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Learning Objectives
• Summarize data on overall mortality, deaths from site-specific cancers, and deaaths from

non-malignant disorders taken from a retrospective study of more than 2,000 employees
potentially exposed to creosote in the form of either wood preservatives or wood products
treated with creosote-containing products.

• Describe the relationship, if any, between cancer deaths and years of employment for hourly
workers, who were at higher risk of exposure to creosote than were salaried employees.

• Recall the mortality risk associated with lung cancer and multiple myeloma in a nested
case-control study employing multivariate logistic regression analyses.

Abstract
Objective: The objective of this study was to assess both malignant and nonmalignant mortality risks of workers exposed to

creosote. For background, a literature review is also presented. Materials and Methods: The retrospective cohort study consisted of 2179
employees at 11 plants in the United States where wood (primarily railroad ties and utility poles) is treated with creosote-based
preservatives. The observation period covered 1979–2001. Mortality data in the cohort study were analyzed in terms of cause-specific
standardized mortality ratios (SMRs) and 95% confidence intervals (95% CIs), with expected deaths based on U.S. national cause-,
gender-, race-, year-, age-specific mortality rates. In addition to the cohort investigation, a nested case–control study of lung cancer and
multiple myeloma was conducted. Information on tobacco consumption and detailed employment (job titles) was obtained for cases and
matched controls. Jobs were classified into 5 categories according to potential for exposure to creosote. Odds ratios (ORs) and 95% CIs
were calculated for job categories and length of exposure. Results: Overall mortality for the entire cohort was lower than expected (293
observed deaths vs. 325.37 expected, SMR � 90.1, 95% CI � 80.0–101.0). Close to 90% employees were hourly, whose potential for
exposure was generally much higher than that of salaried employees. Among hourly employees, except for multiple myeloma, none of the
specific cancer sites showed any significant increase. Furthermore, detailed analysis by length of employment did not reveal any
significant mortality excess or upward trend. Six deaths were from multiple myeloma, whereas 1.50 deaths were expected (SMR � 401.1,
95% CI � 147.2–873.1). However, analysis by length of employment did not show any upward trend for multiple myeloma. No significant
mortality increase was reported for any nonmalignant disease, and analysis by length of employment did not reveal any upward trend.
In the case–control study, an increased risk of lung cancer was associated with tobacco consumption (OR � 4.92) but not with any
job/exposure category. For example, the lung cancer odds ratio for routine exposure to creosote-based wood preservatives was 0.58 (95%
CI � 0.11–3.03). Similarly, case–control analyses of multiple myeloma did not reveal any association with employment at the plants or
with exposure to creosote-based wood preservatives or to creosote-treated products. Conclusion: Based on the present investigation and
other studies, there was no evidence that employment at the 11 wood-treating plants or exposure to creosote-based wood preservatives
was associated with any significant mortality increase from site-specific cancers or nonmalignant diseases. Some results should be
interpreted with caution because they were based on small numbers. ( J Occup Environ Med. 2005;47:683–697)

C reosote is a mixture of more than 150
compounds derived from the distilla-
tion of coal tar and is used primarily
in wood preservatives to kill both
fungi and boring insects such as
shipworms and termites that are
likely to infest wood. Creosote is a
heavy, oily liquid with a sharp and
smoky smell. It is irritating to the
skin and its vapors can produce a
burning sensation to the eyes and the
upper respiratory system.

In the United States, more than
500 kg/m2 of creosote are produced
annually. Creosote-based wood pre-
servatives are used to treat wood
products such as railroad ties, utility
poles, and building lumber. The con-
ventional wood-treating process con-
sists of impregnating wood products
with creosote-based preservatives in
enclosed pressurized cylinders or
“retorts.” The cylinders are equipped
with manual or hydraulic doors, and
wood products are moved in and out
of the cylinders on trams. The devel-
opment of mechanical and material-
handling equipment over the years
has resulted in the gradual reduction
of direct contact by wood-treating
workers with the preservatives or
treated wood products.

The long-term health effects of
occupational exposure to creosote-
based wood preservatives have been
investigated in several epidemiologic
studies. Most of the studies were
conducted in Sweden. Flodin et al1

conducted a hospital-based case–
control study of multiple myeloma in
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central and southeastern Sweden.
The study consisted of 131 patients
diagnosed with multiple myeloma
between 1973 and 1983, who, as
noted by the investigators, repre-
sented approximately one third of the
cases that occurred in the same areas
as identified by the regional cancer
registry. As the basis for comparison,
Flodin et al1 used 431 community
controls, with approximately half of
them originally selected for a case–
control study of chronic lymphocytic
leukemia.2 The average ages of the
cases and the controls were 64 and
58 years, respectively. Employment
information was obtained from a
mail questionnaire. Seven cases and
four controls were reported to have
been exposed to creosote. The risk
ratio (RR) of multiple myeloma in
relation to exposure to creosote was
4.7 and the 95% confidence interval
(95% CI) was 1.2–18.0.

As noted by the authors, the Flodin
et al1 study had a number of limita-
tions. First, the ascertainment of
cases was incomplete, which might
have distorted the distribution of oc-
cupations among the cases. Second,
the cases were older than the controls
(average ages of 64 vs. 58 years),
and “age over 60” was found to be a
significant risk factor in the study
(RR � 3.0, 95% CI � 2.0–4.6).
Third, the response rate was higher
among the cases (96%) than among
the controls (80%), which might be
indicative of potential reporting bias.
Fourth, the “time window” for expo-
sure in the study was inconsistent
between the cases and the controls.
Therefore, the exposure information
might not be comparable between
the cases and the controls. Finally,
the definition of “exposure to creo-
sote” appeared to be overly broad.
For example, electrical linemen were
considered to be exposed, although
the only source of exposure for elec-
trical linemen would be utility poles
previously (regardless of how long
ago) treated with preservatives (not
necessarily creosote-based). In any
event, as cautioned by Flodin et al,1

the number of exposed individuals

was small, which made the reported
association less convincing.

Persson et al3 reported the results
of a hospital-based case– control
study of malignant lymphomas
(Hodgkin disease and non-Hodgkin
lymphoma, [NHL]) from Sweden.
The 106 cases were diagnosed with
NHL between 1964 and 1986. The
275 controls were selected among
those originally chosen for two pre-
vious studies of multiple myeloma
and chronic lymphocytic leuke-
mia.1,2 Information on employment
was obtained from the same ques-
tionnaire that was used in the Flodin
et al1,2 investigations. Five NHL
cases and one control were reported
to have been exposed to creosote.
The NHL RR for creosote was 9.4
(90% CI � 1.2–69).

The Persson et al3 study of NHL
used the same methodological ap-
proach and the same questionnaire
and shared some of the same controls
as in the previous Flodin et al1,2

studies of multiple myeloma and
chronic lymphocytic leukemia.
Therefore, many comments on the
Flodin et al1 study would be applica-
ble to the Persson et al3 study as
well. Among the controls selected in
the Persson et al3 study, only one
was exposed to creosote. Persson et
al3 remarked: “There remains appar-
ently the possibility that exposure to
creosote for some reason has been
underestimated among the referents
in common.” In the paper, Persson et
al3 reported 90% confidence inter-
vals. Based on the information pro-
vided in the paper, the 95% CI of the
RR for creosote would have been
0.82–108, not statistically significant
at the 5% level. The extremely wide
confidence interval should also be
noted, which is indicative of the
small underlying number (only one
exposed control).

The results of a cohort study of
922 creosote-exposed impregnators
employed at 13 plants in Sweden and
Norway for at least 1 year between
1950 and 1975 were reported by
Karlehagen et al.4 Cancer cases
among cohort members were identi-

fied through the national cancer reg-
istries in the two countries. The fol-
low-up periods were 1958–1985 in
Sweden and 1953–1987 in Norway.
Cancer risk was expressed in terms
of standardized incidence ratios
(SIR). The risk of nonmelanoma skin
cancer was significantly elevated
(SIR � 2.3, 95% CI � 1.08–4.50).
Furthermore, there was a nonsignifi-
cant increase of melanoma skin can-
cer (SIR � 1.72, 95% CI � 0.56–
4.01). The authors attributed the
elevated skin cancer risk to a combi-
nation of exposures to creosote and
sunlight. Except for nonmelanoma
skin cancer, no other cancer was
found to be significantly elevated.
For example, the SIR for lung cancer
was 0.79 (95% CI � 0.42–1.35)
based on 13 cases. There were six
cases of NHL, with an SIR of 1.89
(95% CI � 0.69–4.12).

