroleum. A fractional distillation process, at atmospheric and under

reduced pressures, in the presence or absence of steam, is the basic

process used to manufacture asphalt. These processess involve relatively

low temperatures, generally 1ess than 3850 Ce1si us (C), avoidin9 thermal

degradation of the hydrocarbon compounds.

Different asphalt products or grades are made through refining and/or

the addition of petroleum distillates or emulsification with water (Asphalt

Institute, 1977). In general, these materials fall into 0 neof three

categories: asphalt cements, cutback asphalts (or road oils), and
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emulsified asphalts. These substances are used to produce dozens of

different asphalt products used over a wide range of temperatures and

conditions. Asphalt cements are asphalts refined to meet specifications

for paving grade materials (Puzinauskas and Corbett, 1978). Of the asphalt

used in 1975, 77.9% was for paving, 17.4% for roofing, and the rest for

misce11 aneous purposes (N IOSH, 1977).

Chemically, asphalts are extremely complex materials. The composition

depends on the petroleum and the refining process used in their

manufacturing. Consequently, asphalts vary in their exact chemical

composition, and they are not characterized according to their precise

chemical constituents. Asphalts consist of a very large number of chemical

compounds of relatively high molecular weight including alkanes,

cycloalkanes, aromatics, and heteromolecules containing sulfur, oxygen,

nitrogen, and heavy metals (IARC, 1985). Based on chemical separation

procedures, these constituents can be grouped into four broad c1 asses of

compounds: asphaltenes, polar-aromatics (resins), naphthene-aromatics

(cyclics), and saturated aromatics. Asphalts contain mostly high molecular

weight paraffinic and naphthenic hydrocarbons and their derivatives, as

opposed to road tars, which contain mostly highly condensed-ring aromatic

and heterocyclic hydrocarbons.

Asphalts contain polynuclear aromatic hydrocarbons (PAHs), a large

family of compounds that includes some potent animal carcinogens

(Santodonato et al., 1981; NAS, 1983; IARC,1983,1985). The PAH content is

less than that of the petroleum crude, since lower molecular weight

compounds (including PAHs) are removed during the distillation process and

the temperatures involved are too low for significant PAH formation (IARC,

1985). The PAH content of eight different asphalt cement samples and two

coal tar samples is shown in Table 1-1.

1-12



The most frequent exposures to asphalt and asphalt fumes occur in

highway and street construction, roofing and sheet metal work, and blast

furnaces and steel mills. A summary of. studies providing exposure data for

road paving operations, roofing operations, and other operations is

provided in a report by the International Agency for Research on Cancer

(rARC, 1985). Detailed analyses of asphalt fumes under both laboratory and

field conditions (involving road maintenance and construction activities,

roofing, indoor mastic laying, and tank loading) have been provided by

Brandt (1985). Data are presented in these surveys for total particulates,

benzene-soluble material, and specific PAHs.

In general, for road surface dressing and paving activities, eight­

hour time weighted average (TWA) total particulate measurements from

personal samplers averaged around 1 mg/m3'or less, and ranged from about

0.1 to 15 mg/m3. Exposure to benzene-soluble material (which includes a

PAH fract i orr) ranged from 0.1 to 0.6 mg/m3. The concentrat ion .of the sum

of eleven 4-,5-, and 6-ring PAHs in the benzene-soluble material from

personal monitors ranged from 69 to 229 ppm (road maintenance exposures

were not included). In laboratory generated asphalt fumes, these PAHs

comprised between about 200-300 ppm of the benzene-soluble fraction.

Brandt concluded that the amount of PAHs in the breathing zone was directly

associated with the amount of benzene-soluble fume material. Benzene­

soluble exposures were, in turn, related to the temperature of the asphalt

material and the proximity of the worker to the material.

IARC (1985) has recently reviewed the data pertaining to the potential

carcinogenicity of asphalts. NIOSH (1977) has also reviewed data on the

potential health effects of asphalt fumes. These reviews, along with

several other studies not included in the reviews, provide the basis for

the following summary.
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IARC (1985) reviewed eight studies in which various asphalt products

were applied to the skin of mice and four studies in which asphalt

preparations were injecteq into mice or rats. Interpretation of many of

these studies was hampered by inadequate study design or reporting. In

general, however, it was found that steam-refined asphalts were able to

produce ski n tumors. When vari ous asphalt preparat ions were adm ini stered

to mice or rats by injection, sarcomas could be produced at the injection

sites.

Other toxic effects were also noted by IARC. Chronic inhalation of

apsha1t fumes, aerosol or smoke produced respi ratory pathology in guinea

pigs, rats, and mice. Pathologic changes included patchy regions of

emphysema, bronchiolar dilatation, pneumonitis, and severe localized

bronchitis (IARC, 1985). Skin effects in mice included epidermal

hyperplasia.

IARC (1985) cites data showing that a "rnad-coat tnq tar" containing

dimethyl sulphoxide was mutagenic in a bacterial assay. Vapors and

aerosols emitted at various temperatures were also weakly mutagenic.

In a study by Robinson (1984) coal tar and asphalt paints were tested

in a bacterial assay for mutagenic activity and in mouse skin

carcinogenesis bioassays. All coal tar paints showed mutagenic activity,

while none of the petroleum asphalt paints had mutagenic responses. Both

types of coatings resulted in positive responses in an initiation/promotion

study. The coal tar paints gave rise to 1000-1800 times the tumor response

observed with petroleum asphalt products. The biological responses to

the products were greater than expected from their PAH content. These

findings suggest that the hazard posed by these coatings may not be fully

explained by their PAH contents.
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Overall, available evidence indicates that asphalt materials are less

ca-rcinogenic than the coal tars with which they are frequently confused

(see below). However, no good indicator for the possible carcinogenicity

of asphalts has been identified to date. In all likelihood, PAH compounds

cannot be used for th is purpose. Bel inky (personnel commun i cat i on) notes

that one cannot account for the carcinogenicity of asphalt in terms of its

specific benzo(a)pyrene concentration or content of polynuclear aromatics

in general. IARC (1985) concluded that "there is sufficient evidence for

the carcinogenicity of steam-refined bitumens, air-refined bitumins, and

pooled mixtures of steam- and air-refined bitumens in experimental

animals."

There have been several reports of acute adverse effects from

asphalts. Tarvis (1984) investigated an indoor air complaint of 19

individuals in an office complex. The people complained of headache, eye

irritation, sore throat, and nasal congestion. These symptoms were traced

to malfunctioning light ballasts which melted and volatilized the. asphalt

contained inside. There have also b~en reports of severe burns resulting

from coal tar or asphalt These burns comprised 2.8% of burn patients

admitted to a Utah burn center (Stratta, 1983).

The only study done to date of asphalt workers was that of Baylor

(1968). A survey was done of 462 asphalt workers and 379 controls in 25

oi 1 refineries. The average 1ength of work was 15.1 years. The authors

stated that there was no evidence to implicate asphalt as an etiologic

agent for. cancer or i 11 nessother t han der mat0 log i cpr0 b1ems. Howe ver ,

serious flaws in this study and lack of exposure data preclude any

conclusions.

Hammond and colleagues (1976) conducted a mortality study of 5939

members of the United Slate, Tile, and Composition Roofers, Dump and
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Waterproof Workers Associ at ion. Local uni ons that were confi ned to slate

and tile work were excluded. In former years, pitch was used more commonly

than asphalt, but at the time of this study, use of asphalts was more

common. There were a total of 1798 deaths. It appears that there was an

increase in the incidence of lung cancer deaths in those with longer

duration of exposure. Smoking habits were not accounted for in this study.

Among workers with 20 or more years membership in the union, the following

SMRs were noted: cancer of the oral cavity, 1arynx and esophagus, SMR =

1.95; stomach cancer, SMR • 1.67; 1eukemi a, SMR =- 1.68; and bladder cancer,

SMR = 1.68. No exposure data were presented in this study.

Using pooled mortality data (1968-70) and incidence data (1972-73),

Menck and Henderson (1976) examined occupational differences in lung cancer

rates in white males in Los Angeles County. A significant excess was found

among roofers (SMR • 4.96) based on six deaths and five incident cases. In

Milham's (1982) proportionate mortality data for 1950-79 for Washington

males, a PMR of 1.61 was found for roofers and slaters for cancer of the

lung and bronchus, based on 53 observed deaths. Neither of the above

studies had data on smoking histories; and as noted by Hammond et a1.

(1976), most workers had probably been exposed to both asphalts and coal

tar pitches.

NIOSH (1977) states that "irritation of the serous membranes of the

conjunctivae and mucous membranes of the respiratory tract are the

principal adverse effects on health from exposure to asphalt fumes," and

that "reliable reports associating malignant tumors of parenchymatous

organs with exposure to asphalt fumes have not been reported in the

literature." However, since some asphalts have small quantities of

carcinogenic hydrocarbons, NIOSH believes asphalt fumes should be

considered somewhat more hazardous than a nuisance dust.
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A report by the Asphal t Inst i tute (Puzi nauskas and Corbett, 1978),

concluded that asphalt fumes have not produced harmful effects in workers

or test animals, and could be classified as nontoxic materials.

rARC (1985) found no epidemiologic studies of workers exposed only to

asphalts. Studies of roofers suggest excess risks for several cancer

sites. However, as these workers were also expose~ to other materials, the

excess risk could not be attributed specifically to asphalts. rARe

concluded that there was inadequate evidence that bitumens alone are

carcinogenic to humans. It should be noted, however, that IARC takes the­

following position with respect to animal data: "In the absence of

adequate data on humans, it is reasonable, for practical purposes, to

regard chemicals for which there is sufficient evidence of carcinogenicity

in animals as if they presented a carcinogenic risk to humans."

2. Coal Tars: Although road tars are presently rarely used in the u.s.
for road construction and maintenance, they have been used in the past

(McNeil, 1983). Thus long-term workers m ve had exposures to both

types of materials. Since these materials af'a sometimes confused, and

workers may have had exposures to both, it is important to distinguish the

properties and evidence of carcinogenicity for these materials.

In contrast to asphalts which are derived from crude petroleum oils,

coal tars are derived from coals. More specifically, coal tars are by­

products in the production of coke through the destructive distillation of

coal, called carbonization or coking (IARC, 1985). The gas that is

produced during the carbonization process is collected and cooled,

produci ng the coal tar condensate. Al though there is both a low

temperature and a high temperature carbonization process, most coal tars in

the U.S. are produced through the high temperature (880-1200oC) process
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(Puzinauskas and Corbett, 1978). Coal tars are black, viscous 1t qu i ds or

semisolids with a characteristic naphthalene-like odor and sharp burning

taste (EPA, 1984). As with asphalts, coal tars are very complex mixtures

of compounds, including hydrocarbons, phenols and heterocyclic compounds

with oxygen, sulfur, and nitrogen. Several hundred compounds have been

identified in coal tars, and probably as many as 10,000 compounds are

actually present (although many in trace amounts)(EPA, 1984; IARC, 1985).

Because of the complexity and variability in their composition, coal tar

products are usually assayed and specified by physical characteristics,

rather than by chemical composition.

In contrast to asphalts, PAH compounds comprise a large portion of

many coal tar products. The PAH profile of coal tars depends mainly on the

temperature used in production. PAHs comprise at least 75% of some

creosotes; coal tar pitches (e.g. roofing pitch) contain 40-50% PAH

compounds with 4 to 7 rings (most of the carcinogenic PAHs are in this size

range). The sum of 5 specific PAH compounds (3 known animal carcinogens) in

3 road tars ranged from 5-9% (IARC, 1985).

From the crude coal tar, additional distillation and/or blending

processes are employed to produce various coal tar products. In 1980 and

1982, approximately two-thirds of coke-oven coal tars in the U.S. were

utilized by tar distillers for refining and blending into various products

(rARC, 1985). Commercial products produced from coal tars through the

high temperature process include carbolic oils, naphthalene, creosote,

benzene, wash oil s , fluxing oil s , anthracene pastes, pitches for roofing

and water-proofing, carbon-black" oil, refined tars, road tars, electrode

pitches, and protect i ve paints and other coat ings (IARC, 1985). Rough1y

two mill ion tons of coal tar pitches are bel ieved to be used in the u.s.

annua 11y (IARC, 1985).
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Road tars may be produced in a process similar to that used to produce

pitches, or they may be produced by blending pitches with various coal tar

oils to obtain a product of the desired viscosity. Road tars may also be

blended with asphalts for particular applications (IARC, 1985). Road tar

production in the U.S. in 1971 totalled 152 million liters (IARe, 1985). In

1981, only about 1% of coal tar production was used in road materials

(McNeil, 1983). Coal tar production is closely linked with steel

production, since coke is used in steel making. Coal tar production has

been declining in recent years in the U.S. and in western Europe.

Exposure to coal tar products and emissions occurs in a wide variety

of occupational settings. Occupations or processes involving exposure

include coke-oven workers in the steel industry, aluminum production, wood

preserving facilities, coating of pipes with hot coal tar enamels, roofing

operations (including tarring of flat roofs and tear-off of old roofs),

road paving, sil icon carbide production, refractory brick production, and

in optics. OSHA has estimated that 121,000 workers are exposed to tars

(NTP, 1985). OSHA has set an exposure limit to coal tar pitch volatiles of

0.2 mg/m3 (TWA), while NIOSH has established a guideline of 0.1 mg/m3. The

most important aspect of occupational exposure to coal tar products and

fumes is considered to be the PAHs (IARC, 1985). Unfortunat~ly, only

limited occupational exposure data are available for coal tar products

(volatiles or specific PAH compounds), and most of these data are for

operations other than road paving or maintenance (Santodonato et al., 1981;

NAS, 1983; IARC, 1985). However, the considerable exposure to PAHs that

occurs during roofing operations (e.g., PAH concentrations ranging from <1

to >1000 ug/m3) would suggest that road tarring operations would also
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involve significant exposure potential. PAHs have been reported in the

skin oil of roofers and in the clothing of workers in a pitch-manufacturing

plant (IARC, 1985).

Studies dating back to the early part of the century demonstrated that

coal tars produce tumors when applied to the skins of animals. In the late

1700s it was recognized by Pott that chimney sweeps, who had exposure to

soots and tars from coal combustion, had an unusual risk of scrotal cancer.

Since these early human and animal observations, it has been well

established that coal tars and other coal-derived products are both animal

and human carcinogens. Occupational studies of (coal) gas workers and

coke-oven workers (steel industry) have shown large increased risks (2-fold

to over 10-fold) of lung cancer (Santodonato et al., 1981; IARC, 1985).

The greatest risks were among those with the greatest exposures to coke­

oven volatiles (e.g., top-side coke workers). Elevated risks among these

workers have also been reported for cancers of t~e kidney, pancreas, large

intestine, buccal cavity and pharynx and for respiratory diseases other

than cancers (Santodonato et al., 1981; NAS, 1983). Among roofers who are

likely to have had exposures to both asphalts and"tars, elevated risks have

been reported for cancers of the lung and bronchus, oral cavity, larynx,

esophagus, stomach, and bladder, and for leukemia and nonmelanoma skin

cancer (IARe, 1985). Non-malignant respiratory diseases were also elevated.

A case-control study of kidney cancer conducted in Minnesota found an

elevated, although not significant, risk for occupational exposures to

petroleum or tars (McLaughlin et al., 1983).

Other reported toxic effects from occupational exposures or

therapeutic use of coal tars include: cutaneous photosensitivity,

dermatitis, chronic tar dermatosis, chronic melanosis, folliculitis, acne,
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conjunctivitis, burning sensations in the eye, and photophobia (rARC,

1985).

Studies dating back to 1918 have demonstrated that coal tars and

pitches can produce skin tumors when applied to the skins of various

rodents (rARC, 1985). Other toxic effects in animals from coal tar

exposures were also noted by IARC (1985): a coal-tar aerosol produced a

necrotizing tracheobronchitis in mice; skin application induced epidermal

hyperplasia in mice; and ingestion by pigs and ducklings resulted in liver

lesions.

IARC (1985) concludes that there is "sufficient evidence" that coal

tars and coal tar pitches are causally associated with cancers in both

animals and humans.

Herbicides: Chemical preparations derived from chlorophenols (particularly

the phenoxy acid herbicides), are widely used as fungicides, pesticides,

wood preservatives, and herbicides. Two of the most widely used phenoxy

acid herbicides are 2,4,5-trichlorophenoxyacetic acid (2,4,5,-T) and 2,4­

dichlorophenoxyacetic acid (2,4-0). Most commercial grades of chlorophenol

preparations contain some degree of toxic contamination. These

contaminants include dioxins such as 2,3,7,8,- tetrachlorodibenzo-para­

dioxin (TCDO), a potent animal carcinogen.

The herbicide 2,4-0 does not appear to contain TCDO, although it may

contain other toxic contaminants. Of concern is 2,4,5-T: TeDO is formed

during both the manufacture of 2,4,5-1 and its combustion. Results of

animal studies suggest that both 2,4-0 and 2,4,5-T should be considered

hea1th hazards (Sterl i ng, 1986).
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Epidemiologic data regarding the human carcinogenic potential of these

compounds have been derived from studies of occupationally exposed workers,

using both case-control and cohort approaches. These data, whi 1e

inconclusive and inconsistent, provide information on the types of cancers

of potential concern.

Atten t ion was fir st drawn to a possib1e ass 0 ciat ion 0 f phen 0 xy acid

herbicide exposure and soft tissue sarcoma when a Swedish physician

reported that five of seven men with soft tissue sarcoma had been exposed

to phenoxy acid herbicides (Hardell, 1977). To follow up this observation,

Hardell conducted a case-control study (Hardell, 1979). The subjects

consisted of 52 cases of soft tissue sarcoma and over 200 controls matched

for age, sex, place of residence, and vital status. The relative risk for

those exposed to chlorophenols or phenoxyacetic acids, compared with those

who were not exposed to these substances was 5.7.

Eriksson (1981) studied 110 men with soft tissue sarcoma. He

reported that exposure to phenoxyacetic acids or chlorophenols was

associated with a relative risk of 5.1. Exposure to phenoxyacetic acids

alone gave a relative risk of 6.8, and exposure to chlorophenol alone

resulted in a relative risk of 3.3. While the relative risk associated

with TCDD-contaminated herbicides was 17, the risk associated with

noncontaminated herbicides was also significantly elevated at 4.2. The

authors concluded that phenoxy acids were associated with soft tissue

sarcomas even in the absence of TCDo contamination.

Hardell (1981), in another case-control study, demonstrated an

association between malignant lymphoma (both Hodgkin's and non-Hodgkin's)

and herbicide exposure. Exposure to both phenoxy acids and chlorophenols

was associated with a relative risk of 6.0. This association between

herbicide exposure and non-Hodgkin's lymphoma was also found by Hoar (1986)
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and colleagues. They conducted a case-control study of soft tissue

sarcoma, non-Hodgkin's lymphoma, and Hodgkin's disease in Kansas. They

reported that farmers who were exposed.to herbicides 20 or more days per

year had a six-fold excess risk of developing non-Hodgkin's lymphoma. The

primary herbicide used was 2,4-0. No risk was found for soft tissue

sarcoma or Hodgkin's disease.

Several studies of cohorts with occupational exposure to phenoxyacetic

acids have been performed. These studies have uniformly been too small to

provide more than suggestive evidence of an association between phenoxy

acid exposure and cancer.

Axel son (1980), in a case-control study of 348 railroad workers

exposed to phenoxy acid herbicides during spraying to clean rights of way,

reported that the workers' cancer mortal i ty was 2.2 times higher than the

cancer mortal ity of a control group, and 3.4 times higher among workers

exposed to both amitrol (another herbicide) and phenoxy acids. . Hogstedt

and colleagues (1980) compared the cancer mortality experience of 142

forestry workers exposed to phenoxy acids and 244 unexposed forestry

workers. They reported that work supervisors, who had a more intense

exposure to herbicides, had significantly elevated cancer mortality (5

observed, 1.4 expected) when compared to national rates. No particular

type of cancer predominated.

Studies of armed forces personnel exposed to Agent Orange (a d;ox;n­

contaminated phenoxy herbicide) have failed to demonstrate increases in

cancer mortality. The Ranch Hand Study, the most comprehensive study done

to date, reported an increase in skin cancer but no other malignancies

(Lathrop, 1984). However, the cohort was small and the period between

exposure and occurrence of cancer may have been too short for any increase

to be demonstrated.
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Workers exposed to high concentrations of TeDO following industrial

accidents have also been studied. Theiss (1982) followed the mortal ity

experience of 74 workers exposed to TeDO in an accident at a

trichlorophenol plant. While overall cancer mortality was not

significantly elevated, a small increase in stomach cancer was noted in

workers approximately 10 years after the exposure. Zack (1980) examined

the mortality experience of 121 workers who had developed chloracne (a

marker of dioxin exposure) after an industrial accident. No increase ; n

mortality was found. Ott (1980) also failed to find an increase in the

mortal ity experience of 204 employees of a 2,4,S,-T manufacturing plant.

In summary, limited data suggest that exposure to phenoxy acid

herbicides may be associated with an increase in soft tissue sarcoma and

non-Hodgkin's lymphoma. Evidence for an association between this exposure

and other cancers is more speculative, although such an association cannot

be ruled out. An association between leukemia and ~henoxy acid herbicide

exposure has not been reported in the 1iterature.

Gasoline: Gasoline is a petroleum-derived liquid fuel consisting primarily

of volatile hydrocarbons: alkanes, alkenes, cycloalkanes, and aromatics

(including PAHs). In addition, gasoline may contain up to 4 percent

benzene. Benzene volatilizes from gasoline into the atmosphere at normal

room temperatures.

Recent concerns about the health effects of gasoline vapors have been

stimulated by the report of increased kidney tumors in male rats and

increased liver tumors in female mice exposed to unleaded gasoline vapors

over a two year period (MacFarland, 1984). Many questions have been raised

concerning the implications of this report for human health effects.
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Specific concerns have focused on the nature of the exposure and the

validity of extrapolating results from these species to humans (HE!, 1985).

EpidemiologiC studies support the hypothesis that gasoline vapors may

increase the incidence of kidney cancer. Some, but not all, cohort studies

of petroleum refinery workers with potential exposure to gasoline have

shown elevated risks of kidney cancer. This risk was highest among 10ng­

term workers (Enterline and Viren, 1985). The studies that have not shown

any excess risk have generally had a short follow-up period. Kidney cancer

may not develop until 20-30 years after first exposure, thus an increase

would not have been evident without longer periods of follow-up.

Unfortunately, available studies have not had adequate exposure data, and

investigators have had to rely on job histories to determine exposure

status.

In summary, limited data sug~est'that exposure to gasoline vapors may

cause kidney cancer. This association, however, is far from establ ished.

If such an association exists, it is likely to be weak or moderate, with a

relative risk of less than two.

Polynuclear Aromatic Hydrocarbons (PAHs): Thad t scus s tons above have

considered the effects from exposures to crude mixtures of asphalts, coal

tar products, gasoline, and diesel fuel. As preViously noted, PAHs are

constituents of major concern in these mixtures, although the presence or

concentrat1on of speci fi c PAHs (e.g., benzo(a)pyrene or SaP) does not full y

account for the carcinogenic potential of these materials. Since PAHs are

also present in exhausts from gas and diesel engines (and from most other

combustion processes including smoking), it is useful to briefly summarize

some of the findings from the enormous body of research on PAH

carcinogenicity and toxicity.
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Most of the research on health effects of PAH exposure has focused on

their carcinogenic potential. Carcinogenic effects occur at exposure

levels much lower than those needed to produce other types of toxic

effects. However, other toxic effects have been recogn ized with severa1

PAHs. Damage to the hematopoietic and lymphoid systems in experimental

ani mal sis a part icul arly common observation following acute exposures

(Santodonato, 1981). In general, normally proliferating tissues

(intestinal epithelium, bone marrow, lymphoid organs, testes) are the major

targets of PAHs toxicity (Santodonato, 1981). In the skin, sebaceous

glands are the most sensitive structure. Chronic intratracheal exposure in

hamsters to certain PAH resulted in acute pneumonia and chronic pneumonitis

as well as significant mortal ity (before the appearance of lung cancer).

Epithelial proliferation and cell hyperplasia is a common observation in

the tracheobronchial mucosa of animals directly exposed to carcinogenic

PAHs. Carcinogenic PAHs can also produce an immunosupressive effect,

although the importance of this effect to carcinogenesis is unclear

(Santodonato, 1981).

PAHs were the first class of compounds shown to be carcinogenic in

animal experiments. Benzo(a)pyrene and dibenz(a,h) anthracene were shown to

produce skin cancer in mice approximately fifty years ago. Since that

time, a large body of research has shown that many other individual PAH

compounds and PAH-containing mixtures (such as coal tars, asphalts, coke­

oven emissions, cigarette smoke, and auto exhausts) are carcinogenic in a

variety of animal species and by different routes of administration

(Santndonato, 1981; HAS, 1983; IARC, 1983; 1985). As described by

Santodonato, (1981), carcinogenic PAHs are distinctive in that "(I) several

[PAHs] are among the most potent carcinogens known to exist, producing

tumors by single exposures to microgram quantities, (2) they act both at
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the site of application and at organs distant to the site of absorption,

and (3) their effects have been demonstrated in nearly every tissue and

species tested, regardless of the route of administration."

Oral administration of certain PAHs to rodents can produce tumors of

the forestomach, mammary gland, ovary, lung, liver, and lymphoid and

hematopoietic tissues (Santodonato, 1981). Intratracheal or direct

pul monary exposure to very small doses can produce tumors of the

respiratory tract. In addition, as previously mentioned, application of a

variety of PAHs to the skin can produce skin tumors.

In short-term in vitro cell tests (bacterial mutation, mammalian cell

transformation, etc.), many PAHs have shown mutagenic activity. In

addition, some PAHs are positive in in vivo tests for genetic or

chromosomal effects such as sister chromatid exchange (NAS, 1983). No

correl at ion has been found, however, between the quanti tat i ve aspects of

sister chromatid exchange and carcinogenicity of PAH. Reviews of the

findings from a large battery of short-term tests for various PAHs can be

found in Santodonato (1981), HAS (1983), IARC (1983), and IARC (1985).

It has been demonstrated in many tissues and species (including

humans) that certain PAH metabolites can bind at specific locations on DNA,

RNA, and proteins. The PAH metabolite-DNA adducts are of particular

interest in that it is currently believed by most researchers that this

interaction is the essential first step in PAH-induced carcinogenesis (NAS,

1983). Numerous studies have examined various qualitative and quantitative

aspects of the formation and the el imination of these adducts and the; r

relation to carcinogenesis. It has been shown that administration of

inducers of PAH-metabolizing enzymes to animals prior to BaP exposure

reduces SaP metabolite-DNA adduct formation in vivo, although the opposite
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effect occurs in vitro. These same inducers also sharply inhibit SaP

carcinogenesis in animals. A consistent correlation does not exist,

however, between the abi 1i ty of a tissue to form adducts and its

sensitivity to carcinogenesis (NAS, 1983). It has been shown in several

studies that a dose-response relationship appears to exist between

format ion of PAH metabol i te-DNA adducts and PAH exposure dose, and that

there is no observed threshold. Based on these and other aspects of adduct

formation, a committee of the NAS concluded that specific PAH metabolite­

DNA adduct amounts are clearly a good measure of effective btol oq!c dose

that could be used for "low-dose extrapolation of carcinogenic data, for

the ranking of a series of simil iar carcinogens, and for determining the

effect on neoplasia of pretreatments that alter the metabolism of a

carci nogen" (NAS, 1983).

Numerous studies have shown that in addition to these enzyme inducers,

antioxidants and certain other compounds are effective inhibitors of PAH­

induced carcinogenesis. Among other compounds, this action has been

demonstrated with selenium, alpha-tocopherol (Vitamin E), ascorbic acid

(Vitamin C), butylated hydroxytoluene (BHT), b~tylated hydroxyanisole

(BHA), f1 avones, Vi tam inA, benzyl i soth i ocyanate, and phenethyl

isothiocyanate (both the latter are found in cruciferous plants)

(Santodonato, 1981).

Environmental exposures to PAHs almost always involve a complex

mixture of PAHs (along with other compounds), and a few studies have

examined the carcinogenic effects of mixtures of PAHs. Such mixtures offer

the potential for various types of interactions such as synergism or

antagonism. Studies reviewed by Santodonato (1981), and NAS (1983),

indicate that such mixtures are frequently either inhibitory or have no

effett on the activity of the carcinogenic PAHs present,in the mixture.
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For example, NAS (1983) cites data from Misfield that demonstrated that a

mi xture of 13 PAHs in proport ions that si mul ate auto exhaust condensate,

most of which were carcinogenic, was essentially similar to the BaP

fraction alone in inducing skin tumors in mice. Data of Falk cited by

Santodonato (1981), showed that when SaP was administered to mice together

with various noncarcinogenic PAHs commonly found in polluted atmospheres, a

marked inhibition of carcinogenesis was observed in all cases. Early

studies of the effects of simple pairs of PAHs, however, show all possible

interactions -- no effect, additive, antagonistic, and synergistic. In

addition, it has been shown that the timing and sequence of application of

the pair affects the outcome, further complicating the situation.

There is convincing evidence that heavy exposures to PAH-containing

materials is etiologically associated with an excess of lung cancer. The

best known and most common source of ~xposure is, of course, smoking.

Although there remains little doubt that smoking is the overwhelming cause

of lung cancer, it is less clear to what degree the PAHs in cigarette smoke

contribute to the risk. As described previously, there have been a number

of occupational epidemiologic studies that clearly demonstrate that very

high workplace exposures to such PAH-containing mixtures as coal gas, tars,

soot, and coke-oven emissions confers elevated risks of lung and other

cancers (Santodonato, 1981; NAS, 1983; IARC, 1985). Individual PAH levels

in such workplace environments show enormous variability but are frequently

in the microgram/m3 range or higher, and human exposure can thus be several

orders of magnitude higher than from smoking (IARC, 1985). As in the case

with smoking, it is difficult to determine to what degree the PAH component

of the workplace air contributes to the risk.
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Benzene: Benzene, a volatile aromatic hydrocarbon, is a colorless, clear

liquid with a distinctive odor. It is produced principally from coal tar

distillation, from petroleum by catalytic reforming of light naphtha, and

in coal processing and coal coking operations. Benzene is readily absorbed

through inhalation and, to a lesser degree, through the skin. As a lipid

soluble compound it accumulates in fatty tissues (Brief, 1980).

Because of its utility, benzene is used in a wide variety of

industries. Benzene exposure is likely to be highest in individuals

employed in the petroleum, chemical, and rubber industries. It is also

used as an adhesive in the shoe making industry; for rotogravure,

lithographic and photographic printing; the manufacture of explosives,

pesticides, plastics, detergents, conditioners, antioxidants, chemicals,

and pharmaceuticals; and as a solvent in numerous processes (Fishbein,

1984). As recognition of be~zene's toxicity has spread, toluene and other

less toxic solvents have been substituted where possible.

The bone marrow toxicity of benzene has been recognized since early

this century. While the mechanism of this toxicity has not been fully

elucidated, benzene depresses bone marrow function with effects ranging

from decreases in certain blood elements (white and red blood cells,

platelets) to bone marrow suppression (aplastic anemia). On the basis of

case reports and epidemiological studies of occupationally exposed workers,

benzene has more recently been recognized as a 1eukemogen (i.e., 1eukem ia

causing agent) (Snyder, 1984).

Alack of scientific consensus exists concerning two major areas of

benzene's leukemogenicity: 1) whether benzene causes all forms of

leukemia, or only acute myelogenous leukemia; and 2} whether a threshold

exists for its effects. Regarding the first controversy, acute myelogenous

leukemia has been repeatedly associated with benzene exposure. Other
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leukemias, including chronic myeloid leukemia, acute and chronic

lymphocytic leukemia, and erythroleukemia, have been less frequently

associated with benzene. One widely quoted study reported an association

between chronic lymphocytic leukemia and exposure to solvents including

benzene (McMichael, 1975). Probably the least evidence exists for a causal

association between benzene and chronic myeloid leukemia (Goldstein, 1977).

However, most epidemiologic studies to date have lacked sufficient

st at i stic al po wer to detect s i gni f i cantincreasesin the se 1ess com m0 n

forms of 1eukemi a.

The concentration of benzene necessary to cause leukemia is disputed.

While no cases of leukemia have been documented in persons with exposures

under 10 parts per mill i on (ppm), ri s k est i mates us i ng ass umpt ions of a

linear dose-response relationship with no minimum threshold have predicted

that even exposure to 1 ppm of benzene may re~ult in leuke~ia (Infante,

1983). Other scientists have argued that leukemia develops only after

exposures that are high enough to produce serious bone marrow damage,

generally 40-50 ppm (VanRaa1te, 1982). In either case, epidemiologic

studies of benzene are unlikely to demonstrate an excess of leukemia unless

benzene exposures are high or the cohort (group) is large.

SUMMARY OF THE HEALTH EFFECTS REVIEWED ABOVE:

Diesel Fuel and
Exhaust

Diesel fuel contains benzene; whereas, upon
combustion diesel exhaust contains polynuclear
aromatic hydrocarbons (PAHs), nitro-PAH, and

- aromatic amines. These are the substances of
potential concern. Recent studies have suggested
that diesel exhaust exposure may be related to lung
cancer. Other data have associated diesel fuel
exhaust and bladder cancer, but the evidence is not

. conclusive. It is important to note that the
organic compounds adsorbed onto diesel particles
can be absorbed through the lungs into the
bloodstream and, thus, other organ systems may be
affected. Potential harmful effects to other organ

, systems have not been systematically investigated:
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Asphalts and Tars

Herbicides

Gasoline

Polynuclear Aromatic
Hydrocarbons (PAHs)

Benzene

Both asphal ts and tars contai n PAH compounds
although there is a much larger PAH content in coal
tars. Asphalt materials are less carcinogenic than
the coal tars with which they are frequently
confused. Tumors and respiratory effects have been
associated with asphalt exposure in laboratory
animals. Human data suggest acute adverse effects
in relation to asphalt exposure. The evidence that
asphalt exposure alone is carcinogenic is
inadequate at present. In contrast, human and
animal observations have established that coal tars
and other coal-derived products are both animal and
human carcinogens.

Most commercial grades of herbicides contain some
degree of toxic contamination, such as dioxins.
Based on limited data, herbicide exposure has been
associated with soft tissue sarcoma and malignant
lymphoma (non-Hodgkin's). Increases in other
cancers have been suggested; however, the evidence
is more speculative.

Gasoline consists primarily of volatile
hydrocarbons and may contain a small percent of
benzene. EXisting data indicate that exposure to
gasoline vapors may cause kidney cancer. However,
this association has not been firmly established.

Most research on the health effects of PAH exposure
has focused on their carcinogenic potential.
Normally proliferating tissues such as bone marrow
are considered the major targets of PAH toxicity.
A large body of research has shown that PAH
compounds and PAH-containing mixtures are
carcinogenic in a variety of animal species and by
different routes of administration.

Benzene has toxic effects on the bone marrow (e.g.,
decreases in certain blood elements or bone marrow
suppression). In addition, benzene has been
recognized as causing leukemia. It is not clear,
however, whether benzene causes all forms of
leukemia or what concentration of benzene is
necessary to cause leukemia. Acute myelogenous
leukemia has been repeatedly associated with
benzene. No evidence currently exists for
leukemias resulting from benzene exposures of less
than 10 ppm; however, certain risk models support a
conclusion that there is no safe dose of benzene.
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NUMBER OF HIGHWAY WORKERS: Nationally, the number of past and current

city, county, and state highway maintenance workers probably exceeds

500,000. Oespi te the 1arge number of workers in thi s occupat i on, these

workers had never been systematically studied. Based on the large number

of workers in this occupation, the wide range of workplace exposures posing

diverse health risks, and the unresol~able Wheaton findings, the MDH

concluded that a large-scale mortality study of all state highway

maintenance workers was necessary. Once the need for a study was

established, the feasibility of conducting the study was addressed.

FEASIBILITY STUDY: The feasibility portion of this study was started in

November 1984 and was completed in January 1985. Ouri ng the feas i bi1i ty

study there was a comprehensive review of employment and retirement records

and historical documents within the Minnesota Department of Transportation

(MNDOT) and other state agencies. This effort was designed to determine if

a cohort (group) of HMWs could be completely and accurately defined from

existing records. In addition, an effort was made to clearly define

potential job related exposures and the number of workers exposed. A

sample of approximately 1,200 payroll and personnel records and several

hundred historical documents were r~viewed.

In order to study HMW mortality, it was first necessary to define a

group of workers that could be located and identified as HMWs. This

process included: 1) evaluation of accuracy and completeness of records;

2) estimation of cohort size and years of follow-up; 3) development of

preliminary abstract forms to identify data gathering problems; 4)

estimation of length of time to complete a study; and 5) estimation of

study cost.
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Based on a review of available data, it was estimated that there were

between 5,000 and 7,000 HMWs who had worked at least one day since 1950 and

that there were over 120,000 person years of follow-up. It was determined

that the records were between 90-98 percent complete with no evidence of

systematic losses that might bias a study. It was also determined that

such a study would have sufficient statistical power to detect meaningful

increases in the diseases of interest (e.g., leukemia).

In February 1985, the MOH recommended to the MNOOT and Council 6 of

the American Federation of State County and Municipal Employees (AFSCME)

that a study of HMW mortality was necessary and feasible. The study would

require two years and cost $206,000, of which $58,000 could be contributed

by the MOH. In April 1985, through an interagency agreement, the MNOOT

provided the remaining $148,000 and finalization of the study protocol

began.
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Table 1-1. Polynuclear Ara-atics in Different 8itu.ens and Coal-Tar Pitches

---------------------------------------------------------------------------------
Bit LIIIen Samp1e Coa 1-Tar Pitch

------------------ ----~-------

PA". ppm Fonnula A B C 0 E F G " A B

----------
Anthracene C14"1O --- --- --- --- --- --- -- - -- - 8.600' 10.000'

Phenanthrene C14"1O 2.3 0.4 3.5 1.3 0.6 35' 1.1 2.3' 31,000' 29.000
'

Pyrene C16"1O 0.6 1.8 4.0 8.3 0.9 38 0.3 0.08 20,000 29,000

fluoranthene C16"1O + + 2.0 + + 5 --- --- 40,000 43,000

Benzofluorenes C17"12 ... + + + + + + -- - 7,300' 5,100'

Benz{a)anthracene C18"12 0.15 2.1 . 1.1 0.7 0.9 35 0.2 --- 8,900 12,500

..... Tri phenylene C18"12 0.25 6.1 3.1 3.4 3.8 7.6 1.0 0.3 1,500 1,100
I
w Chrysene C18"12 0.2 8.9 2.3 3.9 3.2 34 0.7 0.04 7,400 10,000
U1

Benzo{a)pyrene C2O"12 0.5 1.7 1.3 2.5 1.6 27 0.1 --- 8,400 12,900.
8enzo{e)pyrene C2O"12 3.8 13 2.9 3.2 6.5 52 1.6 0.03 5,400 7,000

Benzo{k)fluoranthene C2O"12 + --- + + + --- --- --- 7,100 9,000

Perylene C20"12 --- 39 2.2 6.1 2.9 3.0 0.1 --- 2,000 3,300

Anthanthrene --- --- Tr Tr Tr + 1.8 --- --- 1,300 2,100

Benzo{ghi)perylene C22"12 2.1 4.6 1.0 1.7 2.7 15 0.6 Tr 3.200 3,300

Indeno{I,2.3-cd)pyrene C22"12 Tr --- Tr Tr Tr 1.0 --- --- 7.300 9,300

Picene C22"14 + + + + + 1.0 + - -- NE 2,000

Coronene C24"12 1.9 0.8 0.5 0.2 0.9 2.8 0.9 --- 700 700
-------------------,

Estimate includes alkyl derivatives
Tr Trace
Nf Not estimated but present in substantial amount
+ Not estimated but present in small amount

Not detected

Source: Wallcave. et al .• 1971





2. METHODS

PROTOCOL DEVELOPMENT: An occupational cohort mortality study was the

method used to investigate the mortality experience of Minnesota Highway

Maintenance Workers (HMWs). A cohort is a group of individuals who share

a common experience within a specified time period (Mausner, 1985). This

study involved an occupational cohort comprised of all individuals

employed by the Minnesota Department of Transportation (MNDOT) who were

male, worked one or more years in highway maintenance~ work, and worked

at least one day after January 1, 1945. Ultimately, a comparison was made

between the study cohort and all male Minnesotans of the same age and

region of the state. The first phase of the HMW cohort study involved

finalization of the study protocol.

Finalization of the study protocol began in April 1985 following

funding of the study. The timeline for this study is shown in Figure 2-1.

The months of April through June 1985 were spent comprehensively reviewing

record sources, developing a complete list of HMW job titles, refining

abstract forms, developing abstract protocols, and defining the structure

of the data base to be used during the study. An outline of the entire

cohort development and follow-up process is shown in Figure 2-2.

RECORD SOURCES: Seven record sources were used during this study: 1)

microfiche of records for workers who terminated employment before 1978;

2) microfiche and inactive records of workers who terminated employment

between 1978-1984; 3) active records; 4) district records; 5) the

Minnesota State Retirement System (MSRS); 6) the Department of Employee

Relations (DOER); and 7) state health departments. Each of these record·

sources is described below.
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1. Microfiche Records Pre-1978: In 1978, in order to preserve payroll

files, the MNDOT microfiched all payroll cards of retired workers and

workers no longer with the MNDOT. The records that were microfiched

included all past MNDOT/Department of Highways records available at the

time of copying. These records included maintenance and construction

workers, secretarial and other support staff. They also included old

Highway Patrol records for the period before July 1970 when the Highway

Patrol was part of the Department of Highways. Following microfiching, the

paper records were destroyed. This set of microfiched records consisted of

57 acetate fiche. Each fiche consisted of payroll records organized

alphabetically by name and chronologically for each worker. Each record

normally contained name, address, sex, date of birth, work district, job

titles, time period jobs were held, and salary history.

2.. Microfiche !nd Inacti\f~ Records: MNDOT workers who left employment

after 1978, but prior to the end of 1984, had payroll records that for the

purposes of this study were also microfiched onto acetate fiche. Each

payroll record consisted of one or more entries. Records were organized

alphabetically by name and chronologically for each person. In addition,

paper copi es of each record were retai ned by MNDOT as a set of "i nact i veil

records.

3. Active Records: Active records' consisted of all payroll cards and

personnel files maintained for current employees. Payroll cards consisted

of index cards alphabetically organized by district. Maintenance and

construction districts were filed separately. Active payroll cards

contained data that were similar to those found in microfiche records.

2-2



4. District Records: District records consisted of all payroll and

personnel files maintained by each of the 16 MNDOT districts on its

workers. District records varied considerably in the amount of detail they

contai ned. These records ranged from compl ete personnel fi 1es to small

index cards that contained a name, address, date of birth, and a single job

entry.

5. Minnesot! ~tate Retire!!!~nt ~rt~!!! .1l!SRll: The Minnesota State

Retirement System maintained retirement and pension records on current and

previous state employees. Workers were coded at MSRS according to the

department in which they were working at the time they left state

employment. MNDOT employees were al ways given a department code of 79.

Highway maintenance workers were not distinguishable from other MNDOT

employees.

MSRS has seven data sources. Each source contain~d approximately the

same data on different employee groups (e.g., retired pre-1961, retired,

and beneficiaries 1962-1975, etc.). Data available from these sources

included all or part of the following: name, date of birth, social

security number, dates of employment, and payments from the state

retirement system.

