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Background The Building Trades National Medical Screening Program (BTMed) was
established in 1996 to provide occupational medicine screening examinations for
construction workers who have worked at US Department of Energy nuclear sites.
Workers participating in BTMed between 1998 and 2011 were followed to determine their
vital status and mortality experience through December 31, 2011.
Methods The cohort includes 18,803 BTMed participants and 2,801 deaths. Cause-
specific Standardized Mortality Ratios (SMRs) were calculated based on US death rates.
Results Mortality was elevated for all causes, all cancers, cancers of the trachea, bronchus,
and lung and lymphatic and hematopoietic system, mesothelioma, COPD, and asbestosis.
Conclusions Construction workers employed at DOE sites have a significantly increased
risk for occupational illnesses. Risks are associated with employment during all time
periods covered including after 1980. The cancer risks closely match the cancers identified
for DOE compensation from radiation exposures. Continued medical surveillance is
important. Am. J. Ind. Med. 58:152–167, 2015. � 2014 Wiley Periodicals, Inc.
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BACKGROUND

In 1993, Congress added Section 3162 to the Defense
Authorization Act, calling for the Department of Energy
(DOE) to determine whether workers within the nuclear
weapons facilities were at significant risk for work-related
illnesses and if so, to provide themwithmedical surveillance.
In 1996 and 1997, DOE supported the establishment of

independent surveillance programs for construction workers
at the Hanford Nuclear Reservation in Richland, Wash-
ington, the Oak Ridge Reservation in Oak Ridge, Tennessee,
and the Savannah River Site (SRS) in Aiken, South Carolina,
and in 1999 the Amchitka nuclear test site in Alaska. The
surveillance program has been expanded to 23 DOE sites and
consolidated to form the Building Trades National Medical
Screening Program (BTMed).

BTMed is conducted by a consortium from the CPWR:
The Center for Construction Research and Training, the
University of Cincinnati; and Duke University; and with
Zenith American Solutions serving as the administrative
coordinator. We have previously reported on the prevalence
of respiratory diseases, hearing loss, beryllium sensitivity,
COPD, and mortality among workers in our screening
program [Dement et al., 2003a, 2005, 2009, 2010; Welch
et al., 2004, 2013], and have estimated their life-time risk for
work-related chronic diseases [Ringen et al., 2014].

Construction trade workers employed at nuclear
weapons facilities have had potential exposures to a number
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of hazards, including known carcinogenic agents, during
facility construction, maintenance, renovation, demolition,
and site cleanup. In addition to external and internal radiation
exposures, construction and trade workers were exposed to
asbestos, silica, solvents, metals, and welding/cutting gases
and fumes while conducting work tasks or while in the
vicinity of other crafts. While several studies have
investigatedmortality risks amongDOE productionworkers,
[Kneale et al., 1984; Checkoway et al., 1988; Gilbert et al.,
1993; Loomis and Wolf, 1996; Cragle et al., 1998;
Richardson and Wing, 1999, 2006, 2007; Wing et al.,
2000; Richardson et al., 2007a, 2013] little data exist
concerning mortality among construction trade workers.

Our prior analysis of mortality amongDOE construction
workers [Dement et al., 2009] included only workers from
four DOE sites (Amchitka, Hanford, Oak Ridge, Savannah
River Site) with follow-up through 2004. Although that study
was based on only 674 deaths among 8,976 screening
program participants, it found significantly excess risk for all
cancers, lung cancer, mesothelioma, and asbestosis for all
four DOE sites combined, and also excesses of non-
Hodgkin’s lymphoma at Oak Ridge and multiple myeloma
at Hanford. Chronic obstructive pulmonary disease (COPD)
was significantly elevated among workers at the Savannah
River Site. Since publication of the prior study BTMed has
been significantly expanded, and this study includes workers
from 20 DOE sites throughout the US with mortality follow-
up extended to December 31, 2011.

MATERIALS AND METHODS

Medical Screening Protocol

Participation in the BTMed is voluntary andwithout cost
to workers. Workers potentially eligible for participation are
identified through multiple sources including union rosters,
contractor records where available, media advertisement,
and presentations at worker meetings. BTMed operates a
web-site (http://www.btmed.org) to provide workers with
information about the program, instructions for participation,
and health information. Ten outreach offices are located in
regions with major DOE sites.

The screening program uses a two-step design with the
initial step consisting of a detailed work history interview to
provide information concerning: (1) performing or working
near high-hazard work tasks, such as sand blasting or
asbestos insulation application or removal; (2) working with
or around high-hazard materials, such as asbestos, silica, or
beryllium; and (3) working in buildings or areas associated
with potential exposures to hazardous materials or where
known exposure incidents or emergencies occurred. The
second step is a medical screening examination performed
under contract with local clinical providers who meet

credentialing requirements and adhere to a detailed protocol.
All data from the intake, work history, medical history,
physical examination, andmedical examination are reviewed
by BTMed nurses and entered into a database for purposes of
program administration, reporting and statistical analyses.

The screening examination includes: a medical history
and symptom questionnaire; a comprehensive physical
examination, a posterior–anterior (P–A) chest radiograph
classified by a B-reader according to International Labour
Office (ILO) Classification of Radiographs of Pneumoconi-
osis [ILO, 1980, 2002]; audiometry; a panel of blood tests
chosen to assess end organ damage from identified toxins;
BeLPT (a blood test for beryllium sensitization); stool guaiac
test; and spirometry meeting ATS standards [ATS, 1995,
2005; Dement et al., 2010].