Two aspects of the Karlehagen et
al4 study need further discussion.
First, the data in the study partially
overlapped those of the case–control
studies by Flodin et al1,2 and Persson
et al.3 Therefore, the results cannot
be regarded as independent. Second,
the increase of nonmelanoma skin
cancer was restricted to the Swedish
workers only. Throughout the study
period, wood preservatives other
than creosote were used at the Swed-
ish plants, including mixtures of salts
of copper, chromium, and arsenic.
Karlehager et al4 also pointed out
that the impregnators worked out-
doors and were exposed to sunlight.
As such, the interpretation of the
results of the study is complicated by
potential concomitant exposures.

Eriksson and Karlsson5 reported a
population-based case–control study
of multiple myeloma in Sweden. The
cases were 275 patients diagnosed
with multiple myeloma in four north-
ern counties between 1982 and 1986.
For each case, a matched control was
selected. The study thus consisted of
275 cases and 275 matched controls.
Information on occupation and expo-
sure was obtained through the use of
a questionnaire. Four cases and five
controls were reported to have been
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exposed to creosote. The RR for
creosote exposure was 0.75 (90%
CI � 0.21–2.51). Thus, the authors
concluded that there was no in-
creased risk of multiple myeloma in
relation to creosote exposure.

Unlike the Persson et al3 or the
Flodin et al1,2 studies, in the Eriksson
and Karlsson5 investigation, to min-
imize potential confounding, con-
trols were matched individually to
cases in terms of age, sex, county of
residence, and vital status. However,
similar to other population-based
case–control studies, the exposure
information in the Eriksson and
Karlsson3 study was based on ques-
tionnaires (ie, recalls) and was sub-
ject to potential bias and inaccu-
racy.

From the United States, Blair et al6

reported the results of a population-
based case–control study of NHL.
The study consisted of 622 patients
diagnosed with NHL in Iowa be-
tween 1981 and 1983 and in Minne-
sota between 1980 and 1982. A total
of 1245 community controls were
randomly selected and frequency-
matched by state, age (within 5-year
categories), and by year of death for
deceased cases. Information on occu-
pation and exposure was obtained
from a questionnaire interview.
Based on the judgment of one of the
investigators, jobs were classified
into “low” and “high” intensity of
exposure. Fifty-three cases and 105
controls were reported to have been
exposed to “asphalt and creosote,”
and the corresponding RR was 1.0
(95% CI � 0.7–1.5). The data were
further analyzed in terms of intensity
of exposure, and no upward trend
was detected. The RRs were 1.0
(95% CI � 0.7–1.5) and 1.1 (95%
CI � 0.3–4.6) for low- and high-
exposure categories, respectively.
The authors concluded: “In sum-
mary, this evaluation does not indi-
cate that industrial exposures are a
major contributor to the etiology of
NHL.”

One of the major strengths of the
Blair et al6 study was the large sam-
ple size. For example, the exposure

category “asphalt and creosote” con-
sisted of 53 cases and 105 controls.
The stability of the findings was
demonstrated by the relatively nar-
row confidence intervals. Unfortu-
nately, the authors did not provide a
separate analysis for creosote. In
addition, the problems associated
with information obtained from
questionnaire (potential recall bias
and inaccuracy) also apply to this
population-based case– control
study.

As indicated here, there are only a
handful of epidemiologic studies in
the literature that addressed the long-
term health effects of chronic occu-
pational exposure to creosote-based
wood preservatives. Most investiga-
tors used the population-based case–
control study design. Furthermore,
most of the investigations were con-
ducted in Sweden and the data in
these studies overlapped. Thus, the
Swedish studies were not indepen-
dent. Furthermore, the literature re-
view indicates that the results from
these studies were not consistent. In
addition, the interpretation of the
findings from some of these investi-
gations was complicated by various
limitations such as incomplete case
ascertainment, incomparability be-
tween cases and controls, potential
reporting bias, overly broad exposure
classification, and concomitant expo-
sures to known carcinogens. Further
research is needed to investigate the
long-term health effects of workers
exposed to creosote-based wood pre-
servatives.

Objective
The objective of the present inves-

tigation was to assess both malignant
and nonmalignant mortality risks of
workers employed at 11 industrial
facilities in the United States that
used creosote-based preservatives to
treat wood products. This is the first
cohort study of workers exposed to
creosote in the United States that we
are aware of.

Materials and Methods

Cohort Study
The retrospective cohort consisted

of all individuals who were em-
ployed at 11 participating wood-
treating plants in the United States
between January 1, 1979, and De-
cember 31, 1999. The 11 plants are
located in Green Spring (WV),
Galesburg (IL), Grenada (MS),
Guthrie (KY), North Little Rock
(AK), Susquehanna (PA), Denver
(CO), Feather River (CA), Florence
(SC), Montgomery (AL), and
Roanoke (VA). All 11 plants use the
enclosed system of pressurized wood
treating, and creosote-based wood
preservatives are used at all 11 loca-
tions. The cohort members were
identified through company employ-
ment records. Information abstracted
from these records included social
security number, name, gender, race,
date of birth, date of employment,
employment status on the closing
date of the study, vital status on the
closing date of the study, and date of
retirement, separation, or death when
applicable.

The vital status of cohort members
as of December 31, 2001, was ascer-
tained through several sources, in-
cluding company personnel records,
the Social Security Administration’s
Death Master File, and the National
Center for Health Statistics’ National
Death Index (NDI). The Death Mas-
ter File is a national database of all
deaths reported to the Social Security
Administration since 1939. Vital sta-
tus of an individual is ascertained by
matching the last name and social
security number. The NDI, estab-
lished in 1979, is a national death
registry designed to facilitate health
investigations. Matching is based on
the full name, social security num-
ber, birth date, gender, race, and, in
some cases, father’s surname. Vital
status information as well as causes
of death of study subjects are pro-
vided by NDI through a service
known as “NDI Plus.” In the present
study, causes of death for decedents
were obtained from either NDI Plus
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or death certificates. The underlying
causes of death were coded or con-
verted to the 8th Revision of the
International Classification of Dis-
eases (ICD).

Statistical analyses in the cohort
study were based on cause-specific
standardized mortality ratios
(SMRs). Person-years of observation
were classified by age (5-year
groups), gender, race, and calendar
year (5-year groups). Expected
deaths were calculated by applying
the U.S. national age-, cause-, gen-
der-, race-, year-specific death rates
to the corresponding person-years in
the cohort. Cause-specific SMRs
were computed by expressing the
observed deaths as percentages of
the expected. Also calculated were
95% confidence intervals (95% CIs).
The actual calculations were per-
formed through the University of
Pittsburgh’s OCMAP program.7

Cause-specific mortality analyses
were performed for the entire cohort,
which included both hourly and sal-
aried employees. Because most
hourly workers were involved in a
broad range of production and main-
tenance activities, their potential for
exposure to wood preservatives or
preservative-treated products was
generally much higher that that of
salaried employees. In addition to the
overall analysis of the entire cohort,
separate analyses were conducted for
all hourly employees and for subco-
horts of hourly employees stratified
by length of employment and time
since first employment (latency).
Trend analyses by length of employ-
ment were based on the method de-
scribed by Breslow and Day.8 The
significance of a trend is measured
by the statistic chi-square with one
degree of freedom.