6. Department of Employee Relations (DOER): The Department of Employee

Relations had .payroll records on all present and past state employees.

These records existed primarily on microfilm.

7. State Health Departments: The MDH and other state health departments

maintain vital records on residents of their respective states. These

records were used to obtain death certificates on deceased members of the

cohort.
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JOB CLASSIFICATIONS: Job titles from old records were reviewed with Union

and MNDOT officials to categorize work experience. Three job'

classifications were created as proxies for on the job experiences: 1)

Highway Maintenance Worker (HMW) -- the individuals who in the course of

their daily activities were involved in jobs ranging from fixing roads,

maintaining rights of way, painting, cleaning, operating equipment, or any

of the other jobs required to maintain roadways; 2) Light Equipment

Operator (LEO) - the jobs involved in the operating of small equipment for

the purposes of maintenance work. Included in this category were grader

operator, light grader operator, etc. Most of the men in these jobs when

not operating machines, were usually maintaining roads along with other

HMWs; and 3) Other - thi s i ncl uded jobs such as heavy truck or heavy

tractor operators, as well as other jobs that did not directly involve

maintaining highways (e.g., mechanic helper and highway technician).

Thus, for each job title and its corresponding time period an

i ndi vi du a1 cou1d be c1ass i fied as ei the r "HMW." "LEO," 0 r "0 the r ." Tab e

eligible for the study a worker ha~ to have worked for at least one year in

highway maintenance type work (e.g., HMW and/or LEO).

Between the mid 1920s and late 1940s, many workers were given job

titles that corresponded to the type of task that was done. Because

highway maintenance tasks changed frequently, job titles also changed.

This led to long lists of jobs that approximated the task done and changed

as often as every 2-3 weeks.

Jobs such as man and team, dump man, mixer operator, truck operator,

et c., are examples of the types of job titles that were thought to

correspond to the type of work done. It was not initially clear from the

title whether a job should have been classified as an HMW, LEO, or Other.
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For example, a laborer II was a skilled trades helper, yet a maintenance

1aborer I I was a HMW. The jobs dri ver 1, dri ver 2, fi rst operator, power

patrol operator, patrolman, and first driver are other examples of where

the nature of the job was not known from the title.

Individuals working as either a driver 1 or driver 2 were thought to

drive a team of horses. This type of work was done in the early 1930s and

even later in some areas of the State. These workers were given a section

of road or entire road which was theirs to maintain (i.e., duties similar

to what was 1ater call ed a sect i on man). The man and team job tit1e and

patrolman were also considered to be comparabl e to a section man. Thus, the

jobs driver 1, driver 2, first operator, power patrol operator, patrolman,

and first driver were thought to be the same as a section man.

Concern has been expressed by some workers about their exposure to

materi a1sin MNDOT's bitumi nous p1 ants. Numerous ret i red workers wanted

bituminous workers placed in a separate exposure category. These were the

workers who worked in bituminous plants for MNDOT. After a review of MNDOT

records, only 21 out of 69 bituminous workers' records mentioned their

bituminous work. It was concluded that bituminous workers could not be

adequately identified from existing records. These workers were classified

as HMWs.

Bridge workers were not included as HMWs for several reasons: (1)

the; r pri mary _work on bri dge surfaces did not ; nvo1ve the use of as ph a1t

materials; (2) there was minimal need for using herbicides; and (3)

there was probably a greater use of leaded paints, welding m~terials, and

blasting equipment. Bridge workers therefore had considerably different

exposures than HMWs.
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The type of work done by HMWs has remained relatively constant for the

period between 1945 and the present. In Table 2-1, there are several

descriptions of jobs for this time period. About 30-40% of the work during

a given year was spent in snow related activities. Spring and summer

activities included clearing debris, repairing road surfaces, and cleaning

brush, and fall activities included finishing road repair and preparing for

winter.

Using the above criteria a list of HMW and LEO jobs was defined (Table

2-2). Any individual who ever worked as a HMW and/or LEO as defined in

Table 2-2 was abstracted during the study.

ABSTRACT & PROTOCOL DEVELOPMENT: Several forms and protocol s were

developed as part of the HMW study: 1) data abstract form and protocol;

2) quality control; and 3) tracing protocol The first two are summarized

here.

Data Abstracting:

Minnesota HMW Abstract Form: Abstract development was an interactive

process. At each iteration, a form was developed, multiple abstracts

completed, and revisions made. The abstract form included basic

demographic data, work dates, work history, and vital status (if known).

The complete form is described in Appendix A-I.

Race was not included on the abstract form for several reasons: 1) It

was only sporadically available in work records; 2) A review of 200

sequentially selected HMW death certificates 'revealed that all were

"white", and 3) Minnesota was racially 99% white in 1950, 1960, and 1970,

and 96% white in 1980.
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Microfiche and Inactiv~ Record~: Prior to the start of abstracting,

abstracters attended a comprehensive training session for one week. By the

end of the week, each abstracter was requi red to compl ete severa1 dozen

error free abstracts representing the type of records included in the

study. After passing the review, each abstracter was assigned one

microfiche to work on until completed. Each abstracter worked

approximately 4 hours per day. All abstracts were checked by the shift

supervisor for errors. The complete set of abstracts for each fiche was

then sent for data processing. This process continued until all fiche were

completed.

Active Records: All payroll records at MNDOT-St. Paul were examined. Any

person who ever worked as an LEO and/or HMW was abstracted. Each card was

marked after it was reviewed to ·avoid missing workers.

District Records: All abstracts from active, inactive, and microfiche

records were compared with dtst.r i ct records in order to: 1) locate and

abstract records that had not been abstracted; and 2) evaluate record

completeness. Abstracts were updated when new work history and/or

demographic data were found. New records were abstracted.

For each of the original abstracts compared to district records, a

status of Found, Updated, or Not Found, was recorded. "Found" meant

that a previously abstracted record was also found in district records but

no new data were added. "Updated" meant that a previously abstracted

record was located and the district record contained additional data such

as social security number, date of birth, missing work histor~, or date of

death. "Not found" meant a previously abstracted work record was not found

in the district records.
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Quality Control:

Data Accuracy: To eliminate or minimize errors, quality control procedures

were used during data collection, entry, and analysis. During data

abstracting, qual ity control took several forms: 1) error checking; 2)

re-abstract i ng; 3) revi ew for mi ssed records; and 4) revi ew of records

for duplicate entries. A second quality control process was used to

evaluate the completeness of the cohort. Steps included in the latter

process included: 1) review of MSRS records; 2) review of DOER records;

3) review of district records (as described above); and 4} review of

t ndep endent lists of workers (e.g., credit union records). After

exhaustive review, it was determined that no complete and independent

record source coul d be found. Each record source had data that were not

available in the other three sources.

Error Checking: After each abstract was completed,. it was reviewed by the

data abstracter and the staff supervisor for consistency and completeness.

For example, all dates had to be sequential and the date a worker left

MNDOT had to be later than the date he started at MNDOT.

Following review by staff supervisors, abstracts were sent for data

entry, where they were keyed and verified. Completed abstracts were then

reviewed by computer for errors. Any abstract with an error was flagged by

the computer and the location of the error in the abstract identified. A

total of 93 possible errors were evaluated in this manner. Errors were

corrected and the process was repeated until all abstracts were free of

detectable errors. Examples of items that were checked for errors

included: missing abstracter number; dates of birth that had a person

working at age eighteen or less; a missing entry for sex; and

chronological relationship of the job history.
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Re-Abstracting: In order to evaluate the quality of data abstracts, a

random sample of the original abstracts was evaluated for abstracting

errors. During this process the abstract was compared with the original

record. An item was considered in error if, in the opinion of the

reviewer, a name, number, or date was entered incorrectly and the correct

entry was obvious on the original record.

Missed Records: In order to be certain that no worker records were missed

during abstracting, the first three lines of the odd and the last three

lines of even numbered fiche were reviewed for missing workers. Because of

the number of missing records (approximately 1.5% to 2.0%) found during the

first review, all fiche, active and inactive records, were re-reviewed in

their entirety for missing HMW/LEO workers. This was followed by a third

review for missing records in which the fourth line of fiche, and inactive

and active records were examined.

Record fohort Completeness: Two sources were identified to determine

cohort completeness: The Minnesota State Retirement System (MSRS), and the

Department of Employee Relations (DOER). There were several issues

associated with using the MSRS as an independent source with which to

determine cohort completeness:

1) The exact type of work done by MNOOT employees found at MSRS was

unknown. The MNDOT and the old Department of Highways were

identified by department code number 79. However, type of work

was not further identified. For this reason, a record listed as a

"79" may have been that of a HMW, secretary, engineer, or any of

the other jobs at the MNOOT;
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2) Those who changed from one state department to another were listed

as having worked in the last department in which they were

employed;

3) The Department of Highways, now MNDOT, used to contain the State

Patrol, now part of Public Safety;

4) Completeness of MSRS records could only be approximated. A sample

of 158 records was abstracted from MSRS and compared with MNDOT

records. The completeness of MSRS records with respect to the HMW

cohort was also evaluated by searching for study members within

the MSRS record system. Out of 782 HMWs/LEOs searched for at

MSRS, 737 (94%) were found and 45 (6%) were not found.

Attempts were also made to find other independent listings of MNDOT

personnel and/or HMWs. The sources that were evaluated included the State

Credit Union, AFSCME Union offices, state tax offices, Minnesota Historical

Society, and the Department of Employee Relations. Thus, multiple sources

were used to create the HMW cohort.

Tracing: After completion of data abstracting all workers were traced to

determine their vital status and, if deceased, to obtain their death

certificates.· The tracing process is outlined in Figure 2-3. During data

abstracting, social security numbers were recorded when present.' Workers

were divided into two groups: those with and those without social security

numbers. Those without social security numbers were sent to the Minnesota

State Retirement System (MSRS) to search for social security numbers and

vital status (e.g., alive or dead).

Workers for whom a social security number was available were sent to

the Social Security Administration (SSA) to ascertain vital status. Those

who were returned from the SSA with an unknown vital status and those
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without a social security number were traced by other means, including the

use of motor vehicle registration, the National Death Index (NOI), reverse

directories, regional telephone directories, contacting coworkers, etc.

After a cohort member was found to be deceased, it was necessary to

obtain his death certificate and abstract a numeric (nosologic) code for

the underlying cause of death. For those dying in Minnesota, workers were

matched by computer to death certificate information maintained by the

Minnesota Center for Health Statistics and the original nosologic

classification was obtained. Individuals who died in other states had the

underlying cause of death abstracted off the death certificate if the

nosologic code was clearly written. Workers who had no underlying cause of

death recorded on their death certificate, had their cause of death coded

according to the coding scheme in use during the year in which they died.

All coding was done by « certified nosologist at the MDH.

DATA ANALYSIS:

Definition of SMR and PMR: Standardized mortality ratios (SMRs) were used

to analyze mortality data for this cohort. The SMR is defined as the

observed number of deaths among the cohort population divided by an

estimate of the expected number of deaths from a standard population

(Miettinen, 1981). In this instance, the mortality experience of HMWs was

compared to the mortality experience of all Minn~sotans of the same age,

sex, calendar period, and region of the State. The equation for the SMR

is:

SMR • Observed number of deaths/ Expected number of deaths

The estimate of the expected number of deaths for the HMW cohort was

calculated by applying the age, sex, race, and time specific rates for the

general populatio~ to the number of years of follow-up contributed by the
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HMWs. Years of follow-up (person-years), take into consideration the

number of individuals and the length of follow-up for each person~ Follow­

up in this study began January 1, 1945. Study participants contributed

person-years of follow-up until death, until they were lost to follow-up

(18 individuals) or until termination of the study (December 31, 1984).

Another stat ist ic that was used to assess re1at ive mortal i ty was the

proport ionate mortal i ty rat i0 (PMR). The PMR was computed by taki ng the

ratio of the observed deaths for the cohort to the expected number of

deaths determined from the Minnesota popul ation. For a given cause, the

number of observed deaths in the cohort was the same as the number of

observed deaths used in computing the SMR. In contrast to the SMR however,

the expected deaths were computed by applying the proportion of deaths due

to the cause of interest in the Minnesota population to the total number of

deaths i.n the cohort (Mausner, 1985). Age, sex, and date of death were

also controlled in calculating the PMR. The PMR is not as useful as the

SMR because by definition the all cause of death PMR is always equal to

1.0. The PMR is best used when it is not possible to compute the SMR

(Miettinen, 1981). (See Appendix A-2 for an example of how to calculate a

PMR and an SMR.)

ICD Classifications: The HMW Study spans four decades and five revisions

of the International Classification of Diseases (ICD). The ICD is a set of

standard codes used to classify causes of death according to rigidly

defined rules. This coding has been used to standardize mortality data

throughout the United States for many decades. The ICD manual has been in

use"in the United States since 1900, and it has been revised decennially in

order to be consistent with changing medical knowledge, diagnostics, and
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terminology. The dates when pertinent revisions were adopted and put into

use in Minnesota are given in Table 2-3.

Each revision of the ICD manual presents difficulties in comparing

cause specific mortality over time. Classification changes and differences

in the rules used in selecting the underlying cause of death must be

considered when comparing mortality data coded according to different

versions of the leO manual. For example, the fifth revision had a single

classification for leukemia which included lymphatic leukemia, myeloid

leukemia, and other leukemias (HEW lCD, 1939, 1948). The sixth revision

had separate classifications for lymphatic leukemia, myeloid leukemia,

monocytic leukemia, and other leukemias. Therefore, an analysis of

leukemia that includes deaths coded during the fifth revision must examine

all leukemia deaths in aggregate, whereas, an analysis of leukemia deaths

coded in the sixth or 1ater vers i on. of the ICD can exam i ne more spec i fi c

cell types. Another illustration of the impact of changes in the rules for

classifying the underlying cause of death is an apparent abrupt decline in

mortality from diabetes observed in 1949. The ~ajority of this deficit was

attributed to the assignment of the underlying cause of death to

arteriosclerotic heart disease when both diabetes and arteriosclerotic

heart disease were listed on the death certificate (Mausner, 1985).

The method used in thi s study to code mortal ity data from di fferent

rCD revisions was to construct equivalent cause of death categories across

the years spanned by ICD revisions. Causes of death coded by different leO

revisions were "translated" into a unique set of codes. As noted for

leukemia, the level of specificity of these codes corresponds to that of

the least specific revision. In the leukemia example, a single cause in an

earlier revision was compared with several aggregated leukemia causes of

death in later revisions.
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The translation codes used in this study were a modified set of codes

derived from the National Institute of Occupational Safety and Health

(NIOSH) classification scheme dated 3/13/86 (NIOSH, personal

communication). The NIOSH codes were changed primarily because of the

availability of data in Minnesota in the 1940s for specific causes that

were not available nationally. All codes and causes of death assigned to

them were reviewed and compared to those used by Dr. Richard Monson of

Harvard University (Monson, 1978). These categories of aggregated causes

of death were used in assessing the relative mortality of the cohort

population to that of the comparison population. A total of 142 categories

were util ized. (See Appendix A-3 for a table of the codes and causes of

death assigned to them.)

Comparison and Cohort Populations: It was essential to select the

appropriate comparison population in assessing the relative mortality of

the cohort. The best avail able ccnpart son popul at ion for the HMW cohort

was the male population of Minnesota. For most diseases, Minnesotans have

lower mortality rates than the general population of the United States. For

some diseases such as leukemia, the Minnesota mortality is higher than the

United States. If the higher mortality rates of the United States were

used to determine the expected number of deaths, the resultant number of

expected deaths would have been greater (for most causes) which

consequently would have produced a lower and misleading SMR. Therefore, a

compari son of the mortal i ty of the HMWs to the morta1i ty of the ent ire

United States would have masked real excesses of mortality in the HMWs.

Using Minnesota as a comparison population required that the state's

existing mortality data be reformatted. Information derived from Minnesota

death certificates was stored on magnetic tapes within the Minnesota Center
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for Health Statistics. There ,were separate tapes for each year from 1945

through 1984. All deceased Minnesota residents and non-residents who died

in the state of Minnesota were included on these tapes. Different coding

schemes and record formats were used for different time periods. The

coding schemes and record formats were redefined, necessary information

extracted, and data reformatted using a common record format for all years.

Next, a matrix containing the number of deaths categorized by 142 causes of

death, age, sex, race, and geographic regions was created for each year.

This matrix represented the aggregated causes of death for 1.3 million

Minnesotans dating from 1945-1984. For analysis of the HMW study, the

number of deaths by age and calendar period for white males was used.

Census data were compiled by age, race, sex, and geographic region as

"denominators" for the calculation of mortality rates. The midpoints of

the four calendar periods used. in the study were census years, (Le.,

1950, 1960, 1970, and 1980). Therefore, the ftgures from the Minnesota

census reports for the above years were used in estimating the numbers of

Minnesota residents for these calendar periods in order to calculate the

baseline mortality rates for Minnesota.

The cause of death for each HMW was translated into an equivalent

cause of death category as described above. Additional information such

as date of birth, last date of follow-up, work history, and vital status

was· maintained for each member of the cohort.

Subcohorts: Subsets of the cohort population were defined on the basis of

job class i fi cat ions. One subset compri sed all workers regard1 ess of job

classifications. The other subset consisted of those workers who had only

worked in the HMW job classifications throughout their employment.

During the preliminary analysis, it was found that the mortality experience
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of those classified in a subgroup including HMWs and/or LEOs did not differ

from the mortal i ty experience of HMW s only. Therefore, the LEO subgroup

was not used during the analysis. Due to varying rates of mortal ity by

region, both the cohort and comparison populations were divided into two

regions: urban and rural. Individuals in the comparison population were

classified as urban if they were residents of Hennepin County, Ramsey

County, the city of Duluth, or the city of Rochester. All other

individuals were classified as rural.

MNDOT records provided information on the district in which an

individual worked. The HMWs were classified as urban if they worked in the

Golden Valley or Oakdale district and rural if they worked in any other

district. This classification was based on the first district in which a

person worked. These classifications allowed comparisons of urban workers

to an urban population and rural workers to a rural population.

After assembly of the cohort and comparison populations, data analyses

were done using a computer program called M.O.R.T.AL. (Minnesota

Qccupational Bisk Iabulating Algorithm). M.O.R.T.AL. was developed to

provide interactive analysis of the occupational cohort mortality using a

personal computer (IBM AT). The M.O.R.T.AL. program did both SMR and PMR

analyses. The patterns of mortality were given by combinations of the

following variables: age at death, calendar year of death, age started

work, year started work, years worked, and latency. Latency represented

the amount of time from when an individual first started work (i.e., first

date as HMW or LEO) until death, loss to follow-up, or termination of the

study) .

M.O.R.T.AL. provided a number of statistical tests. In the tables

descri bed in the resul ts sect ion, 95% confidence 1imits for the SMR were

given for statistics along the margins (column or row sums) of the tables.
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Confidence 1imits specify a "probable" interval for the particular SMR,

(e.g., the chance that the interval contai ned the "true" SMR). A common

probabi 1ty used is 0.95. Thus, there was a 95% chance that the i nterva 1

contained the true SMR. In other words, if many independent studies were

conducted and for each of these studies 95% confidence 'intervals were

calculated, in the long run 95% of these intervals would contain the

unknown true value (Brown, 1977). (Details of statistical methods and

additional statistics and information provided by the program are in

Append i x A-4).

After extensive evaluation and successful benchmarking against the

establ i shed mainframe program of Dr. Richard Monson, M.O.R.T.AL. was used

for all analyses presented in this report (Monson, 1974).

ENVIRONMENTAL MONITORING: Because industrial hygiene monitoring is a

relatively new practice for most occupations, early environmental exposures

to HMWs were estimated from present data and old purchasing records when

available. The first industrial hygiene monitoring on HMWs in Minnesota

was conducted by the Minnesota Occupational Safety and Health

Administration (MN-OSHA) in 1981. Several investigations have been

conducted by MNDOT and/or MN-OSHA since that date. In addition, MNDOT and

the MDH undertook a cooperative evaluation of HMWs in August 1986. Each of

these evaluations will be described briefly. Every attempt was made to

eliminate jargon from this section; however, it was impossible to avoid the

use of some chemical and product names.
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JulY ~ 1981: The fi rst MN-OSHA study was conducted in July 1981 as part

of an evaluation of silk screening processes in Detroit Lakes. Silk

screening of highway signs was done in the sign shop by two or three

employees for approximately three hours each day. Breathing zone samples

for xylene were collected.

Most of the signs were printed using a black ink containing petroleum

distillates. Approximately one gallon of ink was used each week. This was

the only ink in use at the time of the investigation. Employees stated

that they occasionally used other, more offensive smelling inks, (MN-OSHA,

September 1981).

August 1984: The next exposure report was dated August 27, 1984. This

survey monitored bituminous paving activities in Virginia, Minnesota. The

location of the workers in relation to the source of vapors was not

indicated in the report. Breathing zone samples for-total hydrocarbons

were collected (MNDOT, October 1984).

November! December 1984: The general areas covered by thi s OSHA

inspection were solvents, herbicides, and asphalts. The report noted that

for the facil ity inspected (Wheaton), pesticides were appl ied by 1icensed

applicators. Herbicide exposure data were not collected.

On the second day of th is inspect; on, crack fi 11 i ng operat ions were

evaluated. The process involved the heating of asphalt (AC-3) with a

propane burner until the asphali was liquified. The heated asphal t was

maintained at approximately 3000 Fahrenheit (F). The asphalt was then

dispensed onto the roadway from "sprinkle cans" with a 1/4 inch diameter

spout. Two employees applied the AC-3 coat while one acted as a flagman.

The workers rotated positions every half hour.
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During the repair process, breathing zone samples were collected for

benzene. Weather conditions on the day of sampling were inclement (winds

of 10-25 miles per hour and a temperature of 100 F) (MN-OSHA, January

1985).

~~rch 198~: On March 3, 1985, a survey was done in Willmar, Minnesota

during a crack filling operation. The survey was done to evaluate

exposures to asphalt fumes, polynuclear aromatic hydrocarbons (PAHs),

toluene, xylene, benzene, hexane, and petroleum distillates. In addition,

procedures and equipment as well as explosion hazards were reviewed. The

processes surveyed involved the heating of a naphtha containing cutback

asphalt (RC-250) in a 600 gallon distributor and a 250 gallon kettle. The

temperature of the asphalt was brought up to and maintained at 2500 F by

use of a propane burner.

The first sample was taken six inches downwind from the kettle hatch

while the asphalt was being heated. The hatch was left open sl ightly to

vent. The wi nd was 3 mph, and the temperature was 300 F. Two employees

were present during this process. During the 1 1/2 hours needed to heat

the asphalt, the workers periodically monitored the asphalt temperatures to

assure proper equipment function. Their task did not involve opening the

ket t 1e hatch.

Once the asphalt reached the operating temperature, the kettle and

distributor were towed to the work site. Eight employees worked in two

crews of four. The kettle and distributor were used simultaneously about

four miles apart. The operation required one person to drive the truck

pulling the kettle/distributor. Another drove an "Early Warner" behind the

operation and two people applied the asphalt. The RC-250 asphalt was

dispensed onto the roadway from "sprinkle cans" with a single oriface
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spout. The workers rotated positions approximately every 30 minutes.

Breathing zone samples were collected on the employees applying the RC-250

asphalt during 5 1/2 hours of crack filling.

As the employees rotated, the air sampling equipment was transferred

to the employee doing the crack filling..It was thought that this

represented the maximum possible exposure. One additional sample was

gathered downwind of the distributor about 12 inches from the hatch (MNDOT,

May 1985).

March 18 and fL. 1986: A-road patching operation in Virginia, Minnesota

was evaluated for exposure to benzene solvents and total dust. MNDOT road

patching on March 18 was performed as follows: First, there was broom

cleaning of the cracks or holes in the road surface. After cleaning, an

oil applicator applied a heated mixture of Murphy MC-250 liquid asphalt,

(petroleum asphalt and #1 fuel oil) and Trumbull petroleum asphalt

(petroleum asphalt and mineral spirits). Application was performed with a

single orifice dispenser can which was usually filled by the oil applicator

from a spout on the "tar kettle" trailer. The second step involved the

application of the above mixture to which taconite tailings had been added.

This "mix·' was· kept heated in the "patching" trailer and was shoveled from

the trailer through a rear hatch by two employees who then appl i ed it to­

the road surface. The asphalt "mix" piles were then raked into the cracks

and holes to complete the process. Workers indicated that fumes arose when

the heated asphalt made contact with the cool road surface as well as from

the patching trailer hatch, especially when the mixing bin became empty

near the end of the day.

On March 18, 1986, breathing zone samples were taken of the oil

applicator and a patching trailer shoveler to determine their exposures to
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benzene, hexane, petroleum distillates, toluene, xylene, and total

particulates. It was thought these substances were good indicators for

exposure to asphalt fumes. The above contaminants were also sampled for

at the hatch opening of the patching trailer (one foot above the vertical

opening). On this day, the patching operation was stopped at midday due to

bad weather. Workers indicated that conditions were not "average" in that

the asphalt in the patching trailer never reached the desired application

temperature. less than 70 minutes of personal sampling was obtained.

On March 27, 1986, sampling for the above contaminants was performed

for an entire day's road activity. The ambient temperature ranged from

400-430 F during the work shift with winds of 10-20 mph. The actual road

applications began about 10:15 a.m. and ended about 3:15 p,m. with the

remainder of the shift spent traveling to and from the work site. Workers

indicated that conditions were. representative of a typical day of road

patching. Three workers: the oil applicator, a patching trailer shoveler,

and the "mix" raker, were sampled for exposure to benzene, hexane,

petroleum distillates, toluene, and xylene using personal sampling pumps

and charcoal tubes. Samples were also taken at the patching trailer hatch

opening (MN-OSHA, March 1986).

Au~st 1986: On August 27, 1986, air sampling was conducted in the

breathing zones of the paving operator and the screen operator during a

resurfacing project. General air sampling and collection of bulk samples

were also conducted.

Samples taken in the breathing zone of the screen operator and the

paving operator were analyzed for pyrene, benz(a)pyrene, benz(a)anthracene,

chrysene, dodecane, n-hexane, benzene, toluene, chlorobenzene, and other

solvents. Bulk samples of MC70 Tack Coat, 23/41 modified bitumin, and AC
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85/200 penetrating oil were analyzed for pyrene, benz(a)anthracene,

chrysene, benz(a)pyrene, and dodecane.

On August 28, 1986, breathing zone samples were collected for two silk

screen painters at the Detroit Lakes MNDOT facil ity. The Scotchl ite 708

Green that was being used contained 10-15% aliphatic petroleum distillates,

5-10% aromatic petroleum distillates, less than 5% xylene, and less than 3%

aliphatic alcohol. The Scotchlite Thinner that was used contained

petroleum distillates and xylene.

At the time of sampling, employees were relying on local exhaust and

general ventilation to control airborne contamination. The employees

indicated that vapor odors were much stronger and some eye and respiratory

irritation occured when they used other Scotchlite products, some of which

contain isophorone and cyclohexanone (MDH, September 1986).

Bulk Samples: Two sets of bulk samples were analyzed for either benzene or

polynuclear aromatic hydrocarbons~ The first set of samples was submitted

in December 1984 (MNDOT, June 1985) and the second set in August 1986 (MN­

OSHA, 1985).
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Fiaure 2-2 HMW COHORT DEVELOPMENT AND FOLLOW-UPSCHEMA
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Table 2-1. Seasonal Variation of Highway Maintenance Work Between 1946 and
1980

Year Job Title Percent Time

1946 HMM I 50
30
10
10

1951 HMM I 22
20
11
9
5
5
3

10
9
6

1960 HMM II Not Stated

1972 HMW (Sr) 40
40
20

1980 HMW (Sr) 5
40
30

10

10

5

Description

maintaining oil &gravel roads
plowing snow
cutting weeds &brush
repairing road signs &equipment
patching
snow removal
putting up &taking down snow fences
cutting weeds &moving guard rails
repairing guard rails
cutting brush
ditching &draining water
filling washouts
repairing shoulders
sanding
spr~ng: drain water, fill cracks, repair
shoulders, remove snow fences, and patch
highways

summer: patch highways, clean culverts,
spray weeds, grass, and brush

fall: prepare sand for winter, haul
gravel, cut &clear brush

winter: plow & shovel snow, sand where
needed, cut brush

snow &ice control
surface repair
clearing debris, filling washouts, mowing
grass, and miscellaneous

equipment maintenance
keep roadway clear of ice &snow
maintain safe driving conditions during

summer months
prepare for winter season, including
clearing drainage systems, erecting snow
fences and mixing sand &salt

maintenance activities for damage done
during the winter, including shoulder
repair, washing signs, repairing guard
rails, &placing flags

ensure that MNDOT safety &administration
requirements are met
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Table 2-2. Complete Listing of HMW or LEO Job Titles

Highway Maintenance Worker (HMW)

Bituminous worker
CS Laborer
Driver 1
Driver 2
First Operator/First Driver
Freeway Maintenance Man
Freeway Maintenance Man 2
Helper
Highway Maintenance Man
Highway Maintenance Man I
Highway Maintenance Man II
Highway Maintenance Worker
Highway Maintenance Worker Sr.
Highway Section Helper
Highway Section Man
Inter. PHMF
Laborer
Laborer I (Does Not Include Laborer I In a Construction District)
Laborer I - Tenured
Maintenance Helper
Maintenance Laborer
Maintenance Laborer II (Not LaborerII)
Man and Team
Man and Truck
Misc. Laborer
Operator I
Patrolman
Power Patrol Operator
Second Operator
Section Helper
Section Man
Section Man II
Teamster

Light Equipment Operators (LEO)

Dump Man
Grader Operator
Heavy Equipment Operator-Intermittent
Landscape Maintenance Man
Light Grade Operator

'Light Truck Operator
Machine Operator
Maintenance Equipment Operator
Mixer Operator
Power Grade Operator
Tractor Operator
Truck Driver
Truck Operator
Power Equipment Operator
Light Power Equipment Operator
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Table 2-3. International Classification of Disease (ICD) Used in Minnesota

Revision Number

lC05

lC06

lC07

lC08

lC09
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Years in Use

1944 - 1949

1950 - 1957

1958 - 1967

1968 - 1978

1979 - present





3. RESULTS

COHORT DESCRIPTION: A total of 9406 workers were abstracted from MNDOT

records. Of these, 4451 worked less than one year as a HMW and/or LEO or

left MNDOT prior to January 1, 1945 (Figure 3-1). Another 35 workers were

ineligible because they were female and 71 were either duplicate entries or

were never HMWs/LEOs. A total of 4849 workers met all criteria for

eligibility in the study (i.e., they worked at least one year as a HMW

and/or LEO, were male, and worked at least one day after January 1, 1945).

Of the 4849 workers eligible for the study, 211 were initially found

in district records and 4638 from records in St. Paul. The distribution of

workers by the record source in which they were initially found is given" in

Table 3-1. It should be recalled, however, that district records were

reviewed last and only newly identified HMWs or new information on

previously identified HMWs were abstracted from them. The largest number of

workers were located in microfiche records, followed by active records,

inactive records, and finally district records.

The distribution of workers by the first district in which they worked

is given in Table 3-2. The largest number of workers started in Golden

Valley, and the fewest number of workers started in the districts of

Crookston and Marshall.

During analysis, two groups served as proxies for potentially

different work experiences: 1) All workers; and 2) HMWonly. The

group of -All workers" included all workers regardless of job

classifications. "HMW only" included those workers who worked strictly in

the HMW classifications throughout their employment. Each of these groups

was subdivided into three subgroups -- state, urban, and rural (Table 3-3).

The state group was the composite of the urban and rural groups. Unless

otherwise specified, all tables and figures refer to ·a11 workers· for the
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entire state. As defined previously, urban workers were those who worked

in Oakdale or Golden Valley and rural workers were defined as those who

worked in all other districts.

Table 3-3 also contains the number of workers, average years worked,

average age started work and the average year workers started employment

with MNDOT. Approximately 1/3 of the cohort was urban and 2/3 of the

cohort was rural. Rural workers in both categories worked longer than

urban workers. They also tended to start work with MNDOT at an older age.

The total persons by age and year of entry into follow-up are given in

Table 3-4. The first date of follow-up was January 1, 1945 or one year

after a worker started at MNDOT. The largest number of workers entered the

cohort during the 1960s and between their 20th and 30th birthdays.

QUALITY CONTROL AND TRACING:

Re-Abstracting: After all routine clerical and computerized data checks

were completed, a stratified random sample of 371 records was evaluated for

data accuracy. The following data items were evaluated: last name,

social security number, date of birth, first date at MNDOT, and last date

at MNDOT. As seen in Table 3-5, there was no field with more than 1.1% of

the abstracts in error and for the last name there were no errors. The

overall error rate was 0.21.

Records Missed: During the tn i t t al review of the first 3 lines of odd

numbered and the last 3 lines of even numbered fiche, 11 workers eligible

for the study were missed (e.g., not abstracted). From the same fiche

lines, a total of 500 HMWs/LEOs were identified. At this stage, it was

estimated that between 1.5% and 2.0% of workers eligible for inclusion in

the cohort were missed and this prompted another complete review. During
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the second review of all active, inactive, and microfiche records, it was

determined that 177 HMWs/lEOs were missed, and of these, 39 were eligible

for the study.

During a final review, the fourth line of all microfiche and a sample

of inactive and active records were reviewed and no eligible workers were

missed. During this final random sample, 293 workers were evaluated, 185

were determined to be eligible for the study, and none were missed. Based

on existing records the cohort was judged to be more than 99% complete,

(I.e., over 99% of records of HMWs were included in this study).

District Record Comparisons: A cross-comparison was made between MNDOT

(St. Paul) and district records (Table 3-6). All records from St. Paul

were evaluated as having been found, not found, or updated. Found meant

a record was located, but no new data were added; not found meant a record

from St. Paul was not found among the district records; and updated meant

new data were added. As seen in th is tab1e, 39.6% of records were found

and needed no change, 50% were not found and 10.4% were updated.

Record (Cohort) Completeness: In a review of 158 randomly selected

records from MSRS, 134 (85%) out of 158 MNDOT workers were employed

sometime after January 1, 1945 A total of 70 (52%) of these 134 worked

one or more years after January 1, 1945. Of these 70 workers, 61 ($7%)

were located in MNDOT records (Table 3-7). This 87% is, for two reasons, a

low (worst case) estimate of cohort completeness: 1) It was unknown if a

worker with department code 79 was a HMW or held another position within

the MNDOT; and 2) When district records were sent by the MNDOT to the MDH,

it was primarily records for maintenance districts that were sent. Thus,

when a comparison was made between MSRS and MNDOT as many as two-thirds of

district records may not have been evaluated.
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Tracing: Figure 3-2 shows the results of cohort tracing. A total of 4326

(89.2%) of 4849 workers were sent to the Social Security Administration

(SSA), and 0 f tho se sent , 1078 (24.9%) werei dent i fie d as deceased, 13 3

(3.1%) were not located, and 3115 (72.0%) were determined to be al ive. A

total of 523 (10.8%) of the 4849 workers were not sent to the SSA. For

those not sent to the SSA, 418 (79.9%) were deceased, 16 (3.1%) had an

unknown vital status, and 89 (17.0%) were al ive. Thus, vital status was

determined for 4831 (99.6%) out of 4849 workers. The methods used to

det er min e the vi tal stat us 0 f w0 r ker s not sent toor not f ound by the SSA

are also shown in Figure 3-2. In general, a comprehensive search of

Minnesota death certificates was the most useful means of locating deceased

cohort members. Either telephone tracing or motor vehicle records was the

most useful means for locating 1iving cohort members who were not

identified by the SSA or had no social security number.

COHORT MORTALITY: As described in the methods section, the standardized

mortality ratio or SMR is the ratio of observed deaths for a given cause

to the expected number of deaths for that cause. The expected number of

deaths was based on the mortality experience of other white Minnesota

males of the same age and time period.

An SMR may be interpreted as follows: An SMR of 1.0 means that the

observed number and expected number of deaths were equal. An SMR greater

than 1.0 means that more deaths occurred than were expected, and an SMR

1ess than 1.0 means that fewer deaths occurred than were expected. For

example, an SMR of 1.2 means that 20% more deaths occurred than were

expected, while an SMR of 0.7 indicates that there was a 30% deficit in the

observed number of deaths compared to other Minnesotans.
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The overall SMR in this cohort for all causes of death was 0.91 (Table

3-8). There were 1530 deaths among the 4849 HMWs during the forty-year

period of study while 1676 deaths were expected. In other words, 146 fewer

deaths occurred than were predicted. All three major categories of death

contributed to this deficit. The SMR for all cancer deaths was 0.84 with a

deficit of 54 deaths; the SMR for all heart disease was 0.93 with a deficit

of 50 deaths and the SMR for cerebrovascul ar di sease (e.g., stroke) was

0.80 with a d-eficit of 32 deaths.

It is common to fi nd a lowered overall mortal i ty when compari ng an

employed population to the general population. T~e factors which operate

to exclude the less robust, less healthy members of a population from a

work force is referred to as the "healthy worker effect." More will be

said about this effect and its implications for the HMW study in the

following discussion se~tion.

As described in section 2, several subcohorts and corresponding

comparison populations of HMWs were used in this study. Table 3-9 contains

a summary of the overall SMRs for selected causes of death for all workers

and "HMWs only" for the entire state, urban and rural regions. Each of

the listed causes of death is explored in more detail below. The SMRs for

all causes of death are listed in Appendix A-5.

The number of deaths (in parentheses in Table 3-9) become fairly small

when distributed into these categories. Almost all of the summary SMRs in

Tabl e 3-9 range between 0.7 and 1.5. As a summary, the overall SMR may

conceal substantial variation and information that is required for the

interpretation of the HMW mortality experience. In addition, finding an

SMR greater than 1.0 (or less than 1.0) does not imply that a true excess

(deficit) exists, since some variation was expected on the basis of chance

alone. For these reasons, overall SMRs may not be very informative. The

3-5



interpretation of the SMR is examined in more detail in the discussion

section.

The tables presented in this report were selected from nearly 6,000

tables. A summary table was presented for all major categories of death.

Several criteria were used to determine which other tables to present. If

a particular cause of death was of interest before the study was conducted,

it was automatically included. These causes included leukemia,

pneumoconioses, accidents, and soft tissue cancers. If a cause of death

had a summary (marginal) SMR that was significantly elevated or an SMR that

increased with an increasing number of years worked, it was included. If a

single result within a table was significantly elevated and that result

contained 3 or more death~, the table containing that result was included.

In presenting the analytic results, all SMRs were recorded to one

decimal place for. clarity, 95% confidence intervals for the marginal

totals are given, and specific SMRs that were statistically significant at

the 0.05 and 0.01 levels are noted. Due to rounding, the 95% confidence

i nterv a1s may appear to i ncl ude 1.0 when the sign i fi cance of the SMR was

at the 0.05 1evel.

All Causes of Death (Table 3-10): As indicated above, the overall SMR for

all causes of death was 0.9. This SMR was significant at the 0.01 level

and the reduced mortality experience was independent of the number of years

worked. The HMWs that started work in 1955-1964 were the only group that

experienced a small (nonsignificant) excess mortality (SMR a 1.1).

All Cancer (Table 3-11): There were 278 cancer deaths. The overall SMR

for all cancer deaths was 0.8 (p-: 0.01). There was no evidence of the SMR

increasing with an increasing number of years worked or increasing latency.
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The only time period for starting work for which the all cancer SMR was

elevated was 1955-1964 with an SMR of 1.1.

Cancer of the ~outh ans! fhannx 1.!ab~ ~.:lll: There were 7 deaths from

thi s cause. Those who worked 40 or more years had an SMR of 11.1(p <

0.05). There were 2 deaths in this subgroup, and all of the risk was

incurred by men starting work in the years 1900-1924. No elevations of the

SMRs were found in men worki ng 40 or more years who started work after

1925.

Cancer of the Digestive System (Table 3-13): This category included cancer

of the esophagus, stomach, i ntest i nes, rectum, 1iver, and pancreas. The

overall SMR was 0.8 with a total of 90 deaths. None of the SMRs for thi s

general category were significantly elevated and no trend with increasing

number of years work was observed.

For mortality due to intestinal cancer, the picture was very similar

(Table 3-14). The SMR for all workers was 0.9 based on 30 deaths and there

was no pattern of an increasing SMR with number of years worked or year

started work.

Urban workers had a somewhat different profile (Table 3-15). Their

overall SMR was 1.4 based on 11 deaths. For urban workers with 40-49 years

of 1ate ncy, the re was an SMR 0 f 5.8 (p<0.05) based 0 n 3 deat hs. A11 3 0 f

these deaths were.due to colon cancer. Workers who started in 1935-1944

were the sole contributors to this SMR. There was some evidence of an

increasing SMR with increasing latency.

Cancer of the Respiratory System (Table 3-16): The HMWs had an SMR of 0.7

(p< 0.05) for 1ung cancer mortal i ty and other cancers of the resp i ratory

system. There was no trend of an increasing SMR with length of work or
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with year started. Decreased respiratory cancer mortal ity was seen for

both urban and rural highway maintenance workers as well.

Cancer of the Male Genital Organs (Table 3-17): Overall mortality due to

cancer of the testi s and prostate was not elevated (SMR = 1.0). However,

based on 13 deaths, workers starting in 1955-1964 had a significantly

elevated SMR of 3.3 (p< 0.01). As seen in Table 3-18, this increase was

due to deaths from prostatic cancer. Table 3-19 demonstrates that the

increase in prostatic cancer mortality was due to workers who started in

1955-1964 at the age of 40 or older. Curiously, men who started between

1935-1944 at the age of 40 or older had a significantly reduced SMR of 0.5

(p < 0.05).

Cancer of the Urinary Organs (Table 3-20): Cancers of the kidney, bladder,

and other ur i nary organs had an SMR of 0.9 based on 19 deaths. No trends

in the SMRs were apparent. However, based on 7 deaths, workers with 40-49

years of latency had an SMR of 2.9 (p<O.OS) (Table 3-21). This was due to

workers who started in 1935-1944 who had an SMR of 6.6 (p< 0.01). A

nonsignificantly elevated SMR of 1.7 was found for workers who started

1925-1934. The increased SMR for workers with 40-49 years latency was

contributed to by both kidney (Table 3-22) and bladder cancers (Table 3­

23). The 6.4 SMR for bladder cancer for workers starting in 1935-1944 who

al so had 40-49 years latency was significant (p< 0.05). SMRs did not

increase with the number of years worked for either kidney or bladder

cancer. A description of the urinary cancers is given in Table 3-24.
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Cancer Qf Connective !nd ~of! Tigue iIabl! 1:.ill: There were 2 deaths

incorrectly coded as soft tissue cancers. Both were mesotheliomas and

should have been coded to cancer of the respiratory system (Table 3-26).

Cancer of He!!!!toQ.Q.ietif ~yste!!! (Table ~.:ill: This category included the

leukemias, lymphomas, Hodgkin's disease, and multiple myeloma. There were

34 deaths in this category with an overall SMR of 1.0. Based on 9 deaths,

there was a significantly elevated SMR of 2.4 (p<0.05) for individuals

with 30-39 years of work experience. There was also a trend of increasing

SMR with an increasing number of years worked.