Cohort Definition

The current mortality cohort is comprised of former
construction trades workers from all DOE sites covered by
BTMed who participated in a work history interview between
1/1/1998 and 12/31/2011. At that time, BTMed covered 20
DOE sites. The cohort was limited to those providing
demographic information (Name, SSN, and Date of Birth)
sufficient for follow-up through the National Death Index
(NDI). In order to be included in the mortality analysis,
workers were not required to have participated in the medical
examination component of the program. This criterion was
used in order to minimize potential selection bias due to
current disease status and personal decisions about medical
program participation. BTMed collects data on sex on all
individualswho completes theworkhistory interviewand race
only on those who participates in the medical examinations.
Since our cohort included all workers completing a work
history interview, information on race was missing for 11.6%
of cohort members not completing a medical exam.

Ascertainment of Vital Status and
Causes of Death

The cohort was followed to identify cause of death
through December 31, 2011 using the National Death Index
(NDI) Plus system [Bilgrad, 1995], maintained by the
National Center for Health Statistics (NCHS). The NDI
provided information on the dates of death for cohort
members as well as underlying and contributing causes of
death, coded according to the revision of the International
Classification of Disease (ICD) in effect at the time of death
(ninth revision for deaths that occurred before 1999, tenth
revision for deaths that occurred since 1999). Record linkage
with the NDI was accomplished using probabilistic scores
assigned by the NDI and recommended cut-off scores by
class for records without a perfect match [Horm, 1996]. The
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National Death Index has been shown to provide virtually
complete ascertainment of deaths [Stampfer et al., 1984
Boyle and Decouflė, 1990]; therefore, we assumed that
workers not identified as deceased by the NDI were still alive
as of December 31, 2011.

Data Analyses

TheLife TableAnalysis System (LTAS.NetVersion 3.0.3
Build 7) developed by the National Institute for Occupational
Safety and Health (NIOSH) [Steenland et al., 1990; NIOSH,
2008] was utilized to compute cause-specific Standardized
Mortality Ratios (SMRs), comparing themortality experience
of the cohort to that of the US national population, adjusting
for age, race, sex, and calendar year. These death rates cover
the 10th Revision of the ICD codes, with deaths grouped into
119 categories for analyses [Robinson et al., 2006].

Person-years accumulation for each cohort member
began on the date of their interview and were accumulated
until death or the study cut-off date of December 31, 2011.
The LTAS program stratified person-years at risk for each
worker by race, sex, 5-year age groups, and 5-year calendar
time periods. SMRs were calculated as the ratio of observed
to expected deaths with 95% confidence intervals for SMRs
computed assuming that the observed number of deaths in
the cohort is a Poisson random variable. The NIOSH LTAS
used the Byar approximation when the number of cases was
six or more and the exact Poisson confidence interval was
calculated when the number of cases was five or fewer
[Rothman and Boice, 1979; NIOSH, 2008].

In addition to overall results for the cohort, we
investigated mortality for selected causes by DOE site and
trade. The BTMed program includes 20 sites and 35 trade
groups resulting small numbers of participants and deaths
when results were stratified by site and trade group; because
of this, only sites and trade groups with a minimum of 200
deaths were analyzed in detail separately. Four sites hadmore
than 200 deaths: Amchitka, Hanford, Oak Ridge, and
Savannah River, as did the following trades: carpenter,
electrician, laborer, and pipe trades (plumber, pipefitter,
steamfitter, and sprinklerfitter). Mortality results for all other
sites were combined as were results from all other trade
groups. While we combined results for some sites and trade
groups, detailed results for each site and trade group included
in the combined categories were reviewed for any statisti-
cally significant results not captured in the combined results.

Within the overall cohort, further analyses were
undertaken to examine the association between chest x-ray
readings, smoking and mortality due to lung cancer.
Analyses of the relationship between chest film changes
and lung cancer mortality were restricted to 13,373 workers
with chest radiographs and having data on other covariates
considered in the models.

Stratified Cox proportional hazards models were used to
obtain lung cancer hazard ratios (HR) and 95 percent
confidence intervals. Age was used as the time axis in these
models with follow-up from the time of initial screening
examination to death due to lung cancer or the last date that
the worker was known alive. Stratified Cox models [Allison,
1995] included strata defined by smoking status (never, past,
and current) and birth cohort decade [Pencina et al., 2007],
with adjustment for gender, race (white or non-white), pack-
years of smoking (0, 1–19, 20–39, or �40 pack-years),
presence of pleural abnormalities, and profusion category. A
pleural abnormality was defined as bilateral pleural
thickening or plaques, with or without calcification [Cullen
et al., 2005]. Potentially asbestos related chest radiographic
findings (presence of pleural abnormalities, and ILO
parenchymal profusion category) were investigated in the
models as categorical variables and tests for trends across
covariate category were performed by entering the covariate
in the model as a grouped linear variable [Rothman and
Greenland, 1998].

Cox proportional hazards models were fit using PROC
PHREG in SAS Version 9.3 [SAS Institute Inc., 2011]. The
EXACT method of handing ties in PROC PHREG was used
and the assumption of proportional hazards over the follow-
up period was assessed with time-dependent covariates (the
product of log-transformed time and the factor of interest).
The ASSESS option for testing the proportional hazard
assumption available in SAS Version 9.3 also was used for
this purpose.

For the 11% of workers with missing race data, we
performed preliminary SMR analyses, first assuming those
missing race were white, followed by repeating the SMR
analyses assuming those missing race were non-white. These
range finding analyses produced comparable results;
therefore, workers with missing race information were
assumed to be white for all subsequent analyses.

Human Subjects Protection

BTMed is conducted under the oversight of and is
subjected to annual review and approval by two Institutional
Review Boards: The US Department of Energy Central IRB
is the IRB of record and the IRB of CPWR: The Center for
Construction Research and Training provides secondary
review. Informed consents are administered at three points of
screening process: when participants sign up, at time of work
history interview, and before each medical exam.