In addition to analyses conducted
using the routine OCMAP program,
a special analysis for lymphohema-
topoietic malignancies was also per-
formed. In the United States, because
of the way in which mortality rates
by ICD categories are tabulated by
the National Center for Health Sta-
tistics (NCHS), analyses of non-

Hodgkin lymphoma (NHL), multiple
myeloma (MM), and specific leuke-
mia cell types in most occupational
cohort studies are generally not re-
ported as such.9–11 In the OCMAP
program, NHL (ICD 200 and 202)
appears in two categories: “lympho-
sarcoma and reticulosarcoma” (ICD
200) and “cancer of all other lym-
phatic and hematopoietic tissue”
(ICD 202, 203, 208, and 209). Thus,
part of NHL (ICD 202, “other lym-
phomas”) is reported together with
MM (ICD 203), polycythemia vera
(ICD 208), and myelofibrosis (ICD
209). In the special analysis, NHL
and MM were analyzed separately.
In addition, a separate analysis for
specific leukemia cell types was also
performed. U.S. mortality rates for
NHL, MM, and leukemia cell types
compiled by the National Cancer
Institute (NCI) based on data derived
from the Surveillance, Epidemi-
ology, and End Results (SEER)
program were used in computing
the expected deaths from these
causes.12–14

Nested Case–Control Study
In addition to the retrospective

cohort study, a cohort-based or
nested case–control study of lung
cancer (ICD 162) and multiple my-
eloma (ICD 203) was conducted.
Lung cancer was chosen because the
SMR was slightly elevated for the
entire cohort and information of
smoking (a major confounder) was
not available in the cohort study.
Multiple myeloma was chosen be-
cause the SMR in the cohort study
was significantly elevated. Workers
in the overall cohort who died from
lung cancer or multiple myeloma
were the cases in the case–control
study. Individually matched controls
were selected at random from other
decedents in the overall cohort who
satisfied the following matching cri-
teria: same plant, same gender, and
similar age (�5 years) as the case. In
addition, to ensure an equal opportu-
nity for potential exposure, the con-
trol must have been alive at the time
of death of the corresponding case.

For each case, up to five controls (if
available) were selected. For a few
cases of lung cancer, no eligible
control was found.

Additional information was col-
lected for both cases and controls.
Histories of tobacco use were ob-
tained from coworkers. To avoid po-
tential recall bias, lists of cases and
controls were provided to these co-
workers without revealing to the lat-
ter the case–control status of the
study subjects. Detailed employment
histories (consisting of specific job
titles and dates) were abstracted from
employment and other administra-
tive records. For analysis, jobs of the
cases and controls were classified
into the following broad job/expo-
sure categories.

Routine exposure to creosote-
based wood preservatives. Jobs in-
volving the handling of or contact
with creosote-based wood preserva-
tives on a routine basis such as oil
unloaders, treating operators, treat-
ing supervisors, retortmen, retort
crewmen, cylinder-changing opera-
tors, cylinder-changing crew, door-
men (changing cylinders), test bor-
ers, and testing operators.

Routine exposure to creosote-
treated products. Jobs involving the
handling of creosote-treated products
(railroad ties or utility poles) on a
routine basis such as crane laborers,
crane crewmen, dock loaders, and
shipping supervisors.

Intermittent exposure to wood pre-
servatives and/or treated products.
Plantwide jobs involving assign-
ments throughout the plant with in-
termittent exposure to wood preser-
vatives and/or treated products such
as maintenance crafts and general
laborers who worked throughout the
plant.

Intermittent potential exposure to
both treated and untreated materials.
Jobs involving the handling of both
treated and untreated materials, re-
sulting in potential intermittent expo-
sure to treated products such as lift
truck operators, prentice operators,
locomotive operators, yard supervi-
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sors, track crews, checkers, and
heavy equipment operators.

No or minimal exposure. Jobs with
no direct contact with wood preser-
vatives or treated products such as
log loader operators, boiler room
firemen, mill crewmen, stock record
clerks, office clerks, office manag-
ers, and truck drivers.

Some study subjects started work-
ing at the plants in the 1940s or
1950s, whereas comprehensive in-
dustrial hygiene monitoring at the
plants began in the 1970s. Therefore,
historical industrial hygiene data
were not available for all the job
categories for the exposure period
covered by the retrospective cohort
study. However, monitoring data
were available for certain selected
jobs for part of the exposure period.
Because there was no specific regu-
latory standard for occupational ex-
posure to creosote, concentration in
terms of coal tar pitch volatiles �
benzene soluble fraction (CTPV-
BSF) was commonly used by regu-
lators to determine exposure poten-
tials to creosote. The Occupational
Safety and Health Administration’s
(OSHA’s) Permissible Exposure
Level (PEL) for CTPV-BSF is 0.2
(mg/m3). According to the available
monitoring industrial hygiene data,
95% of the workers at the wood-
treating plants were exposed to no
more than 0.14 mg/m3 CTPV-BSF.15

In terms of specific jobs, the typical
time-weighted average exposure of
treating operators at the participating
plants ranged from 0.04 to 0.11
mg/m3 CTPV-BSF, with most mea-
surements centered around 0.05 or
0.06 mg/m3 CTPV-BSF. Because of
the limited nature of monitoring data,
the analyses will be based on job/
exposure categories described here
and not on specific industrial hy-
giene measurements.

Multivariate analyses based on
conditional logistic regression were
used in the case–control study to
assess the relation between mortality
from lung cancer or multiple my-
eloma and the following independent
variables: tobacco consumption,

length of employment, and job/
exposure categories (using the cate-
gory, “no or minimal exposure,” as
the reference). Matching was taken
into consideration in the analyses.
Odds ratios (ORs) or risk ratios
(RRs) and 95% CIs were calculated.
Chi-square with one degree of free-
dom was used for significance test.
The multivariate analyses were per-
formed using the SAS statistical pro-
grams.16

Results

Cohort Study
A total of 2179 employees at 11

wood-treating plants met the cohort
definition and were eligible for in-
clusion in the retrospective cohort
study. Selected demographic and
employment characteristics of the
cohort are provided in Table 1. The
majority of the cohort members were
male (92.2%) and hourly employees
(87.2%). Half (50.3%) of the cohort
members were hired before 1980,
providing a potential latency period

of 22 years or longer, which should
be adequate for most chronic dis-
eases. Approximately 60% of the
cohort members were first employed
before age 30. The average age at
hire was 29.0 years. Approximately
one third (34.6%) of the cohort mem-
bers were employed for more than 15
years, and the average length of em-
ployment was 12.5 years. The maxi-
mum length of vital status follow up
was 23 years (January 1, 1979, to
December 31, 2001). The total num-
ber of person-years of observation
was 36,317.

The number of observed and ex-
pected deaths, SMRs, and 95% CIs
for selected causes for all cohort
members are presented in Table 2.
The total number of observed deaths
(293) was fewer than the number of
deaths expected (325.37). The corre-
sponding SMR was 90.1 (95% CI �
80.0–101.0), close to being statisti-
cally significant. Mortality from all
cancers was slightly higher than ex-
pected. The number of observed can-

TABLE 1
Descriptive Statistics of the Cohort of Workers at 11 Wood-Treating Plants

Variable Number Percentage

Total employees 2179 100.0
Total person-yr 36,317 100.0
Gender Male 2010 92.2

Female 169 7.8
Race White 1470 67.5

Nonwhite 709 32.5
Employee type Hourly 1900 87.2

Salaried 279 12.8
Year of hire Before 1970 414 19.0

1970–1979 681 31.3
1980–1989 596 27.4
1990–1999 488 22.4

Age at hire (yr) �20.0 258 11.8
20.0–29.9 1066 48.9
30.0–39.9 546 25.1
40.0–49.9 248 11.4
50.0� 61 2.8

Average age � 29.0 yr
Length of employment (yr) �15.0 1424 65.4

15.0–24.9 322 14.8
25.0–34.9 282 12.9
35.0� 151 6.9

Average length � 12.5 yr
Vital status (31 December 2001) Alive 1886 86.6

Dead 293 13.4
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cer deaths was 90 versus 84.05 ex-
pected (SMR � 107.1, 95% CI �
86.1–131.6). No significant increase
was reported for any site-specific
cancer in Table 2. A nonsignificant
mortality increase of approximately
30% was reported for lung cancer

(SMR � 129.0, 95% CI � 91.3–
177.0, 38 observed deaths). Nonsig-
nificant mortality excesses were also
reported for leukemia (five deaths)
and cancer of other lymphopoietic
tissue (seven deaths). As discussed
here, the category “cancer of other

lymphopoietic tissue” includes both
NHL and MM. A separate analysis
specific to NHL and MM is pre-
sented.