There were 17 deaths from all leukemias during the 40 year follow-up

(Table 3-28). The overall SMR was 1.1 and all of the deaths occurred in

the last two decades (e.g., 1965-1974 and 1975-1984) with identical SMRs of

1.5. For the first 20 years, 4.7 deaths were expected and none occurred.

There was no age predilection for leukemia mortality.

The increased SMR for hematopoietic malignancies seen in Table 3-27 is

almost completely due to workers with 30-39 years of work experience that

died of leukemias (Table 3-29). Based on 7 deaths, these workers had an

SMR of 4.2 (p<O.Ol) with contributions to this SMR from the workers that

started in 1900-1924, 1925-1934, and 1935-1944. No deaths were observed

for workers who started in 1945-1954; however, only 0.1 death was expected.

No deaths were observed for workers with less than 5 years of experience

while 3.3 deaths were expected. There was little evidence of an increasing

SMR trend for leukemia with increasing years of work.

A similar picture of elevated leukemia mortality existed for both

urban and rural workers. For workers with 30-39 years of work experience,

the urban SMR was 16.0 (p< 0.01) (Table 3-30), based on 3 deaths and the

rural SMR was 2.8 based on 4 deaths (Table 3-31). For workers that had
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only HMW experience, 1 death occurred in individuals with 30-39 years of

work. For all workers, t here was little indication of an increasing SMR

trend with latency (Table 3-32).

Table 3-33 contains a detailed description of the 17 workers that died

of leukemia. When the 4 leukemia deaths included in this study that were

part of the reported Wheaton c1 uster were exc1 uded, the SMR for the workers

with 30-39 years work experience was still 4.2. None of the 4 Wheaton

workers worked more than 29 years. Epidemiologically, the Wheaton cluster

did not contribute to the high risk profile for leukemia mortality. The

di st ri but i on of 1eukem i a deaths by type of 1eukem i a for both the ent ire

cohort and for workers with 30-39 years of experience, was similar to the

expected distribution based on national statistics (p>O.l).

The end of follow-up for this study was December 31, 1984. Deaths

that occurred before this date were actively traced. During this tracing,
".

deaths that occurred after December 31, 1984 were occasionally found and

their documentation filed for later updates. Therefore, knowledge of the

mortality experience of all workers after 1984 ts incomplete. However,

two additional leukemia deaths were identified among those who were known

to have died after 1984. One person worked 32 years and started in the

period 1945-1954. Another worked 19 years and started in the same time

peri od. Using these data, it was possible, in a conservative manner, to

update the leukemia mortality.

Assuming no other leukemia deaths occurred (which is not known) and

that all workers alive on December 31, 1984 were also alive as of December

31, 1986 (which is certainly not true) estimates of the smallest SMRs for

leukemia deaths for workers with 30-39 years of work experience were

calculated (Table 3-34). The true SMRs must be larger since the number of

leukemia deaths was at least 1 and the expected number of deaths was
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inflated by assuming all workers lived another 2 years. The estimates of

"Table 3-34 indicate that the leukemia risk has not subsided for HMWs with

30-39 years of work.

Diabetes (Table 3-35): There were 30 deaths due to diabetes mellitus with

an overall SMR of 1.2. For the years 1965-1974, 18 deaths occurred

resul t i ng in an SMR of 2.1 (p< 0.01) for these years. There were no

indications of a relationship between deaths due to diabetes and the number

of years worked or the year start~d work (Table 3-36). The overall SMR for

urban workers was 1.9, and for rural workers the overall SMR was 1.0 (Table

3-9). For all workers for the years 1965-1974, the SMR for urban workers

was 3.3 (p« 0.05) and the SHR for rural workers was 1.8.

Diseases of the Blood Forming Organs (Table 3-37): This category contains
.

causes of death due to anemias and coagulation disorders. Five d~aths

occurred with a resultant SHR of 1.1. Two of these five deaths were

aplastic anemias. One worker had 39 years of HMW experience and the other

had 24 years of experience.

Diseases of the Nervous System and Sense Organs (Table ~~~: This

category contains multiple sclerosis and other degenerative nervous system

conditions. Fourteen deaths were observed and the overall SMR was 0.8.

There were no trends in the SMRs with length of work or year started work.

Diseases of the Heart (Table 3-39): Diseases of the heart is a"large

category containing the most common causes of death for Minnesota males.

For the HHW cohort, 677 out of 1530 deaths (44%) were attributed to heart

disease. The overall SMR was 0.9 and several statistically significant (p<

0~05) excesses and deficits were noted (Table 3-39). The 2.0 SMR for
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workers that started in 1925-1934 and worked more than 40 years was due to

ischemic heart disease (Table 3-40). Both urban and rural workers had

similar patterns of ischemic heart disease (heart attack) mortality.

Chronic endocardial disease (disease of the heart valves) was listed

as the cause of death for 10 workers (Table 3-41). These cases are 1isted

in Table 3-42. The overall SMR was 1.6 with the major contribution coming

from HMWs who had worked 10-19 years. For these workers, based on 6

deaths, the SMR was 3.4 (p <0.05). All of the increased ri sk was accounted

for by workers star~ing in 1925-1954. Since that time, no deaths have

occurred in workers with 10-19 years experience. Table 3-43 demonstrates

that this increased SMR was accounted for by workers starting after they

were 40 years old. For this group, the SMR was 5.1 (p<O.OI). Identical

patterns of mortality for chronic endocardial disease were observed for

urban and rural workers (Tabl e 3-9).

Di seases ~f the Ci rcul atory System (Table 3-44): Di seases of the

circulatory system included cerebrovascular disease (stroke) and

arteriosclerosis. The overall SMR was 0.8 based on 189 deaths (p< .05).

The SMRs for the men that worked 30-39 years was 0.6, and the SMR for the

men that started work in 1945-1954 was 0.7. Both of the latter SMRs were

significantly reduced (p< 0.05). For diseases of the arteries and veins

(e.g., pulmonary emboli and aneurism), the overall SMR was 1.1 with an

urban SMR of 0.6 and rural SMR .of 1.4 (Table 3-9). Workers that started in

the years 1900-1924 with 50 or more years latency had an SMR of 4.2 (p<

0.05) based on 4 deaths (Table 3-45).

Diseases of the Respiratory Sxstem (Table 3-46): This category includes

influenza, pneumonia, bronchitis, emphysema, and pneumoconioses (dust

related lung diseases)~ There were 107 deaths in this category and the
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overall SMR was 1.0. There were no trends of the SMRs with number of years

worked or the year started work. The overall SMR for emphysema was 0.94,

for chronic bronchitis the SMR was 1.5, (Table 3-9) and for fibrotic and

other 1ung di seases the SMR was 1.1 (Tabl e 3-47). Of the 30 deaths in

this latter category, 24 could be classified as chronic obstructive lung

disease and 3 as pulmonary fibrosis (Table 3-48). Based on 8 deaths, the

SMR for workers with 30-39 years of experience was 2.1 and this increase

was restricted to the years of starting work from 1900-1944.

Diseases of the Digestive System (Table 3-49): Diseases of the digestive

system-included deaths due to ulcers, intestinal obstruction, and cirrhosis

of the 1iver. The overall SMR was 0.8 based on 53 deaths. For workers

starting in 1935-1944 with 20-29 years of experience, the SMR was 2.4 (pc

0.05) while for all workers starting in 1925-1934, the SMR was only 0.1 (p<

0.01). The overall SMR for cirrhosis was 0.8 (Table 3-9).

Diseases of the Genito-Urinar~ System (Table 3-50): Diseases of the

geni to-uri nary system consi sted pri marily of deaths due to renal fa i1 ure

and infect ions of the uri nary tract. The overall SMR was 0.8 based on 17

deaths. Nearly half of these deaths were due to chronic renal failure

(Table 3-51). The largest increase was seen in rural workers (Table 3-52).

Based on 3 deaths, workers with 50 or more years of 1atency had an SMR of

6.6 (p< 0.05). In addition, the SMRs were 0.0, 0.6, 1.3, and 1.8 for the

decades 1945-1954, 1955-1964, 1965-1974, and 1975-1984, respectively. A

description of the 8 deaths coded to chronic renal failure is given in

Tabl e 3-53.
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Diseases of the Musculoskeletal Syste~ and Connective Tissue (Table 3-54):

This category of diseases included arthritis and osteomyelitis (bone

infections). Five deaths occurred in this category. The overall SMR was

1.5.

Accidents (Table 3-55): Accidents included deaths due to falls, poisoning,

transportation mishaps, and other injuries. There were 97 deaths listed as

accidents and the overall SMR was 1.2. There was an indication of an

increasing SMR with the later years of starting work.

The overall SMR for deaths due to transportation accidents (e.g.,

boat, automobile, truck) was 1.4 (p<.05) (Table 3-56). Of the 53 deaths,

14 were determined from the death certificate to have occurred at work

(Table 3-57). There was a trend of increasing SMR with the later years of

starting work. However, Table 3-56 conceals several different trends; 1)

. The overall SMR for urban workers was higher than for rural workers. For

urban workers, the SMR was 2.2 (p< 0.01) and for rural workers, the SMR was

1.1 (Table 3-9); 2) For urban workers 10 out of 17 deaths occurred among

workers with less than 5 years experience (Table 3-58), (SMR = 2.8, p<

0.05); 3) In contrast, based on 6 deaths, rural workers with 30-39 years

experi ence had an SMR of 3.2 (p< 0.05) Thislatter excess was accounted

for by the experience of highway maintenance workers that started work in

the period 1900-1944; and 4) There was an increasing trend of the SMRs

for urban workers the later the decade of death. The SMRs for urban

workers were 0.0, 0.7, 2.3, 3.8, (p< 0.01) for the years 1945-1954, 1955­

1964, 1965-1974, and 1975-1984, respectively. This trend was not seen for

rural workers.

For urban workers that were "HMWs only," there was a similar but more

pronounced mortality trend with the year started work (Table 3-59). The
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overall SMR for these workers was 3.3 (p< 0.01). The SMRs for these

workers for the decades 1945-1954, 1955-1964, 1965-1974, and 1975-1984 were

1.4, 2.6, 5.0, and 21.4, respectively. For these same time periods,

workers with less than 5 years of experience had SMRs of 0.0, 2.6, 4.7, and

24.1. Neither of these trends was seen for rural "HMWs only."

The overall SMR for "other" accidents (e.g., fall s, drowni nq ,

el ectrocut i on) was 1.0 for the ent ire cohort, based on 44 deaths. There

was no difference between all urban and all rural workers. The SMR

increased to 1.2 when restricted to urban HMWs and to 1.1 for rural HWMs

(Table 3-9). No trend was seen for age or decade in which a person started

work or the total number- of years worked (Tables 3-60,3-61). Table 3-62

lists these individual deaths by cause. Ten of these deaths were reported

on the death certificate to have occurred at work with the MNOOT.

Violence (Table 3-63): Violent deaths consisted of suicide and homicide.

The overall SMR was 0.6 (p< 0.05) based on 16 deaths. The SMRs for year

started work and length of work were all low.

Tuberculosis (Table 3-64): The SMR for tuberculosis was 0.8 based on 5

deaths.

ENVIRONMENTAL MONITORING: The results of environmental monitoring

conducted for numerous substances between July 1981 and March 1985 are

presented in Table 3-65. This monitoring evaluated a variety of processes

in a variety of settfngs. None of the levels seen in the table exceeded

OSHA guidelines. The petroluem distillate level of 1107 mg/m3 (March 1985)

was a sample obtained during the heating of asphalt. The area sampled was

six inches downwind from the kettle hatch opening. The level obtained was

slightly over one half of the threshold limit value (TLV).
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Tables 3-66 through 3-69 show the results of environmental monitoring

for March 27, 1986. These data are expressed in parts per million (ppm) in

Tables 3-67 and 3-70. The TWA represents the average exposure over a

period of time. None of the levels detected exceeded OSHA gUidelines.

Tabl e 3-70 gi ves the resul ts of moni tori ng for xyl ene and petrol eum

distillates obtained from a sign shop during a silk screening process. The

levels detected were well below OSHA guidelines. Table 3-71 shows the

results of monitoring during a paving operation. Benzene, n-hexane, and

chlorobenzene were not detected during this sampling. Breathing zone

samples collected on a paving operator and a screen operator also failed to

detect pyren~, benz(a)pyrene, chrysene, dodecane, terphenyl and hydrogen

sulfide.

The results of analysis of bulk samples of asphalt are presented in

Table 3-72.. These samples were analyzed in late 1984. Bulk samples of MC­

70 Tack Coat and 23/41 modified bitumen with AC 85/200 penetrating oil

coll ected in 1986 had no detectabl e 1evel s of benz(a)pyrene,

benz(a)anthracene, pyrene, and chrysene. The MC-70 Tack Coat, however,

contained 13,100 ppm of dodecane. No standard for dodecane has been

established.
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Figure 3-1 Determination of Cohort Eligibility
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FIgure 3-2 vtt el Status end Record Source
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Table 3-1. Distribution of Eligible Workers by Record Source

RECORD SOURCE

MICROFICHE
INACTIVE
ACTIVE PAYROLL
DISTRICT ARCHIVES

TOTAL

NUMBER PERCENT

2417 49.8
705 14.5

1516 31.3
211 4.4

4849 100.0
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Table 3-2. Distribution of Workers by the First Maintenance District in
Which They Worked

FIRST WORK
NAME DISTRICT NUMBER PERCENT

Duluth 1A 419 8.6
Virginia IB 286 5.9
Bemidji 2A 183 3.8
Crookston 2B 173 3.6
Brainerd 3A 216 4.5
St. Cloud 3B 251 5.2
Detroit Lakes 4A 222 4.6
Morris 4B 181 3.7
Golden Valley SA 799 16.5
Rochester 6A 296 6.1
Owatonna 68 293 6.0
Mankato 7A 234 4.8
Windom 78 213 4.4
Wilmar 8A 177 3.6
Marshall 88 173 3.6
Oakdale 9A 709 14.6
Unknown 99 24 0.5

TOTAL 4849 100.0
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Table 3-3. Deecr1ptiOD of IIJ&bway Maintenance Worker Cobort

Years Beginning
Worked Age Ending Age

tluaber of Hean tlean tlean Year Started Year Ended Person Years
Subgroup Workers (SE)iJ (SE) ... (SE) Hean Hean of Follow-Up

All (State) 4849 13.9 35.3 49.9 1951 1912 96,561
(.15) ( .11) ( .21)

All (Urball) 1508 11.3 ]4.1 46.5 1963 1974 25,811
(.22) ( .32) ( .38)

w All (Rural) 3341 15.1 35.5 51.5 1955 1911 10,150
• ( .19) ( .20) (.24)N
~

HHW Only (State) 2094 8.5 37.9 47.0 1959 1968 38,150
( .16) (.28) (.34)

JlHW Only (Urban) 818 7.6 36.5 44.5 1964 1912 1],001
( .21) ( .48) ( .56)

H.~ Only (Rural) 1216 9.1 38.1 48.6 1956 1966 25,1lj9
( .22) (.35) ( .43)

/I SE = Standard Error



Table 3-'. Total Peraoae b,. Aae and Year or Entry into Follow-Up

YEAR

Age 19..5 1950 1955 1960 1965 1910 1915 1980 TOTAL

20 21 25 18 62 99 39 28 9 301

w 20 - 29 168 10 93 175 326 236 192 18 1338
I

N
N 30 - 39 3.... 11 101 111 236 10" 69 58 1168

"0 - "9 "93 19 93 161 2!10 62 39 16 1183

50 - 59 389 5" "1 65 90 29 11 8 693

60 + 111 8 17 11 10 0 2 1 166

TOTAL 1532 313 369 651 1003 "10 341 110 11849



Table 3-5. Abstract Error Rate for Selected Data Items

Data Item Number of Errors % Error (N = 371)

Last Name 0 0.0

Social Security Number 1 0.3

Date of Birth 2 0.5

First Date at MNDOT 4 1.1

Last date at MNDOT 1 0.3

TOTAL 8 0.2
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Table 3-6. Co.parison of Work Records Abstracted at MNooT
(St. Paul) to District Records

Number of Records
District* Found Not Found Updated

lA 128 156 57
18 104 122 53
2A 93 67 16
28 35 91 41
3A 107 62 41
38 13 206 05
4A 87 89 29
48 70 63 37
5A 403 299 78
6A 132 112 46
68 130 149 10
7A 61 162 08
78 32 172 06
8A 30 144 03
88 75 77 16
9A 304 304 28

Total** (%) 1804(39.6) 2275(50.0) 474(10.4)

* See Table 3-2 for Name of Districts
** This number does not represent the entire cohort.
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Table 3-7. Nu.ber of "NOOT Workers Abstracted fro. the MSRS and located in
MHOOT Personnel Records - for Workers leaving State Service
1945-1984 and who Worked One or More Years (MSRS Department Code
= 79)1

Found in the MNDOT
Records

Total Work Time Yes No Percent
(Years) Found

1 - 2 3 4 43

2 - 5 7 1 88

5 - 10 7 2 78

10 + 44 2 96

Total 61 9 87

# At the MSRS, no method exis~ed to distinguish between workers who were
HMW s and those employed in other jobs.
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Tabla 3-8. Sua.a.., StaDel.rdi.ed Mortalit, Ratioe (SHR) aDd ProporUooal Hortalit, RaUos (PHI)

Cause oC Death Number oC Deaths S~lIl PHR Adjusted PHR*

(99)+ Tuberculosis 5 0.19 1.01 0.91
(100) Cancer of Houth and Pharynx 1 0.88 0.95 0.86
(8) StOlD8ch Cancer 23 0.91 1.011 0.95
(9) Intestinal Cancer 30 0.86 0.93 0.85
(13) Pancraatic Cancer 11 0.89 0.96 0.81
( 101) All Gastrointestinal Cancer 90 0.82 0.91 0.83
(16) Cancer oC Lung and Bronchus 54 0.69 0.13 0.66
(102) All Respiratory Cancer 51 0.69 0.13 0.63
(23) Prostatic Cancer 38 1.00 1.08 0.98
(105) All Hale Genital Cancer 41 1.04 1.12 1.02
(21) Bladder Cancer 12 1.09 1.19 1.08
( 106) All Urinary Cancer 19 0.92 1.00 0.91
(35) SoCt and Connective Tiasue Cancer 2 1.1&1 1.48 1.35

w (39) Leukemia 17 1.01 1.16 1.06
I

N (108) All Hemolymphatic Cancer 34 0.95 1.02 0.93
m (127 ) All Cancar 218 0.81& 0.91 0.83

(45) Diabetes .~llitus 30 1.20 1.31 1.19
( 111) Anemias 5 1.14 1.21& 1.13
(50) Alcohol1S11l " 0.96 1.05 0.96
(54) Rheuaatic Heart Diaeaae 14 0.91 1.06 0.96
(55) Ischemic Heart Disease 601 0.96 1.05 0.96
(56) Chronic Endocardial Diaease 10 1.62 1.88 1.11
(1111) All Heart Diaease 611 0.93 1.03 0.94
(60 Cerebrovascular Diaease nO 0.80 0.89 0.81
(62) Diseases of Arteries and Veins 31 1.13 1.22 1.11
(66) Penumonia 1&1 0.93 1.02 0.93
(61 ) Chronio Bronohitis 1 1.41 1.63 1.48
(68) [mphyse!:la 19 • 0.91& 1.02 0.93
(10) Fibrotic and Other Lung Diseases 30 1.08 1.13 1.03
(73) Cirrhosis 19 0.19 0.86 0.18
(16) Chronic Renal Failure 6 1.06 1.20 1.09
(90) Transportation Accidents 53 1.38 1.41 1.34
(92) Accidental Falls 13 0.63 0.92 0.85
(93) Other Accidents 1111 1.05 1.41 1.28
(95) Suicide 15 0.59 0.64 0.58
(125) 111 Causes of Death 1530 0.91 1.00 0.91

-------

... H.O. R.T. AL. Code. See Appendix A-3.
* PHR for all causes of death must be 1.00. for compar-Lson to St-lR, PHil mu s t be ad ju s t cd by

nJultiplying PHR by 0.91.



Table 3-9. Suaaary Observed to Expected Ratios tor Select"- tauaes ot Deatb. MiDDeaota Il1&bway Haiotenance Workers (OHII)
191J5-19a-

Obser'ved to Expected t-fortality Ratios

All Workers++ __ _______~H~H~W~O~n!.lx..y...... _

CauDe of Death
State

( 1/:1181&9)
Urban

01:1508)
Rural

01=351&0
State

(N=2094 )
Urban Rural

( N= 81 8 ) ( t1= 1216 )

---------~------------_._--- .. _-- _._- -------

W
I

N......

(99)'
( 100)
(8)
(9)
( 1])

(100
(16)
( 102)
(23)
(105)
(21 )
(106 )
(]5)
(39)
(108)
(127 )
(115)
(110
(50)
(51&)
(55)
(56)
( 1111)
(60
(62)
(66)
(61 )
(68)
(70)
(73)
(16)
(90)
(92)
(93)
(95)
(125)

Tuberculoais
Cancer ot Hauth and Pharynx
Stomacb Cancer
Intestinal Cancer
Pancreatic Cancer
All Gastrointestinal Cancer
Cancer ot Lung and Brcnchus
All Respiratory Cancer
Prostatic Cancer
All Hale Genital Cancer
Bladder Cancer
All Urinary Cancel'
Soft and Connective Tissue Cancer
Leukemia
All flemolymphatic Cancer
All CADcer
Diabetes t~llitus

Anemias
Alcoholism
Rheumatic fleart Disease
Ischeaic Heart Disease
Chronic Endocardial Disease
All Heart Disease
Cerebrovascular Disease
Diseases of Arteries and Veins
PneWllonia
Chronic Bronchitis
Emphyseaa
Fibrotic and Other Lung Diseases
Cirrhosis
Chronic Renal Failure
Transportation ACCidents
Accidental Falls
Other Accidents
Suicide
All Causes of Death

0.19(5)"
0.88(7 )
0.91(23)
o.86{]0)
0.89(11)
0.82(90)
0.69(511)
0.69(51)
1.00{]8)
1.011(111 )
1.09( 12)
0.92(19)
1.1&1(2)
1 .01 ( 11)
o .95{]1&)
0.84(218)
1.20(]0)
1.14(5)
0.96(11)
0.91(11&)
0.96(600
1.62(10)
0.93(677)
0.80(nO)
1.n{]1)
0.93(1&1 )
1."7(7 )
0.911(19)
1.08(]0)
0.19(19)
1 .06( 8)
1.38(53)
0.83(13)
1 .05( 411)
0.59(15)
0.91(1530)

0.00(0)
a.1I2( 1)
0.85(11)
1.39(10
1.11(5)
0.95(23)
0.611(111)
0.60(14)
1.38(10)
1.32(10)
0.82(2)
1.08(5)
0.00(0)
1.12(1&)
1.00(8)
0.88(69)
1.90(~lj

1.01( 1)
o .80( 1)
0.85{])
1.03(1'10
1.61(2)
1.02( 158)
0.86(25)
0.61(5)
0.32{])
o.sat 1)
1.02(5)
1.31(9)
1.011(8)
1.1&0(2)
2.23(11)
0.11(3)
0.98(9)
0.6 H 4)
0.96<354 )

1 .20( 5)
1.22(6)
0.92(19)
0.13(19)
0.85(12)
0.81(61)
0.18(40)
0.19(113)
0.91(28)
0.91(31)
1.22(10)
0.9Hll&)
1.91(2)
1.01( 1])
0.95(26)
0.86(209)
1.03(20)
1.16(11)
1.12{])
0.99(11)
0.91( ..60)
1.61(8)
0.9"(519)
0.18(105)
1."'{]2)
1.16(38)
1.72(6)
0.98(1'&)
1 .06( 21)
0.18(11)
0.91(6)
1.13(36)
0.93(10)
1.07(35)
0.57(11)
o.93( 1116)

o .39( 1)
0.86(3 )
1 .06 ( 12)
1.16(16)
1.06(9)
1.09(53)
0.65(29)
0.83(30)
1.20(21)
1.22(22)
1.00(5)
0.65(6)
0.00(0)
0.12(5)
0.70(11)
0.94(138)
1.18(13)
a .51C 1)
1.11(2)
0.61(4)
1.00(218)
2.19(6)
0.98(16)
0.90(61)
0.69(13)
1.00(20)
1.86(4)
0.55(5)
1.13(1")
0.90(9)
0.6H2)
1 .7l{ 27>
0.57(4)
1.12(20)
0.71(8)
0.99(732)

0.00(0)
0.00(0)
1.10(3)
1.52(7 )
0.76(2)
1.00(14)
0.80(10)
0.75(10)
1.58(7 )
1.52(7)
0.68(1)
0.14(2)
0.00(0)
0.49(1)
0.660)
0.90(41)
1.65(5)
1.83(1)
0.00(0)
1.5H3)
1.08(86)
1.47( 0
1.06(96)
0.9H16)
0.4H2)
0.18(1)
0.00(0)
0.99<3 )
1.24(5)
1.23(5)
1.24(1)
3.30(13)
0.45(1)
1.20(6)
1.18(4)
1.02(218)

a .63( 1)
1.52{])
1.04(9)'
1.04(11)
1.23<7 )
1.15(]9)
0.93(19)
0.92(20)
1 .01 ( 14)
1.11(15)
1.18(4)
0.63(4)
0.00(0)
0.8H4)
0.73(8)
0.98(97)
1.01(8)
0.00(0)
1.97(2)
o .23( 1)
0.96(192)
2.43(5)
0.97(220)
0.69(5))
1.19(1))
1.31(19)
2.78(4)
0.34(2)
1.11(9)
0.73(4)
o.40( 1)
1 • lBC 14)
0.61(J)
1.0g( 14)
0.56(1j)
0.99(511j)

• See Appendix A-5 1'01' complete sumnar-y ,
I H.O.R.T.AL. Code. See Appendix A-3.
++ "All \/orkor'slt ar-e mlU that worked in job~ other than those defined as highway maintenance uork .

nlll-lW only" are individuals that spent all of their employoent 1n highway maintenance wOI'k.
See Table 2-2 for detailed definition of job c a t egorLeu •

•• Ob s er-v ed !lumber of deaths.



Table 3-U). Ratio or {It..." .. Deatbs to EJlpected .....ber or Deaths by Ye.. Started Work and ....ber of Years Worked for All Causes

NUilber of Years Worked

Year Started o - .. 5 - 9 10 - 19 20 - 29 30 - 39 110. Total (95~ Confidence Interval)

1900 - 19211 O.O( 0>+ O.O( 0) O.O( 0) 0.8(26 ) 0.9(113 ) 0.5(3)" 0.1(82)" ( 0.6. 0.1)

1925 - 19311 0.11( 1) 0.9 ( 3) 0.1 (31)' 0.9(15) 0.8(15) 1.2(21) 0.9 (252)· ( 0.8. 1. 0)

1935 - 191111 1.0(39) 0.8(111)' 0.9097> 1.1(119) 1. 2(33) O.O( 0) 1.0(605) ( 0.9. 1. 1)

W
I 19115 - 1951& 0.9 (65) 0.8 (1&6) 0.8 (85)· 0.1 (30· 0.6 ( II) --- 0.8 (231)" ( 0.1. 0.9)

N
ce

1955 - 1961& 1.1(13) 1.0(63) r. 1(86) 1.3(20) --- --- 1. 1(2112) ( 1.0. 1. 2)

1965 - 1911& 0.9(1&3) 0.901& ) 1.1 (36) --- --- --- 1.0(113) ( 0.8, 1.2)

1915 - 19811 1.0( 5) O.O( 0) --- --- --- --- 0.8( 5) ( 0.3, 1.9)

TOTAL 1.0 (326) 0.9 (263)' 0.9(1&111)1 0.9011 ) 0.9 (155 ) 0.8 <31&) 0.9(1530)"

(951 Confidence
Interval) ( 0.9, 1.1) (0.8, 1.0) ( 0.8, 1.0) ( 0.8, 1.0) (0.8, 1.0) ( 0.6, 1.1> ( 0.8, 0.9)

+ Number in parentheses is the nllllber of observed deaths

• p <0.05
II p<O.Ol



Table 3-10. bUo or Ob.....ed Deatba to Expected lIu.ber or Deatba b, 'ear Started Vork aad ••ber or Yeara Worked ror 111 Causes

------ -------

Number of Years Worked

- -

Year Star'ted 0-_ 5 - 9 10 - 19 20 - 29 30 - 39 110+ Total (95' Confidence Interval)

1900 - 192" O.O( 0). O.O( 0) O.O( 0) 0.8(26) 0.9(113) 0.5( 13)" 0.1(82)" ( 0.6, 0.1 )

1925 - 193- O.II( 1) 0.9( 3) 0.1(37)· 0.9(115) 0.9(75) 1.2(21) 0.9(252)· ( 0.8, 1.0)

1935 - 191111 1.0( 139) 0.8(111)· o.9( 191) 1.1(119) 1.2{]3) O.O( 0) 1.0(605) ( 0.9, 1.1)

w 19115 - 19511 0.9(65) 0.8(_6) 0.8(85)· 0.1{]0· 0.6( Jj) --- 0.8(231)" ( 0.1, 0.9)
I

N
(X) 1955 - 196_ 1.0(73 ) 1.1(63) 1.1(86) 1.3(20) --- --- 1.1(242) ( 1.0, 1.2 )

1965 - 19111 0.9{l13) 0.9(3!I) 1.1C36) --- --- --- 1.0(113) ( 0.8, 1.2)

1975 - 19811 1.0( 5) O.O( 0) --- --- --- --- 0.8( 5) ( 0.3, 1.9)

TOTAL 1 .0(]26) 0.9(263)· 0.9{l.1I1)· 0.9{]11) 0.9(155) 0.8011 ) 0.9(1530)"

(95' Confidenoe
Interval) ( 0.9, 1.1) ( 0.8, 1.0) (0.8, 1.0) 0.8, 1.0) ~ 0.8, 1.0) 0.6, 1.1) 0.8,0.9)

+ Uwuber in parentheses is the number of observed deaths
• P<0.05
.. p< 0.01

-------- ------_.-



Table 3-11. Ratio or Observed Deaths to Ezpected luaber or Deaths by Year Started Work and Nu.ber of Years Worked for All Cancers

Number of Years Worked

10 - 19 20 - 29 30 - 39 40+

O.O( 0) 0.7 ( II) O.II( II) 0.6( 3)

O.II( 4) 1.0(22) 1.0(19) 0.3( 1)

0.8<30 ) 0.9(20 ) 1.3( 9) O.OC 0)

0.6(111) 1.1(12) 0.5( 1)

1. 3(25) 1.2( 5)

1.3(11)

0.5(11)- ( 0.2, 0.9)

0.8(46) ( 0.6, 1.1)

0.9(100) ( 0.7, 1.1)

0.7(40)" ( 0.5, 1.0)

1.1(55) ( 0.8, 1. 4)

0.9(25) ( 0.6, 1. 3)

0.9( 1) ( 0.0, 5.0)

0.8(278)"

Year Started o - It 5 - 9

1900 - 19211 O.O( 0)+ O.O( 0)

1925 - 19311 O.O( 0) O.O( 0)

1935 - 19411 1.1(27) 0.6(111)·

1945 - 19511 0.5( 8) O.II( 5)

w
I 1955 - 1964 0.9(12 ) 1.0(13)
N
~

1965 - 19711 0.6( 6) 0.9( 8)

1975 - 1984 1. 1( 1) O.O( 0)

TOTAL 0.6(54) 0.7(40)· 0.9(811) 1.0(63) 0.9(33) O.II( 4)

Total (95J Confidence Interval)

(95J Confidence
Interval> ( 0.6. 1.0) (0.5. 1.0) ( 0.7. 1.1) ( 0.8. 1.3) ( 0.6. 1.3) (0.1. 1.0) (0.7, 0.9)

+ Number in parentheses is the number of observed deaths
- p <0.05
.. p <0.01



Table 3-12. Ratio or Observed Deaths to EJlpected lu.ber or Deaths by Tear Started Work and Nu.ber of Years Worked t or Cancer of
Mouth. Phar,".a. Cavit,

Number of Years Worked

10 - 19 20 - 29 3D - 39 !lD.

O.DC 0) O.D( 0) D.D( D) 2D.6( 2)·.

O.O( D) O.O( 0) O.DC 0) D.D( 0)

1.3( 1) O.D( D) O.D( D) O.D( 0)

D.OC D) D.O( D) O.OC 0)

1.9C 1) O.O( D)

O.O( D)

C 1.3. 40. 1) . ( 0.4. 1 .8)

Year Started 0-11 5 - 9

1900 - 192!1 O.OC 0). O.DC D)

1925 - 193!1 O.DC D) D.DC 0)

1935 - 19!14 1.7C 1) D.D( 0)

·w
19!15 - 1954 D.OC 0) D.D( D)

I
w 1955 - 1964 2.7( 1) D.DC D)a

1965 - 1974 3.4C 1) D.DC 0)

1975 - 198!1 D.D( D) D.D( D)

TOTAL 1.8C 3) D.DC D)

(95S Confidence
Interval) ( O.!I. 5.3)

D.9( "2)

(D.l.3.2)

D.O( 0) D.DC 0) l'.1C 2)·

Total (951 Confidence Interval)

4.8( 2) ( D.6. 11.3)

O.O( 0)

O.B( 2) ( 0.1. 2.9)

O.·O( 0)

1.4( 2) ( 0.2. 5.0)

1.2( 1) ( 0.0. 6.7)

O.O( 0)

0.9( 7>

+ Number in parentheses is the number of observed deaths
• p<D.05
.. p <O.Dl



Table 3-13. Ratio or Observed Deaths to EJlpected luaber or Deaths by Year Started Work and lu.ber of Years Worked for Cancer of
Dileatlve 5yst..

Number of Years Worked

-
10 - 19 20 - 29 30 - 39 40.

O.O( 0) 0.9( 2) O.OC 0) O.D( 0)

D.3( 1) 1.'1(11) 0.9( 5) O.D( 0)

D.7C 9) D.8( 6) LO( 2) O.D( 0)

D.7( 5) D.9( 3) O.O( 0)

D.9C 5) 1.7 ( 2)

2.2( 5)

D.3( 2)- ( 0.0, 1.1)

D.9( 17> ( 0.5, 1. 4)

0.8(34 ) ( 0.6, 1.1)

0.7(13) ( 0.4, 1.2)

1.0( 15) ( 0.6, 1. 6)

1.2( 9) ( 0.6, 2.3)

D.O( 0)

0.8(90)

( 0.6, 1. D)

Year Started 0-4 5 - 9

1900 - 1924 O.O( 0). O.O( 0)

1925 - 1934 O.O( 0) O.O( 0)

1935 - 1944 1.1(10) 0.7( 7).,
., 1945 - 1954 0.6(' 3) 0.5( 2)
~

1955 - 1964 1.0( 4) 1.0( 4)

1965 - 1974 0.7( 2) 0.8( 2)

1975 - 1984 O.O( 0) O.OC 0)

TOTAL 0.9(19) 0.8(15)

(951 Con fide nee
Interval) C 0.5. 1.4) ( 0.4. 1.3)

0.8(25 )

( 0.5, 1.2)

1.1(24)

( 0.7. 1.6)

0.6( 7)

C 0.2, 1.2)

O.O( 0)

Total (95J Confi~ence Interval)

+ Number 1n parentheses 1s the number of observed deaths

- p <0.05
-- p <0.01



Table 3-U. Ratio oC Ob.ened Death. to Expected .....aber oC Deaths by I .... Started Wo", and llUaber ot lears Worked tor Intestinal
Canoer

~umber ot Years Worked

Year Started 0-4 5 - 9 10 - 19 20 - 29 30 - 39 '.0.

1900 - 1924 O.OC 0)+ OoOC 0) OoOC 0) OoOC 0) OoOC 0) O.O( 0)

1925 - 1934 OoOC 0) O.O( 0) O.OC 0) 2.4C 6) o.OC 0) OooC 0)

1935 - 1944 loU 3) 001C 2) 0.7C 3) a08C 2) L4C 1) O.O( 0)
-...,)

I
-...,) 1945 - 195- 001C l) o 08( 1) 009C 2) O.OC 0) O.oC 0)
'V

1955 - 1964 o 08C l) O.B( l) 1.0C 2) 40B( 2)

1965 - 1914 O.oC 0) 1.2C 1) 20]C 2)

1915 - 1984 O.oC 0) OoOC 0)

TOTAL 008C 5) a.BC 5) 009C 9) 104(10) o 03C 1) O.O( 0)

C95~ Confidence
Interval} C 003, 1.9) ( 002, 109) C 004, 1.1) ( 0.7, 2.6) ( 0.0, 101)

• t'umber 1n par-ent.heuea is the number of observed deaths

• p< 0.05
.. p< 0.01

Total (95S Confidence Ln t e rva L)

a .O( 0)

100( 6) ( 0.4, 2.2)

0.9(11) ( 004, 1.6 )

0.6( 4) ( 0.2, 1.5 )

102( 6) ( 0.4, 2.6)

1.1C 3) ( 0.2, 3.2)

O.O( 0)

0.9(30)

0.6, 1.3 )



Table ]-15. RaUo oC ObaerYecl Deatbs to bpeoted Uuaber ot Deatbs bJ lear Started Vork and Latency tor Intestinal C<locer,
Orban Worker.

Latency (years)

-

Year Started 0-4 5 - 9 10 - 19 20 - 29 30 - 39 40 - 49 50+ Total (95% Confidence Interval)

1900 - 1924 --- --- --- O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.oC 0)

1925 - 1934 --- --- O.OC 0) O.O( 0) 3.8( 1) O.O( 0) O.oC 0) 1.2( 1) ( 0.0, 6.7>

w 1935 - 1944 O.O( 0)+ O.O( 0) 2.2( 1) O.O( 0) O.OC 0) 14.9( 3)" --- 2.l( 4) ( 0.6. 5.4)
I
w

1945 - 1954 O.O( 0) O.O( 0) O.O( 0) 1.4C 1) 3.1C 1) 1.2( 2) ( 0.1, 4.3)w --- ---
1955 - 1964 O.O( 0) 3.5( 1) 1 .O( 1) 1.9( 1) --- --- --- 1.6 ( 3) C 0.3. 4.7>

1965 - 1914 O.O( 0) O.O( 0) 1.2( 1) --- --- --- --- 0.7< 1) C 0.0, 3.9)

1915 - 1984 O.O( 0) O.O( 0) --- --- --- --- --- O.oC 0)

TOTAL O.O( 0) loU 1) lo1( 3) 1.0( 2) 1.BC 2) 5.B( 3)· O.o( 0) 1.4(11)

(95% Confidence
Interval) ( --- ) ( 0.0, 6.1) ( 0.2. 3.2) ( 0.1, 3.6) ( 0.2. 6.5) ( 1.2. 11.0) C --- ) ( 0.1. 2.5)

+ tlumber in parentheses 15 the number of observed deaths

• p< 0.05
•• p<O.Ol



Table 3-16. Ratio or (l)serwed Deaths to hpected Nuaber of Deaths by Year Started Work and ....ber of Years Worked for Cancer of the

lesplratory S,stea

Number of Years Worked

0.0 ( 0)

0.6( 7) ( 0.2, 1. 2)

0.9(23) ( 0.6, 1.4)

0.6(10) ( 0.3, 1.1)

0.8 (12) ( 0.4, 1.4)

0.4 ( 4) ( O. 1, 1. 0)

3.0 ( 1) (0.1,16.7>

0.1(57)"

0.5, 0.9)

Year Started 0-1£ 5 - 9 10 - 19 20 - 29 30 - 39 40+

- -
1900 - 1924 O.O( 0)+ 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) D. 0 ( 0)

1925 - 1931£ O.O( 0) O.O( 0) O.O( 0) 0.2( 1) .1.1( s) 0.9( 1)

1935 - 19114 0.9 ( 5) 1.2 ( 5) 0.7( 5) 1.2( 1) o. II ( 1) 0.0 ( 0)

w 1945 - 19511 D.5( 2) 0.4( 1) 0.6( 3) 1.H 4) D.O( 0)
I

W
~ 1955 - 1964 0.8 ( 3) 0.5 ( 2) 0.9 ( 6) 0.1 ( 1)

1965 - 1914 o. 3 ( 1) 1.0( 3) o, D( 0)

1915 - 19811 3.8 ( 1) 0.0 ( 0)

TOTAL 0.1 (12) 0.8(11) 0.6(111)· 0.8(13) 0.6( 6) O. II ( 1)

(951 Confidence
Interval> ( 0.4, 1.2) ( 0.11, 1.q) ( 0.3,. 1.0) ( 0.11, 1.q) ( 0.2, 1.3) ( 0.0, 2.2)

+ Number in parentheses 1s the nLlllber of observed deaths

• p <O.OS
.. P <0.01

Total (95~ Confidence Interval>



Table ]-11. Ratto ot Obael"Yed Deatba to Expected Humber ot Deatba bJ Year Started Work and lluaber ot Years Worked tor Cancer ot tbe
Hale GeD1tal OraUUl

t:umber of Yeal's Worked

Year Started 0-" 5 - 9 10 - 19 20 - 29 30 - 39 40..- Total (95% Confidence Interval)

1900 - 1924 000( 0). 000( 0) 000( 0) 1 02( 1) ' 04( 2) O.O( 0) 1.0( 3) ( 0.2. 2.9)

1925 - 1.934 000( 0) O.O( 0) 000( 0) 0.9( 3) OoB( 2) O.O( 0) 0.7( 5) ( 0.2. 1.6)

w 1935 - 1944 006( 2) 000( 0) 009( 5) 100( 3) L4( 1) O.O( 0) 0.7(11) ( 004. 1. 3)
I
w 1945 - 1954 L4( 2) 007( 1) 007( 2) 1 00( 1) 000( 0) --- 0.9( 6) ( 0.3. 2.0)en

1955 - 1964 200( 2) 205( 3) 406( 7)" 30B( 1) --- --- 303(13)" ( 1.8. 5.6)

1965 - 1974 000( 0) 4 0U 2) 2.0( 1) --- --- --- 10B( 3) ( 004. 5.3)

1975 - 1964 000( 0) 000( 0) --- --- --- --- 000( 0)

TOTAL 1.0( 6) 009( 6) 1.3(15) 1 00( 9) 100( 5) 000( 0) '00(41)

(95% Confidence
Interval) ( 004. 2.2) ( 003. 200) ( 0.7. 2.1) ( 0.4. 201) ( 003. 203) ( --- ) ( 0.7. 1.4)

• Number in parenthese3 is the number of observed deaths
• p< 0.05
•• p< 0.01



Table 3-18. Ratio of Observed Deaths to EKpected Iu.ber of Deaths by Year Started Work and Nu.ber of Years Worked for Prostate Cancer

Number of Years Worked

10 - 19 20 - 29 30 - 39 40+

D.O( 0) 1.2( 1) 1.4( 2) O.O( 0)

O.O( 0) 0.9( 3) 0.8( 2) D.D( 0)

0.1( It) 1.D( 3) 1.4 ( 1) O.D( 0)

0.1( 2) 1.0( 1) D.D( 0)

4.8( 7)" 4.D( 1)

2.2( 1)

1.0( 3) ( 0.2. 3.0)

0.7( 5) ( 0.2. 1.6)

0.6(10) ( 0.3. 1.1)

0.9( 6) ( 0.3. 2.0)

3.0(11)" ( 1.5. 5.4)

2.2( 3) ( 0.4. 6.4)

O.O( 0)

1. 0(38)

( 0.7. 1. 4)

Year Started o - II 5 - 9

1900 - 1924 O.O( 0)+ O.O( 0)

1925 - 1934 O.O( 0) O.O( 0)

1935 - 1944 0.1( 2) O.O( 0)

W
I 1945 - 1954 1.5( 2) 0.8( 1)

w
O"'l

1955 - 1964 1. l( 1) 1.8( 2)

1965 - 1914 O.O( 0) 4.7( 2)

1915 - 1984 O.O( 0) O.O( 0)

TOTAL 0.9( 5) D.8( 5)

(951 Confidence
Interval) ( 0.3. 2.1> (0.3. 1.9)

1.2( 1It)

0.1.2.0)

1. l( 9)

( 0.5.2.1>

1.H 5)

0.1t. 2.6)

D.D( 0)

Total (951 Confidence Interval)

+ "Number 1n parentheses i3 the number of observed deaths
• p <0.05
.. p <0.01





Table )-19. Ratto or Ob..ned Deatbs to Expected .....b.r or Deatbs b, Ag. Started Work and lear Started
Work ror Proatate Caocer

Age

Year Started o - 19 20 - 29 30 - 39 "0+ Total (95S Confidence Interval)

1900 - 192- O.O( 0)+ 1.2( 2) o .9( 1) O.O( 0) 1 .O( 3) ( 0.2, 2.9)

w 1925 - 193_ O.O( 0) o .5( 1) 0.9( 3) 0.6( 0 0.1( 5) ( 0.2, 1.6)I
w
"'-J

1935 - 19"- O.O( 0) 1."( 0 1."( 3) 0.5( 6)· 0.6(10) ( 0.3, 1.1)

1945 - 195- O.O( 0) O.O( 0) O.O( 0) l.H 6) 0.9( 6) ( 0.3, 2.0)

1955 - 196_ O.O( 0) O.O( 0) 3.8( 1) 2.9(10)" 3.0(10" ( 1.5, 5.lj)

1965 - 191- O.O( 0) O.O( 0) o .O( 0) 2.2( 3) 2.2( 3) ( o.e , 6.lj)

1915 - 198Ja O.O( 0) O.O( 0) 0.0( 0) O.O( 0) O.o( 0)

TOTAL O.O( 0) o.9( ,,) 1.0( 8) 1.0(26) 1.0{]8)

(95S Confidence
Int.er-vaL) ( --- ) ( 0.2, 2.3) ( 0.4, 2.0) ( 0.6,1.5) (0.1,1.4)

... Number 1n par-ent.hesee I s tr:e number or observed d e a t.hu

• p<0.05
.. p<O.Ol



Table 3-20. latl0 of Ob.." ... Deatba to Expected lluaber ot Deatba b~ I ..... Started Vork aDd lluaber ot lears Vorked tor Cancer ot tbe
Or1Dal7 Ora-

Kwaber of Years Worked

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 4D+ Total (95% Confidence Interval)

1900 - 19211 O.O( 0)+ O.O( 0) O.O( O} O.DC O} D.DC D) D.O( D) D.D( D)

1925 - 1934 O.OC-O} D.O( O} i .s: 1} 1.3C 2} o .9( l} O.O( 0) 1. H 4) ( 0.3, 2.B)
w
I 1935 - 194_ 1.8C 3} 0.6C 1} 1.2C 3) o.oC 0) 5.2( 2) O.DC 0) 1.2( 9) ( 0.6, 2.3)(,,0'

o·
1945 - 1954 O.oC O) O.oC O} 0.1( l} 3.2C 2) O.O( O} --- o.st 3) ( 0.2, 2.3)

1955 - 1964 O.oC O} O.oC 0) O.oe 0) 4.8C l} --- --- o.4( 1) ( D.O, 2.2)

1965 - 1914 2.0e 1} O.Oe O} 2.3C l} --- --- --- 1 .1I ( 2) ( 0.2, 5.0)

1915 - 1984 o.oe 0) O.Oe O} --- --- --- --- O.O( 0)

TOTAL 1 .O( at) o .3( l} 1.0C 6) 1 .2C 5} 1.3( 3} 0.0( 0) 0.9(19)

e95~ Confidence
Interval} e 0.3, 2.6} ( 0.0, 1.1) ( 0.4, 2.2) ( 0.4, 2.8) C 0.3, 3.6) e --- ) ( 0.5, loll )

+ Number in parentheses 1s the number of observed deaths
• p<0.D5
.. p<O.Ol



Table 3-21. Ratio or Observed Deaths to E.pected lu.ber or Deaths by lear Started Work and latency for Cancer of Urinary Organs

Latency (years)

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 40 - 49 50.