RESULTS

The cohort included 18,803 workers, 115,286 person-
years of observation, and 2,801 deaths. Of the cohort
members, 16,564 (88.1%) were white or assumed to be
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white, 17,697 (94.1%) were male and 16,628 (88.4%)
completed amedical screening examination (Table I). Cohort
members and deaths by DOE site are shown in Table II.
Those who had worked at more than one DOE site were
assigned to the site where they spent the greatest time. DOE
site information wasmissing for only three workers. The four
DOE sites with the longest duration screening programs and
most years of observation—Amchitka, Hanford, Oak Ridge,
and Savannah River—combined accounted for 58% of the
total population, 72% of all person-years, and 78% of all
deaths.

The mean age at start of cohort follow-up was 60.3 years
(std. dev.¼ 12.9) and ranged from 56.3 to 63.6 years by DOE
site (Table III). The mean duration of working at a DOE site
was 8.1 years (std. dev.¼ 9.4) and ranged from 1.3 years at
Amchitka to 13.5 years at Oak Ridge. Demographic
characteristics by trade reflected similar patterns with regard
to age at cohort entry and duration of DOE site work.

All causes mortality was significantly increased (SMR
¼ 1.06, 95%CI¼ 1.02–1.10) as shown in Table IV. A similar
pattern of overall increased all-cause mortality was observed
for most years of cohort entry. Analyses of all-cause
mortality by age at cohort entry (Table V) demonstrated
significantly increased mortality among those at 50–59 and
60– 69 years of age.

Mortality by major and minor LTAS mortality category
is presented in Table VI. While the all-cause mortality was
slightly elevated, significantly reduced mortality was
observed for several major categories including heart
diseases (SMR¼ 0.87, 95% CI¼ 0.80–0.94) and diabetes
(SMR¼ 0.77, 95% CI¼ 0.59–0,98). Excess mortality was
observed for all diseases of the respiratory system (SMR¼
1.32, 95% CI¼ 1.19–1.46) and for all cancers (SMR¼ 1.29,
95% CI¼ 1.21–1.37).

COPD, which has a broad range of occupational causes,
was significantly increased (SMR¼ 1.4, 95% CI¼ 1.22–
1.60). Significantly elevated risks were observed for several

TABLE I. Cohort Members by Gender and Race

Gender Race Number workers %

Female Non-white 335 1.8
Female White 771 4.1
Female All 1106 5.9
Male Non-white 1904 10.1
Male White 15793 84.0
Male All 17697 94.1
All Non-white 2239 11.9
All White 16564 88.1
All All 18803

TABLE II. Cohort Members and Deaths by DOE Site

DOE Site Number workers Number deaths

Amchitka 1326 274
ArgonneWest 2 0
Battelle LaboratoriesçKing Avenue and West Jefferson 104 6
Brookhaven National Laboratory 567 40
BrushçLuckey 5 0
Feed Materials Production Center (FMPC) 1674 57
General Electric Company/ Evandale 365 15
Hanford 2885 698
Huntington Pilot Plant 9 0
Idaho National Engineering and Environmental Laboratory 937 58
Kansas City Plant 615 40
Mallinckrodt Chemical, Destrehan St and Weldon Spring Plant 149 17
Mound Plant 338 26
Oak Ridge (K-25, X-10, and Y-12) 2847 654
Paducah Gaseous Diffusion Plant 842 154
Pinellas Plant 45 6
Portsmouth Gaseous Diffusion Plant 1045 122
Rocky Flats Plant 648 43
Savannah River Site 3864 562
Yucca Mountain 533 29
Specific Site Unknown 3 0
Total 18803 2801

Mortality Among DOE Construction Workers 155



disease categories associated with exposure to asbestos
including malignant neoplasms of the trachea, bronchus, and
lung (SMR¼ 1.43, 95% CI¼ 1.28–1.60), mesothelioma
(SMR¼ 6.86, 95% CI¼ 4.80–9.49), and asbestosis (SMR
¼ 27.04. 95%CI¼ 19.04–37.28).Mortality due tomalignant
neoplasms of the lymphatic and hematopoietic system was
significantly elevated (SMR¼ 1.31, 95% CI¼ 1.06–1.61)
and cancer sites within the lymphatic and hematopoietic
major category also were in excess, although none was
statistically significant.

Mortality for selected causes for DOE sites with 200 or
more total deaths is presented in Table VII. Disease
categories with an excess at any particular DOE site are
presented and all minor categories within a major category
are presented when the major category was in excess. All
cancer mortality was in excess for all sites and reached
statistical significance among workers at Amchitka, Han-
ford, Oak Ridge, and Savannah River Site. Lung cancer was
elevated for all sites except “All Other Sites” and reached
statistical significance for workers at Oak Ridge and

TABLE III. Demographics and Deaths by DOE Site and Trade*

Site or trade Number workers Deaths Mean age at cohort entry (Std. Dev.) Mean years at DOE site (Std. Dev.)

DOE Site
Amchitka 1326 274 61.6 (11.4) 1.3 (2.5)
Hanford 2885 698 63.4 (13.1) 10.1 (10.0)
Oak Ridge 2847 654 63.6 (13.8) 13.5 (11.8)
Savannah River 3864 562 56.3 (12.1) 9.9 (8.3)
All Other Sites 7881 613 59.8 (12.5) 5.6 (7.9)

Trade
Carpenter 1194 236 61.2 (13.4) 8.5 (9.2)
Electrician 3155 489 61.1 (13.2) 8.4 (9.7)
Laborer 2503 385 58.0 (13.1) 7.9 (8.8)
PipeTradesa 3166 502 61.7 (13.2) 8.5 (9.4)
All OtherTrades 8785 1189 60.1 (12.5) 7.8 (9.5)
Overall Cohort 18803 2801 60.3 (12.9) 8.1 (9.4)

*Only sites and trades with at least 200 deaths are shown separately. Oak ridge included multiple production sites (K-25,Y-12, and X-10).
aPipeTrades include Plumbers, Pipefitters, Steamfitters, and Sprinklerfitters.