Mortality from a number of cancer
sites was similar to expected (can-
cers of the digestive system, esoph-

TABLE 2
Cause-Specific Mortality of All Cohort Members at 11 Wood-Treating Plants

Cause of Death Observed Expected SMR

95% CI

Lower Upper

All causes 293 325.37 90.1 80.0 101.0
All malignant neoplasms 90 84.05 107.1 86.1 131.6

Cancer of buccal cavity and pharynx 0 2.39 0.0 0.0 154.4
Cancer of digestive organs and peritoneum 19 20.21 94.0 56.6 146.8
Cancer of esophagus 2 3.25 61.6 7.5 222.6
Cancer of stomach 2 3.05 65.6 7.9 237.1
Cancer of large intestine 7 6.48 108.1 43.4 222.7
Cancer of rectum 2 1.28 156.1 18.9 563.9
Cancer of biliary passages and liver 2 2.40 83.3 10.1 300.9
Cancer of pancreas 4 3.93 101.7 27.7 260.4
Cancer of all other digestive organs 0 0.43 0.0 0.0 866.4
Cancer of respiratory system 40 30.96 129.2 92.3 175.9
Cancer of larynx 2 1.22 163.8 19.8 591.6
Cancer of bronchus, trachea, and lung 38 29.46 129.0 91.3 177.0

Cancer of breast 2 0.94 213.6 25.9 771.8
Cancer of cervix uteri 1 0.11 926.7 23.2 5163.7
Cancer of prostate 6 7.53 79.7 29.2 173.4
Cancer of testes and other male genital organs 0 0.21 0.0 0.0 1795.6
Cancer of kidney 3 1.87 160.5 33.1 469.1
Cancer of bladder and other urinary organs 0 1.44 0.0 0.0 256.2
Malignant melanoma of skin 1 1.03 96.6 2.4 538.5
Cancer of central nervous system 0 1.92 0.0 0.0 192.4
Cancer of lymphatic and hematopoietic tissues 13 7.21 180.3 96.0 308.4

Lymphosarcoma and reticulosarcoma 1 0.34 293.8 7.3 1637.2
Hodgkin disease 0 0.35 0.0 0.0 1041.9
Leukemia 5 2.63 190.4 61.8 444.3
Cancer of other lymphopoietic tissue 7 3.89 180.0 72.4 370.9

Benign neoplasms 2 0.74 269.8 32.6 974.7
Diabetes mellitus 3 7.03 42.7 8.8 124.8
Cerebrovascular disease 14 15.65 89.4 48.9 150.1
All heart diseases 88 96.29 91.4 73.3 112.6

Ischemic heart disease 52 71.65 72.6* 54.2 95.2
Chronic endocardial disease 5 4.34 115.1 37.4 268.5
Hypertension with heart disease 2 4.84 41.4 5.0 149.4
All other heart diseases 29 24.91 116.4 78.0 167.2

Hypertension without heart disease 2 1.17 170.6 20.6 616.4
Nonmalignant respiratory diseases 19 21.21 89.6 53.9 139.9

Influenza and pneumonia 4 8.02 49.9 13.6 127.7
Bronchitis, emphysema, and asthma 0 3.14 0.0 0.0 117.4
Other nonmalignant respiratory disease 14 10.60 132.1 72.2 221.7

Cirrhosis of liver 6 7.79 77.0 28.3 167.6
All external causes of death 37 38.33 96.5 68.0 133.1
Accidents 23 20.69 111.2 70.5 166.8

Motor vehicle accidents 15 9.79 153.2 85.8 252.7
All other accidents 8 11.02 72.6 31.3 143.0

Suicides 5 7.69 65.0 21.1 151.6
Homicides and other external causes 9 9.95 90.5 41.4 171.8

Number of employees � 2179 person-yr � 36317.2.
*Significant at the 5% level.
CI indicates confidence interval; SMR, standardized morality ratio.
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agus, stomach, large intestine, biliary
passages and liver, pancreas, pros-
tate, and melanoma of the skin).
Furthermore, no deaths were re-
ported for several cancer sites (can-
cers of the buccal cavity and phar-
ynx, other digestive organs, testes

and other male genital organs, blad-
der and other urinary organs, central
nervous system, and Hodgkin lym-
phoma). However, it must be noted
that the numbers of expected death
for some of these cancer sites were
small.

For nonmalignant diseases, no sig-
nificant increase was observed for
any cause. In particular, a significant
mortality deficit was reported for
ischemic heart disease (52 observed
vs. 71.65 expected, SMR � 72.6,
95% CI � 54.2–95.2), and a small

TABLE 3
Cause-Specific Mortality of Hourly Employees at 11 Wood-Treating Plants

Cause of Death Observed Expected SMR

95% CI

Lower Upper

All causes 260 287.77 90.4 79.7 102.0
All malignant neoplasms 79 72.43 109.1 86.4 135.9

Cancer of buccal cavity and pharynx 0 2.14 0.0 0.0 172.5
Cancer of digestive organs and peritoneum 18 17.68 101.8 60.3 160.9
Cancer of esophagus 2 2.93 68.3 8.3 246.9
Cancer of stomach 2 2.72 73.5 8.9 265.5
Cancer of large intestine 6 5.56 107.8 39.6 234.7
Cancer of rectum 2 1.10 181.2 21.9 654.6
Cancer of biliary passages and liver 2 2.13 94.1 11.4 340.0
Cancer of pancreas 4 3.39 117.9 32.1 301.8
Cancer of all other digestive organs 0 0.37 0.0 0.0 1005.4

Cancer of respiratory system 36 26.76 134.5 94.2 186.2
Cancer of larynx 2 1.09 183.3 22.2 662.2
Cancer of bronchus, trachea, and lung 34 25.43 133.7 92.6 186.8

Cancer of breast 0 0.35 0.0 0.0 1062.4
Cancer of cervix uteri 0 0.04 0.0 0.0 9948.2
Cancer of prostate 6 6.83 87.9 32.3 191.3
Cancer of testes and other male genital organs 0 0.19 0.0 0.0 1980.8
Cancer of kidney 3 1.60 188.0 38.8 549.4
Cancer of bladder and other urinary organs 0 1.24 0.0 0.0 297.0
Malignant melanoma of skin 1 0.84 118.4 3.0 659.6
Cancer of central nervous system 0 1.60 0.0 0.0 230.9
Cancer of lymphatic and hematopoietic tissues 10 6.20 161.4 77.4 296.8

Lymphosarcoma and reticulosarcoma 1 0.29 345.1 8.6 1922.7
Hodgkin disease 0 0.31 0.0 0.0 1191.4
Leukemia 3 2.25 133.2 27.5 389.2
Cancer of other lymphopoietic tissue 6 3.35 179.4 65.8 390.4

Benign neoplasms 1 0.64 155.3 3.9 865.3
Diabetes mellitus 2 6.19 32.3 3.9 116.8
Cerebrovascular disease 13 14.04 92.6 49.3 158.4
All heart diseases 81 84.60 95.7 76.0 119.0

Ischemic heart disease 47 62.25 75.5 55.5 100.4
Chronic endocardial disease 5 3.86 129.6 42.1 302.5
Hypertension with heart disease 2 4.45 44.9 5.4 162.4
All other heart diseases 27 22.28 121.2 79.9 176.3

Hypertension without heart disease 2 1.07 186.6 22.6 674.1
Nonmalignant respiratory diseases 15 18.58 80.7 45.2 133.2

Influenza and pneumonia 2 7.25 27.6* 3.3 99.6
Bronchitis, emphysema, and asthma 0 2.69 0.0 0.0 137.2
Other nonmalignant respiratory disease 12 9.13 131.4 67.9 229.5

Cirrhosis of liver 5 6.90 72.4 23.5 169.1
All external causes of death 35 35.13 99.6 69.4 138.6

Accidents 21 18.85 111.4 69.0 170.3
Motor vehicle accidents 14 8.88 157.6 86.2 264.5
All other accidents 7 10.08 69.5 27.9 143.1

Suicides 5 6.83 73.2 23.8 170.9
Homicides and other external causes 9 9.45 95.2 43.5 180.8

Number of employees � 1900 person-yr � 31551.6.
*Significant at the 5% level.
CI indicates confidence interval; SMR, standardized mortality ratio.
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nonsignificant deficit was reported
for nonmalignant respiratory disease
(19 observed vs. 21.21 expected,
SMR � 89.6, 95% CI � 53.9–
139.9). On the other hand, mortality
from motor vehicle accidents was
elevated, but the increase was not
statistically significant (SMR �
153.2, 95% CI � 85.8–252.7).