1900 - 19211 --- --- --- O.O( 0) O.O( 0) O.O( 0) o.oe 0)

1925 - 1934 --- --- o.or 0) 1.1I( 1) 0.9( 1) 1.1( 2) o,ot 0)

1935 - 1944 O.O( 0). 1. 9( 1) 1.2( 2) O.O( 0) 0.4( 1) 6.6( 5)"
w
I
w 1945 - 1954 O.O( 0) O.O( 0) O.O( 0) 1.1I( 2) 1. l( 1)
'-0

1955 - 1964 O.O( 0) O.O( 0) O.O( 0) 1.2( 1)

1965 - 1914 O.O( 0) O.O( 0) 2.1I( 2)

1915 - 1964 O.O( 0) O.O( 0)

( 0.0. 3.3) (0.2. 2.0)

O.O( 0)

1. l( II) ( 0.3. 2.8)

1.2( 9) ( 0.6. 2.3)

0.8( 3) ( 0.2. 2.3)

O.II( 1) ( 0.0. 2.2)

1.1I( 2) ( 0.2. 5.0)

O.O( 0)

0.9(19)

( 0.5. 1. 4)

TOTAL

(951 Confidence
Interval) (

O.O( 0) 0.6( 1) 0.6( II) 0.1( II)

( 0.2. 1.8)

0.6( 3)

O. 1. 1.8)

2.9( 1)·

( 1.2. 6.0)

O.O( 0)

Total (95~ Confidence Interval)

• Number 1n parentheses is the number of observed deaths
• p<0.05
.. p <0.01



Table 3-22. aatio of a...rved Deaths to Ezpected Muaber of Deaths by Year Started Work and Latency for Kidney Cancer

Latency (years)

Year Started o - " 5 - 9 10 - 19 20 - 29 30 - 39 40 - "9 50.

1900 - 192" --- --- --- O.O( 0) O.O( 0) O.O( 0) O.O( 0)

1925 - 1934 --- --- O.OC 0) O.O( 0) 2.H 1) 4.5C 2) O.O( 0)

1935 - 1944 O.OC 0>' O.OC 0) O.OC 0) O.O( 0) O.O( 0) 3.5( 1)

w 19"5 - 1954 O.O( 0) O.O( 0) O.O( 0) O.O( 0) 2.6( 1)
I
~
0 1955 - 196" O.O( 0) O.O( 0) O.O( 0) O.O( 0)

1965 - 1914 O.O( 0) O.O( 0) 2.0( 1)

1975 - 198" O.O( 0) O.O( 0)

Total (95S Confidence Interval)

TOTAL

(951 Confide nee
Interval) (

O.O( 0) O.O( 0) 0.4( 1)

( 0.0. 2.2)

D.O( 0) 1.0( 2)

( 0.1. 3.6)

3.3( 3)

( 0.1.9.6)

O.O( 0)

• Number 1n parentheses is the number of observed deaths
• p <0.05
.. p <0.01



Table 3-23. Ratio or Observed Deaths to Eapected luaber or Deaths by Year Started Work and latency ror Bladder Cancer

latency (years)

Year Started 0-4 5 - 9 10 - 19 20 - 29 30 - 39 40 - 49 50.

1900 - 1924 --- --- --- O.O( 0) O.D( 0) O.O( 0) O.D( 0)

1925 - 1934 --- --- O.O( 0) 3. l( 1) O.O( 0) O.D( 0) O.O( 0)

1935 - 19411 O.O( 0)+ 3.9( 1) 2.3( 2) O.O( 0) 0.7( 1), 6.4( 3)-
w
I 1945 - 1954 O.D( D) O.D( D) O.D( 0) 2.5( 2) D.O( 0)+;lo
~

1955 - 19611 O.O( 0) O.O( 0) O.O( 0) 2.4( 1)

1965 - 19711 O.O( 0) D.O( 0) 3.0( 1)

1975 - 1984 D.D( 0) O.D( D)

( 0.4. 8.3) (0.3. 3.8)

0.0( 0)

0.5 ( 1) (0.0. 2.8

1.6( 7) (0.6. 3.3

LD( 2) (0.1. 3.6

D.B( 1) (0.0. 4.4

lo9( 1) (0.0, 10.6

O.O( 0)

1. 1 ( 12)

( 0.6. 1.9)

TOTAL

(95S Confidence
Interval) (

O.O( 0) 1.5( 1) 1.3( 3) L4( 4)

( 0.4, 3.6)

0.4( 1)

( 0.0. 2.2)

2.0( )

( 0.4. 5.8)

O.O( 0)

Total (95~ Confidence Interval

• Number in parentheses is the number of observed deaths
p <0.05

.. p <0.01



Table 3-24. Detailed Description of 19 Deaths Due to Cancer of the Urinary Organs in
Highway Halntenance Workers

<..oJ
I
~
N

Death Certificate
Cause of Death

Carcinoma of Urethra

Transitional Cell Carcinoma of
Bladder

Hypernephroma

Kidney Cancer

Hypernephroma

Cancer of Bladder

Carcinoma of Bladder

Hypernephroma

Cancer of Bladder

Carcinoma of Bladder

Hypernephroma

Transitional Cell
Cancer of the Bladder

Cancer of Bladder

Carcinoma of Bladder

Papillary Carcinoma of Bladder

Hypernephroma

Cancer of Bladder

Transitional Cell Carcinoma of
Bladder

Carcinoma of Urinary Bladder

Year
Started

1935

1939

1921

1934

1946

1945

1932

1934

1962

1942

1965

1943

19112

1946

1942

1939

1942

1942

1966

Year
Ended

19711

1975

1960

·1964

1975

1973

1958

1960

1983

1961

1980

1958

1955

1957

1951

1946

1946

1946

1967

Years
\Jor ked

39

36

33

30

29

28

26

26

21

19

15

15

13

11

9

'1

4

II

Date of
Death

1978

1982

1960

1918

1916

1973

1958

1911

1984

1961

1982

1918

1984

1968

1958

1980

1951

1984

1980

Age at
Death

67

71

65

79

61

64

65

19

64

56

64

85

95

76

74

58

53

76

75
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table 3-25. Ratio o~ Ob_MJed Deatba to Expected lIu.ber or Deatha by lear Started Work aDd ....ber o~ leara Worked tor Coonectl.e aDd
Son T1.... euoerf

Number of Years Worked

----
Year Started o - It 5 - 9 10 - 19 20 - 29 30 - 39 40.. Total (95~ Confidence Interval)

1900 - 1924 O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) O.oC 0) O.O( 0) 000( 0)

1925 - 1934 000( 0) O.oC 0) 000( 0) 000( 0) 150'H 1) O.oC 0) 5.0( 1) ( 001, 21 08)

1935 - 1944 O.oC 0) O.OC 0) 607( 1) O.O( 0) 000( 0) OoOC 0) 204( 1) ( 001,13.3)

1945 - 1954 OooC 0) O.OC 0) O.OC 0) O.O( 0) OooC 0) --- 000( 0)

1955 - 1964 O.oC 0) O.OC 0) OooC 0) O.oC 0) --- --- OoOC 0)

1965 - 1974 O.O( 9> O.OC 0) OoOC 0) --- --- --- OooC 0)

1975 - 1984 O.oC 0) OoOC 0) --- --- --- --- OooC 0)

TOTAL O.oC 0) O.oC 0) 2.4( 1) O.oC 0) 705C 1) o.ot 0) 104C 2)

C95S Confidence
Interval) ( --- ) C --- ) C 0.1, 13.]) C --- ) C 002, 4107) C --- ) C 002, 5.0)

.. tlumber in parentheses is the number of observed deaths
• p<0.05
.. p<OoOl, Seo also Table 3-26
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T.ble }-26. Detailed Description or 2 Deaths Incorrectly Coded to Cancer or Connective
Tissue lnHllbway Maintenance Workers

Death Certificate Year Year Years Date of Age at
Cause of Death Started Ended Worked Death Death

Mesothelioma of the Pericardium. 1927 1960 33 1969 77
Pleura. Mediastinum and
Heart

fibrous Mesothelioma 1939 1955 16 1955 45



Table 3-27. Ratio or Ob..,."ed Death, to EKpected ....ber of Deaths by Year Started Work and ....ber of Years Worked for Neopl a_a of
the L,.pbattc .-d ....topoletlc S,ate.s

Number of Years Worked

Year Started 0-" 5 - 9 10 - 19 20 - 29 30 - 39 "0+ Total (95S Confidence Interval>

1900 - 192.. 0.0 ( 0)+ 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 2.0( 2) 0.0 ( 0) 0.9 ( 2) ( O. 1. 3.2 )

1925 - 193" O.O( 0) O.O( 0) LO( 1) 1.2( 3) 2.1( 4) O.O( 0) 1.4( 8) ( 0.6. 2.8)

1935 - 19 .... 0." ( 1) 0.0 ( 0) 0.8 ( 3) 0.8 ( 2) ".5 ( 3) o.°( 0) 0.8 ( 9) ( 0.4. 1. 5)

19"5 - 195" O.6( 1) 0.8( 1) O. B( 2) 1.8( 2) O.O( 0) --- 0.9( 6) ( 0.3. 2.0)w
I
~ 1955 - 196.. 0.6 ( 1) 1. IH 2) 0.5 ( 1) 0.0 ( 0) --- --- O.7( 4) ( 0.2. 1.8)
U1

1965 - 197" 0.7 ( 1) LO( 1) 3.5( 3) --- --- --- 1.5( 5) ( 0.5, 3.5)

1975 - 198" 0.0 ( 0) 0.0 ( 0) --- --- --- --- 0.0 ( 0)

TOTAL 0.5 ( .. ) O.6( 4) 1.0(10) 1.0( 7) 2.4( 9)· O.O( 0) 1.0(34)

(951 Confidence
Interval> ( O. 1. 1.3) ( 0.2. 1.5) ( 0.5, 1.8) ( 0 .... 2. 1) ( 1.1. 4.6) ( --- ) ( 0.7, 1.4)

+ Number in parentheses is the number of observed deaths

• p <0.05
.. p <0.01



Table 3-28. Ratio of Observed Deaths to EKpeeted Nu.ber of Deaths by Aae and Calendar Year for Leukeaia

Calendar Years of Death

Age at Death 19'15 - 1951t 1955 - 19611 1965 - 19111 1915 - 1984 Total (95~ Confidence Interval)

W
I
.$::a
0\

o - 19 O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) O.O( 0)

20 - 21t 0.0 ( 0) O.O( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

25 - 29 O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

30 - 31t 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

25 - 39 O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

ItO - 44 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

45 - It9 O.O( 0) O.O( 0) O.O( 0) 6.2( 1) 1. 5 ( 1) ( 0.0, 8.3

50 - 511 0.0 ( 0) 0.0 ( 0) 3.8 ( 1) 0.0 ( 0) 1.0 ( 1) ( 0.0, 5.6

55 - 59 O.O( 0) O.O( 0) 2.4( 1) O.O( 0) 0.1( 1) ( 0.0, 3.9

60 - 64 0.0 ( 0) 0.0 ( 0) 3.'H 2) 1.9( 1) 1.5( 3) ( 0.3, 4.4

65 - 69 O.O( 0) O.O( 0) 1.2 ( 1) 1.3( 1) 0.8( 2) ( O. 1, 2.9

70 - 711 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 2.4 ( 2) 0.8 ( 2) ( o. 1, 2.9

15 - 79 O.O( 0) O.O( 0) 2.2( 2) 2.8( 3) 2.l< 5) ( 0.1, 4.9

80 - 811 0.0 ( 0) 0.0 ( 0) 2. 1 ( 1) 1.0( 1) 1.3 ( 2) ( 0.2, 4.7

85+ O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

TOTAL 0.0 ( 0) 0.0 ( 0) 1.5 ( 8) 1.5( 9) 1.1(11)

(95S Confidence

Interv a1 ) ( --- ) ( --- ) ( 0.6, 3.0) ( 0.7, 2.8) ( 0.6, 1. 8)

____________~_w___ •· .... ------------

+ Number 1n parentheses is the number of observed deaths

• p <0.05
•• p <0. 01



Table ]-29. Ratio of (»)served Deaths to EKpecteci "'-ber of Deaths by Year Started Work and "'-ber of Year s Worked for Leuketda

--------------------------------------------------------------
Number of Years Worked

Year Started o - II 5 - 9 10 - 19

---------------------
1900 - 1924 O.O( 0)+ O.O( 0) O.O( 0)

1925 - 1934 0.0 ( 0) 0.0 ( 0) 2.0 ( 1)

1935 - 1944 O.O( 0) O.O( 0) O.O( 0)

w 1945 - 1954 0.0 ( 0) 1.7< 1) 1.0( 1)
I
~
""-J 1955 - 1964 O.O( 0) 3.3( 2) 1.3( 1)

1965 - 1914 0.0 ( 0) 2.4 ( 1) 0.0 ( 0)

1915 - 1984 0.0 ( 0) O.O( 0)

( 0.4, 3.6) (0.1. 2.0)

1. O( 1) ( 0.0, 5.6)

2.6( 7>' ( 1. o, 5.4)

0.5 ( 3) ( 0.1. 1.5)

O.7( 2) ( O. 1, 2.5 )

1. 3( 3) ( 0.3. 3.8)

0.8 ( 1) ( 0.0, 3.9)

O.O( 0)

1.1(17)

( 0.6, 1. 8)

TOTAL

(95J Confidence
Interval) (

0.0 ( 0) 1.4 ( 4) 0.1 ( 3)

20 - 29

O.O( 0)

1.7< 2)

1.0( 1)

0.0 ( 0)

O.O( 0)

1.0( 3)

( 0.2. 2.9)

30 - 39

2.2( 1)

4.8( 4)·

1.3( 2)

0.0 ( 0)

4.2 ( n··
( 1.1. 6.1)

40.

O.O( 0)

0.0 ( 0)

O.O( 0)

0.0 ( 0)

Total (95~ Confidence Interval)

• Number in parentheses is the mmber of observed deaths

• p <0.05
.. p <0. 01



Table 3-30. Ratio or Observed Deaths to EKpected luaber or Deaths bJ Year Started Work and luaber or Years Worked for Leukeala. Urban
Workers

Number of Years Worked

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 40. Total (95l Confidence Interval)

1900 - 1924 O.O( 0). O.O( 0) O.O( 0) O.O( 0) O.O( D) D.D( D) D.O( 0)

1925 - 1934 D.O( 0) O.O( 0) O.O( 0) O.O( 0) 14.5( 2)· O.D( 0) 5.5( 2) ( 0.7. 19.8)

w 1935 - 19114 O.O( D) O.O( 0) O.D( D) D.O( 0) 28.4( 1) D.O( D) 1.2( 1) ( 0.0. 6.7)
I
~
ex> 19115 - 1954 D.D( D) D.O( D) O.D( D) D.D( 0) O.D( D) --- O.O( 0)

1955 - 1964 D.D( D) 3.3( 1) D.D( 0) D.D( D) --- --- 1. 1( 1) ( O.D, 6.1)

1965 - 19111 O.D( 0) O.O( 0) O.O( 0) --- --- --- O.O( 0)

1915 - 1964 O.O( 0) D.O( 0) --- --- --- --- O.O( 0)

TOTAL O.O( 0) 1. l( 1) D.D( 0) O.O( 0) 16.0( 3)" D.O( 0) 1. 1( 4)

(95l Confidence
Interval) ( --- ) ( 0.0, 6.1) ( --- ) ( --- ) ( 3.3. 46.8) ( --- ) ( 0.3. 2.8)

• Number in parentheses is the number of observed deaths
• p <0. 05
.. p<D.Ol



Table 3-31. Ratio or Observed Deaths to EKpected lu.ber or Deaths by Year Started Work and Iu.ber or Years Worked for Leukeala. Rural
Workers

.J

~

o

Number of Years Worked

Year Started 0-" 5 - 9 10 - 19 20 - 29 30 - 39 40+

1900 - 1924 c.or oi- o.oe 0) o.oe 0) O.oe 0) 2.2e 1) o.or 0)

1925 - 1934 o.oe 0) o.oe 0) 2.3( 1) 2.0( 2) 2.ge 2) O.O( 0)

1935 - 19,.4 O.O( 0) o.oe 0) O.De 0) 1.2( 1) 4.3( 1) D.D( 0)

1945 - 1954 O.O( 0) 2.6( 1) 1.4e 1) O.D( 0) O.Oi 0)

1955 - 196,. O.O( 0) 3.3( 1) 1.9( 1) O.O( 0)

1965 - 191" o.or 0) 5."( 1) O.O( 0)

1915 - 198" o.oe 0) O.O( 0)

TOTAL o.oe 0) 1.5e 3) 0.ge 3) 1.2( 3) 2.8e ") 0.0( 0)

(951 Confidence
Interval) ( --- ) e 0.3, 4.4) e 0.2, 2.6) ( 0.2, 3.5) e 0.8, 1.2)

+ Number in parentheses is the number of observed deaths
• p <0.05
•• p<O.Ol

Total (95S Confidence Interval)

1. 1( 1) ( 0.0, 6.1)

2.2( 5) ( 0.7, 5.1)

D.4( 2) ( 0.0, 1. II )

1.0( 2) ( O. 1. 3.6)

1.5( 2) ( 0.0, 8.3)

1.6( 1) ( 0.0, 8.9)

O.O( 0)

1.1(13)

0.6. 1.9)



Table 3-32. Ratio or Observed Deaths to EKpected luaber or Deaths by Latency and luaber or Years Worked for Leuke.la

Humber of Years Worked

Latency
(years) o - It 5 - 9 10 - 19 20 - 29 30 - 39 40.. Total (95% Confidence Interval)

o - It O.O( 0)+ --- --- --- --- --- O.O( 0)

5 - 9 O.O( 0) 1.2( 1) --- --- --- --- O.7( 1) ( 0.0. 3.9)

10 - 19 D.D( 0) 2.B( 3) 1.0( 2) --- --- --- 1. 3( 5) ( 0.4. 3.0)

w 20 - 29 O.O( 0) O.O( 0) O.O( 0) O.O( 0) --- --- O.O( 0)
I
en I

0 30 - 39 O.O( 0) O.O( 0) 0.0( 0) 2.5( 3) 5. t( 3)· --- LB( 6) ( 0.7. 3.9)

40 - 49 O.O( 0) O.O( 0) 6.5 ( 1) O.O( 0) 2.7( 2) O.O( 0) 1. 8( 3) ( 0.4. 5.3)

50. O.O( 0) O.O( 0) O.O( 0) O.O( 0) 6.5( 2) O.O( 0) 2.9( 2) ( 0.4, 10.5)

TOTAL O.O( 0) 1.4 ( It) 0.7( 3) 1.0( 3) 4.2( 7>** O.O( 0) 1.1(17)

(95S Confidence
Interval) ( --- ) ( 0.4. 3.6) (0.1.2.0) ( 0.2. 2.9) ( 1.7. 8.7) ( --- ) ( 0.6, 1. B)

.. Number in parentheses 1s the number of observed deaths
• p <0.05
** p<O.Ol



Table 3-33. Detail eel Description of the Seventeen Leukellia ~aths in HiShway Maintenance Worker Cohort (19"5 - 198")

------------- --------- -----------------------------------------
Leukemia Year Year Years Date of Age at Included 1n

Type Started Ended Worked Death Death Wheaton Repar t

------------------------------------------------------
Chron tc Lymphoc yUc 1922 1959 31 1918 80 No

Lymphocytic 1921 19611 37 1966 63 No

Chronic Myelogenous 1939 1915 36 1979 66 No

Chronic Lymphocytic 1930 19711 1111 1983 74 No

Lymphoc yt ic 1932 1966 3q 1967 67 No
,.)

I
Chronic Myelogenous 1939 1973 311 1976 64 No

"....
Chronic Myelogenous 1933 1965 32 1979 76 No

\

Chronic Lymphocytic 1933 1961 28 1975 78 Yes

Acute Lymphoc ytic 19311 1958 211, 1968 75 No

Chronic Myelogenous 1933 1956 23 1972 84 No

Chron ic Myelogenous 1938 1959 21 1977 73 Yes

Chronic Lymphocytic 1953 1965 12 1971 60 No

Acute Hyelogenous 1963 1975 12 1982 72 Yes

Acute Myelogenous 1964 1975 11 1975 48 No

Chron ic Myelogenous 1965 1974 9 1974 54 Yes

Chronic Myelogenous 1951 1956 5 1970 57 No

Acute Myelogenous 1960 1965 5 1972 76 No

-------- -----------------------------------------------



W
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N

~le 3-3'- aatiMte4 M1aWuIII OI»Mrweclf8Qeoteci ....Ua. (21...) .... IIIIV•
.,ltla 30-39 I of ~perl ta, I .... Startecl .,IUl 'oII011-Op
'IIu'caIIP r 1986: 111 -.taa

I.ar St.art.ed Observed t.o Expeot.ed lIaUo 95J Contidence Interval

1900 - 19211 2.2( 1)+ ( 0.1, 12.2)

1925 - 19311 lI.l( II). ( 1.3, 12.0)

1935 - 19.... 6.2( 2) ( 0.8, 22. 11)

19"5 - 19511 9.1( 1) ( 0.2, 50.6)

TOT1L ".5( 8)" ( 1.9, 8.8)

, lssuaes all workers alive aa ot Deoeaber 31, 198.. were alao alive on
Deoeaber 31, 1986

+ IIuIIber ot leuk..ia deat.bs observed
• p < 0.05
•• p < 0.01



Table 3-35. Ratio of Observed Deaths to [.peeted Nu.ber of Deaths by Age and Calendar Year for Diabetes

Calendar Years of Death

Age at Death 1945 - 1954 1955 - 1964 1965 - 1914 1915 - 1984 Total (95~ Confidence Interval)

o - 19 O.O( 0). O.O( 0) O.O( 0) O.O( 0) O.O( 0) (

20 - 24 O.D( 0) D.D( 0) O.D( 0) O.O( 0) O.O( 0) (

25.- 29 O.O( 0) O.O( 0) 211.4 ( 1) O.O( 0) 9.4( 1) ( 0.2, 52.2

30 - 34 21.l( 1) O.O( 0) O.O( 0) O.O( 0) 3.3( 1) ( 0.1, 18.3

35 - 39 O.O( 0) D.D( D) D.D( 0) D.D( D) D.D( D) (

40 - 44 O.O( 0) O.O( 0) 1.4( 1) D.O( 0) 2.0( 1) ( 0.0, 11. 1

45 - 49 O.O( 0) O.D( 0) O.O( 0) O.O( 0) O.O( 0) (

50 - 511 O.D( 0) 3.1( 1) 3. H 1) D.0 ( 0) 1.4( 2) ( 0.2, 5.0

55 - 59 D.D( 0) 1.9( 1) O.O( D) 1.9( 1) D.9( 2) ( D. 1, 3.2

60 - 64 3.3( 2) D.D( D) 2.5( 2) 1.2( 1) 1.b( 5) ( 0.5, 3.1

65 - 69 1.9( 1) O.D( D) D.D( D) 2.H 2) D.8( 3) ( 0.2, 2.3

1D - 14 O.D( D) D.O( 0) 2.9( 5) D.O( 0) 1.2( 5) ( 0.4, 2.8

15 - 19 O.D( 0) O.D( 0) 2.1( 4) D.1( 1) 1.4( 5) ( 0.11, 3.3

80 - 84 D.O( 0) 3.8( 1) 4.1( 4). D.D( 0) 1.9( 5) ( 0.6, 4.4

85. O.D( 0) D.D( D) D.O( 0) D.O( 0) O.O( 0) (

TOTAL 1.3( 4) D.6( 3) 2.1(18)" 0.6( 5) 1.2(30)

(95~ Confidence

Interval) ( 0.4, 3.3) (0.1,1.8) ( 1.2, 3.3) ( 0.2, 1.4) ( 0.8, 1.7)

+, Number in parentheses is the number of observed deaths

• p <0.05

.. p <0.01



Table 3-36. Ratio or Observed Deaths to E.pected Nu.ber of Deaths by Year Started Work and Nuaber of Years Worked for Diabetes

Number of Years Worked

1.2( 2) ( O. 1 • 4.3)

1. 1( 5) ( 0.4. 2.6)

1.1(11) ( 0.6, 2.0)

1. 2( 5) ( 0.4, 2.8)

1.6( 5) ( 0.5, 3.7)

1.2( 2) ( O. 1, 4.3)

D.O( 0)

1.2(30)

( 0.8. 1. 7)

Year Started o - ~ 5 - 9 10 - 19 20 - 29 30 - 39 110..

1900 - 1924 O.O( D).. O.O( 0) O.O( 0) O.O( 0) 2.6( 2) O.O( 0)

1925 - 1934 O.O( 0) O.O( 0) 1.t< 1) 1.6( 3) 0.8( 1) O.O( 0)

1935 - 19411 1.9( 4) 1.3( 3) 1.2( 4) O.O( 0) O.O( 0) O.O( 0)

w 1945 - 1954 O.8( 1) 1.H 1) 1.3( 2) 1.6( 1) D.D( 0)
I

U'1
~ 1955 - 1964 2.0( 2) 1.2( 1) 1.9( 2) O.O( 0)

1965 - 1974 D.D( 0) 3.B( 2) O.O( 0)

1975 - 1984 O.O( 0) 0.0 ( 0)

TOTAL 1. 3( 7> 1.5( 7> 1. 2( 9) O.B( 4) 1.2( 3) O.O( 0)

(951 Confidence
Interval) ( 0.5. 2.7) ( 0.6, 3.1) ( 0.6. 2.3) ( 0.2. 2.0) ( 0.2. 3.5)

.. Number in parentheses is the number of observed deaths
• p <0.05
.. p <0.01

Total (95~ Confidence Interval)



Table 3-31- Ratio ot Ob_"_ Deatb_ to Expected llUaber ot Deatb_ bJ I..... Started Work aod lluaber ot lears Worked tor Disease_ or tbe
Blood-toralns araao-

Number of Years Worked

Year Started 0-1& 5 - 9 10 - 19 20 - 29 30 - 39 110+ Total (95% Confidence Interval)

1900 - 1924 O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

1925 - 1934 O.O( 0) O.Q( 0) o.O( 0) O.O( 0) 1I.0( 1) O.O( 0) 1.3( 1) ( 0.0, 1.2 )

1935 - 1944 2.8( 1) O.O( 0) 1.1( 1) 6.1( 2) O.O( 0) O.O( 0) 2.3( 4) ( 0.6, 5.9 )

1945 - 1954 O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) --- O.O( 0)

1955 - 1964 O.O( 0) O.oc 0) O.O( 0) O.OC 0) --- --- O.O( 0)

1965 - 1914 O.O( 0) O.O( 0) O.O( 0) --- --- --- O.O( 0)

1915 - 1984 O.oC 0) O.Oc 0) --- --- --- --- O.O( 0)

TOTAL 1.2( 1) O.O( 0) o.8( 1) 2.3( 2) z.rt 1) O.O( 0) 1.1( 5)

(95J Confidence
Interval) ( 0.0, 6.1) ( --- ) ( 0.0, 4.11) ( 0.3, 8.]) ( 0.0, 11.1) ( --- ) ( 0.4, 2.6)

+ Number in parentheses is the number of observed deaths
• p<0.05
.. p<O.Ol



Table 3-38. Ratio or C._ned Deatbs to Expected Nuaber or Deatbs b~ lear Started Work aDd lluaber or lears Worked ror Diseaaes or tbe
llerYoua S~.t_ aad Se.... Orsaoa

Number of Years Worked

Year Started 0-1& 5 - 9 10 - 19 20 - 29 30 - 39 40+ Total (95~ Confidence Interval)

1900 - 1921& O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) a.O( 0) O.O( 0) O.O( 0)

1925 - 1934 O.O( 0) O.O( 0) O.O( 0) o.9( 1) O.O( 0) O.O( 0) 0.4( 1) ( 0.0. 2.2)

. 1935 - 194,. 3.0( II) o.8( 1) 1.l( 2) O.O( 0) a.O( 0) O.O( 0) 1.2( 7) ( 0.5 • 2.5)

w 1945 - 19~4 O.O( 0) 1.6( 1) 1.8( 2) 1.9( 1) a.O( 0) --- 1.2( 4) ( 0.3. 3.1)•U'I
0'\ 1955 - 1964 O.O( 0) O.O( 0) 1.l( 1) O.O( 0) --- --- o .4( 1) ( 0.0. 2.2)

1965 - 1974 1.6( 1) O.O( 0) O.O( 0) --- --- --- 0.7( 1) ( 0.0. 3.9)

1975 - 1984 O.O( 0) O.O( 0) --- --- --- --- O.O( 0)

TOTAL 1.3( 5) 0.7( 2) 1 .O( 5) 0.6( 2) O.O( 0) O.oc 0) 0.8(14)

(95~ Confidence
Interval) C 0.4. 3.0) ( 0.1. 2.5) ( 0.3 2.3) ( 0.1. 2.2) ( --- ) ( --- ) ( 0.4, 1.3 )

-- -

+ Number in parentheses is the number of observed deaths
• p< 0.05
•• p<O.Ol



Table 3-39. Ratio or Ob_ned Deatb. to Expected lluaber of Deatb. bJ lear Started Work and luaber of lear. Worked for Diseases of tbe
Heart

Number of Years ~orked

10 - 19 20 - 29 30 - 39 40+

O.O( 0) 0.8(12) 0.8(17) 0.7( 6)

0.8(20) 0.9(50) 0.9(5) 2.0(15 ).

0.9(80 1.2(58) 1.](16 ) O.O( 0)

0.9( .... ) 0.7(13) 0.1( 2)

0.8(27) 1.2( 6)

1.3(17 )

Year Started 0-1& 5 - 9

-
1900 - 1924 O.O( 0>+ O.O( 0)

1925 - 1934 O.O( 0) 2.1( 3)

1935 - 1944 0.9(52) 0.9(58)

w 1945 - 1954 o.9(]0) 0.1(11)
I

U"1
........ 1955 - 1964 1.5(40)· 1.2(]2)

1965 - 1974 0.1(13) 0.6( 9)

1975 - 1984 O.O( 0) O.O( 0)

TOTAL 1.0( 135) 0.9(119) 0.9(189 ) 1.0(1140 0.9(70) 1.2(23)

Total (95% Confidence Interval)

0.8<31 ) ( 0.6. 1.0)

1.0(123) ( 0.8. 1.2)

1.0(265) ( 0.9, 1.1)

0.6(106) • ( 0.6. 1.0)

1 .2( 101 ) ( 1.0 • 1.4 )

0.9(39) ( 0.6. 1.2)

0.0 ( 0)

0.9(617)

(95S Confidence
Interval) ( 0.6, 1.2) ( 0.7, 1.1) (0.8. 1.0) 0.8.1.2) (0.1,1.1) (0.8. 1.6) 0.6, 1.0)

+ Number in parentheses 1s the nu~ber of ob3erved deaths
• p< 0.05
.. p< 0.01



Tple 3-110. RaUo of Ob..ned Deatb. to Expected Hu.ber ot Deatb. b, lear Started Work and lIu_ber ot leara Worked tor 13OM.10 Heart
D1.....

Ilumber of Years Worked

10 - 19 20 - 29 .30 - 39 40+

O.O( 0) 0.9(11) 0.8(16) 0.8( 8)

0.9(18) 0.9(114) o.9(30) 2.2(111)·

0.9<70 1. H1I8) 1.3( 14) O.O( 0)

1.0(40) 0.8(13) o.4( 1)

0.8(25) 1.4( 8)

1.5(11)

Year Started 0-11 5 - 9

1900 - 1924 O.O( 0)+ O.O( 0)

1925 - 193- O.O( 0) 2.5( 3)

1935 - 19-- 0.9(-]) 1.0(50

w 19-5 - 195- 1.0(28) 0.7(15)
I

U1
ex> 1955 - 196- 1 .5(36) 1.2(28)

1965 - 197" 0.6(10) 0.7( 9)

1975 - 19811 O.O( 0) O.O( 0)

TOTAL 1.0(111 ) 0.9(106) 0.9(111) 1.0( 124) 0.9(61) 1.3(22)

Total (95% Confidence Inter-va I)

0:8(35) ( 0.6, 1.1)

1.0( 109) ( 0.8, 1.2)

1.0(227) ( 0.9, 1.1)

0.9(97) ( 0.1, 1.1)

1.2(91) ( 1.0, 1.5)

0.9(36) ( 0.6, 1.2 )

O.O( 0)

1.0(601)

(95~ Confidence
Interval) ( 0.8, 1.2) (0.1, 1.1) (0.8, 1.0) 0.8,1.2) (0.1,1.2) (0.8, 2.0) (0.9.1.1)

+ tJuuber in parentheses l:i the nuabe r of observed deaths

• p< 0.05
.. p< 0.01



Table 3-". bUo or Ob_ned Death. to bpected lluaber or Deatba b~ I .... Started Vork aod lluaber ot lears Vorked tor Cbroo1c
BDdocard1al D1.....

Number of Years Worked

Year Started a - 'I 5 - 9 10 - 19 20 - 29 30 - 39 40. Total (95% Confidence Interval)

1900 - 192- O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

1925 - 193- O.O( 0) O.O( 0) 2.9( 1) O.O( 0) 3.8( 1) O.o( 0) 1.1( 2) ( 0.2. 6.0

1935 - 19"- 1.II( 1) O.O( 0) 3.6( 3) 3.2( 1) O.O( 0) o.o( 0) 1.9( 5) ( 0.6. 4.4)

.oJ 19'15 - 195- O.O( 0) 4.6C 1) 6.5( 2) O.O( 0) a.O( 0) --- 3. H 3) ( 0.6. 9.1)
I
.n

1955 - 1964 O.O( 0) O.oC 0) O.O( 0) O.oC 0) O.O( 0)D --- ---
1965 - 1914 O.O( 0) O.oC 0) O.O( 0) --- --- --- 0.0( 0)

1975 - 1984 O.oC 0) O.O( 0) --- --- --- --- O.O( 0)

TOTAL a .8C 1) a .8C 1) 3.4( 6)e a .9C 1) 1.9( 1) O.O( 0) 1.6(10)

C95% Confidence
Interval) ( 0.0, 4.4) C 0.0. 4.4) ( 1.2. 7.4) ( 0.0. 5.0) C 0.0. 10.6) C --- ) ( 0.8. 2.9)

-------- - ------

• NUlllber in parentheses 1s the number of observed deaths
e
.. p<0.05

p<O.Ol



Table 3--2. Detailed Description or 10 Deaths rroe Chronic Diseases or the Endocardiu. in
Hi.hwa, Maintenance Workers

Death Certificate Year Year Years Date of Age at
Cause of Death Started Ended Worked Death Death

Valvular Heart Disease 1932 1969 31 1981 11

Per Icard tt.Ls ; 1939 1968 29 1982 18
Aortic StenosiS

Myocarditisi Chronic 1942 1958 16 1969 11
Valvular Heart Disease

w Chronic Valvular Heart 1933 1948 15 1948 65
I Diseasem

C>

Aortic Stenosis 1942 1953 11 1955 10

Aortic Stenosis with 1952 1963 11 1963 54
Calcification

Valvular Heart Disease 1949 1960 11 1961 12

Aortic Stenosis 1942 1952 10 1953 64

Aortic Valvular Disease. 1953 1962 9 1964 59
1st degree AV Block

Probably Aortic 1942 1945 3 1961 68
Regurgitation;
Heart Lesion



Table 3-'3. latio or Ob..ned Deatbs to Ezpected IIuIIb_r or Deatba bJ q_ SUrted Work and Lat_oc, tor
Qarooio BDdooarcl1al Dlaeaae

+ Number 1n parentheses is the numoer of observed deaths

• p<O .05
.. p<O.Ol



Table 3-". Rat10 or Ob.erved Deaths to Expected ~r or Deaths by Year Started Work and Nu.ber or Years Worked for Other D1sea3e3
or the Circulator, S,st..

Number of Years Worked

10 - 19 20 - 29 30 - 39 40.

"-"' .. --
O.O( 0) 0.6( 3) O.B( 7) O.O( 0)

O.B( 6) 1.0(20) 0.5( 6) 1.5( 3)

1.1(40) 1.0(5) 0.3( 1) O.O( 0)

0.5( 8) 0.2( 1) O.O( 0)

1. 1( 8) 3.1( 4)

0.9( 2)

0.6(10) ( 0.3. 1. 0)

0.8<36 ) ( 0.6. 1.1)

0.9(91) ( 0.7. 1.1)

0.1(24)· ( 0.4. 1.0)

1.1(22) ( 0.7. 1.7)

0.7( 6) ( 0.2. 1.5)

D.D( D)

0.8(189)·

Year Started 0-11 5 - 9

1900 - 1924 O.O( 0)+ O.O( 0)

1925 - 1934 4.0( 1) O.O( 0)

1935 - 1944 1.0(8) 0.1(11)

w 1945 - 1954 0.9( 8) 0.9( 7>
I
m
N 1955 - 1964 0.8( 5) 0.8( 5)

1965 - 1914 0.6( 2) O.B( 2)

1975 - 1984 O.O( 0) O.O( 0)

TOTAL 0.9<34 ) 0.7(31) 1.0(64) 0.9(43) 0.6(14)· 0.5( 3)

Total (951 Confidence Interval)

(951 Confldence
Interval> ( 0.6. 1.2) ( 0.5. 1.0) ( 0.8. 1.3) ( 0.6. 1.2) ( 0.3. 1.0) (0.1. 1.5) (0.1. 0.9)

+ Number in parentheses is the number of observed deaths
• p<0.05
.. p<O.Ol



Table 3-'5. Ratio of Observed Deaths to E.peeted Iu.ber of Deaths by Year Started Work and Latency for Diseases of Arteries and Veins

Latency (years)

Year Started D - " 5 - 9 1D - 19 2D - 29 3D - 39 "0 - 49 50 ...

190D - 1924 --- --- --- O.O( D) O.D( D) O.O( D) 4.2( 4)'

1925 - 1934 --- --- D.D( 0) D.D( D) D.6( 1) 1.8( 4) 1. 1( 1)

1935 - 1944 D.D( D)... O.D( 0) 1.6( 3) 1.9( 7) 1.2( 5) 0.1( 1)

1945 - 1954 D.D( 0) D.O( 0) 0.1( 1) 1.9( 5) O.D( D)

1955 - 1964 O.D( 0) O.O( 0) 1.4( 3) 1.4( 2)

1965 - 1914 O.D( 0) D.O( 0) O.O( D)

1915 - 1984 D.D( D) D.D( D)

(0.". 2.6) (0.9. 6.3)

i.a: 4) ( 0.5, 4.6)

1.0( 6) ( 0.4, 2.2)

1.4 (16) ( 0.8, 2.3)

1.0( 6) ( 0.4, 2.2)

1. I( 5) ( 0.4, 2.6)

O.O( D)

D.O( D)

1. 1( 37>

0.8, 1.5)

TOTAL

(951 Confidence
Interval) (

D.D( 0) D.D( D) I.O( 7)

( D.4. 2.1>

1.6( 14)

( 0.9. 2.7>

D.1( 6)

( 0.2. 1.5)

1. 1( 5) 2.1( 5)

Total (95l Confidence Interval)

... Number 1n parentheses is the number of observed deaths
• p<0.05
•• p<O.Ol





Table 3-'6. Ratio or ()b.....'" Death. to bpected lIu.ber or Death. bJ lear Started lion: aDd lIu.ber of lears IIorked for Diseases or tbe
.espirator, SJat..