TABLE IV. Vital Status and Overall Mortailty by Year of Cohort Entry

Year of cohort entry

Vital status

All causes SMR

95% CI

Number workers Deaths Lower Upper

1998 269 110 1.02 0.83 1.24
1999 1201 371 0.98 0.88 1.08
2000 1564 422 1.10 0.99 1.21
2001 1520 350 1.07 0.96 1.19
2002 1508 306 1.09 0.97 1.22
2003 1512 330 1.29 1.15 1.43
2004 1341 221 1.11 0.97 1.26
2005 1433 180 1.06 0.91 1.23
2006 2132 179 0.84 0.72 0.97
2007 1352 99 0.95 0.77 1.15
2008 1470 102 1.02 0.83 1.24
2009 1189 69 1.05 0.82 1.33
2010 1367 48 1.13 0.83 1.50
2011 945 14 1.25 0.68 2.10
All years combined 18803 2801 1.06 1.02 1.10
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Savannah River. Malignant neoplasms of the kidney were
significantly elevated amongHanfordworkers. All sites were
found to have an excess risk for lymphatic and hematopoietic
cancers, and cancers at these sites were significantly elevated
at Oak Ridge. While based on only two cases, Hodgkin’s
disease was elevated among Amchitka workers.

No deaths due to asbestosis or for mesothelioma were
observed among Amchtika workers while significant excess
risks were observed at all the other sites. COPD mortality
was elevated among workers at all sites and the risk was
significantly increased at Amchitka, Hanford, and Savannah
River.We reviewed results for the individual sites included in
the “All Other Sites” category to identify any significant
results not captured in Table VII. Among the DOE sites
included in the combined group, workers at Paducah had a
significant excess risk of COPD (SMR¼ 1.94, 95% CI
¼ 1.13–3.11), melanoma (SMR¼ 5.00, 95% CI¼ 1.03–
14.60), and cancers at other and unspecified sites (SMR
¼ 2.22, 95% CI¼ 1.06–4.08). Workers at the Portsmouth
plant were found to be at excess risk for diseases of
musculoskeletal and connective tissues (SMR¼ 7.96, 95%
CI¼ 1.64–23.27). Paducah workers had an excess for the
broad category of “Other Injuries” (SMR¼ 3.28, 95%
CI¼ 1.06–7.65).

Mortality for selected causes for trades with 200 or more
total deaths is presented in Table VIII. Four trades had more
than 200 deaths: carpenter; electrician; laborer; and pipe
trades (plumber, pipefitter, steamfitter, and sprinklerfitter).
Causes of death were analyzed using the same criteria
previously described for presentation of results by DOE site.
All cancer mortality was significantly increased for all trades
and lung cancer was significantly in excess for all trades
except pipe trades. Mesothelioma and asbestosis deaths were
significantly elevated for all trades. Malignant neoplasms of
the lymphatic and hematopoietic system were elevated
among carpenters and pipe trades and the risk was
significantly elevated for “All Other Trades” as a group.
COPD mortality was in excess among all trades and was
significantly in excess for all except the pipe trades.

We reviewed results for the individual trades included in
the “All Other Trades” to identify any significant results not

captured in Table VIII. Among iron workers an excess of
transportation injuries was observed (SMR¼ 4.25, 95%
CI¼ 1.71–8.76). Operating engineers were found to be at
excess risk for all cancers (SMR¼ 1.62, 95% CI¼ 1.25–
2.06), esophageal cancers (SMR¼ 3.38, 95% CI¼ 1.10–
7.88), lymphatic and hematopoietic cancers (SMR¼ 22.67,
95% CI¼ 1.33–4.79, Hodgkin’s lymphoma (SMR¼ 26.99,
95% CI¼ 3.27–97.50), and malignant neoplasms of other
and unspecified sites (SMR¼ 2.19, 95% CI¼ 1.13–3.83).
Lastly, sheet metal workers had an excess risk of death due to
hypertension with heart disease (SMR¼ 4.79, 95% CI
¼ 1.56–11.18) and COPD (SMR¼ 2.12, 95% CI¼ 1.10–
3.71).

We investigated mortality patterns by date of first DOE
work for causes seen in excess for the whole cohort
(Table IX). Mortality patterns for all causes, all cancers, and
lung cancer were very similar by year of first DOE work.
Mortality risk for mesothelioma and asbestosis was highest
among workers first employed at DOE sites prior to 1960
with evidence of a decreasing trend for those entering DOE
in later years. Interestingly, significantly elevated risks for all
cancers, lung cancer, and asbestosis were observed among
workers first employed at DOE sites after 1980.

Additional SMR analyses for selected causes by
duration of trade work are presented in Table X. These
analyses were restricted to 16,033 trade workers not missing
data on trade work duration. Amchitka and Yucca Mountain
sites were not included as these sites involve largely mining-
related activities. The overall patterns of mortality for all
causes, all cancers, and lung cancers were similar across
work duration categories whereas higher SMRs for COPD
were observed for workers with less than 20 years of trade
work. Deaths due to mesothelioma and asbestosis among
workers with less than 30 years of trade work were too few
for meaningful sub-analyses. Our study includes many
different construction trades who performed diverse tasks
resulting in substantially differing exposures. Given the
mixed exposures by trade and intermittent nature to their
work at DOE sites, neither years of DOE site work nor years
of trade work are good surrogates of cumulative exposures
for most workers. Additionally, our cohort is largely

TABLE V. Vital Status and Overall Mortailty by Age at Cohort Entry

Age at cohort entry

Vital status

All causes SMR

95% CI

Number workers Deaths Lower Upper

<40 940 15 1.01 0.57 1.67
40^49 3065 104 1.02 0.83 1.23
50^59 5169 376 1.28 1.15 1.41
60^69 4819 620 1.15 1.06 1.25
70þ 4810 1686 0.99 0.95 1.04
All ages combined 18803 2801 1.06 1.02 1.10
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TABLE VI. Mortality by Major and Minor Disease Caterories DOE Overalll Cohort