There were 279 salaried employ-
ees in the cohort. Among them, 11
died from cancer, comparable to the

11.62 expected. The cancer sites (n)
were: large intestinal cancer (1), lung
cancer (4), breast cancer (2), cervix
uteri (1), acute lymphatic leukemia
(1), acute myeloid leukemia (1), and
multiple myeloma (1). No significant
increase from any cancer site was
found among salaried employees.
However, it must be noted that the
numbers of death were small.

Because most hourly workers
were involved in production and

maintenance, their potential for ex-
posure was generally much higher
than that of salaried employees. Ad-
ditional detailed cohort analyses
were conducted for hourly workers.
Table 3 shows the cause-specific
mortality of the 1900 hourly employ-
ees, which was quite similar to that
for the entire cohort, because 87.2%
of the cohort members were hourly
employees. There were 260 deaths
reported among hourly employees,

TABLE 4
Cause-Specific Mortality of Hourly Employees at 11 Wood-Treating Plants by Length of Employment

<15.0 Yr 15.0–24.9 Yr 25.0–34.9 Yr >35.0 Yr

Cause of Death OBS SMR OBS SMR OBS SMR OBS SMR

All causes 119 96.2 66 91.1 50 90.6 25 68.5
All malignant neoplasms 26 100.7 22 110.5 21 133.2 10 91.6
Cancer of digestive organs and peritoneum 11 176.6 4 81.8 3 77.1 0 0.0

Cancer of esophagus 2 192.1 0 0.0 0 0.0 0 0.0
Cancer of stomach 1 104.5 0 0.0 1 169.6 0 0.0
Cancer of large intestine 4 210.5 2 129.9 0 0.0 0 0.0
Cancer of rectum 0 0.0 1 332.2 1 414.4 0 0.0
Cancer of biliary passages and liver 1 126.4 0 0.0 1 221.7 0 0.0
Cancer of pancreas 3 254.4 1 105.9 0 0.0 0 0.0
Cancer of respiratory system 12 131.6 7 92.6 11 182.7 6 147.5
Cancer of larynx 1 257.9 0 0.0 1 410.6 0 0.0
Cancer of bronchus, trachea, and lung 11 127.5 7 97.4 10 174.5 6 154.4

Cancer of prostate 0 0.0 3 154.8 2 118.4 1 64.8
Cancer of kidney 1 163.7 1 230.6 0 0.0 1 469.3
Malignant melanoma of skin 1 222.8 0 0.0 0 0.0 0 0.0
Cancer of lymphatic and hematopoietic tissues 1 37.9 5 317.2* 2 167.7 2 254.2

Lymphosarcoma and reticulosarcoma 0 0.0 0 0.0 0 0.0 1 3627.7
Leukemia 0 0.0 2 352.8 0 0.0 1 349.0
Cancer of other lymphopoietic tissue 1 74.9 3 341.7 2 295.2 0 0.0

Benign neoplasms 1 363.8 0 0.0 0 0.0 0 0.0
Diabetes mellitus 1 42.9 1 60.8 0 0.0 0 0.0
Cerebrovascular disease 3 62.0 3 79.1 4 126.3 3 134.2
All heart diseases 40 133.7 13 56.1* 18 94.9 10 79.7

Ischemic heart disease 21 98.0 8 46.4* 12 84.0 6 64.7
Chronic endocardial disease 4 330.6 1 95.9 0 0.0 0 0.0
Hypertension with heart disease 1 59.2 0 0.0 1 108.7 0 0.0
All other heart diseases 14 167.8 4 67.1 5 105.6 4 123.3

Hypertension without heart disease 1 263.8 1 345.8 0 0.0 0 0.0
Nonmalignant respiratory diseases 3 49.2 9 177.3 3 69.9 0 0.0

Influenza and pneumonia 0 0.0 0 0.0 2 120.4 0 0.0
Other nonmalignant respiratory disease 2 71.8 9 348.4† 1 46.5 0 0.0

Cirrhosis of liver 2 55.0 2 115.9 0 0.0 1 206.0
All external causes of death 27 105.4 6 108.3 1 36.7 1 79.2
Accidents 16 121.5 4 126.9 1 59.2 0 0.0

Motor vehicle accidents 10 149.8 3 233.4 1 157.8 0 0.0
All other accidents 6 91.5 1 52.9 0 0.0 0 0.0

Suicides 5 100.4 0 0.0 0 0.0 0 0.0
Homicides and other external causes 6 80.5 2 151.9 0 0.0 1 527.2
Number of employees 1723 541 336 108
Person-yr 22,847.9 5154.9 2509.2 1039.6

*Significant at the 5% level.
†Significant at the 1% level.
OBS indicates observed; SMR, standardized mortality ratio.
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representing 88.7% of all deaths in
the cohort. Similar to the total co-
hort, there was a 10% overall mor-
tality deficit and there was no signif-
icant mortality increase from any
cause of death among hourly em-
ployees, except for MM (see discus-
sion subsequently).

Table 4 shows the cause-specific
mortality of the hourly employees by
length of employment at the wood-
treating plants. There appeared to be
a downward trend for mortality from
all causes of death, with the SMR
declining from 96.2 for �15.0 years
of employment to 68.5 for �35.0
years of employment. The trend,
however, was not statistically signif-
icant (�2 trend � 1.19). For mortality
from digestive cancers, there was a
not non-significant excess among
those with �15.0 years of employ-
ment, whereas non-significant defi-
cits were reported for groups with
longer employment. For mortality
from lung cancer, none of the length-
of-employment groups showed a sig-
nificant increase, and there appeared
to be no apparent pattern with re-
spect to length of employment
(�2 trend � 0.55). There was a sig-
nificant mortality increase from the
broad category “all lymphatic and
hematopoietic cancers” among
hourly workers with 15.0–24.9 years
of employment, but not in any other
length-of-employment groups. Fur-
thermore, there was no upward trend
of mortality from “all lymphatic and
hematopoietic cancers” in relation to
length of employment (�2 trend �
2.25). This broad category represents
a heterogeneous group of cancers,
including NHL, leukemia, and MM
deaths. A more specific analysis for
NHL, leukemia, and MM is provided
below. A significant deficit was ob-
served for heart disease (SMR �
56.1, 95% CI � 29.9–96.0) among
hourly workers with 15.0–24.9 years
of employment. On the other hand, a
significant mortality increase from
other nonmalignant respiratory dis-
ease (SMR � 348.4) was reported
among hourly workers with 15.0–
24.9 years of employment, but no

increase was found for other length-
of-employment groups, including
those with more than 25 years of
employment.

Table 5 shows mortality analysis
by interval since hire (latency) for
hourly employees. For lung cancer,
the highest SMR was reported during
the first 15 years after hire, but the
SMR of 154.8 based on seven deaths
was not statistically significant. For
cancer of other lymphopoietic tissue,
the highest SMR was reported for the
25.0- to 34.9-year latency group, but
the SMR was based on only two
deaths and not significant. The cate-
gory “cancer of other lymphopoietic
tissue” includes primarily NHL and
MM. As stated in the previous sec-
tion, a separate analysis of lymphatic
and hematopoietic cancers based on
a biologically meaningful classifica-
tion is presented subsequently. The
latency analysis in Table 5 indicates
that no cause-specific SMR showed
a significant increase, regardless of
the length of latent period, except for
mortality from motor vehicle acci-
dents in the 15.0- to 24.9-year la-
tency group (SMR � 297.3, six ob-
served deaths).