Nueber of Years Worked

10 - 19 20 - 29 30 - 39 40+

O.O( 0) o.5( 1) 2.3( 8) o.4( 1)

0.1( 2) 1.2(10) 0.9( 6) o.8( 1)

1.3(19) 1 .0 ( 8) 1.0( 2) O.O( 0)

0.6( 5) o.3( 1) 2.1( 1)

1.8( 8) O.O( 0)

O.O( 0)

1.3(10) ( 0.6. 2.4)

1.0(19) ( 0.6. 1.6 )

1.2(50) ( 0.9. 1.6)

0.7(14) ( 0.4. 1.2)

0.8(10) ( 0.4. 1.5 )

0.8( 4) ( 0.2. 2.0)

O.O( 0)

1.0( 101)

Year Started 0-" 5 - 9

--
1900 - 1924 O.O( 0)· O.O( 0)

1925 - 1934 O.O( 0) o .O( 0)

1935 - 19114 1.!I( 11) 1.1(10)

w
19115 - 1954 0.1( 3) 1.0( 4)I

~
~

1955 - 19611 0.3( 1) o.3( 1)

1965 - 1914 1.!I( 3) o.6( 1)

1915- 1984 O.O( 0) O.O( 0)

TOTAL 1.0(18) 0.9(16) 1.1( 34) 0.9(20) 1.4(11) 0.6( 2)

Total (95% Confidence Inter-va I)

(95S Confidence
Interval) ( 0.6, 1.6) ( 0.5, 1.5) (0.8, 1.5) (0.5. 1.4) (0.8,2.2) (0.1, 2.2)

+ tlWllber 1n parentheses t s the number of observed deaths

• p <0 .05
.. p<O.Ol

0.8. 1.2)



Table 3-'7. Ratio or Observed Deaths to Ezpected lu.ber or Deaths by Year Started Work and lu.ber of Years Worked for fibrotic and
Other Luna Diseases

Number of Years Worked

10 - 19 20 - 29 30 - 39 40+

O.O( 0) O.O( 0) 4.2( 3) O.O( 0)

O.O( 0) 0.6( 1) 1.5( 3) 2.0( 1)

O.1( 2) 0.9( 2) 2.1I( 2) O.O( 0)

1.4( 3) O.O( 0) O.O( 0)

1. 1( 2) O.O( 0)

O.O( 0)

1.1( 3) ( 0.4. 5.0)

1.0( 5) ( 0.3. 2.3)

1.2(11) ( 0.6. 2.1)

1.3( 1) ( 0.5. 2.1)

1.0( 4) ( 0.3. 2.6)

O.O( 0)

O.O( 0)

1. l( 30)

Year Started 0-4 5 - 9

1900 - 1924 O.O( 0)+ O.O( 0)

1925 - 1934 O.O( 0) O.O( 0)
.AJ
I

1.1( 3):n 1935 - 1944 1.3( 2)
.1'l

1945 - 1954 0.9( 1) 3.2( 3)

1955 - 1964 1.H 1) 0.9( 1)

1965 - 19711 O.O( 0) O.O( 0)

1915 - 1984 O.O( 0) O.O( 0)

TOTAL 1. H 5) 1.4( 6) 0.9( 7) 0.5( 3) 2. H 8) 0.8 ( 1)

Total (95J Confidence Interval)

(95S Con fidence
Interval) ( 0.1I. 2.6) (0.5. 3.0) (0.4. 1.8) ( 0.1. 1.5) ( 0.9. 4.1) (0.0. 4.4) (0.1. 1.6)

+ Number 1n parentheses 1s the number of observed deaths
• p <0.05
.. p<O.Ol



Table 3-~8. Detailed Description or 30 Deaths Due to Fibrotic aDd Otber Lung Disease~

Death Cer-t i f'Lc a t e Year Year
Cause of Death Started Ended

Years
Worked

Date of
Death

t-r,c at
Death

Chronic Obstructive LunL Disease 1927 1970

Chr-onfc Obstructive Pulmonary Dfseaae 1922 1965

Severe PuImonar-y flbro~l~ 1936 1974

Acute & Chronic Obstructive Pulmonary Dis~ase 1922 1959

Chronic Obstructive Lung Disease 1922 1958

Chronic Obstructive Lung Disease 1925 1961

Chronic Obs~ructive Pulmonary Disease 1932 1961

Severe Endstage Chronic Obstructive PuImonar-y 1933 1961
Lung Disease

Interstitial Pneumonitis 1936 1961

Chronic Obstructive Pulmonary Disease 1939 . 19614

Chronic Lung Disease . 1932 1956

W
I

C1'I
C1'I

Chronic Obstructive Pulmonary Disease

Chronic Obstructive Pulmonary Di~ease

Chronic Obstructive Pulmonary Disease

Severe Chronic Obstructive Lung Disease

Acute Respiratory Infection

Chronic Obstructive Pulmonary Disease

Chr-onfc Obstructive Pulmonary Disease

Pulmonary Fibrosis

PUlmonary Fibrosis

Chronic Obstructive Pulaonary Disease

Chronic Bronchietasis and ~physeDa

Chronic Ob at.r-ue t.Lve Pulmonary Disease

Chronic Obstructive Pulmonary Disease

Pr ror- Chronic Obstructive Pulmonary Disease

PuInonar-y Edema and Congestion, Etiology
Unknown

Severe Chronic Obstructive Lung Disease

Severe Chronic Obstructive Pulmonary Disease

l1assive Chronic Obstructive Lung Disease

Chronic Obstructive Lung Disease

19lt2

1958

19~3

1951

19lt2

1962

1954

19142

19147

1950

19141

1942

1942

1951

1953

1948

1942

1952

1963

1965

1975

1958

1966

1955

1975

1966

1953

1958

1959

1948

1949

1948

1963

• 1959

1954

1945

1951J

1961J

43

lJ3

3e

31

36

36

35

34

31

25

24

23

11

15

15

13

13

12

11

11

9

1

1

6

6

6

6

3

2

1917

1981

1981

1973

1975

1916

1976

1982

1983

1981

1982

1919

1982

1919

1918

1918

1982

1918

1963

1982

1911

1959

1911

1964

1919

1959

1915

1982

1979

1976

73

81

12

82

82

7[3

17

19

80

80

84

82

12

90

68

81

12

78

70

89

80

53

91

86

81

39

76

81

(,11

51



Table 3-119. Ratio ot ObHrYed Deatba to Expected Huaber ot Deatba bJ lear Started Work aDd lluaber ot leara Worked tor D1aeaaes or tbe
D1&eatiye ~,.tea

1.3( 5) ( 0.4, 3.0)

o,u n" ( 0.0, 0.6)

1 .2(28) ( 0.8, 1.1 )

0.5( 6) ( 0.2, lot)

0.7( 7> ( 0.3, 1.4 )

1. H 6) ( 0.4, 2:4 )

O.O( 0)

0.8(53)

0.6, 1.0)

Number of Years Worked

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 40+

1900 - 1924 o.oc 0)+ o.oC 0) 0.0( 0) 3.3( Ji) o .6( 1) o.O( 0)

1925 - 1934 0.0( 0) 0.0( 0) 0.0( 0) o.o( 0) o .4( 1) O.o( 0)

1935 - 1944 1.1&( 7) 1.2( 6) O.1( 5) 2.4( 9)· 1.0( 1) O.O( 0)

w 1945 - 19516 1.2( II) o .4( 1) o .3( 1) O.O( 0) o.o( 0)
I
O'l

1955 - 1964 o .3( 1) O.II( 1) 1.2( 4) 1 .11 ( 1)......

1965 - 1974 O.O( 0) 2.8( 5) o.st 1)

1915 - 1984 O.O( 0) O.O( 0)

TOTAL 0.9(12) 1.l( 13) 0.6(11) 1.2(14) 0.5( 3) o.o( 0)

(95J Confidence
Interval) ( 0.5, 1.6) ( 0.6, 1.9) ( 0.3, 1.1) ( 0.6, 2.0) ( 0.1,1.5)

+ tJuober 1n parentheses is the nwr.ber of observed deaths

• p< 0.05
.. p<O.Ol

Total (95~ Confidence Jn t.er-v a l )



Table 3-50. Ratto or Ob..ned Deatba to Expected lIu.ber or Deatb. by I .... Started lIork aDd Iu.ber of lear:s lIorked for Dl:sea:se. of tbe
GeDtt~""1DaI7S,.t_

Number of Years Worked

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 40+ Total (95% Conf'Ldence Inter-va I)

1900 - 1924 O.oC 0)+ a.oC 0) o.oC a) o.oC 0) 1.3C 1) o.oC 0) o .6( 1) ( 0.0, 3.3)

1925 - 1934 o.oC 0) a.oC 0) 3.5C 3) o .5C 1) o .9C 1) o.o( 0) 1.2( 5) C 0.4, 2.8)

1935 - 194" 1.0C 2) 1.2C 3) o .3C l) a.7C 1) o.aC 0) o.oC 0) 0.7( 7> ( 0.3, 1.4 )

w
1945 - 1954 loOC 1) o.oC 0) o.oC 0) o.oC 0) o.oC 0) o .3( 1) ( 0.0, 1.7)I ---

Ol
co

1955 - 1961& o.oC 0) o.oC 0) 3.I&C 2) o.oC 0) 1.0C 2) ( 0.1, 3.6 )--- ---
1965 - 1911& 2.9C l) o.oC 0) o.oC 0) --- --- --- 1.ltC 1) ( 0.0, 7.8)

1915 - 198'- o.oC 0) o.oC 0) --- --- --- --- o.OC 0)

TOTAL 1.OC II) 0.1C 3) 0.9C 6) o.'-C 2) 0.9( 2) o.oc 0) 0.8(11)

C95S Confidence
Interval) C 0.3, 2.6) CO. 1,' 2.0) C 0.3, 2.0) C 0.0, 1.'-) C 0.1, 3.2) ( --- ) ( 0.5, 1.3)

+ tJWllber rn par-entneoea 13 the nuaber- of observed deaths

• p< 0.05
.. p<O.Ol



Tab1. 3-51. latl0 of CIt...........tII. to 8Kpeote...... of Death. b, Let.., ad ...... of I ..... Volil.d fo .. Cbrooio .....1 Failure

....r of t.ara Worked

Latency
(yeara) o - " 5 - 9 10 - 19 20 - 29 30 - 39 110+ Total (951 Confidence Interval)

o - II O.O( 0)+ --- --- --- --- --- O.O( 0)

5 - 9 O.O( 0) O.o( 0) --- --- --- --- o.o( 0)

w 10 - 19 5.3( 2) O.O( 0) O.O( 0) --- --- --- loU 2) (0.0, 4.4
I
0'\ 20 - 29 O.O( 0) O.O( 0) 1.5( 1) O.O( 0) o .6( 1) (0.0, 1t.1I\D --- ---

30 - 39 O.O( 0) O.O( 0) 2.U l) 2.H 1) O.O( 0) --- 1.3( 2) (0.0, 3.9

40 - 49 O.O( 0) O.O( 0) O.O( 0) O.O( 0) 0.0( 0) O.O( 0) O.O( 0)

50+ O.O( 0) O.O( 0) IICI( 1) O.O( 0) .s.r; 2)· O.O( 0) 6.6( 3)· (1.4, 19.9

TOTAL 1.2( 2) O.O( 0) 1.1I( 3) c.rt 1) 2.9( 2) O.O( 0) 1. U 6)

(951 Confidence
Interval) ( 0.0, 3.9) ( --- ) ( 0.1, 11.3) ( 0.0, 11.11) ( 0.", 11.6) ( --- ) ( 0.11, 2.2)

+ Nu.ber 1n parentheses 1a the nu.b.r of observed deaths
• p<0.05
•• P<O.Ol
, NC - SHR was not calculated. Expected nu.ber of deaths was less than 0.02.



Table ]-52. Ratio of (J)_rwed Deaths to Expected ....ber of Deaths by Year Started Work and Latency for Oaronic Renal Fa i Lue-e , Rural Workers

La tenc y (year s)

Year Star ted o - ij 5 - 9 10 - 19 20 - 29 30 - 39 , ijO - ij9 50. Total (951 Con fid ence In terv a 1)

1925 - 193ij

1935 - 19ijij 0.0 ( 0)+ 0.0 ( 0)

W
I 1~5 - 195q 0.0 ( 0) o, ~( 0).....

0
1955 - 1964 0.0 ( 0) 0.0 ( 0)

1965 - 197ij O.O( 0) O.O( 0)

1915 - 198ij 0.0 ( 0) 0.0 ( 0)

1900 - 192ij

TOTAL

(951 Confidence
Interval) (

O.O( 0) O.O( 0)

O.O( 0)

1. ij ( 1)

O.O( 0)

0.0 ( 0)

O.O( 0)

0.8( 1)

( O. O. II. ij)

0.0 ( 0)

O.O( 0)

0.0 ( 0)

O.O( 0)

8. 1 ( 1)

O.8( 1)

( 0.0, ij.q)

0.0 ( 0)

4. l( 1)

0.0 ( 0)

O.O( a)

0.7< 1)

( 0.0, 3.9)

0.0 ( 0)

O.O( 0)

0.0 ( 0)

O.O( 0)

ij.3 ( 1)

9.5(2)·

6.8( 3)·

( 1. ij. 19.6)

1.8( 1) ( 0.0, 10.0)

2.4( 3) ( o, 'J, 7.0)

0.4 ( 1) ( 0.0, 2.2)

O.O( 0)

2. 1 ( 1) ( 0.0, 11. 7 )

O.O( 0)

0.0 ( 0)

I. O( 6)

( 0.4, 2.2)

+ Number in parentheses is the nimber of observed deaths
• p <0.05
.. P<O.Ol



Table 3-53. Detailed Description or 8 Deaths Due to Chronic Renal Failure

--
Death Certificate Year Year Years Date of Age at

Cause of Death Started Ended Worked Death Death

Renal Failure 1926 1962 36 198ij • 86

Chronic Renal Failure 1921 1953 32 1918 92

Coronary Infarct,
Chronic Renal Disease 1934 1960 26 1969 6ij

,)
Uremia, Chronic Renal Failure 1929 1955 26 1982 92
Chronic Glomerulonephritis

..a
~

Uremia, Chronic Nephritis 193ij 1953 19 1969 82

Intracerebral Hemorrhage,
Chronic Renal Failure 1956 1914 18 1978 6ij

Uremia, Chronic
Glomerulonephritis 194ij 1948 4 1956 53

Chronic Renal Failure 1968 1912 4 1982 79



Table 3-5'. RaUo or Obaened 'Deatbs to Expected Nuabel" or Deatbs b7 Y.... Started Work: aDd lluaber or Years Worked rol" Dlaeaaea or
Huakulo8keletal S7at.. aDd CODD8Ctive Tissue

Number of Years Worked

Year Started 0-11 5 - 9 10 - 19 20 - 29 30 - 39 40. Total (95% Confidence Interval)

1900 - 1924 O.Oc 0). O.Oc 0) O.O( 0) O.O( 0) O.O( 0) 11 .5( 1) 4.6( 1) ( 0.1. 26.1)

1925 - 1934 O.oC 0) O.oC 0) O.O( 0) O.oC 0) O.oC 0) O.oC 0) O.oc 0)

1935 - 19114 O.oC 0) O.oc 0) 2.7C 1) 4.4C 1) O.oC 0) O.oC 0) 1.7C 2) C 0.2. 6.1)

19115 - 1954 O.oC 0) O.oC 0) O.oC 0) 9.5C 1) O.oc 0) --- 1.6( 1) C 0.0. 6.9 )
w
I 1955 - 196Ja O.O( 0) O.oC 0) O.O( 0) O.OC 0) --- --- O.o( 0).......

N

1965 - 19711 O.oC 0) O.O( 0) 13.H 1) --- --- --- 3.6( 1) ( 0.1. 21.1)

1975 - 1984 O.oC 0) O.oC 0) --- --- --- --- O.O( 0)

TOTAL O.OC 0) O.oC 0) 2.U 2) 3.U 2) O.oC 0) 10.4( 1) 1.5( 5)

C95S Confidence
Interval) C --- ) ( --- ) C 0.2. 7.6) C 0.4.11.2) C --- ) C 0.3. 57.6) ( 0.5, 3.5)

• Number in parentheses 1s the number of observed deaths
• p<0.05
•• p<0.01



Table ]-55. Ratio of c.serwed Deaths to E.pectecl "ber of Deaths by Year Started Work and ....ber of Years Worked for Accidents

--------- ------------- ---------------------------------
Number of Year s Worked

-------------------
Year Started o - 4 5 - 9 10 - 19 20 - 29 30 - 39 40+ Total (95~ Confidence Interval) .

--------- - --------------------------------
19J0 - 1924 O.O( 0)+ O.O( 0) O.O( 0) O.O( 0) 1. 3( 2) O.O( 0) 0.6( 2) ( O. 1, 2.2)

1925 - 1934 0.0 ( 0) 0.0 ( 0) 0.4 ( 1) 0.9 ( 4) 1.6 ( 4) 2.3< 1) 1.0(10) ( 0.5, 1.8 )

1935 - 1944 0.8( 5) 0.4(2) 0.1(5) 0.6( 2) 2.1( 2) O.O( 0) 0.1(16) ( 0.4, 1.1)

1945 - 1954 0.8 ( 4) 2.4 ( 1) 1.9( 8) 0.6 ( 1) 0.0 ( 0) --- 1.4(20) ( 0.8, 2.2 )

w
1.6( 6) 2. 1( 8) 3. 1( 2) 1.6 (2 q ).I 1955 - 1964 1. 2( 8) --- --- ( 1.0, 2. It)......

w
1.1( 6) 1.5 ( 3)1965 - 1914 1.7(12) --- --- --- 1.1(21)· ( 1.0, 2.6)

1915 - 1984 J.3( 4) O.O( 0) --- --- --- --- 2.8( 4) ( 0.8, 1.2),

TOTAL 1.2 (33) 1. 3<21 ) 1.2 (25 ) 0.8 ( 9) 1.6 ( 8) 0.9 ( 1) 1.2 (97 )

(95~ Confidence
Interval> ( 0.8, 1.7> ( 0.8, 2.0) (0.8, 1.8) (0.4, 1.5) (0.1, 3.2) (0.0, 5.0) (1.0, 1.5)

+ Number in parentheses is the nll1lber of observed deaths

• p <0.05
.. p <0. 01



Table 3-56. Ratto or Ob3erved Death3 to Expected Nuaber of Death3 by Year Started Work and Nu.ber of Tears Worked for Transportation
Accidents

0.1 ( 1) ( 0.0, 3.9)

1. II ( 6) ( 0.5, 3.0)

0.9( 9) ( 0.4, 1.1 )

1.0( 1) ( 0.4, 2.1)

1.11(11) ( 0.1, 2.5)

2.0(15)· ( 1. 1, 3.3)

4.2( 4). ( 1.1, 10.1)

1.4(53)·

( 1. 0, 1. 8)

Number of Years Worked

Year Started 0-4 5 - 9 10 - 19 20 - 29 30 - 39 40 ...

1900 - 1924 O.O( 0)..- O.O( 0) O.O( 0) O.D( 0) 1.1( 1) D.D( 0)

1925 - 1934 O.O( 0) O.O( 0) O.O( 0) 1.8( 3) 3.2( 3) O.O( 0)

1935 - 1944 1.4( 4) O.IH 1) 0.1( 2) O.D( 0) 1.4( 2) O.D( 0)

19i15 - 1954 D.O( 0) 2. 1( 3) 2.2( iI) O.O( 0) O.D( 0)

w 1955 - 1964 1.0( 1&) 1.6( 3) 1.6( 3) 3.6( 1)
I......,

1965 - 191Ja 1.8( 8) 2.0( 1&) 3.0( 3)~

1915 - 1984 1&.9( 1&). O.O( 0)

TOTAL 1.1&(20) 1.1&(11) 1.1&(12) 0.9( Ja) 3.2( 6)· O.O( 0)

(951 Confidence
Interval) ( 0.8, 2.2) ( 0.1, 2.5) ( 0.1,2.1&) ( 0.2, 2.3) ( 1.2, 1.0)

... Number 1n parentheses is the number of observed deaths
• p< 0.05
•• p<O.Ol

Total (95J Confidence Interval)



Table 3-57. Detailed De3Cription- of 53 Deaths ~e to Transportation Accidents

W
I

.......
U'l

Death Cer ti fic ate
Cause of Death

Hotor vehicle acc ident

Ore car rollover

Over yellow 1 ine

Automobile accident

Passenger of autanobile struck in rear by a truck

Struck by automobile

Two autaaobile collision, skidded on icy road

Automobile accident

Autanoblle left road and turned over

Automobile left road, rolled on victim

Head-on collision between two autanobiles

Automob il e ace id en t

Truck colli sion

Boat c aps i zed

Autanobile accident; burned

Automobile overturned after missing curve

Boat capsi zed

Snownobile collided with train engine

Passe~er of aut.onoo Lle , struck by another car

Automob il e ace id en t

Automobile accident

fa sseng er in autombil e; str uck by another v ehic 1 e

Drove off into di tch and struck access road

Automob11e/ tr ain call i sion

Boat swanped

Rid ing lawn tractor and was hi t by truck

Two car accident, man thrown from automobile

Pedestrian involved in collision with truck

Year
Star ted

1926

1935

1931l

1922

1933

1938 ­

1958

1934

1932

1934

1963

1947

1935

19115

1965

1939

19114

1954

1962

1953

1952

1966

1961

19111

1959

1968

1956

1<)6'7

Date
Ended

1969

1913

05/02 /69

01/25153

11 130/611

1969

11108/811

08/15159

1955

11/09156

01/28/82

1965

07/06/51

08/25/61

04 /25/80

01/28155

06/20158

02108/68

1916

10/21/66

10/30/611

06/09n8

10/12 n8

03/01/57

1969

06/05n8

08/22/65

05/12n6

Years
Worked

113

38

35

31

31

31

26

25

23

22

19

18

16

16

15

16

14

11l

14

13

12

12

11

10

10

10

9

9

Date of
Death

1983

1CJ11l

05 /ff2 /69

01125/53

12/18/6ft

lCJ12

11 /23/84

08/15/5 9

1958

11 /11156

01/28/82

lCJ19

01/06/51

08/25/61

011 /25 /80

01/31155

06/21/58

02 /09/68

1983

10/23/66

10/30/64

06/10na

10/nn8

03/02151

1910

06/lOn8

08/22/65

05/12n6

Time 0 f
Death

n a-

na

9:35a

1:30a

na

na

na

na

na

na

9: 30a

na

10: 30a

9: 15p

na

na

na

na

na

na

6: 1l5p

na

Il: 15a

na

na

na

5: 15p

11: 20a

Day of
Death

na

na

Fri.

Sat.

na

na

na

Sat.

na

na

Thu.

na

Fri.

Fr i.

na

na

na

na

na

na

Fri.

na

Fri.

na

na

Sat.

Sun.

Wed.

Died on
The Job

no

no

yes

no

no

no

no

yes

no

no

yes

no

no

no

no

no

no

no

no

no

no

no

yes

no

no

ye s

no

ye S



Table 3-57. Detailed Description of 53 Deatbs Due to Transportatioo Accideots (cor.tinued)
------- - -- ------ - -------------- - ------- - -_. - -------- - ----- - --- -~--- - -- - - -- - - - - -- --_ .._-

Death Cert I trcat e
Cau~c of Death

Ye ar:
Slarted

Date
[ndcQ

Years
Workcc

Date of
Death

Tillie of
Death

Day of
D{;ath

DIed or.
Tile Job

-_._----------------------- -------_. - ----------- ----- ---_._--- --------

W
I
'-J
O'l

Ualkcd into path of oncOlJiD6 autotlobile

Peceat r ran struck by autolilobile

One car accident

f,'ivins DOT truck, ran off road, reason not knovn

tlibhway maintenance worker hit by a truck

Two vehicle collision

Motorcycle hit truck

Collision-autoQobile and motorcycle

AutoQobile collision

Automob11e collis10n

Pas:;cnger in automobilej hit head-on by another car

P.ead-on collis10n between two automobiles

Automobile collided with semi-truck

t~torcyclist left road, struck telephone pole

Pedestrian struck by a t ruck

Struck by autoQobile

Road sweeper struck froln rear by a t ruck

Truck ran off road

Struck by oncoDing autOlllobilej burned by hot tar frOlll
repair truck and gasoline explosion

AutoDobile-train collision

HighWay accident

1'!otorcyc}i5l in aut.ouob r Le colli sion

Two vehicle accident

Autonobile accident

AutOl;,obile left hichway

19~2

195~

1964

1967

1972

1962

197~

1975

19~2

19~2

1943

1965

1972

1976

1975

1965

1957

1963

1963

1965

1918

1962

1961

1966

1914

02/22/50

1962

07/03/12

07/16/15

0~/05179

0~/26/66

0~/20179

1980

01/211~6

06126/116

19~7

1969

1975

06/15179

08/211178

01/12/66

09/27/60

1965

08/11/65

1967

OS/22/80

1963

11/06"8

12/07/67

05/02/75

e
6

6

8

1

6

5

5

~

11

II

~

3

3

3

3

3

2

2

2

2

02/22/50

1970

07/03112

01/16115

011/05119

011/26/66

0~/21/79

1961

01/21/~6

08126/116

1976

1971J

1982

06/18119

08/211/78

01112/6(;

09/27/60

1982

08111/65

1971

OS/29/80

1972

11/08/68

12/011f.7

05/04/75

3:30lJ

na

10 :lJ5p

1I:OOp

9: 15a

6:20p

na

na

2:28p

11:30a

na

na

na

na

9 :36a

10:05a

9:lJOa

no

na

na

na

nil

na

8:00a

na

\led.

na

110n.

Ucd.

Tbu.

frio

na

r.~

P''<)O •

Wed.

na

na

na

na

TlJu.

fl'i.

Tue.

na

ted.

0"

na

na

lIa

Thu.

r.a

I~l t +

no

no

yes

yes

no

no

no

III

y(;;~

no

no

no

no

ye s

yes

yes

no

yes

no

no

no

no

yc~

roo

It When C:. worku' died tne satze ye ar be quit workillg at I~IWOT, tile f'u l 1 dales wcr'c g rvcn. \!l1ell t.he wod{(j' d i ec OIl t he sane day lie qu i t
horkint. at Mt-DOT, the day and t i me of dea t.n arc given.

+ /lot illJpl:cable.
II Nut listed entries.



Table 3-58. Ratio of Btserwed Deaths to Espectecl "'ber of Deaths by Year Started Work and "'ber of Years Worked for Transportation
Accidents, Urb., IIorkers

NLlllber of Years Worked

Year Star ted o - 4 5 - 9 10 - 19 20 - 29 30 - 39 40. Total (95J Con fidence Interval)

-----------------
1900 - 19211 0.0 ( 0)+ 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

1925 - 1934 O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0)

1935 - 1944 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

w 1945 - 1954 O.O( 0) 3. 'H 1) O.O( 0) O.O( 0) O.O( 0) --- 0.9( 1) ( 0.0, 5.0)
I.....,.....,

1955 - 1964 2.6 ( 3) 3.9 ( 2) 5.5 ( 2) 0.0 ( 0) --- --- 3.1&( 7>. ( 1.4, 1.0 )

1965 - 1974 2.8.( 4) 3.2( 2) O.O( 0) --- --- --- 2.5( 6) ( 0.9, 5.5)

1915 - 198" 16.8 ( ) .. 0.0 ( 0) --- --- --- --- 14.1 ( 3)" ( 3.0, 43.0)

TaUL 2.8(0)" 2.1( 5) 1. 3( 2) O.O( 0) O.O( 0) O.O( 0) 2.2(7)"

(I}j J Con rid enc e
In terv al ) ( 1. 3. 5. 1) ( 0.8, 6.3) ( 0.2, 4.7) ( --- ) ( --- ) ( --- ) ( 1.3, 3.5)

----
• Humber in parentheses is the nunber of observed deaths

• p <0.05
•• p <0.01



Table 3-59. bUo of (laser"ed Deaths to upectecl .....ber of Deaths by Year ~artecl Wl»rk and "ber of Years Wl»rkecl for Transportation
Accidents, ~_ .tah.y lIaintenance IIorkers Onl)'

Nunber of Yecr5 Warked

Year Star ted o - II 5 - 9 10 - 19 20 - 29 30 - 39 40. Total {95S Confidence Interval>

1900 - 1924 0.0 { 0 >+ 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

1925 - 1934 O.O( 0) O.O{ 0) O.O{ 0) O.O{ 0) O.O( 0) O.O{ 0) O.O{ 0)

1935 - 1944 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

w 1gij5 - 195J1 O.O{ 0) 5.4{ 1) O.O{ 0) O.O( 0) O.O( 0) --- 1.4( 1) ( o. o, 7.8)
I

'" 2.6 ( 2) 0.0 ( 0) 8.3 ( 1) 0.0 ( 0)ex> 1955 - 196J1 --- --- 2.6 ( 3) ( 0.5, 7.6)

1965 - 1 CJ1J1 JI.7( JI)a 6.0( 2) O.O( 0) --- --- --- 5.0(6)" ( 1. B, 10.9)

1975 - 198J1 2 Ii. 1 ( 3)" 0.0 ( 0) --- --- --- --- 21.4{ 3)" ( 4.4. 62.6)

TOrAL 3.9( 9)" 3. II( 3) 1.6( 1) O.O( 0) O.O( 0) 0.0( 0) 3.3(13)"

(951 Confidence
IntervaU ( 1.8, 7.4) ( 0.7, 9.9) ( o. o, 8.9) ( --- ) ( --- ) ( --- ) ( 1.8. 5.6)

• Number in par en the se s t s the rumber of ob ser-v ed deaths

• p <0.05
•• p <0. 01



"

A>
I....,
o

Table ]-60. Ratio of Cltserwed ~aths to ~pected "'ber of ~aths by Ace St.arted Work and Year St.arted
"II: tor Other .lccldents

-----
Age

Yeer Sterted o - 19 20 - 29 30 - 39 40. Total (lJj~ Confidence Interval)

1900 - 192~ 0.0 ( 0). 0.0 ( 0) 1. ~ ( 1) 0.0 ( 0) O. It ( 1) ( 0.0, 2.2 )

1925 - 193~ 2.5( 1) 0.5 ( 1) O. ~ ( 1) O.8( 1) O.6( 4) ( 0.2, 1.5)

1935 - 1~It 0.0 ( 0) 0.0 ( 0) 1.6 ( It) 0.3 ( 3)· 0.5 ( 1) ( 0.2, 1.0)

191t5 - llJjlt O.O( 0) 0.1( 1) 3.5( 6)· 1.5( 6) 1.8(3) ( 1.0, 3. 1 )

1955 - 1961t 2.9 ( 1) 2.5 ( 3) 1.2 ( 2) 1.9 ( 1) 1.9(13)· ( 1.0, 3.2)

1965 - 1 enlt 2.5( 1) 1.4( 2) 1. O( 1) O.9( 2) 1..2( 6) ( 0.4, 2.6)

1975 - 1984 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

TurAL 1.6( 3) 0.8( 1) 1.4(5). 0.9(9) 1.0(44 )

(CJj J Con fid enc e
Interval) ( 0.3, It. 7) (0.3, 1.6) (0.1, 2.3) (0.5, 1.1t)

• Number in parentheses is the mmber of observed deaths
• p <0.05
.. p <0. 01

(0.1. 1.3)



W
I

ex>
o

Table )-61. lbltio ~f Cluerwed Deaths to upected "ber of Deaths by .... tency and "ber of Years Worked for ~her Accidents

Number of Year s ~rked

Lateoo y
(year s) o - II 5 - 9 10 - 19 20 - 29 30 - 39 1I0+ Total (95S Confidence Interval)

o - 4 1... ( 6)+ --- --- --- --- --- 1.1I( 6) ( 0.5, 3.0)

5 - 9 0.8 ( 2) 2.5 ( S)· --- --- --- --- 1.7 (10) ( 0.8, 3.1>

10 - 19 1.2( 3) 0.3( 1) 1.5( 9) --- --- --- 1.2(13) ( 0.6, 2.0)

20 - 29 1.1I ( 2) 0.7 ( 1) 0.9 ( 3) 1.0 ( 3) --- --- 1.0(9) ( 0.4, 1. 9 )

30 - 39 O.O( 0) O.O( 0) O.O( 0) 0.8( 2) O.O( 0) --- 0.3 ( 2) ( 0.0, 1. 1)

1I0 - 49 0.0 ( 0) 0.0 ( 0) 2.9 ( 1) 0.0 ( 0) 1.6(2) 0.0 ( 0) 0.9 ( 3) ( 0.2, 2.6 )

50+ O.O( 0) O.O( 0) O.O( 0) O.O( 0) O.O( 0) 2. 1I ( 1) o. 8 ( 1) ( 0.0, 3.9)

TOTAL 1.1 (13) 1.2(10) 1.2(13) 0.7 ( 5) 0.6 ( 2) 1.1I ( 1) 1.0 (114 )

(951 Confidence
Interval> ( 0.6, 1.9) (0.6, 2.2) (0.6, 2.0) (0.2, 1.6)

+ Number in parentheses is the nunber of ob serv ed deaths
• p <0.05
•• p <0. 01

( O. 1, 2. 2) (0. 0, 7. 8) ( 0.5, 3. 0)



Table 3-62. Detailed Description • of .... Deaths ~ to other (lion-Transportation Rei ateel) Accidents

Death Certi ncate
Cause of Death

Year
Star ted

D-d te
Ended

Year s
Worked

Date o f
Death

Time 0 f
Death

D>:ly of
Death

Age
Death

Di ed on
ThP. Job

w
•00
~

Fall frem I adder

Fe I L down st a ir s

St1'lt. wal ked in fran t 0 f a deer target

Intra-operative death

Roof collapsed

Fell down sta ir s

Putting out a fire on an electric range stove top

Was cutting ice off roof of home .... en fell to ground

Aspir"ltion of meat

Fell off back steps of home and suffered a hematoma

Ro)al packer overturned, crushing d ecea sed

Tr ac tor ti pped over

Severe t herm al i nj ury

lump. caught nre; unable to get out

Fr» ze to death

Pi nn ed und er automob11 e

Fr eo t ur e of left hip

Fall striking back o f head

Safety rim of tire ex pl od ed , pene t.r a t i ng skull

Ueat stroke

Cave-in of fl foot deep trench while laying w::tter pipe
f'o r v ill ag ell f Beaver Bay

Fe Ll from l add er on roof

Drowned

St r ang ul at.i o n on b i t.e o f t'ood

l nge s t ed large quantities of cocaine and v al i um

1<.P-9

1923

1925

1949

1960

1932

19112

1939

1951

1952

1961

19!12

1950

1951

1958

1933

19!12

1942

1959

1962

1948

Il]j 1

19 116

1958

1 »t>

1915

1961

1956

lfJ71

6/22/811

19511

1961t

1969

1970

9/0lt/70

8/17179

9/10/59

1965

19'72

1912

10/2lt/4 6

19511

1953

1911

8/30/11

11])8

1960

1955

1/04/61

FHIO

46

38

31

28

214

22

22

30

19

18

18

11

15

15

Ilt

13

12

11

12

11

10

9

9

9

8

1983

1968

1966

1918

6122/84

1%0

1971

1970

1975

9/08/70

8/11179

9/10159

1919

19'73

1915

10/24/46

1982

1961

1918

08/30/7 3

19'JC)

1969

197?

11/29/67

1981

n a-

na

na

na

na

na

na

na

na

na

3: OOp

11: OOa

na

na

na

10: 20p

na

na

na

1: 35p

na

na

nn

na

na

na

na

na

na

Fri.

na

na

na

na

na

Fri.

Thu.

na

na

na

rn»,

na

na

na

Thu.

na

na

na

na

na

70

16

71

64

43

17

78

62

56

50

51

56

83

60

60

41

90

81

46

33

41

79

t)O

119

30

no

no

NL tt

NL

yes (farm)

no

no

no

NL

1'1<)

yes

yes

no

no

no

yes

NL

NL

ye s (c it y)

NL

yes (city)

NL

NI.

NL

rn



Table ]-62. Detailed DescripUon of "" Deaths ~ to Other (Ion-Transportation Relatecll Accidents (conti n ued )

W
I

ex>
N

Death Certificate
Cause of Deat.h

Acc idental el ec trocut ion

Car jack 5 I i ppe d and car fe 11 ac ro S5 chest

Stepped on nail; anaphylactic shock frOO! tetanus soot

Shot by another deer hunter

Intractable pc s t-o perat.tve shock; injured when wrench
t he was us i ng to w>rk on large tires for HNOOT slipped
am injured right arm (7/20/61)

Fell 1II feet from bridge abatement

Acc id en t al I y soot by a deer hunter

Car bon mOOOK ide poisoning

Caught under tleav y "front loader"

Rim ov er by tractor pulling mower

AsptlyKia d ue to 3II0ke inhalation

IIit head on dock while diving to retrieve drifting boat

Fell 12 feet f'r on c osb tne - landed on chest

Fall

Fell approKimately 25 - 30 feet over cliff (9/12/68)

Found on floor (in bo spt tal. rails up)

Drowned

State highway t.ractor overturned in ditch.• Caught under
tractor as he e a t.ap ul ted f'r on right of way

Putting up a highway sign loAlen hit hy a high voltage wire

Year
St.ar ted

19711

19112

19113

1951

1953

19611

1956

19119

1951

1965

1962

1962

19115

1953

1966

1910

1953

1960

1969

Date
Erd ed

8/19/82

1949

1950

10/31158

10/01/60

1/09110

11/15/63

1953

11/01 /61

6/26/69

1965

8/21/65

1941

1955

11/24/68

1912

1954

8/02/61

12/011nO

Years
Worked

8

'1

1

1

1

6

1

!I

!I

!I

3

3

2

2

2

2

Date 0 f
Death

8/19/82

1962

1952

11/08158

1/21/61

1/09rlO

11/16/63

1963

11/01/61

6/26/69

1918

9/06/65

1970

1913

11/211/ 68

1915

1960

8/02/61

12104110

Time of
Death

9:0~

na

na

na

na

na

na

na

9: 115a

11: OOa

na

na

na

na

na

na

na

2: 30p

11: OOa

!My of
Deatn

Thll.

na

na

na

na

Thu.

na

na

Wed.

Thu.

na

na

na

na

Sun.

na

na

Wed.

Fr i ,

Age
Death

36

57

116

50

66

55

56

45

34

36

61

37

67

81

57

55

30

28

20

Died on
The Job

no

yes (farm)

Yf>S (State)

no

ye S

ye s

no

no

yes

ye S

no

no

ye s (farm)

NL

yes

no

NL

ye S

ye s

• When a worker died the sam e y~ar he quit working at HNDOT. the full d at.e s we r e g t v en • Whf'n the wuc'ker d i e d on the s am e- d ay n e quit
working itt ~1N()()T. the day and time of d e at.h ar e given.

+ Not a pp lie ab l e ,
tt Not listed entries.



Table 3-63. Ratto or Observed Deaths to E_pected lU8ber or Deaths by Year Started Work and lu.ber or Years Worked for Violence

Number of Years Worked

10 - 19 20 - 29 30 - 39 40+

O.OC 0) O.O( 0) O.OC 0) O.O( 0)

O.O( 0) 1.6C 2) 1.4( 1) O.O( 0)

0.5C 1) O.O( 0) O.OC 0) O.O( 0)

O.O( 0) O.O( 0) 0.0< 0)

0.6( 1) O.O( 0)

O.O( 0)

O.O( 0)

0.9{ 3) ( 0.2, 2.6)

0.6{ 4) ( 0.2, 1. 5)

0.6{ 3) ( O. 1, 1. 8)

0.7( 4) ( 0.2, 1. 8)

0.4( 2) ( 0.0, 1.4 )

O.O{ 0)

0.6(16)-

( 0.3, 1.0)

Year Started 0-" 5 - 9

1900 - 192" 0.0( o}+ 0.0( O}

1925 - 193" O.O( O} O.oC 0)

1935 - 19.... 0.9C 2} 0.6( 1}

1945 - 195" 1.2( 2} 1. O( 1}

1955 - 1964 0.9C 2} 0.1( 1}

1965 - 191" 0.8C 2} O.O( 0)

1915 - 1984 O.OC 0) 0.0( 0)

TOTAL 0.9( 8) 0.5( 3)

(95J Confidence
Interval) ( 0.4, 1.1) ( 0.1, 1.5)

0.3( 2)

( 0.0, 1.1)

0.5( 2)

(0.1,1.8)

0.7( 1)

< 0.0, 3.9}

O.O( 0)

Total (95~ Confidence Interval)

+ Number In parentheses is the number of observed deaths
• p<0.05
.. p<O.Ol



T.ble 3-6'_ Ratio or Observed Deaths to EKpected lu.ber or Deaths by Year Started Work and Nu.ber or Years Worked for Tuberculosis

1. 9( l) C 0.0 0 10.6)

0.1C 1) ( 0.0, 3.9)

l.OC 3) ( 0.2. 2.9)

c.or 0)

O.OC 0)

O.OC 0)

O.oC 0)

O.BC 5)

002, 1.9 )

Number of Years Worked

Year Started o - JI 5 - 9 10 - 19 20 - 29 30 - 39 40.

1900 - 1924 OoOC 0)..- OoOC 0) OoOC 0) 3.3C 1) o.or 0) OoOC 0)

1925 - 1934 OoOC 0) OooC 0) o.or 0) 2.2C 1) OoOC 0) o.oC 0)

1935 - 19411 108e 2) o.oe 0) 1.3e 1) o.oc 0) O.OC 0) o.oe 0)
w,

19115 - 19511 OooC 0) OoOC 0) o.oe 0) o.OC 0) OoOC 0)(X)
.J::a

1955 - 19611 o.oe 0) o.oC 0) o.oc 0) o.or 0)

1965 - 1914 .oooe 0) OooC 0) o.oC 0)

1915 - 1984 o.or 0) o.oC 0)

TOTAL 1. 1( 2) o.oC 0) 006C 1.) 2 00C 2) n.or 0) o.oC 0)

C951 Confidence
Interval) C 0.1.11 00) C --- ) C 0.2. 3.3) C 0.2. 102)

• Number 1n parentheses 1s the number of observed deaths
• p <0.05
.. p <0001

Total C951 Confidence Interval)



Table 1-65. Results or Ea.iro~tal Monitorinl Conducted by HMDOT and/or MM OSHA. 1981-1985

Substance and Concentration

W
I

ex>
U1

SCIlIple
Dat e

Duration
of Sample

OSHA Standard

Type of
Sampl e Activ ity

Petroleum
Dist ill ales

(mg/m3 )

2000

Xylene
ppm

100

Total Hydrocarbons
n-Hexane

ppm

50

Benzene
ppn

10

Hexane
ppm

500

Toluene
ppn

200

July 1981 not ind icated BZI silk screen 8 2
Jul Y 1981 not ind ic ated BZ silk screen 41 4
July 1981 not indicated BZ silk screen 16 28
Aug. 1984 not ind icated BZ paving 3.6
Aug. 19811 not 100 teated BZ pav tng 3.5
Nov• -Dec , 1984 not t nd icated NS crack fi 11ing <0.01
Nov. -Dee , 1984 not i 00 teated NSII crack fill Ing < 0.01
March 1965 90 minutes Area asphal t heating 1107 23.0 0.05 2.0 5.0
March 1985 not Indicated BZ crack filling < O. 12 <0.02 < 0.05 <0.03 < 0.02
March 1985 not ind tcated BZ crack filling <0.12 <0.02 < 0.05 <0.03 < 0.02
March 1985 not ind leated BZ crack f1111ng < 0.20 < 0.03 < 0.08 < 0.06 < 0.04
March 1965 not indicated BZ crack filling < 0.54 < 0.08 < 0.22 < 0.15 < 0.09
March 1985 not iOOleated Area* d l str ibutor. hatch 861.00 mg/m3 18.00 2.00 4.00 6.00

,
"*

BZ = Breathing Zone
NS = Area sample not specified
Area = sanpled at hatch opening



Table 3-66. Enviro~ntal Honitorins Durins Road Repair: "arch 27. 1986

Sampling Area Petroleum
Period Sampled Activity Benzene Hexane Dt st I 11 at e s Toluene Xylene

(ppm) (ppm) (ppm) (ppm) (ppm)

1015-1150 BII Oil application from N.D.II N.D. 11 0.25 0.51
tar kettle

1018-1154 BZ Shoveling from patching N.D. N.D. 1.5 0.06 0.22
trailer

1023-1212 Area Hatch opening on N.D. N.D. 20 N.D. N.D.
patching trailer

1026-1154 BZ Raking mix N.D. N.D. N.D. N.D. N.D.