95% CI

Cause of Death Obs. Exp. SMR Lower Upper

All Causes 2801 2647.75 1.06** 1.02 1.10
All Cancers 919 713.90 1.29** 1.21 1.37
MN buccal and pharynx 17 12.01 1.42 0.82 2.27

MN lip 0 0.11 0.00 0.00 33.76
MN tongue 5 2.86 1.75 0.57 4.08
MN other buccal 3 2.78 1.08 0.22 3.15
MN pharynx 9 6.26 1.44 0.66 2.73

MN digestive and peritoneum 192 177.16 1.08 0.94 1.25
MN esophagus 31 25.29 1.23 0.83 1.74
MN stomach 17 15.59 1.09 0.64 1.75
MN intestine 59 55.46 1.06 0.81 1.37
MN rectum 17 12.07 1.41 0.82 2.25
MN biliary, liver, gall bladder 30 26.70 1.12 0.76 1.60
MN pancreas 37 40.15 0.92 0.65 1.27
MN peritoneum, other and unspecified sites 1 1.91 0.52 0.01 2.92

MN respiratory 334 236.28 1.41** 1.27 1.57
MN larynx 6 7.04 0.85 0.31 1.86
MN trachea, bronchus, lung 327 228.11 1.43** 1.28 1.60
MN pleura 0 0.11 0.00 0.00 33.40
MN other respiratory 1 1.02 0.98 0.02 5.47

MN breast 6 3.67 1.63 0.60 3.56
MN female genital organs 1 1.72 0.58 0.01 3.23
MNmale genital organs 80 72.00 1.11 0.88 1.38
MN urinary 43 43.60 0.99 0.71 1.33

MN kidney 22 19.25 1.14 0.72 1.73
MN bladder and other urinary site 21 24.36 0.86 0.53 1.32

MN other and unspecified sites 151 95.12 1.59** 1.34 1.86
MN bone 3 1.14 2.62 0.54 7.66
MNmelanoma 13 12.25 1.06 0.56 1.82
MN other skin 5 4.50 1.11 0.36 2.59
MNmesotheliomaa 36 5.25 6.86** 4.80 9.49
MN connective tissues 8 3.85 2.08 0.90 4.09
MN brain and other nervous 18 15.11 1.19 0.71 1.88
MN eye 1 0.29 3.41 0.09 19.03
MN thyroid 3 1.54 1.95 0.40 5.69
MN other and unspecified sites 64 51.19 1.25 0.96 1.60

MN lymphatic and hematopoietic 95 72.33 1.31* 1.06 1.61
Hodgkin’s disease 4 1.29 3.11 0.85 7.95
Non-Hodgkin’s lymphoma 34 28.09 1.21 0.84 1.69
Multiple myeloma 22 14.28 1.54 0.97 2.33
Leukemia 35 28.67 1.22 0.85 1.70

Benign and unspecified nature neoplasms 8 9.49 0.84 0.36 1.66
Diseases blood and blood-forming organs 17 14.44 1.18 0.69 1.89
Diabetes mellitus 64 83.33 0.77* 0.59 0.98
Mental and psychiatric disorders 55 62.58 0.88 0.66 1.14
Alcoholism 8 8.96 0.89 0.39 1.76
Other mental disorders 47 53.62 0.88 0.64 1.17

Nervous system disorders 105 109.40 0.96 0.78 1.16

(Continued )
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TABLEVI. (Continued)

95% CI

Cause of Death Obs. Exp. SMR Lower Upper

Heart diseases 653 750.42 0.87** 0.80 0.94
Other diseases of the circulatory system 200 213.34 0.94 0.81 1.08
Diseases respiratory system 364 274.91 1.32** 1.20 1.47

Acute resp. infection (except. flu, and pneu.) 0 0.32 0.00 0.00 11.37
Influenza 3 0.91 3.30 0.54 7.68
Pneumonia 50 61.75 0.81 0.60 1.07
COPD 219 156.21 1.40** 1.22 1.60
Asthma 3 2.11 1.42 0.29 4.16
Asbestosis 37 1.37 27.04** 19.04 37.28
Silicosis 1 0.17 5.80 0.15 32.34
Other pneumoconiosis 3 0.91 3.30 0.68 9.64
Other respiratory diseases 48 51.16 0.94 0.69 1.24

Diseases digestive system 77 92.76 0.83 0.65 1.02
Diseases skin and subcutaneous 4 3.48 1.15 0.31 2.94
Diseases musculoskeletal and connective 8 9.12 0.88 0.38 1.73
Diseases genito-urinary system 55 66.30 0.83 0.62 1.08
Symptoms and ill-defined conditions 23 22.91 1.00 0.64 1.51
Transportation injuries 40 28.88 1.39 0.99 1.89
Falls 17 22.97 0.74 0.43 1.19
Other injury 49 37.15 1.3 0.94 1.67
Violence 41 34.75 1.18 0.85 1.60
Other and unspecified causes 98 87.89 1.16 0.90 1.35

*Two-Sided P< 0.05.
**Two-Sided P< 0.01
aMesothelioma included ICD 10 codes C38.4, C45#, C45.0^C45.2, C45.7, and C45.9.