The specific categories of lym-
phatic and hematopoietic cancers
used in the OCMAP program are
based on the statistical classifications
compiled by National Center for
Health Statistics (NCHS) and do not
permit a specific analysis of major
cell type-specific leukemias, NHL,
or MM, which are more appropriate
classifications from the biologic
point of view.9–11,17–19 Therefore,
analyses of these specific subcatego-
ries of lymphatic and hematopoietic
cancers were carried out separately.

Table 6 shows that there was one
death from NHL (more specifically,
lymphosarcoma and reticulosar-
coma, ICD 200) among hourly em-
ployees, and the expected was 2.42
(SMR � 41.2, 95% CI � 1.0–
229.8). All six deaths in the category
“cancer of other lymphopoietic tis-
sue” were MM (ICD 203), signifi-
cantly higher than the 1.50 expected
(SMR � 401.1, 95% CI � 147.2–

873.1). There was one observed
death from chronic lymphatic leuke-
mia, compared with 0.37 expected
(SMR � 269.2, 95% CI � 6.7–
1499.9). In addition, there were two
deaths from acute myeloid leukemia,
compared with 0.71 expected
(SMR � 283.5; 95% CI � 34.3–
1024.2). On the other hand, there
was no death reported for acute lym-
phatic leukemia or chronic myeloid
leukemia.

Table 7 shows mortality from MM
of hourly employees by length of em-
ployment and latency. The highest
SMR was observed among employees
with 15.0–24.9 years of employment.
The SMRs (95% CI) were 206.1 (5.2–
1148.4), 717.5 (148.1–2096.9), 588.9
(71.3–2127.3), and 0.0 (0.0–1459.0)
for length of employment of �15.0,
15.0 –24.9, 25.0 –34.9, and �35.0
years. The SMRs of MM by length of
employment did not show any pattern,
and a formal analysis demonstrated
that there was no upward trend
(�2 trend � 0.08). Analysis of mortal-
ity from MM by time since first em-
ployment (latency) is also presented in
Table 7. The SMRs of MM in all
latency categories were elevated, but
none of the SMRs were statistically
significant.

Nested Case–Control Study
Table 8 shows the results of mul-

tivariate conditional logistic regres-
sion analyses of lung cancer mortal-
ity. Independent variables in the
multivariate model included tobacco
consumption, length of employment,
and job/exposure categories. Table 8
shows, for each independent vari-
able, the estimated parameter � in
the regression and its standard error
(SE). The OR for each independent
variable can be estimated as follows:
OR � exp(�). The results from the
multivariate analyses showed that
lung cancer risk for tobacco con-
sumption was elevated (OR � 4.92,
chi-square � 2.566, P � 0.109), but
the OR did not reach statistical sig-
nificance at the 5% level. Neither
length of employment nor any job/
exposure category was found to be
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associated with lung cancer mortality
(all ORs close to or below 1.00,
chi-square less than 1.00, and P val-
ues considerably higher than 0.05).
For example, the OR for routine
exposure to creosote-based wood
preservatives, after adjusting for to-
bacco consumption, was 0.58 (95%
CI � 0.11–3.03) with chi-square �
0.423 and P � 0.516. Thus, the
multivariate analyses of lung cancer,
taking tobacco consumption and ex-
posure variables simultaneously into

consideration, demonstrated that
lung cancer risk was not associated
with employment at the wood-
treating plants or related to exposure
to creosote-based wood preserva-
tives or creosote-treated products.

Table 9 shows the multivariate
conditional logistic regression analy-
ses of MM mortality in the case–
control study. Because there were
only seven MM deaths (one in sala-
ried and six in hourly employees), in
the analyses of job/exposure catego-

ries, the numbers in some categories
were zero or extremely small. As a
result, estimates of parameter � in
the regression were extremely unsta-
ble and the corresponding SEs very
large. Nevertheless, the chi-square
and the P values can be used to
evaluate the association between
MM and the independent variables
(tobacco consumption, length of em-
ployment, job/exposure categories).
As Table 9 shows, all chi-squares
were extremely small and all P val-

TABLE 5
Cause-Specific Mortality of Hourly Employees at 11 Wood-Treating Plants by Latency

<15.0 Yr 15.0–24.9 Yr 25.0–34.9 Yr >35.0 Yr

Cause of Death OBS SMR OBS SMR OBS SMR OBS SMR

All causes 63 82.0 83 101.2 65 98.7 49 77.6
All malignant neoplasms 16 116.0 22 102.6 22 112.9 19 107.3
Cancer of digestive organs and peritoneum 6 182.0 6 113.2 4 83.7 2 46.5

Cancer of esophagus 0 0.0 1 105.8 1 127.2 0 0.0
Cancer of stomach 0 0.0 1 125.1 1 137.9 0 0.0
Cancer of large intestine 3 314.7 2 125.3 0 0.0 1 67.3
Cancer of rectum 0 0.0 1 300.3 1 341.7 0 0.0
Cancer of biliary passages and liver 1 236.4 0 0.0 0 0.0 1 206.1
Cancer of pancreas 2 329.3 1 97.9 1 107.3 0 0.0

Cancer of respiratory system 7 145.8 9 109.6 11 147.8 9 142.8
Cancer of larynx 0 0.0 1 284.0 1 337.6 0 0.0
Cancer of bronchus, trachea, and lung 7 154.8 8 102.7 10 141.1 9 149.2

Cancer of prostate 0 0.0 3 204.9 0 0.0 3 108.7
Cancer of kidney 1 302.8 1 199.8 0 0.0 1 290.3
Malignant melanoma of skin 1 343.7 0 0.0 0 0.0 0 0.0
Cancer of lymphatic and hematopoietic tissues 1 63.4 3 166.1 3 202.4 3 225.5

Lymphosarcoma and reticulosarcoma 0 0.0 0 0.0 0 0.0 1 2225.8
Leukemia 0 0.0 1 157.8 1 189.0 1 200.5
Cancer of other lymphopoietic tissue 1 138.5 2 198.8 2 233.3 1 131.7

Benign neoplasms 1 596.7 0 0.0 0 0.0 0 0.0
Diabetes mellitus 0 0.0 1 55.1 1 61.1 0 0.0
Cerebrovascular disease 1 39.8 4 106.6 4 109.2 4 97.3
All heart diseases 15 93.3 29 119.9 18 81.6 19 85.4

Ischemic heart disease 7 61.9 15 84.9 11 66.8 14 83.3
Chronic endocardial disease 2 363.1 2 214.4 0 0.0 1 75.0
Hypertension with heart disease 0 0.0 1 72.2 1 88.7 0 0.0
All other heart diseases 6 129.2 11 168.1 6 106.1 4 73.6

Hypertension without heart disease 0 0.0 2 662.8 0 0.0 0 0.0
Nonmalignant respiratory diseases 1 33.8 4 85.4 7 140.3 3 50.4

Influenza and pneumonia 0 0.0 0 0.0 2 111.6 0 0.0
Other nonmalignant respiratory disease 1 81.8 3 129.9 5 192.4 3 99.8

Cirrhosis of liver 0 0.0 3 123.2 1 78.6 1 144.7
All external causes of death 20 94.5 11 126.5 3 91.5 1 50.2
Accidents 11 102.6 8 168.3 2 99.2 0 0.0

Motor vehicle accidents 7 124.0 6 297.3* 1 128.6 0 0.0
All other accidents 4 78.2 2 72.2 1 79.6 0 0.0

Suicides 3 74.7 1 56.7 1 149.1 0 0.0
Homicides and other external causes 6 93.4 2 91.7 0 0.0 1 397.6
Number of employees 1722 1183 541 208
Person-yr 18,317.7 8584.1 3134.6 1515.1

*Significant at the 5% level.
OBS indicates observed; SMR, standardized mortality ratio.
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ues were considerably above 0.05,
indicating that there was no associa-
tion between MM and any of the
independent variables.

Discussion
The size of workforce at most

wood-treating facilities is relatively
small, compared with some other
industrial operations. Because of its
decentralized nature, a reasonable
cohort of sufficient statistical power

would require the participation of
many locations. Included in the co-
hort were 11 wood-treating plants
with a total of 2179 employees. This
investigation is the largest cohort of
workers exposed to creosote-based
wood preservatives and/or creosote-
treated wood products. The only
other cohort study consisted of 922
creosote-exposed impregnators at 13
plants in Sweden and Norway. Even
so, for some diseases, the statistical

power of the present investigation in
detecting a modest increase was still
limited. Of the 2179 employees in-
cluded in the cohort, 293 were iden-
tified to have died. For some causes
of death, only a few deaths occurred,
and results based on small numbers
must be interpreted with caution.