W
1215-1332 Area Hatch opening on N.D. N.D. 92 N.D. N.D.

I patching trailer
00 1234-1344 BZ Shoveling from patching N.D. N.D. 2.0 0.05 0.40m

trailer
1235-1350 BZ Raking mix N.D. N.D. 2.0 N.D. 0.30
1236-1354 BZ Oil application from N.D. N.D. 2.4 0.05 0.20

tar kettle
1332-1416 Area Hatch opening on N.D. N.D. 282 N.D. N.D.

patching trailer
1344-11116 BZ Shoveling from N.D. N.D. 12 0.30 N.D.

patching trailer
1350-1416 BZ Raking mix N.D. N.D. N.D. N.D. N.D.
1354-11116 BZ Oil application from N.D. N.D. N.D. N.D. N.D.

tar kettle

, Breathing zone

" None detected



Table ]-67. Tt.e WeilhtecJ berace EaposLres for Road Repairs: March 27. 1986

Number of
Samples

Sampling
Per t od

Employee
Sampled A~t1v1ty

Pe tro 1 ellll
Di still a te s

(ppm)

Xylene 1\oIA
(ppm)

To 1 uene TIH
( ppm)

3 195 min. BZ' Oil applic atic:'i fr-om 6.3 0.33 0.14
w tar kettleI
(X)
....... 3 198 min. BZ Shoveling from 3.11 0.25 0.10

patching trailer

3 189 min. BZ Raking mix 0.79 o. 12

3 230 min. General air Hatch open t I'Ig on 911
patching trailer

, Breathing zone



Table 3-68. Air Contaminants Collected in Worker Breathing Zones: March 27,
1986

Sampling
Period

1015-1150
1018-1154
1023-1212
1026-1154
1215-1332
1234-1344
1235-1350
1236-1354
1332-1416
1344-1416
1350-1416
1354-1416

Description

Oil application from tar kettle
Shoveling from patching trailer
Hatch opening on patching trailer
Raking mix
Hatch opening on patching trailer
Shoveling from patching trailer
Raking mix
Oil application from tar kettle
Hatch opening on patching trailer
Shoveling from patching trailer
Raking mix
Oil application from tar kettle

3-88

Air Concentration
Total Pjrticulate

mg/m

0.64
0.99
3.4
1.1
7.7
1.9
1.0
0.70

37.2
5.0
4.8
4.7



Table ]-69. Eilht-Hour Ti.e Veilht Averale Eaposures for Breathinl Zone Sa.ples: "arch 27. 1986

Number of Sampling
Samples Period

3 195 min.

3 198 min.

3 189 min.
3 230 min.

Activity

application from tar
kettle
Shoveling from patching
trailer
Raking mix
Hatch opening on patching
trailer

Substance

Total particulate

Total particulate

Total particulate
Total particulate

Total
Particulate

TWA*
(mg/m3)

1.1

2.0

1.6
1 1

• Unsampled workshift exposure time considered as zero exposure.



Table 3-10. Breathing Zone Sa.pIes Collected During
Sign Shop Silk Screening: August 1986

Duration of
Sampl ing

9: 46 - 11: 34
9:48 - 11:40

Petroleum Distillates
( ppm)

4.0
4.9

3-90

Xylene
(ppm)

0.42
1.0



Table 3-71. Breathing Zone Samples Collected During a Paving Operation:
August 1986

Duration of Toluene Xylene Petroleum
Sample Activity (ppm) (ppm) Distillates

(ppm)

8:29 - 11:52 screen operator NO 0.04 0.3
8:29 - 14:51 screen operator NO NO NO
8:23 - 11:50 paving operator 0.04 0.06 0.4

11:52 - 14:51 paving operator NO 0.02 0.2
11:50 - 14:50 paving operator 0.03 0.07 0.2
8:23 - 14:51 paving operator NO NO NO

3-91



Table 3-72. MNOOT Bulk Samples for Benzene and Hexane: December
1984

Description

Ashland Cutter Stock (for MC cutbacks)
Ashland Cutback Asphalt MC-70
Ashland Asphalt AC-1 120/150
Trumbull Asphalt AC-3 Crackfiller
Koch Cutback Asphalt RC/250
Koch Asphalt AC-1 120-150
Koch Cutback Asphalt MC/250
Murphy Asphalt AC-1 120/150
Murphy Cutback Asphalt MC/250
Murphy Cutback Asphalt RC/250

Benzene*
(ug/g)

19
16
0.4
0.8
188
3.5
24
3.0
6.4
61

Hexane*
(ug/g)

2.8
9.0
0.08
0.6
45
1.1
3.5
0.5
3.4
7.5

* Lower detectable limit for benzene = 0.03 ug/g;
for hexane • 0.02 ug/g.
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4. DISCUSSION

INTRODUCTION AND OVERVIEW: Thi s section integrates the resul ts of thi s

study with the relevant medical and epidemiologic literature about the

causes of death (diseases) that appear to be elevated among the HMWs. This

includes discussion of the low SMR for all causes -- often called the

hea1thy worker effect; a synops is of cri teri a used to interpret elevated

SMRs; an evaluation of alcohol and smoking related mortality in the HMW

cohort; and finally, a discussion of the findings that leads to the

recommendations give~ in the next section.

The lower overall mortality (SMR • 0.91) for HMWs may be explained by

what is called the heal thy worker effect. In thi s study,' MNDOT workers

were compared with all Minnesotans of the same age, race, time period, and

region of the state. These two groups are not strictly comparable (i.e.,

one group ·i s employed and the other cons i sts of all Minnesota res idents).

Because a person must be in relatively good health to start working and to

remain working, workers will, in general, experience less mortality than

the population as a whole which also includes persons too ill to work.

The healthy worker effect is thought to play' a much smaller role (if

any) for cancers than for "all" causes of mortality or diseases of the

heart. The all cause deficit of 146 deaths (SMR • 0.91) in this cohort was

primarily due to a decrease in 50 deaths (SMR • 0.93) from all heart

disease and 32 deaths from cerebrovascular diseases (SMR = 0.80). The

overall decrease in cancer mortal i ty accounted for 54 ,fewer death s than

expected (SMR • 0.84). The significantly reduced mortality for all cancer

was unusual because those factors that are thought to influence cancer

mortality do not usually affect employment ability before disease onset

(Monson, 1986; Wen, 1983).
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The existence of a healthy worker effect does not mean that the

incorrect compari son popul at i on was used. Acompari son popul at ion ina

study such as thi s must be 1arge. In thi s instance, the expected number

was computed from 1,300,000 deaths that occurred over a 40 year period in

Minnesota. Because Minnesotans tend to live longer than Americans in

general, comparison to United States mortality data would have spuriously

decreased most of the SMRs. Thus, results must be interpreted as relative

to other Minnesotans of the same age, sex, race, and time periods.

The-baseline rates from which the expected number of deaths was

calculated were relatively stable. The observed deaths were often small in

number and subject to much more vari abi 1i ty .: Us i ng a 1arge compari son

population, however, did not account for the fact that there were several

thousand comparisons. When conducting thousands of statistical tests as was

- done in this study, many (approximately 2.. 5%) will be s i qn t f i cant l y

elevated due to chance alone (assuming 95% confidence limits). It is often

difficult to dissect this "multiple comparison" problem out of inferential

associations. ~ priori hypotheses, strength of the association, biologic

plausibility, and consistency are often used to refine inferences drawn

from observational studies. For this reason, interpretation of data cannot

be confined to an isolated test result. Both high and low SMRs must be

interpreted in relation to these criteria_

Prior to the onset of the HMW study, several causes of death were

ident i fi ed as being of interest. These included: 1) 1eukemi a and other

hematopoietic disorders; 2) transportation accidents; 3) pneumoconioses;

4) 1ead rel ated di sorders; and 5) soft-t issue sarcomas. Because these

causes were defined prior to the study (! priori) it may be argued that

they should not be evaluated as part of a spectrum of multiple statistical

comparisons.
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Even after considering multiple statistical comparisons, the magnitude

of the SMR, and statistical significance, no conclusion may be made about

causality. What may be said is that a group of workers, all of whom had a

certain degree of experience in common, had an SMR that was less than,

equal to, or greater than expected. Except in speGific circumstances

(e.g., injury), etiology cannot be determined. The etiology of acute

traumatic events such as falling off a bridge are often associated with

other specific events even if the factors leading to the event are unclear.

Interpretation of this and other studies that rely on death

certificate data is also made difficult due to several problems related to

death certificate data: physicians have little or no training on

completing death certificates; the data available at death may be

incomplete; death certificates are often hastily completed in order to

expedite funeral arrangements; amendments to the original entry are

infrequent even when new information becomes available (e.g., autopsy

results); and diagnoses used on death certificates are often difficult to

code (Comstock, 1986).

Regardless of these problems, a cohort mortality study represents the

best means by which to evaluate a large and previously unstudied group of

workers. In addition, the coding of cause of death for cancer generally

tends to be better than the coding for non cancer deaths (Percy, 1981).

Because injuries are acute events, it might be expected that the data for

transportation and other forms of death from injury were also likely to be

accurate.

Even though errors may exist in certification and coding of death

certificates, there is ncreason to suspect that the deaths of HMWs were

processed differently than those of other Minnesotans. Therefore, it is
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unlikely that the elevated (or lowered) mortality for specific causes of

death identified in the study were due to differences in death

certification and nosologic coding.

An overview of the interpretation of cohort mortality data has been

given by Monson (1985). These criteria will be described and then

discussed in the context of HMW study.

Consistency: It is useful to know if the findings of a specific study are

consistent with the findings in similar occupational groups. A slightly

elevated SMR may mean more than a large SMR if the former is supported by

multiple studies and the latter is inconsistent with previous epidemiologic

work. The absence of consistency leaves doubt with regard to etiology, and

its presence creates a stronger argument for a causal association.

~Q!£ifi£i!l: An interpretation of causation is favored when the

association links the exposure to a single disease rather than some broad

spectrum of diseases. An example of high specificity is the association

between occupational exposure to vinyl chloride and angiosarcoma (a rare

form of liver cancer). The high specificity, as well as the strength of

this association leaves little doubt as to its causative nature.

A lack of specificity, however, does not necessarily argue against

causality. For example, cigarette smoking has been associated with a wide

range of diseases. In fact, the smoking hi story of study subjects (when

available) is always considered in well-designed studies. This lack of

speci fi city, although st ill somet i mes raised in arguments by the tobacco

industry, is not particularly troublesome to epidemiologists since a great

many components have been identified in tobacco smoke, and many of these

components can be transported through the body to different sites.
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Strength of Associatio~: It is useful to examine the magnitude of an

as soc; at i on, (e.g., SMRs of 10 vs. SMRs of 1.5). However, the magn i tude

of an SMR may be misleading. An SMR of 5 may have resulted from 1 case

(e.g., 1/0.2) and an SMR of 1.5 from 150 cases (e.g., 150/100). Clearly

the former is much less stable than the latter.

Dose~esQQ~~: Exposure may be graded by intensity, duration or both,

When a substance (e.g., cigarette smoke) pl aces a person at r i sk for 1ung

cancer, then more intense or longer use of that substance might be expected

to increase that ri sk. The presence of a dose-response re1 at i onshi p ; s

strong evid~nce in support of a relationship between the disease of

interest and the exposure(s) or occupation under study. For example, it

would be unusual to find ,lung cancer increased in those with 5 years of

work and not in those with 30 years of work;f the cancer was being caused

by an ongoing job related exposure.

~iQIQgif fl!Y~!Qili1l: A causal hypothesis is supported when an

association is consistent with or supported by other known facts and

observations. For example, a causative hypothesis is favored if there is

some demonstrated or potential biological mechanism by which the effect can

be explained. The cellular effects of ionizing radiation have lonq been

recognized and offer a clear explanation for the health hazards of

radiation.

In the case of cigarette smoking, laboratory studies have identified a

variety of organic compounds in inhaled smoke; a number of these compounds

have been shown to cause cancer in animal studies. These findings are thus

consistent with the human epidemiologic evidence.

4-5



The absence of a recognized biological mechanism is not necessarily

contradictory to a causative interpretation. The lack of. an apparent

mechanism may only reflect an early stage of investigation.

Temporal Relationship: It is also useful to examine the time relationship

between the disease of interest and the exposure of interest. Obv ious1y,

it is important to ascertain whether the disease or exposure occurred

first. If the exposure was first, it must be determined if there was

enough time (Le., latency) for the disease to occur. As an example,

mesothelioma rarely develops until 30-40 years after exposure to asbestos.

ALCOHOL AND TOBACCO: Before examining cause specific mortality, it is

important to examine mortality from alcohol and tobacco related

experiences. These substances are known to influence mortality for

·numerous causes of death, and their combined effect is known to affect

ot her causes.

Alcohol use has been strongly associated with deaths due to injuries,

ci rrhosi s , pancreat it is, and oral and 1aryngeal cancers. In the case of

oral and laryngeal cancer, alcohol acts largely in combination with tobacco

smoke (Parker, 1985). Table 4-1 shows the SMRs and percent of deaths

attributable to alcohol for selected causes of death assoctated with

a1coho1 consumpt ion. It appears from these data that there was a defi cit

in alcohol-related mortality in the HMW cohort. Aggregating the 5 causes of

death gave an SMR of 0.7. These observations suggest, but do not prove,

that alcohol use was less among HMWs than among Minnesotans in general.

Table 4-2 shows the SMRs and percent of deaths attribu~able to smoking

for selected causes of death. Clearly, lung cancer was significantly

reduced among HMWs. This is unusual because "blue collar" populations

usually have higher smoking rates. Lower rates of lung cancer mortal ity
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are very often the resul t of decreased smoki ng. In aggregate, there was

no reduction in other smoking related causes of death (i.e., excluding

1ung cancer) (SMR = 1.0). The fi ndi ngs of subs t ant i ally reduced 1ung

cancer mortality in the face of nominal mortality for other smoking related

causes of death is at this time unexplained.

It may be concluded that mortality from both smoking and alcohol

related causes was equal to, if not less than, mortality from these causes

for all Minnesotans. These data are useful when examining the increase in

mortality due to injuries and certain cancers (e.g., leukemia and bladder

cancer).

LEUKEMIA: There were 17 deaths from leukemia during the 40 year follow-up

of this study. The 1argest elevation was in those workers with 30-39

years of experience (SMR a 4.2). Epidemiologically, the high risk leukemia

mortality profile did not include the Wheaton cluster. Therefore, the

Wheaton cluster may represent the common finding of spatial and temporal

clustering of leukemia with no apparent etiology.

There have been two descriptive studies of t r anspor-tat t on workers.

Maizlesh (personal communication) studied the proportional mortality from

1507 death certificates of Cal ifornia highway maintenance workers.

Specific job classifications and duration of work were not available. An

overall PMR of 1.6 was ,found for all lymphopoietic cancers; those workers

who died after retiring had a PMR of 2.3 for these cancers. Milham

(personal communication) found an overall leukemia PMR of 1.1 for highway

maintenance related workers in the state of Washington. These figures are

consistent with data from the current study.
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The SMR of 4.2 in the Minnesota study for workers with 30-39 years of

experience was based on 7 deaths. A usual (but arbitrary) requirement for

interpreting an SMR is for three or more deaths to have occurred. In this

case, one more or one 1ess 1eukem ia death woul d not qual i tat ive1y change

the interpretation. The finding of an additional leukemia death after

December 31, 1984 supports the plausibility of an association between

leukemia mortality and the life long experience of this cohort. Since this

death occurred in a worker with 30-39 years of experience, attention to

this subgroup is justified and makes this specific finding (SMR = 4.5) less

likely to be due to chance.

It was not possible in this instance to examine a specific dose­

response relationship for leukemia mortality. Air monitoring data and work

histories lacked the detail required for such estimates. Though no time

trend was seen, the increased SMRs were found only in those with 30 or more

years of experience. Because of the difficulty in examining a dose­

response relationship, it is important to examine the r t sk factors

associated with leukemia in order to more carefully examine possible causes

of these elevated SMRs.

The follOWing is a brief summary of the vast literature on the

epidemiology of leukemia.

Radiation: High to moderate levels of ionizing radiation can cause

leukemia. This conclusion is based on the high incidence of leukemia among

survivors of the atomic bomb blasts in Hiroshima and Nagasaki (Bizzozero,

1966), and the reports by Brown (1965) of patients receiving therapeutic

radiation for ankylosing spondylitis. Increased risk for leukemia has

been found for radium workers with significant lifetime exposures to radium

isotopes (Rowland, 1970), and patients therapeutically exposed to radiation
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for conditions such as menorrhagia (Alderson, 1971) and polycythemia vera

(Modan, 1965).

Gibson (1972) found an association between both chronic and acute

myelogenous leukemia (CML and AML) in men due to diagnostic radiation.

Graham (1966) found an increased risk for leukemia in children associated

with preconceptional diagnostic radiation of either parent. Diagnostic

radiation during pregnancy also increased the risk of leukemia in children.

The incidence of acute leukemia was increased for patients receiving

diagnostic x-rays using thorotrast (daSilva, 1974). Gunz (1964) also

found a significant association between diagnostic x-rays and AML. Other

reports concerning leukemia risk from diagnostic x-rays are controversial

and inconclusive.

Smoking: Cigarette smoke is not generally recognized as a risk factor for

leukemia. The lack of recognition of smoking as a risk factor is curious

since many studies have reported this association. The relative risks for

leukemia in smokers have, however, been much smaller than those reported

for other cancers. Based on the results of two large cohort studies in the

United States, smokers had relative risks of 1.2-1.5 (20-50% excesses) for

leukemia mortal ity compared to nonsmokers (Rogot, 1974; Hammond, 1966).

Since the relative risk for lung cancer in smokers compared to nonsmokers

i s 8 to lOt i me s 1arger , i tis under standab1e why the 1eukem i a fin din gs

have not been emphasized. Small quantities of many substances potentially

capable of causing leukemia are present in cigarette smoke in either the

gas or part icul ate phase (DHEW, 1979). These substances include benzene,

urethane, naphthalene, nitrosamines, PAHs and radioactive compounds.

Although the relative risk for leukemia associated with cigarette smoking

is small, the population attributable risk (which is a measure of the
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amount of leukemia that can be attributed to smoking) may be large because

of the large number of smokers.

Viruses: Other environmental factors are far less clear in their----
involvement in the etiology of leukemia. Because of their influence on

leukemia in laboratory animals, and the recent discovery of an association

between HTLV-I and a rare form of human leukemia (Gallo, 1985), viruses are

a concern in the development of leukemia in man. While the appearance of

so-called "micro-epidemics" and clusters of leukemia lend credence to the

possibility of infectious spread of leukemia, studies have yielded

inconsistent results and have demonstrated the need for caution before

attributing any consequence to these clusters (see Perspectives on Wheaton

and other cancer clusters in section 1).

Chemicals and Occupation

1. Drugs: Many chemicals are suspect as possible leukemia causing agents.

Most have the ability to suppress the growth of cells in animal and human

bone marrow. A group of chemicals under suspicion are therapeutic drugs,

including chloramphenicol (Cohen, 1973) and phenylbutazone (Hart, 1964),

which may be involved in the development of aplastic anemia. Other drugs

are also suspected as being associated with leukemia.

2. Benzene: The chemical with the most evidence of causing leukemia is

the aromatic hydrocarbon benzene, a common industrial solvent (Infante,

1977). It also has the ability -to induce aplastic anemia (Askoy, 1962).

Benzene's leukemogenic action has long been suspected. The first case of

benzene-associated leukemia was described by Delore and Borgomano in 1928.

Since that time hundreds of cases of leukemia have been attributed to

benzene. The presence of benzene in petroleum products such as gasol ine
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and oils make its role as a factor in leukemia etiology of particular

interest in this study of highway maintenance workers (see Appendix A-6 for

a detailed discussion of benzene, solvents, and leukemia).

3. Other Occupational Exposures: Increased leukemia risk has been

reported for a number of other industries and occupations involVing

chemical exposures. Numerous case-reports have linked leukemia and

exposure to ch1ordane and heptachlor (Infante, 1978). Ott (1974) reported

an increased risk for all hematopoietic cancers in workers in arsenical

pesticide formulating plants. Two other studies of workers exposed to

heptachlor and chlordane were negative (Wang, 1979). Milham (1979) found a

small nonsignificant increase in leukemia deaths for aluminum reduction

workers as well as a 30% excess of leukemia deaths for pavers, graders, and

excavators. Within the later group, HMWs in the state of Washington had a

13% excess for all leukemia deaths (Milham, personal communication).

Several studies have suggested that workers with presumed exposure to

electromagnetic fields may have a modestly elevated risk of acute leukemia.

However, these studies have not characterized actual exposures to

electromagnetic fields, and other types of exposures in these diverse

occupations cannot be ruled out. Thus, no causal association ·has been

established (savf tz and Calle, 1987).

Many studies have found that leukemia mortality is higher in rural

are as wit h 1arg e agric u1t urali ndust r iesthan i ntherest 0 f the Un i ted

States. There is a broad band of increased leukemia mortality from Texas

through the Dakotas and Wisconsin (Blair, 1980). In Iowa (1973-1977) for

example, the mortality for all forms of leukemia was 7.3 per 100,000, a 10%
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increase over the entire SEER program (a federally funded cancer

registration system). Over the past 40 years, Minnesota's overall leukemia

mortality was approximately 15% higher than the rest of the country.

Several investigators have suggested that this increased leukemia

mortality was associated with agricultural practices (Blair, 1985). One of

the hypotheses was that the bovine leukemia virus which is widely prevalent

in dairy herds in this country is associated with the development of human

leukemia (Donham, 1977). Data from a recent study, however, indicates that

this possibility is extremely unlikely (Bender, 1987). Farming does confer

substantial exposure to many substances such as pesticides. One recent

study 1inked exposure to certain pesticides and specific forms of

lymphoreticular malignanc.ies (Hoar, 1986).

Host Factors: Host factors appear to be important in leukemia development.

There is increasing evidence of the influence of gene~ic factors in human

leukemia. A number of inherited abnormalities have been described as

potentiating the development of leukemia. These illnesses include Down's,

Klinefelter's, Turner's, Bloom's, and Fanconi's syndromes as well as ataxia

telangiectasia (Fraumeni, 1969; Pierre, 1974).

Gunz (1970) describes a threshold effect involving the interaction of

multiple genes and environmental factors, which he proposed as a model for

human leukemia. Identical twin studies described by Gunz found that if a

twin sibling had previously developed acute leukemia, the other twin had at

least a 25% chance of developing the disease.

It is improbable that most of the above factors influenced leukemia

mortality of the cohort. There is no reason to suspect viral infections,

radiation, drug, and host factors. Three factors however, require further

discussion: smoking, chemicals, and farming.
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The relationship between smoking and leukemia appears to be weak but

consistently positive. However, lung cancer mortality is substantially

reduced in this cohort (SMR = 0.69). This makes it unlikely that smoking

could account for the increased leukemia risk seen. Environmental

exposures to this cohort remain enigmatic. As discussed above, several

studies have shown a relationship between herbicide exposure and leukemia.

In this study, the largest SMR was 16.0 for urban workers with 30-39 years

of experience compared to 2.8 for rural workers. The overall SMR for urban

workers was 1.12 compared to 1.07 for rural workers. This indicates that

it is unlikely that farming, most commonly associated with rural life,

played a significant role in the etiology of leukemia deaths in this

cohort. This does not mean, however, that urban workers did not use

herbicides in the maintenance of roads.

Extensive data have also been gathered on current exposures to benzene

by HMWs. Recent exposures have been well below the threshold limit value

(TLV). However, no data were available on past exposures to benzene.

Acute myelogenous leukemias are most commonly associated with benzene

exposure, and chronic myelogenous leukemias are least commonly associated

with benzene exposure. In many cases in the literature, leukemia followed

benzene exposure by less than 15 years. There have also been reports of a

relationship between lymphocytic leukemia and solvent exposure.

As seen in Table 3-33, 10 out of 17 leukemia deaths were coded on the

death certificate as nonlymphocytic leukemia, and 7 out of 17 worked 30 or

more years. These data, combined with the monitoring data showing little

evidence of benzene exposure, leaves in question the possibility of

exposure to other leukemogens either on and/or off the job.
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Because of the magnitude of the increases in leukemia mortality with

no apparent explanation, these observations require further exploration:

1) Case-control studies within the existing record systems may be useful

to further refine which components (if any) of maintenance work were

associ ated wi th the increased 1eukemia risk; 2} Continued environmental

monitoring using more sophisticated protocols to ensure that exposures to

known carcinogens are not occurring; and 3} Cytogenetic testing of high

risk groups as measures of present and/or historical exposures to cytotoxic

agents. Cytogenetic techniques have been demonstrated to be sensitive

indicators of both in vitro and in vivo induced DNA damage. It would be

useful to investigate these chromosomal changes in peripheral blood

lymphocytes of HMWs and matched controls. This information will help to

interpret the leukemia risk to HMWs as well as to assist in evaluating the

efficacy of environmental monitoring. (See next section for more detail on

these recommendat ions.)

TRANSPORTATION AND OTHER ACCIDENTS: As shown in summary Table 4-3, the

overall SMR for transportation accidents was 1.4. The SMR was higher for

the all urban compared with the all rural subgroup. The overall SMRs for

these groups were 2.2 and 1.1, respect ive1y. The SMRs for urban and rural

"HMWs only" were 3.3 and 1.2, respectively.

The overall SMR increased with later years of starting work. This

trend was dramatic for urban HMWs (Table 4-3). No trend was seen for age

started work. For rural HMWs, the SMR increased with increasing years of

work experience (summary Table 4-4).

Part of this increasing SMR in later years may be accounted for by the

decrease in age adjusted mortality from transportation accidents for white

male Minnesotans. As seen in Figure 4-1, age adjusted mortality increased
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slightly between 1945-1954 and 1965-1974. However, age adjusted mortality

decreased from 44/100,000 in 1965-1974 to 30/100,000 in 1975-1984. The

SMRs for these four periods for all state workers were 1.0, 1.4, 2.0, and

4.2, respectively.

Table 3-57 lists the cause of death for each worker killed in

transportation accidents. A total of 14 workers died while at work based

on death certificate information. For 2 additional workers, it could not

be determined from the death certificate if they died at work with MNDOT.

No specific type of injury was apparent from this 1ist. Though the SMRs

for "other" acci~nts were not increased as seen in Table 3-61, there were

10 MNDOT work related deaths. Four of these ten were the result of

mishaps with equipment and two were the result of falls.

In summary, the SMRs for transportation accidents have been increasing

steadily over time in this cohort. Urban workers were affected more than

rural workers, and "HMW only" workers more than all workers. HMWs were at

increased risk of dying from transportation accidents and this risk has

been increasing relative to other Minnesotans. The cause for this increase

in not apparent. There was also several injurious deaths at the workplace

from other causes. The risk conferred by both on the job and off the job

activities needs to be evaluated further. The overall contribution of

occupation to this increase cannot be evaluated at this time.

There have been studies of safety practices in highway construction

zones (Hargraves, 1978 and Davis, 1982). These studies, however, examine

risk factors related to public motoring in roadway repair zones and not to

specific work practices.

As is often the case with injurious death, mortality may reflect only

a small portion of total morbidity. Most injuries do not result in

mortal ity. For example, in 1983 in Minnesota, there were 481 fatal ities
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but 39,103 personal injuries due to automobile accidents. This means

nonfatal injuries outnumbered fatal injuries 80 to 1 for motor vehicul ar

crashes. During the same year, there were 48 road maintenance vehicle

crashes and none of these were fatal (Crash Facts, 1983). It seems

unlikely that alcohol played a major role in this cohort because there was

no indication that other alcohol-related deaths were greater than expected

in relation to Minnesotans in general. This is important because of the

known connection between traffi c safety, injury, and a1coho1 use (NHTSA,

1984).

Table 4-5 lists the principal compensated work injuries for MNDOT over

a three year period. These data were compiled on all MNDOT employees, not

just HMWs. However, as seen in this t~ble, there were 236 injuries related

to trucks and/or tractors and/or other vehicles and 301 injuries related to

falls ..The severity of these injuries cannot be determined from these

data. Table 4-6 1ists the area of the body injured. Back, finger, knee,

and eye injuries represent the most common injury sites. Once again,

severity cannot be determined. Data gathered.on these events were not

sufficient to evaluate risk factors for injuries. The acquision of more

and bet t er dat a i sapr erequi site tothestudy 0 fin j uri es. In genera1,

there is a lack of detailed information on the groups susceptible to

injuries. Furthermore, continuous and systematic data collection is

essential for planning and evaluation of preventive programs, both within

and outside the workplace (Injury in America, 1985). The risk factors for

fatal injuries may also be elucidated by the case-control studies

recommended in the next section.
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CANCER OF THE URINARY ORGANS: There was increased mortality from cancers

of the urinary organs for workers with 40-49 years of latency (SMR of

2.9, p <.05). This increase was due primarily to kidney and bladder

cancer. No strong trend was found for either cause when examined by total

years of work. Of the 19 deaths from cancer of the urinary organs, 12

were due to bl adder cancer, 6 were due to kidney cancer, and 1 was due to

urethral cancer (Table 3-22).

a. Bladder fancer: There are multiple risk factors for these cancers

(renal pel vi s , ureter, bl adder, and urethra). The dye industry has long

been implicated in bladder cancer. Benzidene and beta-naphthylamine have

been identified as potent bladder carcinogens. In addition, a relationship

has been found between several trades and bladder cancer. These trades

include rubber, leather, and textile workers, hairdressers, and

construction workers. Numerous studies also sugg~st a relationship between

bladder cancer and tobacco, cyclamates, and phenacetin. Cole found

increased cancer risk in five occupational categories: dyestuffs, rubber,

leather, painting, and organic chemicals (Morrison, 1982).

It is typical to have long induction periods for bladder cancer

especially with weaker cancer causing agents. This is consistent with the

elevation seen in this study. The largest increase was seen in those with

a latency of 40-49 years. The increase found from bladder cancer (Table 3­

23) was the result of 3 deaths. There was, however, a total of 12 bladder

or urethral cancer deaths.

Given the overall decrease in smoking related lung cancer, it is

unlikely that tobacco contributed substantially to the excess cases of

bl adder cancer. Several occupations have previously been found to be

associated with bladder cancer; thus, an occupational etiology cannot be
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ruled out. For these reasons, bladder cancer should be included in the

case-control studies.

b. Kidn~ Cancer: As seen in Table 3-22, there was an SMR of 0.6 for

kidney cancer based on 6 cases. Most of these cases occurred in workers

with 40-49 years of experience. Although both the incidence and mortality

from kidney cancer has been steadily increasing during this century, it is

still a relatively rare cancer, comprising less than 5% of all cancers

diagnosed on an annual basis. The risk factors for this cancer are poorly

understood.

Perhaps the most clearly established risk factor for kidney cancer is

smoking. Both British and American studies of cohorts of smokers have

demonstrated elevated kidney cancer rates in comparison to non~moking

cohorts (Schotcenfeld and Fraumeni, 1982). This association has also been

noted in case-control studies. A r~cent large population-based, case­

control study reported that men who smoked cigarettes had a relative risk

of 1.7 for developing kidney cancer and women who smoked had a relative

risk of 1.9 (McLaughlin, 1984). The risk increased with duration of

smoking. Another smaller study did not find this same association, but did

report an increased risk with chewing tobacco, particularly in conjunction

with heavy cigarette smoking (Goodman, 1986). Relative obesity has also

been impl icated as a risk factor for developing kidney cancer for women

(McLaughlin, 1984) and more recently for men (Goodman, 1986).

A variety of other risk factors have been suggested, including

phenacetin use, previous history of kidney stones and infections, German

and Scandinanian ethnicity, and meat consumption. Coffee and alcohol

consumption do not seem to be related. Further research is needed to

clarify the role of these putative risk factors.
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An associ at i on between exposure to petroleum and petroleum products

and kidney cancer has been suggested in both cohort and case-control

studies. Studies of cohorts of both coke-oven workers (Redmond, 1972) and

petroleum refinery workers (Thomas, 1982; Hanis, 1982; Waxweiler, 1983)

have demonstrated increased risk of kidney cancer, although interpretation

of these findings is limited by lack of any estimates of exposure.

However, in the studies of refinery workers, lung cancer incidence has been

1ess than expected, suggest i ng that the increased kidney cancer incidence

is not due to smoking. An association between kidney cancer and self­

reported exposure to petroleum, tar, and pitch products has also been noted

in a case-control study, although no association was found when jobs were

categorized according to their potential for exposure to petroleum products

(Mclaughl in, 1985).

The lack of specific exposure data, again, points to the nQed for

further exploration of possible etiologies and exposure monitoring.

Initially, careful and detailed analysis of job histories, through case­

control studies, may be useful to further evaluate mortality due to kidney

cancer.

OTHER CANCERS: Several other cancers need to be discussed. Cancer of the

mouth and pharynx had an overall SMR of 0.9. Workers with 40 or more years

of experience who started work between 1900 and 1924 had an SMR of 20.6.

However, this was based on only 2 deaths, and no increase was seen in

workers who had 40 or more years of experience and started between· 1925­

1944. Major risk factors for these cancers are alcohol, tobacco, and race.

The only occupational factors that have been related to these cancers are

wood dusts and radiation -- in particular, sunlight has been associated

with increased cancer .of the lip. The small number of cases of oral-
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pharyngeal cancers, the failure to find an increase in workers who started

in 1925-1944, and the number of non-occupational risk factors associated

with these cancers lead to the conclusion that further evaluation of these

deaths would not be useful.

Cancer of the digestive tract had an SMR of 0.82. Rural workers had

an SMR of 0.81 and urban workers an SMR of 0.95. Urban workers who started

between 1935-1944 and worked 40-49 years had an SMR of 14.9 (3 cases).

These three workers had cancer of the colon! Coke-plant workers employed

in the steel industry may be at excess risk of digestive cancer (~AS,

1983). There is also some indication that cancer of the colon may be

increased in machinists (Schottenfe1d, 1982). In general, however, cancer

of the large intestine is not thought to be an occupationally related

disease. Risk factors for colon cancer include inflammatory bowel disease,

hereditary factors, diet, and race. The multifactorial nature of these

cancers combined with the fact that an increase was seen in only those

workers who started in 1935-1944 leave doubt about the utility of further

evaluation of this cause of death. These results, however, should be

carefully considered in future updates of this cohort.

Cancer of the male genital organs had an SMR of 1.0. There was an SMR

of 3.2 for men who started between 1955-1964. This increase was due to

prostatic cancer among men who started work at MNDOT at an older age.

Cancer of the prostate is one of the most common malignancies in the United

States. Approximately 0.48 men per 100 develop prostatic cancer before the

age of 65 and 3.48 men per 100 by the age of 85.

Several occupational studies of prostatic cancer have been reported.

Many of these studies implicate cadmium exposure from welding,

electroplating and alkaline battery production. Data from the Third

National Cancer Survey showed prostatic cancer to be elevated among
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ministers, plumbers, rubber workers, and coal miners. In addition,

prostatic cancer may be related to sexual activity, dietary factors, race,

religion, and socioeconomic status (Greenwald, 1982).

It is also noteworthy that there is a known inverse relationship

between alcoholic cirrhosis and the development of prostatic cancer. This

"protective" effect of alcohol is thought to result from the

hyperestrogenism caused by excess alcohol use. Theoretically, the decrease

in alcohol related mortality in this cohort could relate to the increase ;n

prostatic cancer in some groups. This is purely speculative with regard

to this specific cohort. Regardless, the endocrinologic parameters

surrounding prostatic cancer increase the difficulty of studying this

disease. This combination of f~ctors makes the study of prostatic cancer

extremely difficult. It is unlikely that further evaluation of prostatic

cancer in this cohort would be useful.

There were 2 cancer deaths coded as resulting from soft tissue cancer.

These deaths were miscoded and were actually both mesotheliomas that should

have been coded to the respi ratory cancer. Exposure to asbestos is the

only known risk factor for mesotheliomas. This makes these cases sentinel

events that should be investigated on an individual basis.

OTHER NONCANCER DEATHS: A total of 30 deaths resulted from diabetes. The

overall SMR for diabetes was 1.2. A statistically significant increase was

seen in those who started work 1965-1974. The increase in these years was

seen for both rural and urban workers. Several chemical agents are known

to cause diabetes. These substances include alloxan, streptozotoxin, and,

as a secondary effect, alcohol.
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Diabetes is a disease that has not been commonly associated with work.

Reports from early this century indicated that diabetes was more common

among the "learn~d professions," occupations exposed to alcohol (e.g.,

brewers), butchers, and perhaps, commercial clerks. Diabetes was

negat i vely associ ated wi th hard 1abor of all ki nds. Later reports

indicated that there may have been differences in the prevalence of

diabetes in different occupational groups. Those differences, however,

have not been well defined (West, 1978).

Diabetes is a complex illness influenced by many factors such as

heredity, race, geography, parity, exercise, nutrition, socioeconomic

status, and infection to name a few. In 1ight of the above factors,

specific study of diabetes in this cohort is unwarranted.

Di seases of the' heart are the most common cause of morta 1i ty in the

U.S. and Minnesota. The greatest elevation seen in this cohort was for

chronic disease of the endocardium. The SMR for HMWs who worked 10-19

years was 3.4. The urban and rural patterns were the same. Table 3-42

lists these deaths by cause. Almost all of these deaths were the result of

cardiac valvular lesions. The SMR for diseases of the circulatory system

was 0.8. There was an increase in vascul ar 1es ions in those workers who

had SO or more years of latency and started work between 1900-1924. There

was a total of 4 deaths in this group.

Though many environmental exposures are known to induce cardiac

disease (e.g., cobalt, carbon monoxide, carbon disulfide, cadmium, and

trichloroethylene) none of these substances exerts its effect by causing

valvular lesions. Thus, it seems very unlikely that valvular disease found

in this cohort was the result of an occupational exposure. The final

caveat in interpreting cardiovascular mortality is that these deaths were,

and are, poorly coded on death certificates. Small fluctuations in these
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rates are, therefore, di ffi cul t to eval uate. Further follow-up of these

deaths is not warranted.

Di seases of the respi ratory system were genera11 y decreased in th is

cohort. For the category of fi brat ic and other 1ung di sease, the SMR was

1.1. Three of these deaths were due to pulmonary fibrosis. There are many

occupational causes (e.g., silicosis, asbestosis) and non-occupational

causes (e.g., sarcoidois, scleroderma, rheumatoid arthritis) of pulmonary

fibrosis. Because the occupational causes may be considered sentinel

events, these cases should be evaluated on an individual basis.

There was an overall deficit of digestive diseases. The SMR for these

causes was 2.4 for the group that started 1935-1944 and had 20-29 years of

experience. No trend was seen with latency or the number of years worked

and the overall SMR was 0.8. This category of diseases does not appear to

need further eva1uat ion.

Diseases of the genito-urinary system had an overall SMR of 0.8.

There was, however, an SMR of 6.6 for chroni c renal fa i 1ure for workers

with 50 or more years of latency (Table 3-51). Many chemicals such as

heavy metals and organic solvents may cause renal failure. In addition,

there are dozens of metabolic and physiologic causes of renal dysfunction

these causes range from heart failure to pregnancy.

Table 3-53 lists all cases of chronic renal failure in this cohort as

well as underlying medical conditions. Underlying pathology could not be

adequately explained from data contained on the death certificates of these

indiv.iduals. Because there are several occupational exposures (such as

lead) that might result in renal disease (and these may be germane to this

cohort), it would be prudent to further evaluate this cause- of mortality as

part of the follow-up case-control studies.
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Oi seases of the muscul oskel etal system had an SMR of 1.5. The SMR

had a tendency to increase with an increasing number of years worked. The

total number of deaths, however, was 5. No category had more than 2

deaths. All of these cases appeared to be the result of an underlying

immunologic disorder. It is unl ikely that further evaluation of these

deaths would be useful.

SUMMARY: The HMW cohort had a deficit of 169 deaths. Most of this deficit

came from the three major categories of death: cancer, heart, and

cerebrovascular related mortality. Despite the favorable overall mortality

experience among highway maintenance workers, several findings raise

serious questions about the health and safety of these workers. Most

important among these are increased risks of leukemia among long-term

workers and accidental deaths among short-term workers. Also of potential

concern are deaths from urinary cancers and chronic renal failure. Though

in some instances, elevations were found for other causes of mortality

(e.g., endocardial diseases, prostatic cancer, and diabetes), there does

not appear to be a coherent biologic reason to evaluate these further. Two

other causes of mortality, mesothelioma and pulmonary fibrosis, should be

evaluated further through case history studies. Cancer of the c.olon should

be evaluated further in future studies.

ENVIRONMENTAL MONITORING: Exposure monitoring conducted to date has failed

to reveal an excessive worker exposure to petroleum products, benzene, or

PAHs. Analysis of bulk samples revealed 13,100 ppm dodecane in MC-70 tack

coat, and 188 ppm in Koch RC/250 cutback asphalt.

The failure to detect PAHs in breathing zone and asphalt samples is

difficult to evaluate. These data are inconsistent with other findings

(Brandt, 1985) and raises questions about the sampling and analytic
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procedures. The assessment of exposure to PAHs contained in bituminous

materials is not straightforward and stringent criteria must be used in

data collection and evaluation. Oodecane is an aliphatic hydrocarbon with

10 carbons. Oodecane and larger aliphatic materials are thought to act as

co-care inogens (i .e., enhance other carc i nogen ic substances). Oodecane is

being considered by NIOSH as a possible indicator substance when evaluating

exposure to asphalt fumes.