TABLE VII. Mortality for Selected Causes by DOE Site*

SMR by cause and (95% CI) [Observed deaths]

Cause of death Amchitka Hanford Oak ridge Savannah river All other sites

All Causes 1.01 (0.92^1.18) [274] 0.98 (0.91^1.06) [698] 1.14 (1.06^1.23) [654] 1.25 (1.15^1.35) [562] 0.94 (0.87^1.02) [613]

All Cancers 1.30 (1.05^1.59) [97] 1.18 (1.03^1.35) [214] 1.49 (1.30^1.69) [223] 1.50 (1.30^1.73) [190] 1.07 (0.93^1.24) [195]

MN trachea, bronchus, lung 1.23 (0.83^1.75) [30] 1.26 (0.98^1.59) [71] 1.93 (1.56^2.37) [92] 1.88 (1.49^2.35) [77] 0.97 (0.73^1.26) [57]

Mesothelioma 0.00 (0.00^6.96) [0] 8.92 (4.60^15.58) [12] 5.88 (2.36^12.12) [7] 5.99 (1.94^13.97) [5] 8.89 (4.59^15.53) [12]

MNkidney 1.01 (0.12^3.64) [2] 2.08 (1.01^3.83) [10] 1.25 (0.41^2.92) [5] 0.88 (0.18^2.56) [3] 0.40 (0.05^1.43) [2]

MN lymphatic and hematopoietic 1.36 (0.65^2.51) [10] 1.07 (0.65^1.65) [20] 1.78 (1.18^2.57) [28] 1.31 (0.75^2.12) [16] 1.15 (0.71^1.76) [21]

Hodgkins Disease 15.70 (1.90^56.73) [2] 0.00 (0.00^11.80) [0] 0.00 (0.00^13.99) [0] 8.16 (0.99^29.47) [2] 0.00 (0.00^10.88) [0]

Non-Hodgkins Lymphoma 0.71 (0.09^2.58) [2] 1.09 (0.47^2.15) [8] 1.62 (0.78^2.98) [10] 0.85 (0.23^2.17) [4] 1.42 (0.68^2.61) [10]

Multiple Myeloma 2.61 (0.71^6.68) [4] 1.38 (0.45^3.23) [5] 2.34 (0.94^4.82) [7] 0.39 (0.01^2.18) [1] 1.40 (0.45^3.26) [5]

Leukemia 0.70 (0.08^2.51) [2] 0.94 (0.38^1.93) [7] 1.74 (0.87^3.11) [11] 1.90 (0.87^3.61) [9] 0.83 (0.30^1.80) [6]

MN other and unspecified sitesa 1.89 (0.91^3.47) [10] 0.84 (0.42^1.51) [11] 1.68 (0.99^2.65) [18] 1.53 (0.84^2.58) [14] 0.85 (0.42^1.51) [11]

COPD 1.62 (1.05^2.39) [25] 1.38 (1.05^1.79) [59] 1.34 (0.99^1.78) [48] 1.80 (1.30^2.42) [43] 1.14 (0.83^1.54) [44]

Asbestosis 0.00 (0.00^28.39) [0] 36.31 (19.84^60.93) [14] 27.00 (12.35^51.25) [9] 35.60 (14.31^73.34) [7] 21.70 (8.72^44.71) [7]

Hypertension w/o heart disease 0.00 (0.00^1.72) [0] 1.60 (0.73^3.04) [3] 0.70 (0.14^2.04) [6] 3.33 (1.72^5.81) [12] 0.82 (0.30^1.78) [7]

*Only DOE sites with at least 200 total deaths are shown separately. Only causes where at least one site had a statistically significant excess (P< 0.05) are shown.
Sites and causes with a statistically significant excess (P< 0.05) are bolded.
aIncludes cancer sites not elsewhere classified by the LTAS program.
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comprised of older construction workers with a median of
25 years of construction work. This distribution of time in the
trades limits our ability to estimate risks by cause for shorter
durations, even if trade duration were an adequate exposure
surrogate.

Our cohort is very mature with respect to time since first
trade orDOEwork at cohort entry.Amongour cohort of 18,803
workers, 90% were first employed at a DOE site more than
10 years prior to their cohort entry date. Due to the nature of our
cohort, adequate latency for chronic diseases is not an important
issue; however, we conducted sensitivity analysis using a lag of
10 years and results did not change in anymeaningful way. For
example, using a 10-year lag the SMR for all cancers increased
slightly from to 1.29 to 1.31, the SMR for lung cancer changed
from 1.43 to 1.47, and the SMR for lymphatic and
hematopoietic cancers changed from 1.31 to 1.32.

We conducted additional analyses based on chest x-ray
findings at cohort entry. Among 15,881 cohort members with
chest x-ray interpretations by ILO criteria, 695 (4.4%) had
parenchymal changes with a profusion score of 1/0 or greater
and 2,228 (14.0%) had pleural changes, both supporting
significant asbestos exposure among these workers. Among
workers with a profusion category <1/0 the lung cancer
SMR was 1.12 (95% CI¼ 0.86–1.26) while workers with a
profusion score>1/0 were at much higher risk (SMR¼ 3.26,
95% CI¼ 2.77–3.76). Workers with a profusion score
<1/0 were at significantly increased risk of mesothelioma
(SMR¼ 5.54, 95% CI¼ 4.36–6.72), those with pleural
changes and parenchymal profusion scores <1/0 had a
higher risk (SMR¼ 9.89, 95% CI¼ 4.05–15.73) and
those with higher profusion scores were at highest risk
(SMR¼ 12.58, 95% CI¼ 3.43–32.21).