The employees at the 11 wood-
treating facilities experienced a
lower overall mortality when com-
pared with the general population in
the United States. The observed 10%
overall mortality deficit was consis-
tent with the so-called “healthy
worker effort” (HWE), which refers
to the observation that in most occu-
pational cohort mortality studies, the
overall mortality of the cohort is
lower than that of the general popu-
lation. Possible explanations for the
HWE include selection of health or
health attributes at the time of hire,
being healthy enough to hold a job,
access to medical care as a benefit of
employment and stable lifestyle as-
sociated with employment. The over-
all mortality deficit appeared to have

TABLE 6
Mortality From Non-Hodgkin Lymphoma, Multiple Myeloma, and Leukemia
Among Hourly Employees

Causes of Death Observed Expected SMR

95% CI

Lower Upper

Non-Hodgkin lymphoma 1 2.42 41.2 1.0 229.8
Multiple myeloma 6 1.50 401.1† 147.2 873.1
Leukemia 3 2.25 133.2 27.5 389.2

Acute lymphatic leukemia 0 0.12 0.0 0.0 2959.3
Chronic lymphatic leukemia 1 0.37 269.2 6.7 1499.9
Acute myeloid leukemia 2 0.71 283.5 34.3 1024.2
Chronic myeloid leukemia 0 0.39 0.0 0.0 934.6

†Significant at the 1% level.
CI indicates confidence interval; SMR, standardized mortality ratio.

TABLE 7
Mortality From Multiple Myeloma Among Hourly Employees by Length of Employment and Latency

Analysis Parameter <15.0 Yr 15.0–24.9 Yr 25.0–34.9 Yr >35.0 Yr

Length of employment Observed deaths 1 3 2 0
Expected deaths 0.49 0.42 0.34 0.25
SMR 206.1 717.5* 588.9 0.0
95% CI 5.2–1148.4 148.1–2096.9 71.3–2127.3 0.0–1459.0

Latency Observed deaths 1 2 2 1
Expected deaths 0.24 0.43 0.43 0.40
SMR 422.3 464.9 468.9 248.6
95% CI 10.6–2353.0 56.2–1679.3 56.7–1694.1 6.2–1385.3

*Significant at the 5% level.
SMR indicates standardized mortality ratio; CI, confidence interval.

TABLE 8
Multivariate Conditional Logistic Regression Analyses of Lung Cancer Mortality

Variable � SE(�) Odds Ratio 95% CI Chi-square P Value

Tobacco consumption 1.59298 0.99444 4.92 0.70–34.54 2.566 0.109
Length of employment (yr) 0.01713 0.01836 1.01 0.98–1.05 0.871 0.351
Routine exposure to creosote preservatives �0.55013 0.84603 0.58 0.11–3.03 0.423 0.516
Routine exposure to creosote-treated products 0.37221 0.83852 1.45 0.28–7.51 0.197 0.657
Intermittent exposure to preservatives or treated

products
�0.66854 0.75665 0.51 0.12–2.26 0.781 0.377

Intermittent exposure to treated or untreated
materials

�0.79621 0.98813 0.45 0.07–3.13 0.649 0.420

CI indicates confidence interval.
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come primarily from ischemic heart
disease (SMR � 72.6, P � 0.05).
There was no significant increase in
mortality from any particular cancer
site, except for MM (more discussion
of MM subsequently). In particular,
there was no increase in mortality
from cancer of the digestive system,
prostate cancer, NHL, or malignant
melanoma of the skin. Furthermore,
there were no deaths from testicular
cancer, bladder cancer, cancer of the
central nervous system, and Hodgkin
lymphoma.

Close to 90% of the cohort mem-
bers were hourly workers, whose
opportunities for exposures were
generally much higher than those of
salaried employees. A separate anal-
ysis was carried out for hourly work-
ers. The results of the hourly workers
were quite similar to those of the
entire cohort. In particular, none of
the cause-specific SMRs was signif-
icantly elevated, except for MM.
There were six MM deaths, com-
pared with 1.50 expected (SMR �
401.1, 95% CI � 147.2– 873.1).
When the data were analyzed by
length of employment, no upward
trend for any cause of death was
detected. For example, the lung can-
cer SMRs among hourly workers did
not show any pattern with length of
employment (�2 trend � 0.55). Al-
though there was a significant in-
crease of MM mortality overall,
analysis by length of employment
indicated that the SMR was highest
among those with the 15.0 –24.9
years of employment but no death in
the longest length of employment
group (�35.0 years). The SMRs for
MM did not show any trend (�2

trend � 0.08). The absence of any
upward trend in site-specific cancer
mortality lends further support to the
interpretation that there was no rela-
tion between employment at the
wood-treating plants and the risk of
developing cancer. Thus, the cohort
analyses did not provide any evi-
dence that employees at the 11
wood-treating plants were at an in-
creased risk of cancer as a result of
their employment or exposures at the
plants.

With regard to nonmalignant dis-
eases, no significant increases were
detected in the cohort. Most of the
deficit in overall mortality for the
cohort could be attributed to a signif-
icant reduction in mortality from
ischemic heart disease (SMR � 72.6,
P � 0.05). Similarly, among hourly
employees, the SMR for ischemic
heart disease was 75.5 (P � 0.05).
Analysis by length of employment
did not reveal any upward trends in
mortality from nonmalignant dis-
eases. The cohort analyses demon-
strate that employees at the 11 wood-
treating plants did not experience
any mortality increases from nonma-
lignant diseases as a result of their
employment.

As discussed subsequently, poten-
tial limitations of the cohort analyses
included the lack of information on
tobacco consumption and detailed
exposure. In the nested case–control
study, such information was col-
lected. As expected, tobacco con-
sumption was found to be associated
with an elevated lung cancer risk
(OR � 4.92, chi-square � 2.566,
P � 0.109), although the increased
risk did not reach statistical signifi-

cance at the 5% level. Length of
employment was found not to be
related to lung cancer mortality. The
nested case–control analyses of lung
cancer in terms of job/exposure cat-
egories did not reveal any associa-
tion between employment in these
categories and lung cancer risk, lend-
ing further support to the finding of
no association between employment
and lung cancer in the cohort study.
Similar nested case–control analyses
were performed for MM. Although
the numbers were small, the analyses
did not reveal any evidence that MM
was related to exposure to creosote-
based wood preservatives or to cre-
osote-treated products.

We now discuss our results in
conjunction with findings from pre-
vious studies reviewed earlier in this
report. Of the studies reviewed, all
but one were population-based (or
hospital-based) case–control studies.
Information on occupation in this
population-based case–control was
obtained from self-reported ques-
tionnaires (ie, recalls) and was sub-
ject to recall bias and inaccuracy.
These studies usually did not provide
information about the nature of ex-
posure or details of employment
comparable to that in cohort-based
studies. Exposure classification
could be highly heterogeneous even
within a single population-based ca-
se–control study, and length of em-
ployment is usually not available.
Furthermore, publication bias is
common in such population-based
case–control studies (ie, only in-
creased risks are reported). In com-
menting on population-based case–
control studies, the International
Agency for Research on Cancer20

stated: “Caution should also be ap-
plied in interpreting the findings
from those case–control studies con-
ducted within the general population
setting. Most of the studies reported
had positive findings, and are likely
to be an incomplete selection of ca-
se–control studies in which occupa-
tional exposures have been investi-
gated.” Thus, methodologically
speaking, cohort studies and cohort-

TABLE 9
Multivariate Conditional Logistic Regression Analyses of Multiple Myeloma
Mortality

Variable Chi-square P Value

Tobacco consumption 0.002 0.966
Length of employment (yr) 0.097 0.756
Routine exposure to creosote preservatives 0.000 0.998
Routine exposure to creosote-treated products 0.000 0.997
Intermittent exposure to preservatives or treated products 0.000 0.998
Intermittent exposure to treated or untreated materials 0.000 0.998
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based or nested case–control inves-
tigations (such as the current inves-
tigation) are superior to population-
based case–control studies.