The earl iest historic data available on herbicide use dates back to

1952. At that time, 2,4-0 (2,4 diclorophenoxy acetic acid) and 2,4,5-T

(2,4,5 trichlorqphenoxy acetic acid) were used for the control of weeds and

brush. The first records indicating the use of other herbicides was in

1963. There was, however, a-large gap in the records retained.

In 1964, 15 herbicides were being used by MNOOT. The majority of

spraying was done with 2,4,-0, followed by Ureabor, then 2,4,5-T. In

addition, a variety of pesticides of other types were in use. Although the

use of 2,4,5-T was discontinued in 1978, a large number of other pesticides

continues to be used. The development of a complete listing of materials

by decade would be a difficult task of doubtful value.

To date, despite efforts by MN OSHA and the MNOOT, the environmental

exposures of HMWs have not been well characterized. It is important at

this time to identify those areas most in need of evaluation and the best

means of assessing any potential problems.
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Figure 4-1. Transportation Accident Mortal ity Rate Among
All Minnesota White Males by Time Period.
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Table 4-1. SMRs for Selected Alcohol Related Causes of Death

Cause of Number of SMR Percent of Deaths
Death Deaths Attributed to Alcohol#

Accidental Falls 13 0.8 41
Suicide 15 0.6 26
Cirrhosis 19 0.8 80
Alcoholism 4 1.0 100
Cancer of the Mouth
&Pharynx 7 0.9 48

Total 58 0.7

# Source: The Social and Economic Cost of Alcohol Abuse in Minnesota, 1985
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Table 4-2. SMRs for Selected Smoking Related Causes of Death

Cause of Number of SMR Percent of Deaths
Death # Deaths Attributed to Smoking##

Cancer of Lung
&Bronchus 54 0.7 85

Chronic Bronchitis 7 1.5 90
Emphysema 19 0.9 90
Cancer of Mouth
&Pharynx 7 0.9 52

Kidney &Bladder
Cancers 19 1.0 20

Total 136 0.8

Total (excluding
lung cancer) 82 1.0

# An additional 30 deaths from chronic obstructive pulmonary disease
occurred in this cohort. The SMR for "other" respiratory diseases
which included these 30 cases was 1.1

## Source: Minnesota Center for Nonsmoking &Health, 1985.
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Table 4-3. Transportation Accident Mortality for SMRs for State, Urban,
and Rural HMWs by Year Started Work

Year Started

1925 - 1934
1935 - 1944
1945 - 1954
1955 - 1964
1965 1974
197.5 - 1984

Total

State Urban Rura1
HMwr- ALL HM-W- ALL HMW ALL
ONLY WORKERS ONLY WORKERS ONLY WORKERS

0.0 1.4 0.0 0.0 0.0 1.5
1.1 1.9 0.0 0.0 1.2 1.a
1.3 0.9 1.4 9.0 1.2 1.0
1.4 1.4 2.6 3.4* 0.8 .7
2.7* 2.0* 5.0** 2.5 1.4 1.8
8.3** 4.2* 21.4** 14.7** 3.0 1.3

1.7* 1.4* , 3.3** 2.2* 1.2 1.1

# HMW Only: HMWs with only highway maintenance worker experience
* p< .05
** p« .01
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Table 4-4. SMRs for State, Urban, and Rural HMWs by Number of Years Worked
for Transportation Accidents

Years Worked

0-4
5 - 9

10 - 19
20 - 29
30 - 39
40 +

Total

State
HMW-#-ALL
ONLY WORKERS

1.9** 1.4
1.5 1.4
1.3 1.4
1.3 0.9
8.2 3.2**

0.0

1.7 1.4**

Urban
HMW--ALL
ONLY WORKERS

3.9* 2.8
3.4 2.7
1.6 1.3
0.0 0.0

3.3 2.2*

Rural
HMW--ALL
ONLY WORKERS

1.2 .9
0.8 1.0
1.2 1.3
1.4 .9
8.7 3.2

0.0

1.2 1. 1

# HMW only: HMWs with only highway maintenance worker experience
* p < .05
** p « .01
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Table 4-5. First Report of Injury by Cause for all MIOOT ~ployees: 198-­
1986.

Categories

Strain/Sprain/Muscle Pull

Struck/Caught

Slip/Fall/Fell

Cut(s)/Puncture

Car/Auto/Vehicle Truck/Tractor

Burn(s)

Bite(s)

Cart

Saw

Infection

Athletic Games

Machine

Chemical

Bee/Wasp

Rash

Heart Attack

Wheelchair

TS Exposure

Stress

Carpal Tunnel

Elevator

Hearing

Asbestos

Number

394

392

301

289

236

73

8

5

25

8

o

6

4

11

9

8

o

o

o

2

4

o

Percent

21.1

21,0

16.2

15.5

12.7

3.9

0.4

0.3

0.4

0.0·

0.3

0.2

0.6

0.5

0.4

0.0

0.0

0.0

O. ,

0.1

0.2

0.0

Source: Denise Fleury, Minnesota Department of Labor and Industry, March
2, 1987
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Table 11-6. First Report of Injury by Anato.ic Site for all MlOOT

Employees: 19811-1986

Site Number Percent

Back 414 22.2

Finger 163 8.7

Knee " , 6.0

Multiple 106 5.7

Eye 160 8.6

Hand 98 5.3

Arm 75 4.0

Head 86 4.6

Neck 55 3.0

Ankle 61 3.6

Shoulder 50 2.7

Thumb 50 2.7

Wrist 31 2.0

Leg 79 4.2

Foot 63 3.4

Elbow S9 3.2

Toe 26 1.4

Rib 22 1.2

Face 3ij '.8

Hip 9 0.5

Nose 6 0.3

Chest 16 0.9

Groin 17 0.9

Abdomen 61 3.3

Ear 18 1.0

Stomach 10 0.5

Source: Denise Fleury, Minnesota Department of Labor and Industry, March
2, 1987.
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5. RECOMMENDATIONS

1. The mortality experience of highway maintenance workers should be

periodically update~. In addition, the cancer morbidity experience of

these workers should be addressed if, and when, sufficient data are

available fro. the statewide cancer surveillance system.

The present and future cohort of HMWs should have periodic follow-up.

The purpose of the continued follow-up is to assist in the determination of

the nature of causality and in targeting and evaluating programmatic

interventions. Partial incomplete follow-up for an additional 2 years

provided enough data to indicate that leukemia mortality in workers with

30-39 years has remained elevated. The next recommended update and

complete follow-up should be scheduled for 1990. The MDH should work with

the MNDOT and the DOER' to ensure that appropri ate records are ma i nta i ned

and to facilitate follow-up and tracing. Future follow-up should be

relatively simple since most of the HMW cohort has been assembled. The

cohort should be updated on a yearly basis. This update would include

add it; on of new members (e.g., new workers with one year of experi ence) as

well as an update of mortality.

At the end of 1989, ali st ing of cohort members wi 11 be sent to the

SSA for complete follow-up. Tracing will be minimized because all workers

without a SSN have been traced and found. Programs that have been compiled

at the MDH for the present study will be used in future studies with little

modification. By that time, it should also be possible to evaluate the

cancer morbidity of HMWs through the use of the Minnesota Cancer

Surveillance System.
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2. Case-control studies should be conducted to further characterize

any specific highway maintenance activities that may be associated with

increased mortality risk.

Although many potential causes of concern have been ruled out by this

study, several causes of death warrant further investigation. Case-control

studies should be conducted in order to identify any specific types of HMW

experience that may be associated with specific causes of death. These

studies should be conducted for leukemia, urinary system cancers, renal

diseases, and injuries. Case reviews should be conducted for those who

died of fibrotic lung diseases and mesotheliomas. At this time, there is

only a crude definition of HMW experience and (if possible) these

definitions need refinement. The case-control format will involve existing

record systems only for leukemia, urinary cancers, and chronic renal

disease. Deaths due to injuries may require personal interviews.

In these studies, cases will be cohort members who died of the causes

of interest (e.g., leukemia, urinary system cancers, injury, or renal

disease). Controls will be matched to cases in a four-to-one ratio.

Controls will be frequency matched from the cohort by the year a case

started work with MNDOT as well as for urban or rural residence. Controls

may be either alive or deceased. Deceased controls will havehad to die

from a cause unrelated to the cause of death of the case. For exam p1e,

cancer cases will not be matched to cancer controls.

Because of problems encountered interviewing next of kin, case-control

studies for cancer and other causes of death will only involve a detailed

review of work histories. Detailed work histories will be abstracted from

the record sources described earlier. Because of the length of work

records, this was impossible to do for the entire cohort. Based on

detailed abstracts, more refined job classifications will be created.
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These classifications will then be evaluated for a possible relationship

between the outcome(s) of interest and specific job classifications.

3. A pilot study for injury surveillance should be conducted.

A pilot study for injury surveillance should be conducted. Mortality

due to injuries may be a small portion of the injury experience of HMWs.

If this is true, then programs for reduction of morbidity and mortality

need to be developed. The first step in this process is a study to

determine the feasibility of statewide injury surveillance within the

MNOOT. This pilot study should be conducted through eXisting MNOOT safety

processes with assistance from the MOH.

In order to evaluate injury related mortality, it will be necessary to

create a systematic method of data collection. This process should include

the administration of questionnaires to all HMWs and other MNOOT employees.

These questionnaires will evaluate possible risk factors to serve as

predictors of future injury. These factors may include tobacco use,

alcohol use, education, attendance in safety classes, previous injuries,

and distance commuting each day.

Following the collection of these data, a computerized algorithm

should be developed to evaluate the type, cause, and outcome of specific

; njuri es. The type and cause of i njuri es may be coded through the use of

leD codes. This process, however, will require the collection of

additional data by the MNOOT. A measure of injury severity will need to be

developed. This measure might include a final disability rating, total

lost work, cost or a combination of these factors.
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These data will allow a detailed evaluation of the circumstances

surrounding injuries sustained by MNDOT employees. The present data only

allow a crude categorization of events.

4. There should be additional environmental monitoring for suspected

exposures to hazardous agents.

Environmental monitoring for suspected toxic exposures needs to be

continued. The purpose of the monitoring is to develop better insights

into current exposures for purposes of understanding continuing elevations

(i f any) of mortal ity and to ensure that ri sks to known toxic substances

are minimized. A part of the monitoring program must include a quality

control program to ensure that the 1atest technology and procedures are

used.

NIOSH has been evaluating several methods with which. to study exposure

to asphalt fumes. Future environmental monitoring for asphalt should be

done with technical advice and/or assistance from NIOSH. In addition, more

data on the exposure of HMWs to herbicides, dusts, lead, and solvents

should be collected.

5. A pilot study should be conducted using cytogenetic assays to

assess personal exposures to .utagenic substances.

A pilot study for cytogenetic screening should be conducted. The

current study indicated that the greatest risk was among workers with 30 or

more years experience. As of December 31, 1984, 359 HMWs had worked 30-39

years and 72 HMWs had worked more than 40 years. Targeting these groups

woul d fac i 1i tate eva1uat i on of the ut i 1i ty of cytogenet i c screen i ng for

monitoring exposure. Since these tests provide evidence of both recent and

long term exposure, cytogenetic screening may be useful for both directing

environmental monitoring as well as interpreting the findings of the
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mortality studies. If environmental monitoring continues to be negative

and cytogenetic screening is positive, this will be a strong indication

that environmental monitoring is misdirected or inadequate to measure a

potentially important exposure.

Cytogenet ic techni ques, in part i cular the measurement of chromosomal

aberrations and sister chromatid exchange (SCE), have been demonstrated to

be sens i t i ve i nd i cators of both .in Y.i.!.ro and In Yi V.Q induced DNA damage.

It would be useful to investigate these chromosomal changes in peripheral

blood lymphocytes of 30 individual s, 15 of whom have been selected as a

possible "exposed" group based on job descriptions and length of

employment, and 15 control individuals matched for age, sex, and smoking

history.

By analyzing 50 cells per individual for SeE frequencies, this

proposed sample size of 15 individuals per group would provide adequate

statistical power to detect a 15% or greater increase in SeE rates in the

exposed group compared to the controls (Hirsch, 1984). For chromosome

aberrations, 200 cells will be anlayzed per individual, thus providing

sufficient statistical power to detect biologically meaningful differences

in aberration frequencies between the two groups. The data from this study

will determine whether or not cytogenetic assays will provide useful tools

for monitoring possible exposures to this selected population.

To complete the cytogenetic profile, in vivo mutation frequency assay

is required. This test has been developed to measure the in vivo mutation

frequency in somatic cells of humans. This mutation test allows the

determination of the frequency of mutations in a specific gene present in

the T-lymphocytes in samples of peripheral blood. This is an important

companion test to the measurement of sister chromatid exchange frequencies
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6. The potentially hazardous nature of the materials and some

workplace practices utilized in highway maintenance requires continuing

efforts on the part of both .anage.ent and labor to reduce worker exposures

to harmful agents and activities.

HMWs should use their protective equipment and follow recommended

safety procedures. Until (and if) the etiology of the increased mortality

due to leukemia and urinary cancers are understood, it is prudent to be as

cautious as possible. It may turn out that these increases in mortal ity

are not directly associated with the HMW experience but until that time,

the union and the MNDOT should use this study as a vehicle to enforce these

safety measures.

When not already being done on an ongoing basis, there should be a

review of work practices related to protective equipment. This review

should include policies concerning helmets, protective eye wear, hearing

protection, respirators, reflective vests, and safety shoes. Safety

efforts should also be coordinated with construction engineers on an

ongoing basis.
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BUD~ET: A budget has been developed for the implementation of the

recommendations outlined above. Some funding has already been provided by

the National Institute of Occupational Safety and Health (NIOSH). NIOSH

has awarded the MDH $60,000 over the next two years to continue some study

and follow-up of highway maintenance workers. Through eXisting staff

support, the MDH can contribute another $40,000. An additional $170,000

(not including environmental monitoring or in-house MNDOT contributions)

will be required over the next two years to begin implementation of these

recommendations.
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GLOSSARY OF ACRONYMS, TERMS, AND ABBREVIATIONS

95% Confidence Interval

AFSCME

All Workers

SaP

C

'Case-control Study

Cluster

Cohort

DMBA

DMV

DOER

EPA

Exp

F

HEI

HMW Only

HMW(s)

A range of values determined by the degree of
variability in the data, which is believed to
contain the unknown true val ue with the
specified level of confidence (e.g., 95%).
Confidence limits are the boundaries of a
confidence interval.

American Federation of State, County, and
Municipal Employees.

A subset of the cohort population comprised of
all workers regardless of job classifications.

Benzo(a)pyrene.

Celsius scale for temperature.

In a case-control study, those with disease
are contrasted to those without disease in
terms of interaction with potential disease
related factors.

A closely grouped (in time or space) series of
events or cases of di sease. The term is
normally used to descri be' aggregat i on of
relatively uncommon events or diseases (e.g.,
leukemia).

A group of individuals who share a common
experience within a specified time period.

7,12 Dimethylbenz(a)anthracene.

Department of Motor Vehicles.

,Department of Employee Relations (Minnesota).

Environmental Protection Agency.

Expected number of deaths due to specific
cause.

Fahrenheit scale for temperature.

Health Effects Institute.

A subse~ of the cohort population who had only
worked in the HMW job classification
throughout their employment.

Highway Maintenance Worker(s) job
classification.
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rARC

rCD

LEO

Latency

Leukemogen

M.O.R.T.AL.

MDH

MOl

MNDOT

MSRS

NAS

NDI

NIOSH

NTP

Nosology (nosologic code)

OSHA

Obs

Other (workers)

P Value

PAH(s)

PMR

PPM

International Agency for Research on Cancer.

International Classification of Disease.

Light Equipment Operator job classification.

Latency represents the amount of time from
when an individual first started work until
death, loss to follow-up, or termination of
the study.

Leukemia causing agent.

Minnesota Occupational Risk Tabulating
Algorithm.

Minnesota Department of Health.

Minnesota Death Index.

Minnesota Department of Transportation.

Minnesota State Retirement System.

National Academy of Sciences.

National Death Index.

National Institute for Occupational Safety and
Health.

National Toxicology Program.

Classification of causes of death into groups
based on a specific set of rules.

Occupational Safety and Health Administration.

Observed number of deaths due'to specific
cause.

Job classification other than HMW.

Probability of occurrence.

Polynuclear aromatic hydrocarbon(s).

Proportionate Mortality Ratio.

Parts Per Million.
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Person-years

seE
SMR

SSA

SSN

Statistically Significant

TCDD

TLV

TWA

Tr

Tracing

Underlying Cause of Death

Person-years take into consideration the
number of persons and duration of observation
of each person. Study participants contribute
person-years of observat ion until death, loss
to follow-up, or termination of the study.
For example, if an individual leaves the study
after one year due to one of the above
reasons, that individual contributes one
person-year. It is, thus, possible to express
in one number the period when varying numbers
of persons are at risk of an event.

Sister Chromatid Exchange.

Standardized Mortality Ratio.

Social Security Administration.

Social Security Number.

Statistical methods allow an estimate to be
made of the probabi 1i ty of occurrence. From
this estimate, in a sample of a given site,
the statistical "significance" of a result can
be stated. A result is generally said to be
statistically significant if the P value is
less than .05 or less than .01.

2,3,7,8,-tetrachlorodibenzo-para-dioxin.

Threshold Limit Value.

Time Weighted Average.

Trace amount.

FollOWing of workers by a variety of methods
to ascertain vital status or other
information.

The underlying cause of death is the di sease
or injury which initiated the sequence of
events which culminated in death, or the
circumstances of the event which produced the
fatal injury.
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Appendix A-I. Description of HMW Abstract Form Data Items and
Facsimile of Abstract

File Number:

Source:

Last Name:

First Name, Middle Name:

Last Known Address:

Social Security Number:

Date of Birth:

Sex:

District Type:

Date Started at MNDOT:

First Date of State Service:

Each record was given a four digit. code
for identification purposes.

Each data abstracter was given a two
digit number for computer identification.

Each record that was abstracted was given
a fiche number or its source identified
as inactive, active, or district.

All workers had their last names written
into these fields. The first six
letters of the 1ast name were sent to
the Social Security Administration.

Self explanatory.

The most recent address 1i sted in MNDOT
records was entered here. This was done
only for those with no social security
number because the data were needed for
tracing. .

When available the nine digit social
security number was entered. The tenth
entry was for a 1etter that was used upon
r are 0 ccas ions. The soc i a1 sec uri t y
number was used for tracing by the Social
Security Administration and National
Death Index.

Self explanatory.

Self explanatory.

MNDOT district offices were either
maintenance or construction. All HMW
worked in ma i ntenance offi ces. Th is
variable was included as a quality
control measure during abstracting.

The first date a worker was known to have
worked for MNDOT.

The first date a' person was known to have
worked for the State of Minnesota.
Occasionally, this was earlier than the
first day at MNDOT.
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COLUMNS

ABSTRACTOR'S CODE~ 5-6

FICHE # o INACTIVE 0 ACTIVE
70 80

DDISTRICT
90

7-8

------DEMOGRAPHIC INFORMATION,--------f
_55'" F'I£LD5~

LAST NAME

FIRST NAME
MIDOLENAME ~'.........--'--~~ .........~.............I.-.............I.-"""__"'--"'--__~

LAST KNOWN ADDRESS

STREET~,...................-'----'--"""""-~"""""-"""__"""""-"""__"""--"'--~""__~

CIT Y ~.-""--..........--'----'--"""""---'--"""""-...Io--"""""-"""--"""--~'"__"""__~

STATE~
ZIP ~.........~'---"--'----'

9-24

25-40

41- 56

57-72

73-88

89-104

105-106

107-111

* SOCIAL SECURITY NUMBER - - ---- -- ---- - 112- 121

122-128

129o ALL OTHER
2

SEX .0 M 0 F
, 2

t ,

o MAINTENANCE.
I

DATE OF BIRTH ~'........' .......I--',~ ..........----'
mm dd

DISTRICT TYPE

OATESTARTED AT MNDOT " ,

mm dd
130- 135

136- 141

142-147

t

dd
FIRST DATE OF STATE SERVICE 1....'.....'-.-..--.\---J....--"--.....

if diff",Htt mm

LAST WORK DATE AT MNDOT ~.--"-'.....IIL........I'----JI......-Io----,

mm dd

LAST DATE OF STATE SERVICE
if diff",tnt mm dd

148-153

1J-1-3



~ ~,:0.:~~ ~:~:?!A,:!::~:1:~!~~:~~::~:?~'~,i~:i§]~!11'F::~C~~~:G
PURPOSES

ONLY

COLUMNS

ABSTRACTOR'S CODE~ 5-6

FICHE # o INACTIVE 0 ACTIVE 0 DISTRICT
70 eo 90

7-8

,..------DEMOGRAPHIC INFORMA TION:--------4
-55" Fl£lOS---

LAST NAME

FIRST NAME
MID0LENAME ~,-.....~....L_.....L_.""""__....L_.""""__""""'__""""__""""'__~""__'---""__..Io---I

LAST KNOWN ADDRESS

STREET~'-.....~....L_.--'--""""__""""'-""""__""""'__""""__""""'__~"""__'---"""__"'----J

CITY '~--"--..---r.--'----r.__'___'___'___....__....-"--~--"'--"--~

STATE~
ZIP "-'--""--"0'---..Io-.-l----J

9-24

25-40

41- 56

57-72

73-88

89-104

105-106

107- 111

* SOCIAL SECURITY NUMBER - - ---- -- ---- - 112- '21

DATE OF BIRTH "'-'--'-0'......I~,_~---.J
mm dd

DISTRICT TYPE o MAINTENANCE".
1

SEX 0 M 0 F
1 2

o ALL OTHER
2

122-128

129

8ATESTARTED AT MNDOT t I

mm
, I ,

dd vv
130- 135

136-141

142- 147

,

dd
FIRST DATE OF STATE SERVICE '--"....'-..I.---a-~-"""-.....I

if diff.nnt mm

LAST WORK DATE AT MNDOT ~,~, .......1---..10,-.-1--..1.----'

mm dd

LAST DATE OF STATE SERVICE
if d1ffH'tnt min dd

148-153

IJ-I-3



COLUMNS

99=UNKNOWN70:WINOOM
OA=~llMAR

OO:MARSHAll
9A=OAKDAlE

4=RETIREO/RET
5-PART- TIME II NTERMITTENT
6-UNEXPLAINED I TIME GAP

5A:GOLOEN VALLEY
OA :RO CHEST ER
66=OWATONA
7A:MANI::A10

JA:6RAINERO
36=ST.CL DUO
4A:DE"'TROIT LAKES

l.cl:OULUTH
10: VIRGINIA

2A:OEMIOJI

20=CROOKSTON 4e:MORRIS

(/)

~

u
~

~
(/)

Q------..;;......;;.------------~...;......;....;.;--
~ 1=DIED/DECEASED
Q 2=fIRED/LAYED Off IOUITIRESIGNEO
S3=INJUREO/SICK LEAVE ILEAVE Of ABSENCE

--------WORK HISTORY---------

JOB CLASS DATESTARTEO DATE ENDED
(NM/OO/'l'R) ( MM/DO/YR)

DIS­
TRICT, CODE-

1

I HMW

1
2 HMW

2 3
LEO OTHER

......................................... , .
2 3

LEO OTHER

1-16

17- 32

1

3 HMW
2

LEO
3

OTHER 33-48

1 2 3
4 HMW LEO OTHER.......................................................... - .

1 2 3
5 HMW LEO OTHER

49-64

65-80

1

6 HMW
2

LEO
3

OTHER 81-96

1

7 I'tMW
2

LEO
3

OTHER 97- 112

1

8 I'tMW
2

LEO
3

OTHER 113- 128

1
9 I'tMW

2
LEO

3
OTHER 129-144

1
10 I'tMW

2
LEO

3
OTHER 145-160

1
11 I'tMW

2
LEO

3
OTHER 161 - 176

I

12 t4MW
2

LEO
3

OTHER 177-192

COMMENTS

DATEor O(ATH
NAM( Of' SPOUs(

NAMEor CHI.D
SOCIAL SECURITY
ADDRESS
OTHER

C? YES 9 NO

COMPLETENESS
1-COMPUTE 2-~OI"PlnE

193-194

195-196

197
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Appendh A-2. EJr_ple of PIIR C.lculatlon

Cl>served Deaths in Cohort ~e to a Specific Cause Per Unit Time
PHR =

Expected Deaths (Based on Standard Population) Due to the Same Cause Per Unit Time

Specific Cause of Interest is Lung Cancer

(A) ( B) ( C) (D)

~ Deaths Due Lung Cancer

~
to Lung Cancer Death Proportion Total Deaths

Standard Total in Standard in Standard in Cohort
Age Group Deaths Popul at i on Popul ation Popul ation

I

""" 30-39 600 12 .02 20
110-119 1000 60 .06 100
50-59 21100 300 .125 150
60-69 5500 550 .10 215

(E)

Observed Deaths
Due to Lung

Cancer in Cohort
Popul atton

2
1

31
48

(F) (e) x (D)

Expee ted
Deaths

• ItO

6.00
18.75
2'{.50

PHR
Observed

Expee ted

88

52.65

1. 61

Observed 88 Expected = 52.65



Appendt. A-2. E...ple of SMR C.lculatlon

Observed Deaths in Cohort Due to a Spec i fie Cause Per Un i t Time
SHR

Expected Deaths (Based on Standard Population) Due to the Same Cause Per Unit Time

Specific Cause of Interest is Lung Cancer

~

~,
~ Age Group

(A)

Rate of Lung
Cancer in

Standard Population

(B)

Person Years
for Cohort
Popul ation

(C) (0) = (A) x (8)

Observed Deaths
Due to Lung Cancer Expected

in Cohort Population Deaths

30-39
ilO-49
50-59
60-69

SHR
Observed

Expee ted

.• 000011
.00033
.00105
.00268

88

15.291

15600
20900
22945
16300

1. 11

2
1

31
46

Observed = 86

.624
6.891

24.092
43.684

Expected = 15.291



Appendix A-3. Jntern~ttonal Cl~ssificatton of Disease Categories -- Sixth - Ninth Revisions

CATEGORY 1950-1951 1958-1961 1968-1918 1919-1981 HORTAL
NUHBER TITLE 5th Rev. 6th Rev. 7th Rev. 8th Rev. 9th Rev. Codes

01a TUBERCULOSIS 99

Respiratory Tuberculo.isb 013 001-008 001-008 010-012 010-012

Other Tuberculosis 014-022 010-019 010-019 013-019 013-018 2

02 HALIGNANT NEOPLASMS (MN) OF BUCCAL CAVITY AND PHARYNX - 100

------

~
HN of lip 045A 140 140 1110 140 3

• HH of Tongue 045B 141 1!11 141 141 4
W

f HN of Other Parts of 045C.
....... Buccal Cavity 045E 142-14!1 1!12-141l 1!12-145 142-145 5

MN of Pharynx 045F 145-148 145-11i8 146-149 146-149 6

03 MN OF DIGESTIVE ORGANS AND PERITONEUM --------- 101

HN of Esophagus 046A 150 150 150 150 1

HN of Stomach 046B 151 151 151 151 8

MN of Intestine 046C. 152. 153 152.153 152.153 152.153
Except Rectum 046E 9

HN of Rectum 0460 154 154 154 154 10

a Major Category
b Hinor Category



HN of Biliary Passages, Oll6f 155 155 155,156 155.0,155. I, 11
Liver, and Gall Bladder 156

HN of Liver not Specified No Rates 156A 156A 191.8 155.2 12

HN of Pancreas 0146G 151 151 151 151 13

HN of Peritoneum and 0146H, 158, 159 158,159 158,159 158,159 14
Other and Unspecified 0.,6M
of Digestive Organs

014 MN Of RESPIRATORY SYSTEM 102

MN of Larynx OnA 161 161 161 161 15

MN of Trachea, Bronchus 0141B,C,D, 162,163 162,163 162,163.0 162,163 16
and Lung 01l1E

~ MN of Other Parts of 047f, 160,1611 160,1614 160.163.1 160. 164,165 11
( Respiratory 0550 163.9
~., 05---- -- -MN Of BREAST 103

~
HN of Breast 050 110 110 174 114.115 18

0~--------HNI-6r fEMALE GENrrAL ORGANS 104

MN of Cervix Uteri 048A 111 111 180 180 19

HN of Other and 0488 112-174 112-1111 181,182 179,181,182 20
Unspecified Parts of
Uterus

MN of Ovary, fallopian 049A,B 115 115 183 183 21
Tube, and Broad Ligament

HN of Other female 049C-E 1'(6 176 184 184 22
Genital Organs



fJ1- HN-OF' -HAL~ -GENITAL OlicrANS 105·

HN of Prostate 051B 111 111 185 185 23

HN of Testis 051C 178 178 186 186 24

HN of Other Hale Genital 051A,OSlD, 179 179 172.5,173.5, 187 25
Organs 051E 187

08 HN OF URINARY ORGANS 106

HN of Kidney OS2A 180 180 189.0-189.2 189.0-189.2 26

HN of Bladder 052B 181.0 181.0 188 188 27

HN of Other and 052C No Rates 181.1,181.8 189.9 189.3-189.9 28

~ Unspecified Urinary

, Organs

"'- 09 HN OF OTHER AND UNSPECIFIED SITES 107
I

W
Halignant Helanoma of 053 190 190 172.0-172. II, 172 29
Skin 172.6-172.9

Other HN of Skin No Rates 191 191 173.0-173.11, 173 30
173.6-173.9

HN of Eye No Rates 192 192 190 190 31

HN of Brain and Other 0511 193 193 191,192 191,192 32
Parts of Nervous System

HN of Thyroid Gland 055C 1911 194 193 193 33

HN of Bone 045D,055B 196 196 170 170 34

HN of Connective Tissue No Rates 197 197 111 171 35
and Soft Ti s sue



HN of Other and 055A.E 1568.165. 1568.165.195. 19lt. 195. 196, 194-199 36
Unspecified Sites 195.198.199 198,199 191.0-191.1,
(Hinor) 191.9,198,199

,--
10 NEOPLASMS Of LYMPHATIC & HEHATOPOIETIC TISSUE 108

Lymphosarcoma and
Reticulosarco.a No Rates 200 200 200 200 31

Hodgkin's Disease 0....8 201 201 201 201 38

Leukemia and Aleukemia 014 204 204 204-201 204-208 39

MUltiple Myeloma &
Immunoproliferative
Neoplasms No Rates 203 203 203 203 40

~
Other Neoplasms of

Lymphatic & Hematopoietic, Tissue No Rates 202,205 202.205 202 202 41
tA
I 11 BENIGN AND UNS-PECtFIEDNATURE NEOPLASMS 109

~

Benign Neoplasms of the 056D 223 223 224,225 224,225 42
Eye, Brain and Other
Parts of Nervous System

Neoplasms of Unspecified 051D 231 231 238,143.4 231.5-231.9 43
Nature of Eye, Brain and 239.6.239.1
Other Parts of Nervous
System

Other Benign and 056A-C, 210-222. 210-222. 208, 210-223, 44
Unspecified Nature 056E. 224-236. 224-236. 210-223, 226-237.4,
Neoplasms 05'fA-C,051E 238,239 238,239 226-237, 238.0-239.5,

239 239.1!-239.9

----- ------12 DIABETES HELLITUS 110

----------------------------------- -------------------------------
Diabetes Mellitus 061 260 260 250 250 115



13 DISEASES OF tH-~ Bt"iJOtfAflI) -EflOODl'"6lfHTN(j~ - - - -- -----------~~--J11

\

Pernicious Anemias 073A 290 290 281.0 281.0 46
281.9 281.9

Anemias of Other and 013B-D 291-293 291-293 280,281.1- 280,281.1- WI
Unspeci fied Type 281.", 281. 8,

282-285 282-285

Coagulation Defects. 072 296 296 286,261 286,287 48
Purpura and Other Hemor-
rhagic Conditions

All Other Diseases of 015.016 294,295, 29" .295. 209, 288,289 49
Blood For.ing Organs 291-299 291-299 288,289

~, 1" MENTAL. PSYCHONEUROTIC AND PERSONALITY DISORDERS 112

"'",
\1, Alcoholism 071 322 322 303 303 50

Other Mental Disorders 019.084 300-321, 300-321. 290-302, 290-302, 51
323-326 323-326 30"-315 304-319

15 DISEASES OF THE NERVOUS SYSTEM AND SENSE ORGANS 113

Multiple Sclerosis ·081D 345 345 3,.0 340 52

Other Diseases of the 60-82,65. 340-344, 340-344. 320-333, 320-337, 53
Nervous System and 86,081A, 350-398 350-398 341-389 341-389
Sense Organs 087B,087C

081E,88,89

16 DISEASES OF THE-HEART--- 114

-----------------
Rheumatic Heart Disease 058,090A, 400-402, 400-402, 390-398 390-398 54
Including Fever 092B,092C, 410-416 410-416

093C,09'>B



Ischemic Heart Disease 093D.09!1 420 420 !ll0-!l14 410-414 55

Chronic Disease of 091C,092A, 421 421 424 424 56
Endocardium 092D,092E

Other Myocardial 093B,093E 422 422 428 429.0.429.1 51
Degeneration

Hypertension with Heart 131A 4!10-443 440-443 400.1.400.9, 402,404 58
Disease 402,404

Other Diseases of the 0908,091&, 430-11311 1130-4 3'~ 420-1123, 420-423. 59
Heart 0918,093A, 425-421, 425-428.

095A,095C 429 429.2-429.9

11 OTHER DISEASES OF CIRCULATORY SYSTEM 115

Hypertension without 102 1144-4111 11411-4111 400.0,400.2, 401.403.1105 60

~
Heart Disease 400.3,401.

1103
f
~ Cerebrovascular Disease 083 330-3311 330-3311 430-438 !l30-438 61
I
~ Diseases of the Arteries, 96, 451-468 451-1168 441-'144.1, 415-411. 62

Veins and Pul.onary 98-101 4J14.3-458 441-459
Circulation 103

Arteriosclerosis 91 450 450 440 440 63

18 DISEASES OF THE RESPIRATORY SYSTEM 116

Acute Respiratory Infections 104. 1110-415.500 410-1115.500 460-466 460-1166 64
Except Influenza and 105,
PneulIIonia 106A

Influenza 33 480-484 1180-484 410-414 461 65

Pneumonia to'!-109 490-493 490-493 460-486 480-486 66
(except newborn)



Chronic and Unspecified 1068.106C 501.502 501,502 490,491 490.491 67
Bronchitis

Emphysema 113 527.1 527.1 492 492 68

Asthma 112 2111 241 493 1193 69

Pneumoconiosis and Other 110,111 510-527.0. 510-527.0, 500-519 470-478. 70
Respiratory Diseases 114A-E 527.2 527.2 49

'1-519

19 DISEASES OF THE DIGESTIVE SYSTEM 117

Diseases of the Stomach 117,118 540,541.543 540.541,543 531-537 531-537 71
and Duodenum

~
Hernia and Intestinal 122 560,561,570 560.561,570 550-553. 550-553. 72
Obstruction 560 560,

~ Cirrhosis of the Liver 124 581 581 571 571 73,
Other Diseases of

"J
115,116, 530-539,542, 530-539,542. 41111.2. 520-530. 74

Digestive System 119-121. 544,545. 544,545. 520-530. 540-543,
123. 550-553. 550-553. 540-543, 555-558.
125-129 571-578. 571-578. 561-510. 562-570,

580.582-587 580,582-587 572-577 572-519

20 DISEASES OF THE GENITO-URINARY SYSTEM 118

Acute Glomerulonephritis 130 590.591 590.591 580.581 580,581.5811 75
Nephrotic Syndrome and
Acute Renal Failure

Chronic and Unspecified 1318.132 592-594 592-594 582-584 582.583. 76
Nephritis and Renal 585-587
Failure and Other Renal
Sclerosis

Infection of Kidney 133 600 600 590 590 71

Calculi of Urinary System 134 602,604 602,60 11 592,59
'
1 592,59/1 78



Hyperplasia of Prostate 137A 610 610 600 600 19

Other Diseases of Male 137B,138 611-617 611-617 601-607 601-608 80
Genital Organs

Diseases of the Breast No Rates 620,621 620,621 610,611 610,611 81

Diseases of the Feaale 139 622-637 622-637 612-629 614-629 82
Genital Organs (contains breast disease

prior to 1950)

Other Genito-Urinary 131A,135, 601,603, 601,603. 591,593, 588,589,591, 83
SystelD Diseases 136 605-609 605-609 595-599 593,595-599

21 DISEASES OF THE SKIN AND SUBCUTANEOUS TISSUE 119
_...,.

~
Infections of the Skin 151,152 690-698 690-698 680-686 680-686 84
and Subcutaneous Tissue

I
~ Other Diseases of the 153 700-716 700-716 690-709 690-109 85, Skin and Subcutaneous

~
Tissue

22 DISEASES OF THE MUSCULOSKELETAL SYSTEM AND CONNECTIVE TISSUE 120

Arthritis and Spondylitis 59 720-725 720-725 710-715 711-116, 86
720,121

Osteomyelitis and 154 730 730 720 730 81
Periostitis

Other Diseases of MS 155, 156 726,727 , 726,127, 116-118, 710,717-119, 88
System 731-7119 131-149 121-138 722-729,

731-739

2"3--- SYM-PTOMS AND ILL-DEFINED -Eo"N-6TfIONS 121

----------------------
Symptoms and Ill-Defined 162,199, 780-193, 780-193, 180-193, 180-796,198, 89

Conditions 200 195 795 195,196 '(99



24 ACCIDENTS 122

Tran~portation.Accident~ 169-113 E800-866 E800-866 E600-845. E800-848. 90
E940.E941 E929.0,E929.1

Accidental Poi~oning 78. E610-695 E870-695 E850-611. E850-869, 91
178, 179 E942 E929.2

Accidental falls 186A E900-904 E900-904 E880-881. E880-868, 92
E943 E929.3

Other Accidents 174-117. E910-936 E910-936 E890-929 E690-926 93
180-165. E960-962 E960-962 E944-946 E929.4-929.9
1868-194.

~ 195C.D., 195E

W Hedical Complications 195A.8 E940-959 E940-959 E930-936. E810-819. 9
'
1, and Hisadventure E947-949 E930-949

.....0
VIOLENCE25 123

Suicide 163.164 E963. E963. E950-959 E950-959 95
E970-979 E970-979

Homicide 165-168. E964. E964. E960-976 E960-918 96
198 E980-985 E980-985

26 OTHER CAUSES 124

Residual Causes All Other All Other All Other All Other All Other 91
Codes Codes Codes Codes Codes

Undefined Nonexistent Nonexistent Nonexistent Nonexistent Nonexistent 98
Codes Codes Codes Codes Codes



MAJOR
CATEGORY ICD 5 ICD 6 ICD 7 ICD8 ICD 9 HORTAL

All Causes 001-200C 001-999 001-999 000-999 001-999 125

All Infective and 001-OIIIIA.C.D 001-138 001-138 000-136 001-139 126
Parasitic

All Malignant Neoplasms 01iIlB.01l5-055E. 1110-205. 1110-207. 1110-209. 140-208. 127
and Neoplasms of 0560.057. 223. 223. 225. 225.
Unspecified Nature 0711A. B. 230-239 230-239 230-239 230-239

Nutritional. Endocrine. 060-011 2QO-289 2110-289 2110-219 240-279 128

~
Metabolic and Immune,

W Blood and Blood For.ing 072A-OnD 290-299 290-299 280-289 280-289 129, 075A-076D......
~

Mental. Psychoneurotic 011 300-326 300-326 290-315 290-319 130
and Personality

Nervous System and 080A-082 340-398 3110-398 320-389 320-389 131
Sense Organs 083C-089B

All Circulatory and 058A-058f 330-3311 330-334 390-458 390-459 132
Vascular Lesions of 083A-083B 400-468 1100-468
the CNS 090A-103

- --
All Respiratory Diseases 101lA-lll'E 470-521 1170-527 460-519 460-519 133

--------------~-----------------------------------------------------------------------------------------------

All Digestive Diseases 115A-129 530-587 530-58'{ 520-577 520-57() 134



All Diseases of the Genito- 130-139C 590-637 590-637 580-629 580-629 135
Urinary Syste.

All Diseases of the Skin 151-153 690-716 690-716 680-709 680-709 136

All 8one. Organs of Hove.ent. 059. 720-749 720-749 710-736 110-739 137
and Connective Tissue 154A-1568

~
Senility and III Defined 162A.8 760-195 780-795 780-796 780-799 138
Conditions 199.200,

~, All E Codes 078.019..... 163-196 800-999 800-999 800-999 800-999 139

Congenital and Perinatal 151-161 750-176 150..:776 7'W-779 740-779 1110
Conditions

Complications of Pregnancy. 140-150 640-689 640-689 630-618 630-616 1111
Childbirth and the
Puerperium

Residual and Undefined All Other All Other All Other All Other All Other 142
Codes Codes Codes Codes Codes





Appendix A-4. M.O.R.T.AL. Computer Program

The computer program M.O.R.T.AL. (Minnesota Occupational Risk

Tabulating Algorithm) was written to provide interactive analysis of

occupational cohort mortal ity for the personal computer. Rel ative

mortality in this program is assessed by the observed to expected (DIE)

rat i o. The DIE rat i 0 is the observed number of deaths among the cohort

population (the exposed group) divided by an estimate of the expected

number of deaths determined by a standard population (the unexposed group).

Certain covariates such as age, time of death, etc., may be confounders in

the relationship between the potential hazard and the outcome{s) of

interest. Standardizing the DIE ratio for these covariates produces the

standardized mortality ratio (SMR). The indirect method of standardization

is utilized in analyses run by this program (Fleiss, 1981). Another

standardized DIE ratio calculated in this program is the proportionate

mortality ratio (PMR) (Mausner, 1985). (A more detailed description of the

SMR and PMR appears in the methods section and sample calculations of these

statistics appear in Appendix A-2).

The patterns of mortality are presented by combinations of the

following variables: age at death, calendar year of death, age started

. work, year started work, years worked, and 1atency. For each DIE rat i 0

categorized by these variables, significance levels are displayed. These

significance levels are determined by examination of a table of

significance factors for the ~atio of an observed value of a Poisson

variable to its expectation (Bailar, 1964). A companion program provides

95% and 99% confidence limits for any DIE ratio.

In addition, corresponding to the SMR analysis, the Mantel-Haenszel

estimate of the odds ratio and the Mantel-Haenszel chi square test

. statistic are computed (Breslow, 1982; Mantel and Haenszel, 1959; Mantel,

19-'/-/



1963). The probability of obtaining the value of the test statistic is

computed by an algorithm which approximates the chi square distribution.

Both 95% and 99% confidence intervals for the Mantel-Haenszel estimate of

the odds ratio are given. When appropriate, only one-tailed upper or lower

confidence limits are displayed.

Corresponding to the PMR analysis, the program provides the

standardized mortality odds ratio (SMOR) as an estimate of the odds ratio

(Spiegelman, 1983; Miettinen, 1981). Both 95% and 99% confidence intervals

are given for the SMOR. The Mantel-Haenszel chi square test statistic and

its probability are also computed (Mantel and Haenszel, 1959; Mantel,

1963).