TABLE VIII. Mortality for Selected Causes byTrade*

SMR by cause and (95% CI) [Observed deaths]

Cause of Death Carpenter Electrician Laborer Pipe Tradesa All Other Trades

All Causes 1.12 (0.98^1.28) [236] 1.03 (0.94^1.12) [489] 1.22 (1.10^1.34) [385] 0.96 (0.87^1.04) [502] 1.06 (1.00^1.12) [1189]

All Cancers 1.52 (1.21^1.89) [81] 1.24 (1.05^1.45) [160] 1.33 (1.09^1.59) [115] 1.19 (1.01^1.39) [162] 1.30 (1.18^1.43) [401]

MN trachea, bronchus, lung 1.76 (1.18^2.53 [29] 1.48 (1.14^1.90) [62] 1.42 (1.01^1.95) [39] 1.21 (0.91^1.59) [52] 1.46 (1.23^1.71) [145]

Mesothelioma 7.59 (1.56^22.17) [3] 9.90 (4.75^18.20) [10] 5.42 (1.12^15.85) [3] 10.60 (5.28^19.96) [11] 3.99 (1.83^7.58) [9]

MNbone 0.00 (0.00^43.32) [0] 14.45 (2.98^32.23) [3] 0.00 (0.00^27.52) [0] 0.00 (0.00^16.73) [0] 0.00 (0.00^28.24) [0]

MN connective tissue 3.54 (0.09^19.72) [1] 1.43 (0.04^7.99) [10] 0.00 (0.00^8.08) [0] 0.00 (0.00^5.01) [0] 3.57 (1.31^7.77) [6]

MN lymphatic and hematopoietic 1.82 (0.87^3.35) [10] 0.97 (0.52^1.66) [13] 0.96 (0.41^1.89) [8] 1.20 (0.70^1.93) [17] 1.52 (1.11^2.02) [47]

Hodgkins Disease 10.56 (0.27^58.85) [1] 0.00 (0.00^15.66) [0] 6.99 (0.17^37.25) [1] 0.00 (0.00^14.94) [0] 3.57 (0.43^12.88) [2]

Non-Hodgkins Lymphoma 1.87 (0.51^4.78) [4] 0.76 (0.21^1.96) [4] 0.96 (0.20^2.81) [3] 1.26 (0.51^2.60) [7] 1.33 (0.76^2.16) [16]

Multiple Myeloma 2.85 (0.59^8.32) [3] 1.95 (0.63^4.56) [5] 1.63 (0.34^4.76) [3] 0.37 (0.01^2.08) [1] 1.63 (0.78^2.99) [10]

Leukemia 0.91 (0.11^3.29) [2] 0.75 (0.20^1.92) [4] 0.31 (0.01^1.72) [1] 1.59 (0.73^3.03) [9] 1.55 (0.93^2.42) [19]

MN other and unspecified sitesb 0.78 (0.16^2.28) [3] 1.41 (0.75^2.40) [13] 1.78 (0.89^3.19) [11] 1.02 (0.49^1.87) [10] 1.22 (0.81^1.78) [27]

COPD 1.70 (1.05^2.59) [21] 1.37 (0.98^1.86) [40] 1.91 (1.32^2.69) [33] 1.08 (0.75^1.51) [34] 1.38 (1.11^1.69) [91]

Asbestosis 17.97 (2.18^64.93) [2] 41.59 (20.73^74.42) [11] 20.93 (4.32^61.15) [3] 35.18 (16.87^64.69) [10] 19.48 (9.71^34.86) [11]

Hypertension w/o heart disease 0.60 (0.02^3.34) [1] 1.72 (0.63^3.74) [6] 2.75 (1.19^5.42) [8] 1.01 (0.27^2.58) [4] 1.40 (0.72^2.45) [12]

�Only trades with at least 200 total deaths are shown separately. Only causes where at least one trade had a statistically significant excess (P< 0.05) are shown.
Trades and causes with a statistically significant excess (P< 0.05) are bolded.
aPipeTrades include Plumbers, Pipefitters, Steamfitters, and Sprinklerfitters.
bIncludes cancer sites not elsewhere classified by the LTAS program.

TABLE IX. Mortailty by Year of First DOE Site Work

Year of first

DOE work

SMR by cause and (95% CI) [Observed deaths]

All causes All cancers Lung cancer Mesothelioma COPD Asbestosis

Before1960 1.06 (1.00^1.12) [1251] 1.26 (1.13^1.40) [344] 1.44 (1.19^1.73) [116] 11.35 (7.41^16.63) [26] 1.39 (1.14^1.68) [108] 30.92 (19.80^46.00) [24]

1970^1979 1.08 (1.01^1.13) [948] 1.29 (1.16^1.43) [346] 1.34 (1.11^1.60) [121] 4.15 (1.79^8.18) [8] 1.61 (1.28^1.99) [84] 26.35 (13.14^47.16) [11]

1980þ 1.09 (1.00^1.18) [602] 1.33 (1.17^1.52) [229] 1.58 (1.27^1.94) [90] 1.94 (0.23^7.00) [2] 1.01 (0.67^1.48) [27] 11.47 (1.39^41.42) [2]

Overall 1.06 (1.02^1.10) [2801] 1.29 (1.21^1.37) [919] 1.43 (1.28^1.60) [327] 6.86 (4.80^9.49) [36] 1.40 (1.22^1.60) [219] 27.04 (19.04^37.28) [37]
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Table XI presents results of the Cox lung cancer models.
The hazard ratio for lung cancer death increased significantly
as the profusion category on chest x-ray increased, and also
increased with age and smoking. A test for linear trend for the
lung cancer hazard ratio by profusion category was highly
significant (P< 0.001). There is no significant relationship
between lung cancer deaths and the presence or absence of
pleural abnormalities after parenchymal changes, smoking,
and other covariates (age, gender, and race) were entered into
the model.

DISCUSSION AND CONCLUSIONS

This study included over twice as many workers and
more than four times as many deaths as in our earlier study of
mortality among DOE construction trades workers [Dement
et al., 2009].While the general findings are similar, the larger

study has provided more statistical strength and a more
detailed understanding of risks. In this study, overall
mortality from all causes was significantly elevated, which
was not the case in the 2009 study, and the larger numbers
have allowed us to examine risks for mortality subcategories,
DOE sites and different trades in greater detail than we were
able to do previously.