From Sweden, Flodin et al1 re-
ported a significant OR of MM for
exposure to creosote. As discussed in
the literature review, the Flodin et al1

study suffered from a number of
limitations, including incomplete
case ascertainment, incomparability
between cases and controls, potential
reporting bias, and overly broad ex-
posure classification. For example,
electrical linemen were considered to
be exposed to creosote, although the
only source of exposure for electrical
linemen would be utility poles previ-
ously (regardless of how long ago)
treated with preservatives (not neces-
sarily creosote-based). Even Flodin
et al labeled such exposure “rela-
tively low-grade.” Given these limi-
tations, the validity of the result of
the Flodin et al1 study was question-
able. On the contrary, in another
Swedish case–control study, Eriks-
son and Karlsson5 reported no asso-
ciation between creosote exposure
and MM.

In comparison to population-based
case–control studies, the employ-
ment and exposure information in
our cohort study and cohort-based
case–control analyses is by far more
accurate, because it was based on
documented sources: the study sub-
jects’ employment and personnel
records. Furthermore, the exposure
information in the case–control anal-
yses was more specific, because ex-
posure pattern was taken into consid-
eration in developing the exposure
categories. Because of the availabil-
ity of detailed employment histories
and exposure information, analyses
by length of employment as well as
by specific job/exposure categories
were feasible. The results from our
cohort study and the nested case–
control analyses did not support a
causal association between MM and
employment at the wood-treating
plants or exposure to creosote-based
wood preservatives.

In another Swedish population-
based case–control study, Persson et
al3 reported a nonsignificant increase
of NHL in relation to creosote expo-
sure. The Persson et al study used the
same methodological approach and
shared some of the controls as in the
Flodin et al1 study. As such, the
Persson et al study suffered from
many of the same limitations as the
Flodin et al1 investigation. In addi-
tion, the NHL result in the Persson et
al3 study was based on extremely
small number of exposed subjects—
only one control was exposed. Even
Persson et al3 questioned the low
frequency of exposure among the
controls. The authors commented:
“There remains apparently the possi-
bility that exposure to creosote for
some reason has been underesti-
mated among the referents in com-
mon.” Thus, the result from the Per-
sson et al study must be interpreted
with caution.

From the United States, based on a
large-scale population-based case–
control study, Blair et al6 reported no
increased risk of NHL for the expo-
sure category “asphalt and creosote.”
Although the numbers of exposed
cases and controls were much larger
(53 cases and 105 controls), the ex-
posure category was not restricted to
creosote only.

In our investigation, there was
only one death from NHL, whereas
2.42 were expected. The result did
not provide any evidence for a rela-
tion between exposure to creosote
preservatives and NHL in our cohort.

Finally, Karlehagen et al4 reported
an increased incidence of both mel-
anoma and nonmelanoma skin can-
cer in a cohort of 922 creosote im-
pregnators in Sweden and Norway.
Contrary to the population-based ca-
se– control studies conducted in
Sweden, the exposure classification
in the Karlehagen et al4 cohort study
appeared to be accurate because it
was based on personnel records. Un-
fortunately, the skin cancer results
were internally inconsistent between
workers in Sweden and Norway and
potentially confounded by concomi-

tant exposures. The authors them-
selves attributed the skin cancer ex-
cess to a combination of exposures to
creosote and sunlight.

In our cohort, there was one death
from melanoma skin cancer, compa-
rable to the 1.03 expected. Thus,
there was no evidence that the em-
ployees at the 11 wood-treating
plants experienced an increased mor-
tality risk of melanoma skin cancer.
However, the small sample size did
not permit a definite conclusion. In
addition, mortality may not be a
sensitive end point for nonfatal non-
melanoma skin cancer.

Several potential limitations of our
retrospective cohort study should be
pointed out and discussed. Most of
these limitations are typical of histor-
ical cohort mortality studies in gen-
eral. Being a mortality study, analy-
ses were based on the underlying
cause of death listed on death certif-
icates. As such, the study not only
inherited some of the problems usu-
ally associated with death certificates
(diagnostic accuracy, for example),
but also suffered from the lack of
in-depth clinical information. No de-
tailed clinical information was avail-
able on the deaths in our study.
However, it must be pointed out that
although detailed information de-
rived from medical records or pa-
thology reports may be more accu-
rate than that based on death
certificates, it would be inappropriate
to use such information for compar-
isons with national mortality rates. In
our study, we compared diagnoses
based on death certificates with na-
tional statistics that were derived
from death certificates as well. Fur-
thermore, our analysis was adjusted
for calendar time, thus at least par-
tially controlling for changes in sur-
vival and diagnostic practices.

The type of analysis (eg, disease
categories) in the cohort study was
primarily dictated by the statistical
classifications of mortality rates for
the U.S. population published by the
National Center for Health Statistics,
which were used in the OCMAP
program. The statistical classifica-
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tions in the OCMAP program may
not always coincide with the latest
understanding of disease mecha-
nisms or the latest disease classifica-
tions. To correct this shortcoming of
the OCMAP program, specific anal-
yses were conducted for several can-
cer sites (NHL, MM, and subtype of
leukemia).

As in most historical cohort stud-
ies, little or no quantitative exposure
data were available for workers who
were exposed in the 1940s or 1950s,
and analyses by quantitative expo-
sure indices were not possible. In the
cohort study, we relied on duration
of employment as a measure for
potential exposure to creosote-based
wood preservatives and creosote-
treated products. In the nested case–
control study of lung cancer and
MM, in addition to length of employ-
ment, five detailed exposure catego-
ries based on the pattern and fre-
quency of exposure were used.

Similarly, information on lifestyle
or exposures from employment else-
where was not available in the cohort
study. For lung cancer and MM,
however, histories of tobacco con-
sumption among the study subjects
were collected and incorporated in
the nested case–control analyses. As
such, the analyses of lung cancer and
MM in the nested case–control study
were adjusted for potential con-
founding resulting from tobacco con-
sumption.

Finally, as stated earlier, although
the cohort consisted of all workers
who had ever worked at the 11 par-
ticipating wood-treating plants be-
tween 1979 and 1999 and the study
is the largest cohort of workers ex-
posed to creosote, the sample size
was still relatively small for certain
analyses. Some analyses presented in
this report lacked adequate statistical
power, as in the case of several
specific cancer sites. Furthermore,
when analyses were stratified by
length of employment, latency, or
job/exposure category, the numbers
of workers became even smaller,
which rendered some of the stratified
analyses statistically unstable. As a

result, the corresponding 95% CIs
were wide and the findings must be
interpreted with caution. However,
for common disease categories such
as all cancers, digestive cancer, lung
cancer, heart diseases, and nonmalig-
nant respiratory disease, the statisti-
cal power of the study was adequate.

Conclusion
The retrospective cohort study re-

ported an overall favorable mortality
experience of employees at the 11
participating wood-treating plants.
Detailed analyses by length of em-
ployment did not reveal any upward
trend of cause-specific morality. In
particular, there was no association
between employment at the plants
and lung cancer, as demonstrated by
the length-of-employment analysis
in the cohort study and the analysis
by job/exposure category in the
nested case–control study. Although
there was a statistically significant
excess of multiple myeloma, the ab-
sence of an upward trend in mortality
by length of employment in the co-
hort study and the lack of any asso-
ciation between job/exposure catego-
ries and multiple myeloma in the
nested case– control study argued
against the interpretation that the
overall multiple myeloma excess
was associated with employment at
the plants or related to exposure to
creosote-based wood preservatives
and/or creosote-treated products. The
investigation indicated that the em-
ployees did not experience any
cause-specific mortality increase as a
result of their exposure. Some of the
results of the investigation, however,
should be interpreted with caution,
because they were based on rela-
tively small numbers. In summary,
based on the findings of the present
investigation and results reported in
the literature, it was concluded that
employment at the 11 wood-treating
plants or exposure to creosote-based
wood preservatives was not associ-
ated with any significant mortality
increase from either site-specific
cancers or nonmalignant diseases.
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