It - "I-!L



AppendiI A-5. Su.mary Observed to EIpected Ratios for All Workers
1945 - 1984

(1 )+

(2 )

(3 )
(4 )

(5 )

(6 )
(7 )
(8 )

(9 )

(10)
( 11 )

(12 )
(13)
( 14 )
(15)
(16 )
(17)

(23 )
(24 )

(25 )
(26 )
(27 )
(28 )

(29)
(30 )
(31 )
(32 )
(33 )
(34 )
(35 )
(36 )

<37 )
(38)
(39 )
(40 )
(41 )

(42 )

(43 )
(44 )

(45 )­
(46)

(41 )
(48 )
(49 )
(50 )

Cause of
Death

Respiratory Tuberculosis
Other Tuberculosis
Lip Cancer
Tongue Cancer
Other Cancers of Mouth
Pharyngeal Cancer
Esophageal Cancer
Stomach Cancer
Intest~n3l Cancer
Rectal Cancer
Cancer of Biliary Tract, Liver, and Gallbladder
Liver Cancer
Pancreatic Cancer
Other Digestive Cancer
Cancer of Larynx
Cancer of Lung and Bronchus
Other Respiratory Cancer
Prostatic Cancer
Testicular Cancer
Other Male Genital Cancer
Kidney Cancer
Bl adder Cancer
Other Urinary Cancer
Malignant Melanoma
Other Skin Cancer
Eye Cancer
Cancer of Brain and Nervous System
Thyroid Cancer
Bone Cancer
Soft and Connective Tissue Cancer
Other Cancer
Lympho- and Reticulosarcoma
Hodgkin's Disease
Leukemia
Hultiple Myeloma
Other Cancer of Blood and Lymph
Benign Cancer of Brain, and Ne~vous System
Unspeci fied Neoplasm of Eye. Brain, and Nervous System
Other Benign Neoplasm
Diabetes Mellitus
Pernicious Anemia
Other Anemias
Coagulative, Hemorrhagic Conditions
Diseases of Blood Forming Organs
Alcohol ism

IJ -S-I

Ob served to Ex pec ted
Mortality Ratios

o. 35 ( 2)

4.46( 3)
O. 00 ( 0)
1. 06 ( 2)

O. 92 ( 2)
O. 85 ( 3)
o. 50 ( 4)

0.91(23)
0.86(30)
o. 66 ( 8)
o. 93 ( 6)

0.51( 1)

0.89(17)
0.69( 1)

o. 85 ( 3)
0.69(54)**
0.00 ( 0)
1. 00 (38 )
2.11(2)
2.23 ( 1)
0.6J( 6)

1.09 ( 12 )
9. 95 ( 1)

O.OO( 0)

O.77 ( 1)

2.29 ( 1)

O. 66 ( 6)
2. 81 ( 2)
1.31( 2)

1.41 ( 2)

O. 80 (12 )
1.13(7)
0.58( 2)

1. 07 (17)

0.53( 3)
1.10(5)

1• 30 ( 1)
0.00 ( 0)
1. 62 ( 3)
1.20(30)

0.00 ( 0)
1.13( 2)
1.48 ( 1)
1. 34 ( 2)
0.96 ( 4)



Appendix A-5. ~al"'Y Observed to Expected Ratios fol'" All Workers (conti1ued)
19115 - 1984

-------------------- ------------~

(51 )
(52)
(53)
(54 )

(55 )
(56 )
(57 )
(58 )
(59 )
(60 )
(61 )

(62 )
(63 )
(64 )
(65 )
(66 )
(67 )
(68 )
(69 )
(70 )
(71 )
(72 )
(73 )
(74 )
(75 )
(76)
(77 )
(78 )
(79 )
(80 )
(8J)
(84 )
(85 )
(86 )
(87 )
(88 )
(89 )
(90 )
(91 )
(92 )
(93 )
(94)
(95 )
(96 )

Cause of
Death

Mental Diso rd er s
Multiple Sclerosis
Other Diseases of Nervous System and Sensory Organs
Rheumatic Heart Disease
Ischemic Heart Disease
Chron ic Endocard i a1 Disea se
Other Myocardial Degeneration
Hypertensive Heart Disease
Other Heart Disease
Hypertension
Cerebrovascular Disease
Diseases of Arteries and Veins
Arteriosclerosi s
Acute Respiratory Infections
In fl uenza
Pneumonia
Chronic Bronchitis
Emphysema
Asthma
Pneumoconio ses
Diseases of Stomach and Duodenum
Hernia and Obstructive Disease of Intestines
Cirrhosi s
Other Diseases of Digestive System
Acute Renal Failure
Chronic Renal Failure
Kidney Infection
Ur inary Calcul i
Hyperplasia of Prostate
Other Male Genital Disease
Other Geni tour inary Di sease
Skin In fee t ion
Other Skin Oisease
Arthri tis
Osteomyel itis
Other Musculoskeletal Disease
Signs and Symptoms
Tranportation Accid~nts

Accidental Poisoning
Acc idental Falls
Other Accidents
Medical Complications
Suicide
Homicide

Observed to Expected
Mo r tal it Y Ra til) s

O.45( 2)
0.00 ( 0)

0.91 (14)
0.91(14)

. o. 96 (601 )
1. 62 ( 10 )

0.19( 2)**
0.66(13)

o. 82 (37)
o.96 ( 6)

0.80(130)*
1.13(37)

0.74(16)
1. 60 ( 1)

1. 37 ( 5)

0.93(41)

1.47( 7)
O. 94 (19)
O. 92 ( 4)
1.08(30)
o, 53 ( 6)
0.89( 5)

0.7<)(19)
1.01(23)

1. 72 ( 2)
1.06 ( 8)
0.31( 1)
O.OO( 0)
O. 27 ( 1)

O.OO( 0)

1. 01 ( 5)

0.00 ( 0)
0.00 ( 0)
1.19C 2)

O. 00 ( 0)
2.09( 3)
1. 04 (13)
1.38(53)*
0.54 ( 2)

0.83(13)
1.29(28)
1.13( 1)
0.59(15)*
0.43( 1)

+ M.O.R~T.AL. Code (See Appendix A-3)
* p <0.05
*. p <0.01



Append ix A-5.

Cause of
Death

s...ary Observed to Expected Ratios for All Urban Workers

Ob served to Ex pee ted
Mortality Ratios

(1 ) +

(2 )

(3 )
(4 )

(5 )

(6 )

(7 )
(8 )

(9 )

(10)

( 11 )

( 12 )
( 13)
(14)

(15)

(16)

(17 )
(23 )
(24 )

(25 )
(26 )
(27 )
(28 )
(29 )
(30 )
(31 )

(32)
(33)
(34)
(35 )
(36 )
(37 )
(38 )
(39)
(40)
(41 )

(42)
(43 )
(44 )

(45 )

(46 )

(47)

(48 )

(49 )

(50 )

Respiratory Tuberculosis
Other Tuberculosis
Lip Cancer
Tongue Cancer
Other Cancers of Houth
Phar yngeal Canc er
Esophageal Cancer
Stomac h Cancer
Intestinal Cancer
Rectal Cancer
Cancer of Biliary Tract, Liver, and Gallbladder
Liver Cancer
Pancreatic Cancer
Other Digestive Cancer
Canc er 0 f Lar ynx
Canc er 0 f Lung and Bronc hus
Other Respiratory Cancer
Prostatic Cancer
Testicular Cancer
Other Male Genital Cancer
Kidney Cancer
Bl adder Cancer
Other Urinary Cancer
Mal ig nan t Me I anoma
Other Skin Cancer
Eye Cancer
Cancer of Brain and Nervous System
Thyroid Cancer
Bone Cancer
Soft and Connective Tissue Cancer
Ot her Cancer
Lympho- and Reticulosarcoma
Hodgkin's Disease
Leukemia
Multi ple Myel cma
Other Cancer of Blood and Lymph
Ben ign Cancer of Brain, and Nervous System
Un spec i fied Neopl asm of Eye, Br ain, and Nervous System
Other Benign Neoplasm
Diabetes Mellitus
Pernicious Anemia
Other Anemias
Coagulative, Hemorrhagic Conditions
Di seases of Blood Forming Organs
Alcoholism

A-~-3

o. 00 ( 0)

o. 00 ( 0)
O.OO( 0)

O. 00 ( 0)
O. 00 ( 0)

o. 90 ( 1)
O.OO( 0)

o. 85 ( 4)

1. 39 ( 11 )

o. 77 ( 2)
O.OO( 0)

2. 75 ( 1)

1.11( 5)

O. 00 ( 0)
O.OO( 0)

O. 64 (1 4 )
0.00 ( 0)

1.38(10)
0.00 ( 0)

O. 00 ( 0)

1. 38 ( 3)

0.82( 2)

O.OO( 0)

O. 00 ( 0)

O. 00 ( 0)

14. 95 ( 1)
O.OO( 0)

6. 73 ( 1)

0.00 ( 0)

O. 00 ( 0)

1.37 ( 5)

1. 38 ( 2)
O. 00 ( 0)

1.12(4)
o. 85 ( 1)

o. 97 ( 1)

5.57 ( 1)

O. 00 ( 0)
O.OO( 0)

1. 90 (10 )
0.00 ( 0)

2.68(1)

0.00 CO)

0.00 ( 0)

0.80C 1)



Append ix A-5.

Cause of
Death

s...ary (J)seryed to Expected Ratios for All Urban Workers (conti"luet1)

Observed to Expected
Mortality Ratios

(51 )

(52 )

(53 )
(54 )

(55 )

(56 )
(57 )
(58)

(59 )
(60 )

(61 )
(62 )

(63 )
(64 )

(65 )
(66 )
(67)
(68 )
(69 )
(70 )
(71 )
(72 )
(73)
(74)

(75 )
(76 )
(77 )
(78)

(79 )
(80 )
(83 )
(84 )
(85 )
(86 )
(87 )
(88 )
(89 )
(90 )
(91 )
(92 )
(93 )
(94 )

(95 )
(96 )

Mental Di sorders
Multiple Sclerosis
Other Diseases of Nervous System and Sensory Organs
Rheumatic Heart Disease
Ischemic Heart Disease
Chronic Endocard ial Di sease
Other Myocardial Degeneration
Hypertensive Heart Disease
Other Heart Disease
Hypertension
Cerebrovascular Disease
Diseases of Arteries and Veins
Arteriosclerosis
Acute Respiratory Infections
Infl uenza
Pneumonia
Chronic Bronchitis
Emphysema
Asthma
Pneumoconio se s
Diseases of Stanach and Duodenum
Hernia and Obstructive Disease of Intestines.
Cirrhosis
Ot her Diseases of Digestive System
Acute Renal Failure
Chronic Renal Failure
Kidney Infection
Urinary Calculi
Hyper pIa sia of Prostate
Other Male Genital Disease
at her Genito ur in ary Di se-ase
Skin In fec tion
at. her Skin Di sea se
Arthritis
Osteanyel i ti s
Other Musculoskeletal Disease
Signs and Symptans
Tranportation Accidents
Acc idental Poi son ing
Accidental Falls
Other Accidents
Medical Complications
Suic ide
Homic ide

O. ss ( 1)

O. 00 ( 0)
o.18 ( 3)
O. 85 ( 3)
1. 03 ( 1 41 )

1. 67 ( 2)
O. 62 ( 1)

0.50( 2)

1.05 ( 9)

1. 55 ( 2)
o,86 (25 )
0.61( 5)
o. 86 ( 3)

7.10( 1)
O.OO( 0)

O. 32 ( 3) *
0.92( 1)

1. 02 ( 5)
0.00 ( 0)

1.31( 9)

0.39( 1)

O. 00 ( 0)

1. 04 ( 8)

O. 60 ( 3)
4.13( 1)

1. 40 ( 2)
1.51( 1)

O. 00 ( 0)

O.OO( 0)

0.00 ( 0)

1. 86 ( 2)
0.00 ( 0)
0.00 ( 0)

O. 00 ( 0)
O. 00 ( 0)

0.00 ( 0)
o.63 ( 3)
2.23(17)**
1. 79 ( 2)
0.77( 3)
1.03 ( 4)

0.00 ( 0)
0.61( 4)

o. 92 ( 1)

+

•
••

M.O. R. T. AL. Code (See Append ix A-3)
P <0.05

p <0. 01 If-- -S- Y



Append ix A-5.

Cause of
Death

s..-ary Cbsened to Expected Ratios for All Rural WOrkers

Ob served to Ex pec ted
Mortal i ty R8 t io s

(1 ) +

(2 )

(3)

(4 )

(5 )

(6 )

(7 )

(8 )

(9 )

(1 0)

( 11 )
(12)

(13 )
(14)

(15 )
(16)

(17 )

(23)
(24 )
(25 )
(26 )

(27 )

(28 )

(29)
(30 )

(31 )

(32)
(33)
(34 )

(35 )

(36 )
(37 )
(38 )
(39)
(40)
(41 )

(42)
(43 )
(44 )

(45 )
(46 )
(47)
(48)
(49)

(50 )

Res pira tory Tuberc ulo si s
Ot her Tuberc ul osi s
Lip Cancer
Tong ue Canc er
Ot her Cancer s of Mo uth
Pharyngeal Cancer
Esophageal Cancer
Starn ac h Canc er
Intestinal Cancer
Rec tal Canc er
Cancer of Biliary Tract, Liver, and Gallbladder
Li ver Canc er
Pancreatic Cancer
Other Digestive Cancer
Cancer of Larynx
Cancer of Lung and Bronchus
Other Respiratory Cancer
Prosta tic Canc er
Testicular Cancer
Other Male Genital Cancer
Kidney r:ancer
Bladder Cancer
Other Urinary Cancer
Malignant Melanoma
Other Skin Cancer
Eye Cancer
Cancer of Bra i n and Nervous System
Thyroid Cancer
Bone Cancer
Soft and Connective Tissue Cancer
Other Cancer
Lympho- and Reticulosarcoma
Hodgkin's Disease
Leukemia
Multi pIe Myeloma
Other Cancer of Blood and Lymph
Benign Cancer of Brain, and Nervous System
Unspecified Neoplasm of Eye, Brain, and Nervous System
Other Benign Neoplasm
Diabetes Mellitus
Pernicious Anemia
Other Anemias
Coagulative, Hemorrhagic Conditions
Diseases of Blood Forming Organs
Alcoholi sm

o. 55 ( 2)

6. 22 ( 3) *
0.00 ( 0)

1• 78 ( 2)
1. 52 ( 2)
o, 95 ( 2)
o. 76 ( 4)

o. 92 (1 9 )
o. 73 (19 )
o. 65 ( 6)
1.27 ( 6)

O. 00 ( 0)

O. 85 (12 )

o. 86 ( 1)
1.38( 3)
0.78(40)
0.00 ( 0)

0.91(28)
2.76( 2)

2. 80 ( 1)
O. 42 ( 3)
1. 22 (10)

13.14( 1)

O. 00 ( 0)
o. 93 ( 1)

O. 00 ( 0)
o. 93 ( 6)
1.81( 1)

1. 63 ( 2)
1• 91 ( 2)
0.64 ( 7)
1. 08 ( 5)
o. 76 ( 2)

1. 07 (1 3)
0.45( 2)
1.15(4)
0.00 ( 0)
0.00 ( 0)
2. 16 ( 3)
1. 03 (20)
0.00 ( 0)
o.72 ( 1)
2.03 ( 1)
1. 70 ( 2)
1.12( 3)



AppendiI A-5.

Cause of
Death

~ary ~seryed to EIpected Ratios for All Rural Workers Ccon t i n ued )

Ob served to Ex pec ted
Mortality Rati0s

(51 )

(52 )

(53 )
(54 )
(55 )
(56 )
(57 )
(58)
(59 )
(60 )
(61 )

(62 )

(63 )
(64 )

(65 )
(66 )

(67 )

(68 )
(69 )

(70 )
(71 )

(72 )
(73)
(74 )

(75 )
(76 )
(77 )
(78)
(79 )
(80 )
(83 )
(84 )
(85 )
(86')

(87 )
(88 )
(89 )
(90 )
(91 )
(92 )
(93 )
(94 )
(95 )
(96 )

Mental Di sorders
Multi pl e Scl ero si s
Other Di.seases of Nervous System and Sensory Organs
Rheumatic Heart Disease
Ischemic Heart Disease
Chronic Endocard ial Disease
Other Myocardial Degeneration
Hyper ten si v e He ar t Di. se ase
Other Heart Disease
Hypertension
Cer eb rov a sc ul ar Di sea se
Diseases of Arteries and Veins
Arter io scl ero si s
Acute Respiratory Infections
In f1 uen za
Pneumonia
Chronic Bronchitis
Emphysema
Asthma
Pneimocon ic se s

. Diseases of Stcmach and Duodenum
Hernia and Obstructive Disease of Intestines
Cirrho si s
Other Diseases of Digestive System
Acute Renal Failure
Chronic Renal Failure
Kidney Infection
Urinary Calcul i
Hyperplasia of Prostate
Other Male Genital Disease
Other Geni tourinary Oi sease
SKin In fection
Other Skin Disease
Arthritis
Osteanyel i ti s
Other Musculoskeletal Disease
Sign s and Symptans
Tranportation Accidents
Accidental Poisoning
Accidental Falls
Other Accidents
Med ical Campl ications
Suic ide
Homicide

o. 33 ( 1)

O. 00 ( 0)
0.99 ( 11 )

0.99(11)
o. 91 (460)

1.61( 8)
O. 10 ( 1) **
0.74(11)
O. 76 (28 )

o. 83 ( 4)

0.78 (1Q5)*
1.41(32)
0.71(13)
o.00 ( 0)
1.35 ( 5)
1.16(38)
1.72( 6)

o.98 (14 )
1. 03 ( 4)

1.06(21)
0.61(5)

t. 09 ( 5)

0.78(11)
1.16(20)
1.11( 1)

0.97( 6)

O.OO( 0)

O. 00 ( 0)
0.30 ( 1)

O. 00 ( 0)
0.82( 3)
o. 00 ( 0)
0.00 ( 0)

1. 40 ( 2)

O.OO( 0)
. 2.57 ( 3)

1.55 (10 )

1.13(36)
0.00 ( 0)
o. 93 (10)
1.27 (24 )
1. 64 ( 1)
0.57 ( 11 )
o. 00 ( 0)

+ M.O.R.T.AL. Code (See Appendix A-3)

• P <0.05
•• p <0.01 /)--s--&



Appendi.s: A-5. Su••ary Obseryed to Expected Ratios for Highway Maintenance Workers
Only

Cause of Observed to Ex pec t ed
Death Mortal ity Rat i o s

(1 )+

(2 )

(3)

(4 )

(5 )

(6 )

(7 )

(8 )

(9 )

(10 )
(11 )

(12 )

(13)

(14 )

(15)

(16 )

(17)
(23 )
(24)

(25 )
(26 )
(27 )
(28)

(29 )
(30)

(31 )

(32 )
(33 )

(34 )

(35 )
(36 )
(37 )
(38)

(39 )
(40 )

(41 )

(42 )

(43 )
(44 )

(45 )

(46 )

(47 )

(48)

(49 )

(50 )

Respi r ato I'" y Tuberc ul osi s
Other Tuberc ulo si s
Li p Cancer
Tong ue Cancer
Other Cancers of Mouth
Pharyngeal Cancer
Esophageal Cancer
Stomach Cancer
In te st i n al Ca'1C er
Rectal Cancer
Cancer of Bil iary Tract, Liver, and Gallbladder
Liver Cancer
Panc reatic Canc er
Other Digestive Cancer
Canc er 0 f Lar ynx

Cancer of Lung and Bronchus
Other Respiratory Cancer
Pro sta tic Canc er
Testicular Cancer
Other Male Geni tal Cancer
Kid ney Cancer
Bl add er Cancer
Other Urinary Cancer
Mal ign ant ~·fel ancma
Other Skin Cancer
Eye Cancer
Cancer of Brain and Nervous System
Th yro id Cancer
Bone Cancer
Soft and Connective Tissue Cancer
Other Cancer
Lympho- and ReticulosarcOOla
Hodgkin's Disease
Leukemia
Multipl e Myeloma
Other Cancer of Blood and Lymph
Benign Cancer of Brain, and Nervous System
Unspecified Neoplasm of Eye, Brai.n, and Nervous System
Other Ben ign Neopl asm
Diabetes Mellitus
Pernic ious Anemia
Other Anemias
Coagul ati ve, Hemorrhag ic Cond i tions
Di. sea se s of Blood Fanning Organs
Alcohol ism

,1.-5-7

o.43( 1)

0.00 ( 0)

O. 00 ( 0)

1. 22 ( 1)

1• 05 ( 1)
0.66( 1)

1.14(4)
1. 06 (12 )

1.16(18)

0.56 ( 3)
1• 75 ( 5)

1.14( 1)

1. 06 ( 9)
0.57 ( 1)

o. 65 ( 1)

O. 85 (29 )

0.00 ( 0)
1.20(21)

2.75( 1)

0.00 ( 0)

O. 24 ( 1)

1.00 ( 5)

o. 00 ( 0)
O. 00 ( 0)

O. 00 ( 0)
O. 00 ( 0)

0.52( 2)

6. 41 ( 2)

1 • 51 ( 1)

o. 00 ( 0)

1• 06 ( 7)

1.11( 3)

0.69( 1)

o. 72 ( 5)
o. 00 ( 0)
1.01 ( 2)

o. 00 ( 0)
0.00 ( 0)

1• 22 ( 1)

1.18(13)

O. 00 ( n)

1.24 ( 1)

O. 00 ( 0)
0.00 ( 0)

1.17(2)



Appendis A-5. Su••ary Observed to Espected Ratios for Highway Maintenance Workers
Only (continued)

---------------------
Cause of

Death
Ob serv ed to Expee ted

~~o r ta 1 it y Ra til) S

--------------------
(51 )
(52)
(53 )
(54 )

(55 )
(56 )
(57)
(58 )
(59)

(60 )
(61 )
(62 )
(63 )
(64 )
(65 )
(66 )
(67 )
(68 )
(69 )
(70 )
(71 )
(72 )
(73 )
(74 )

(75 )
(76 )
(77 )
(78 )
(79 )
(80 )
(83 )
(84 )

(35 )
(86 )
(37 )
(88 )
(89 )
(90 )
(91 )
(92 )
(93 )
(94)
(95 )
(96 )

Mental Di sorder s.
Multi ple Sclerosis
Other Diseases of Nervous System and Sensory Organs
Rheumatic Heart Di se a se
Ischemic Heart Di sease
Chronic Endocardial DisA8se
Other Myocard i al Degen er at i o n
Hyper ten s ive Heart Di sea se
Other HeartDi sease
Hyperten s ion
Cerebrovascul ar Di sease
Diseases of Arteries and Veins
Arteriosclero si s
Acute Respiratory Infections
In fl uen za
Pne unon ia
Chronic Bronchitis
Fmphysema
Asthma
Pne tllJocon to ses
Diseases of Stomach and Duodenlln
Hernia and Obstructive Disease of Intestines
Cirrhosi s
Other Diseases of Digestive System
Acute Renal Failure
Chronic Renal Failure
Kid ney In fee tion
Urinary Calcul i
Hyperplasia of Prostate
Other Male Geni tal Oi sease
Other Genitourinary Oi se ase
Skin In feet ion
Other Skin D1 sease
Arthri tis
Osteomyel iti s
Other Musculoskeletal 01 sea se
Signs and Symptoms
Tranportation Ace idents
Accidental Poisoning
Ace idental Fall s
at he rAce id en t s
Med ieal Canpl teat tons
Suic ide
Hanic.ide

1. 01 ( 2)
O. 00 ( 0)
1.47(10)
0.61( 4)

1.00(278)
2.19( 5)

O.39( 2)
o, 73 ( '7)

O. 96 (1 9 )
0.71 (12)

0:90 (67 )
0.89(13)
1.08(11)
3.65( 1)

1. 21 ( 2)

1. 00 (20 )

1. 86 ( 4)

0.55 ( '5)

o, 52 ( 1)

1.13(14)

O. 8Q ( 4)

1.13( 3)

c. 90 ( 9)
1.19(12)
1. 96 ( 1)

0.61( 2)
O. 67 ( 1)

0.00 ( 0)

O. 00 ( 0)

O. 00 ( 0)
o. 89 ( 2)
O. 00 ( 0)

0.00 ( 0)
1. 33 ( 1)

O. 00 ( 0)
0.00 ( 0)

1.27 ( 7)
1. 71 (27)
0.67( 1)

0.57 ( 4)

1.67(15)
0.00 ( 0)

o.77 ( 8)
O.OO( 0)

+

•
M.O.R.T.AL. Code.(See Appendix A-3)

p <0.05 IJ. -S--Y
•• p <0.01



Appendu A-5.

Cause of
Death

Su••ary Obseryed to Ezpected Ratios for Urban Highway Maintenance
Workers Only

Ob s e rv ed to Ex pec ted
Mo r ta 1 it y Ra t i 0 s

(1 )+

(2 )

(3 )
(4 )

(5 )

(6 )
(7 )

(8 )

(9 )

(10 )
( 11 )

(12 )

(1 3)
(14 )
(15)

(16 )

(17)

(23 )
(24 )

(25 )

(26 )
(27)

(28)

(29 )
(30 )
(31 )

<32 )
(33 )
(34 )

<35 )
(36)

<37 )
(38)

<39 )
(40)

(41 )
(42 )

(43 )
(44 )

(45 )
(46 )
(47 )

(48 )

(49 )

(50 )

Respiratory Tuberculosi s
Other Tuberc ulo si s
Li p Cancer
Tongue Canc er
Other Cancers of Mouth
Phar yngeal Cancer
Esophageal Cancer
Stanach Cancer
Intestinal Cancer
Rectal Cancer
Cancer of Bil iary Tract, Liver, and Gallbladder
Liver Cancer
Panc reatic Cancer
Other Digestive Cancer
Cancer of Larynx
Cancer of Lung and Bronchus
Other Respiratory Cancer
Prostatic Cancer
Te stic ul ar Cancer
Other Male Geni tal Cancer
Kidney Cancer
Bl adder Cancer
Other Urinary Cancer
Mal ignant Melanoma
Other Skin Cancer
Eye Cancer
Cancer of Brain and Nervous System
Thyro id Canc er
Bone Cancer
Soft and Connective Tissue Cancer
Other Cancer
Lympho- and Reticulosarcoma
Hodgkin's Di sease
Leukemia
Multiple Myeloma
Other Cancer of Blood and Lymph
Benign Cancer of Brain, and Nervous System
Unspeci fied Neoplasm of Eye, Brain, and Nervous System
Ot her Benig n NeopI asm
Diab~tes Mellitus
Pernic ious An em ia
Other Anemias
Coagulative, Hemorrhagic Conditions
D1 seases of Blood Fonning Organs
Alcohol ism

19-5'-7

o. 00 ( 0)
O. 00 ( 0)

O. 00 ( 0)

0.00 ( 0)

O. 00 ( 0)
0.00 ( 0)
O. 00 ( 0)

1.10( 3)
1• 52 ( 7)
O.66 ( 1)

O. 00 ( 0)

4.89 ( 1)

O. 76 ( 2)
0.00 ( 0)
O. 00 ( 0)

0.80 (10)
O. 00 ( 0)
1.58( 7)
o. 00 ( 0)
0.00 ( 0)

O. 82 ( 1)

0.63 ( 1)
O. 00 ( 0)

0.00 ( 0)
O. 00 ( 0)

0.00 ( 0)

O. 00 ( 0)

11. 80 ( 1)

O. 00 ( 0)
0.00 ( 0)
1• 91 ( 4)
2. 42 ( 2)

O. 00 ( 0)

0.49 ( 1)

O. 00 ( 0)
0.00 ( 0)
0.00 ( 0)
0.00 ( 0)
O. 00 ( 0)
1.65 ( 5)
O. 00 ( 0)

4.48 ( 1)

O. 00 ( 0)
0.00 ( 0)
O. 00 ( 0)



Appendix A-5. Su••ary Obseryed to Ezpected Ratios for Urba'!l Highway Mai'ltenance
Vcrkers 0111 J (con t in ued)

Cause of
De at.h

Gb serv ed to Ex pee ted
Hor~l ity Ratio s

---------------------------
(51 )

. (52)

(53 )
(54 )

(55 )
(56 )
(57)
(58 )
(59)
(60 )

(61 )
(62 )

(63 )
(64 )
(65 )
(66 )
(57 )
(63 )
(59)
(70 )
(71 )
(72 )

(73 )
(74 )

(75 )
(76)
(77 )
(78 )
(79)
(80 )

(83 )
(84 )

(85 )
(86 )
(87 )
(8B)

(~9 )
<go )
(t) 1 )
(92 )
(93 )
(94 )
(95 )
(96 )

Men tal Di so rd er s
Mul ti pl e Scl ero si s
athe r Di se a se s 0 f Ne r v 0 us Syst em and Se nso r y Org an s
Rhel.JT1a t ic Heart Oi sea se
Ischemic Heart Di se ase
Chronic Endocardial Disease
Other Myocardial Degeneration
Hypertensive Heart Disease
Other Heart Di sease
Hyper ten sion
Cerebrov ase ul ar Di sease
Di sea se s of Ar ter ie s and V~ ins
Ar te r io sc1 er 0 si s
Acute Respiratory Infections
!~nuenza

Pne unon t a

Chronic Bronchit.is
Einph ysema
Asthma
Pne unocon io se s
Diseases· of Stomach and l)Joden\J1l
Hernia and Cbstructive Disease of Intestines
Cirroo si s
Other Di seases of Digestive System
Acute Renal Fail tre
Chronic Renal Failure
Kidney Infection
Urin ary Calc ul i
Hyperpl asia of Prostate
Other Male Geni tal Di. sea se
at her Genito lor in ar y Di se ase
Skin In fee t ion
Other Skin Di se ase
Arthritis
Osteomyel iti s
Other Musculoskeletal Dt sease

. Signs and Symptoms
Tr an por ta t ion Ace id ent s
Acc id en tal P" isoning
Acc idental Falls
Other Accidents
Med ical Canpl ications
Suic ide
Hanic ide

1.49( 1)

0.00 ( 0)

o. 89 ( 2)

1.51 ( 3)

1. 08(36)
1.47( ~)

1.07( 1)

O. 43 ( '1)

O.82( 4)

2. 63 ( 2)
O. 91 (1 6 )
O. 41 ( 2)

O. st ( 2)
12. 44 ( 1)

O. 00 ( 0)
o, 18 ( 1)

O. 00 ( 0)

0.99 ( 3)
o. 00 ( 0)
1.24( 5)

0.67( 1)

O. 00 ( 0)

1. 23 ( 5)
1. 04 ( 3)

o. 00 ( 0)
1.24( 1)

2. 53 ( 1)

O. 00 ( 0)

O. 00 ( 0)

0.00 ( 0)
O. 00 ( 0)

0.00 ( 0)
O. 00 ( 0)
0.00 ( 0)

O. 00 ( 0)
0.00 ( 0)

0.37( 1)

3.30 (13) **
1. 74 ( 1)
0.45 ( 1)

1.94( 4)
O. 00 ( 0)

1.18( 4)
0.00 ( 0)

+ M. O. R. T.AL. Code (See Apperx1 ix A-3)

• p <0. OS
•• p <0.01 19 ..5"-10



Appendix A-5.

Ca use of
De a t h

Su••ary Obserwed to EJ:pected Ratios for Rural Hilhway Maintenance
Varkers Onl,

Ob se rv ed to Ex pee ted
Mortality Ratios

---------------------------------------
(1 )+

(2 )

(3)

(4 )

(5 )

(6 )

(7 )

(8 )

(9 )

(10 )
(1 1 )
(1 ~ )

(1 3 )
(14 )

(15)

(16 )

(1 7)

(23 )
(24 )

(25 )
(26 )

(27 )
(28)

(29 )
(30 )

(31 )

(32 )
(33 )
(34 )

(35 )
(36 )
(37)

(38)

(39 )
(40 )

(41 )

(42 )

(43 )
(44 )

(45 )
(46)

(47 )

(48)

(49 )

(50 )

Respiratory Tuberculosi s
Other Tuberculosis
Li p Cancer
Tongue Canc er
Other Cancers of riouth
Pharyngeal Cancer
Eso phag eal Cane er
Stanach Cancer
Intestinal Cancer
Rectal Canc er
Cancer of Biliary Tract, Liver, and Gallbladder
Liver Cancer
Panc reatic Cancer
Other Dige st ive Canc er
Canc er 0 f Lar ynx

Cancer of Lung and Bronchus
Other Respiratory Cancer
Pro sta t ic Cancer
Te stic ul ar Canc er
Other Male Geni tal Cancer
Kid ney Canc er
81 add er Canc er
Other Urinary Cancer
Mal ignant Melanana
Other Skin Cancer
Eye Cancer
Cancer of Brain and Nervous System
Thyro id Cancer
Bone Cancer
Soft and Connec t ive 1i ss LIe Canc er
Other Cancer
Lympho- am Reticulosarcana
Hodgkin's Di sease
Leukemia
Multiple Myelana
Other Cancer of Blood and Lymph
Benign Cancer of Brain, and Nervous System
Unspecified Neoplasn of Eye, Brain, and Nervous System
at her Benig n Neo pI asm
Diabetes Mellitus
Per n ic io us An em ia
Other Anemias
Coagulative, Hemorrhagic Conditions
Di sea se s of Blood Fonn ing Org ans
Al cobo l ism

/}-S-II

O. 72 ( 1)

O. 00 ( 0)

O. 00 ( 0)
2.23 ( 1)

1. 86 ( 1)
1. 20 ( 1)

1• 88 ( 4)

1.04( 9)

1• 04 (1 1 )

o. 53 ( 2)

2.59(5)
0.00 ( 0)

1. 23 ( 7)
2. 13 ( 1)

1.16( 1)

O. 93 (19 )
O. 00 ( 0)

1.07 (14 )

3. 84 ( 1)

0.00 ( 0)

O. 00 ( 0)

1.18( 4)

O. 00 ( 0)

O. 00 ( 0)

O. 00 ( 0)

0.00 ( 0)

0.81( 2)
4. 51 ( 1)

2. 03 ( 1 )
0.00 ( 0)

0.68( 3)
o. 54 ( 1)

o. 99 ( 1)

O. 81 ( 4)

O. 00 ( 0)
1.45 ( 2)

O. 00 ( 0)
0.00 ( 0)

1• 76 ( 1)
1.01 ( 8)

o. 00 ( 0)
0.00 ( 0)
o. 00 ( 0)
0.00 ( 0)
1.97( 2)



Appendi.% A-5. Su.mary Observed to Expected Ratios for Rural HiShway Mai~tenance

Workers Onl y (con t in ue d)

----------------_._~------------------~---

(51 )
(52 )

(53 )
(54 )

(55 )
(56 )
(57)
(58 )
(59)

(60 )

(61 )
(62 )
(63 )
(64 )

(65 )
(66 )

(67 )
(68 )
(69)

(70 )
(71 )
(72 )
(73 )
(74 )

(75 )
(76 )
(77 )
(78 )
(79)

(80 )
(33 )
(84 )

(85 )
(86 )
(87 )
(88 )
(39 )
(90 )
(91 )
(92 )

(93 )
(94)
(95 )
(96 )

+

*
**

Cause of

Death

Mental Di sord er s
Multiple Sclerosis
Other Diseases of Nervous System and Sensory Organs
Rheuna t ic Heart Di sea se
Isc hem ic Hear t Di sease
Chron ic Endoc ard i al Di sea se
Other Myocard ial Degener ation
Hyper ten sive Heart Di sea se
at her Hear t Di se ase
Hyper ten sion
Cer eb rov asc ul ar Di se ase
Di sea se s of Arter ie sand Ve ins
Ar te r io sc 1 er 0 si s
Acute Respiratory Infections
Innuenza
Pne unon ia
Chronic Bronc hi ti s
Einph ysema
Asthma
Pneunocon io se s
Di seases of Stomach and DJodenun
Hernia and (»structive Disease of Intestines
Cirrho st s
Other Di sea se s of Dige st ive System
Acute Renal F~ilure

Chron ic Renal Fa il ur e
Kid ney In fec tion
Urin ary Calc ul i
Hyperplasia of Prostate
Other Male Geni tal Di sea se
Ot her Geni tour in ar y Di. se ase
Skin In fection
at her Ski n Di se a se
Arthri tis
Osteomyel iti s
Other Musculoskeletal Disease
Signs and Symptoms
Tr an per ta t ion Ace idents
Accidental Poisoning
Aceidental Falls
Ot her Acc id en ts
~1edical Canplications
Suic id e
Hanic ide

M. O. R. T.AL. Code (See Append ix A-3)

p <0.05 II--S--J~
'" <"'0 _f.l1 .

Ob serv ed to Ex pee ted
Mo r ta 1 it y Ra t i 0 s

o. 82 ( 1)

O. 00 ( 0)

1.80( 8)
0.23 ( 1)

o. 98 (1 92 )
2. 43 ( '5)

O. 23 ( 1)

O. 94 ( 6)

1. 00 (1 5 )
O. 00 ( 0)

O. 89 (51 )
1.19(11)
1.10( 9)
0.00 ( 0)
1. 27 ( 2)
1.37 (19 )
2. 78 ( 4)
0.34 ( 2)

0.63( 1)

1.11(9)

0.91( 3)
1.56 ( 3)
o. 74 ( 4)

1.28(9)
2. 73 ( 1)

O. 40 ( 1)
O. 00 ( 0)

0.00 ( 0)

O. 00 ( 0)
0.00 ( 0)

1. 31 ( 2)
0.00 ( 0)

O. 00 ( 0)
1. 69 ( 1)

O. 00 ( 0)
O. 00 ( 0)

2. 28 ( 6)
1.18(14)

O. 00 ( 0)
0.67 ( 3)
1. 54 (11 )
0.00 ( 0)
O. 56 ( 4)

0.00 ( 0)



Appendix A-6. Benzene and leukemia

The role of benzene in leukemia has been the subject of extensive and

continuing study. Askoy (1974) in Turkey found a significantly increased

incidence of leukemia among shoeworkers, an industry which used benzene as

a solvent for adhesives. Between 1967-1975, 34 out of 39 cases of leukemia

among workers chron icall y exposed to benzene were shoeworkers. These 34

individuals were among a group of 28,500 shoeworkers in Turkey with chronic

exposure to benzene. In most cases, the industry had poor working

conditions. Environmental monitoring in selected work areas found that

benzene concentrations during adhesive use reached 210-650 parts per

million (ppm). The appearance of leukemia corresponded to the introduction

of benzene as a solvent between 1955-1960. The incidence of leukemia

peaked in 1973 (seven cases). Subsequently, the number of cases dec1i ned

until none were reported in 1976. This again corresponded with benzene

use, which in 1969 was gradually stopped and replaced by gasoline. The

leukemia incidence in the industry was 13/100,000 which was a statistically

significant increase over the 6/100,000 incidence in the general

population. Acute leukemias, especially acute myelogenous leukemia, were

the most common forms of leukemia, and this observation was in agreement

with the findings of other investigators. Fifty cases of leukemia in

unexposed individuals exhibited a distribution qUite different from that

among the benzene exposed workers, particularly for chronic myelogenous

leukemia (CMl) and chronic lymphocytic leukemia (ell). The average

duration of exposure for the shoemakers that developed leukemia was less

than 15 years (Askoy, 1976).

Vigliani (1964) reported the observation of epidemics of benzene

poisoning in Milan and Pavia. In Milan, 66 cases of chronic benzene

poi soning were observed between 1942-1975. Shoeworkers were the 1argest

A-(-I



single occupational group represented among the cases, with many other

industries also included. Of the 66 cases, 11 had AML or its variants.

The benzene level s measured in two of these pl ants were between 200-400

ppm, with peaks up to 1500 ppm. Again, the incidence of chronic leukemia

was considerably lower than that of the general population. Vigliani

estimated that the risk of acute leukemia was increased at least 20 times

for these workers.

There are a number of other reports relating occupational exposure to

benzene with the development of leukemia. McMichael (1975) followed an

earl ier cohort study with a case-control study investigating the

association between leukemia and occupation with solvent exposure

(including benzene) in the rubber industry. This follow-up study identified

a signiflcant association between lymphocytic leukemia and occupations with

solvent exposure. A seven-fold. increased risk of death from lymphocytic

leukemia was observed for workers with high levels of exposure to certain

solvents. This differs from the above reports by Askoy and Vigliani of the

association between nonlymphocytic leukemia and high benzene exposure.

An increased risk of leukemia for workers exposed to benzene in the

pliofilm industry was reported by Infante (1977). In a retrospective

cohort study (the method used in the highway workers study) of all white

male pliofilm workers with direct exposure to benzene between January 1940

and December 1949. Of 140 observed deaths, 7 were due to leukemia. The

leukemia types were consistent with the results of Askoy and Vigliani.

Infante calculated a ten-fold risk, over the United States white male

population, for pliofilm workers dying from non lymphocytic leukemia.

A retrospective study found an interaction between occupational

benzene exposure and radiation. Adult cases of leukemia among survivors of



(Ishimoru, 1971) the atom bomb blasts in Hiroshima and Nagasaki were

matched with control s on the basis of age, sex, residence, and distance

from the blast. The ri sk of 1eukemi a was 2.5 t t mes higher for those with

potential occupational exposure to benzene or x-rays. The risk was

significantly higher for those who had been employed in such situations for

five or more years. The risks were similar in the two cities and higher

for acute 1eukemi a (2.9) than for chronic 1eukemi a (1.8).

The above associations between occupational benzene exposure and

leukemia are not absolute. In a study of leukemia mortality rates for

36,000 employees of 8 European affil iates of Exxon Petroleum Corporation,

Thorpe (1974) detected no significantly increased SMR for leukemias. Of 18

cases of leukemia, only 8 were believed to have had benzene exposure.

Thorpe poi nted out that mak ing a sharp dist inet i on between "exposed" and

. "unexposed" was difficult. The study has also been criticized on

methodological bases.

Death certificate studies have not consistently found increased

leukemia mortality associated with employment in occupations with exposure

to hydrocarbons and other petrol eum products. However, one case-control

study of 50 patients with nonlymphocytic leukemia, "found significantly more

cases than controls (including controls with other le~kemias) employed as

truck drivers, filling station attendants, etc. (Brandt, 1978). Other

reports have suggested similar associations.

A number of cohort mortal i ty studi es and case co.ntro1 stud i es have

been conducted within the rubber industry. The rubber industry at one time

was a major user of benzene. Recent cohorts are more likely to have been

exposed to solvents other than benzene, although benzene exposure still

occurs. British studies reported increases in total leukemia mortality,

with one study reporting a seven-fold increase .in one tire plant



(Checkoway, 1984). U.S. studies have reported fairly consistent increases

in all ·leukemias. While most studies have not indicated the specific types

of 1eukemi a, several reports suggested an increased r i sk for lymphocyt ic

rather than nonlymphocytic leukemias. In the studies reporting increased

risk of Cll, benzene exposures were generally low and three other solvents

were suspect: hexane, carbon tetrachloride, and carbon disulfide.

The leukemogenic potential of benzene is not well understood. It is

believed that inhalation is the major route for benzene toxicity, although

skin absorption is possible. Benzene is lipid soluble and, after

inhalation, benzene accumulates in tissues proportional to their fat

content (Dean, 1978). Benzene is known to be toxic to the bone marrow

after prolonged exposure.

Another effrct appears to be random chromosomal aberrations in marrow

and peripheral blo?d lymphocytes. In a study of bone marrow chrom9somes in

56 patients with nonlymphocytic leukemia, Mitelman (1978) detected

aberrations in 82.6% of those occupationally exposed to petroleum products

(23 patients), compared with 24.2% of those not exposed. Another possible

mechanism for induction of leukemia by benzene is lymphocyte damage

resulting in an immune impairm~nt, thus allowing malignant cells to

proliferate.