Risk Assessment Implications

Our cohort included workers who completed an intake
questionnaire that provided sufficient information for
follow-up through the NDI. We chose to include workers
completing the intake questionnaire rather than just those
completing a medical examination in an effort to minimize
potential selection bias based on health status. Nonetheless,
the potential for self-selection still exists.

TABLE X. Mortality by Duration of Trade Work*

Years of trade work

SMR by cause and (95% CI) [Observed deaths]

All causes All cancers Lung cancer COPD

<10 1.28 (1.16^1.42) [396] 1.47 (1.22^1.76) [121] 1.63 (1.18^2.21) [42] 1.90 (1.33^2.65) [35]
10^19 1.19 (1.06^1.32) [323] 1.45 (1.18^1.75) [106] 1.53 (1.06^2.12) [35] 1.80 (1.17^2.64) [26]
20^29 1.06 (0.97^1.16) [477] 1.32 (1.12^1.54) [161] 1.42 (1.07^1.85) [55] 1.34 (0.91^1.80) [32]
30þ 1.00 (0.94^1.06) [1162] 1.24 (1.12^1.37) [380] 1.41 (1.19^1.67) [137] 1.24 (1.01^1.52) [94]
Overall 1.06 (1.02^1.10) [2358] 1.32 (1.22^1.41) [768] 1.46 (1.29^1.66) [269] 1.41 (1.22^1.63) [187]

*Analyses restricted to16,033 trade workers not missing information on trade work duration and not employed at Yucca orAmchitka. Deaths due to mesothelioma
and asbestosis among workers with less than 30 years of trade work were too few for meaningful sub-analyses: 27 of 36 mesothelioma and 24 of 35 asbestosis
deaths occurred among workers with 30þ years of trade work.

TABLE XI. Cox Model Chest Radiograph Predictors of Lung Cancer Mortality*

95% Confidence limits

Risk predictor Number in modelb No. of cancer cases Hazard ratioa lower upper

Profusion vategoriesb

0/^0/0 12705 150 1.00 Ref Ref
0/1 132 5 1.54 0.62 3.83
1/0 ^ 1/2 480 29 2.75 1.79 4.22
2/1 ^ 2/3 47 4 5.69 2.04 15.86
3/2 ^ 3/þ 9 1 10.40 1.27 84.97

Pleural Abnormalities
Negative 11243 139 1.00 Ref Ref
Positive 2130 50 0.77 0.54 1.10

Smoking Pack-Years 13373 189 1.013 1.009 1.018

*Cox proportional hazard analyses based on 13,373 workers having data on model covariates.
aStratified Coxmodel with strata defined by smoking status (never, past, and current) and birth decade with adjustment for gender, race (white or non-white), pack-
years of smoking, presence of pleural abnormalities, and profusion category. A pleural abnormality was defined as bilateral pleural thickening or plaques, with or
without calcification.
bTest for trend across profusions categories, P< 0.0001.
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The current cohort included workers from 20 geograph-
ically diverse DOE sites and a wide spectrum of construction
trades. While the overall cohort is large, the duration of
follow-up for workers is short for those sites included in the
BTMed more recently, resulting in few observed deaths
among those workers for many disease categories and
reduced statistical power to detect excess risks.

Few workers in our cohort have spent their entire
working lives at DOE sites. Most were employed intermit-
tently, as in the construction of a new facility, making
modifications to an existing facility, or demolition and clean-
up. For other periods of their working lives they may have
worked in general construction, and some have been
employed in civilian nuclear power plants. Consequently,
the mortality experience reported here does not represent
occupational exposures limited to DOE employment.
Nonetheless, as will be discussed, our findings are supported
by other studies of occupational risks within the DOE
complex.

The excess risk for mesothelioma, lung cancer, and
asbestosis in our cohort reflects significant past exposure to
asbestos. The exception to this was Amchitka. For workers at
Amchitka we have found no mortality risk associated with
asbestos, including no deaths from asbestosis or mesothelio-
ma. The work at Amchitka entailed mining out nuclear bomb
test facilities deep underground, and then drilling back after
the test explosion to collect data. There is no record of
significant asbestos use at Amchitka. Many of the workers at
Amchitka worked as hard rock miners outside of Amchitka,
and likely would not have significant asbestos exposures in
that work. Likewise, the Yucca Mountain site involved
largely mining-related activities with less opportunity for
asbestos exposures.

We found that construction workers are at elevated risks
for lymphatic and hematopoietic cancers. Such risks were
suggested in our earlier study [Dement et al., 2009] but were
difficult to interpret because of small numbers. Previous
studies of DOE site workers have not observed excess risks
for lymphatic and hematopoietic cancers among construction
workers (although such risks have been found for other
categories of DOE site workers). Three PMR studies of
construction workers have suggested increased risk for
lymhopoetic cancer for construction workers in general [Hall
and Rosenman, 1991], highway workers [Maizlish et al.,
1988] and plumbers [Cantor et al., 1986], and there has been
some indication, although not definitive, that electricians
may be at increased risk of leukemia associated with
exposure to high intensity magnetic fields [Savitz and
Loomis, 1995].

In our study, mortality for lymphatic and hematopoietic
cancers combined was significantly elevated (SMR¼ 1.31,
95% CI¼ 1.06–1.61). The risks for the component sub-
categories of lymphatic and hematopoietic cancers including
leukemia were also elevated but did not reach statistical

significance. A review of ICD-10 codes found that 11 of the
35 leukemia deaths in our cohort were classified as chronic
lymphocytic leukemia (CLL). The NIOSH LTAS program
does not include death rates for leukemia subcategories
including CLL; however, we estimated the CLL SMR by
application of mortality rates for 1990–2010 using SEER
mortality rates included in SEERStat [NCI, 2014] to the
LTAS distribution of person-years distribution by age, race,
and gender. The estimated CLL SMR based on these death
rates and 11 observed CLL cases was 1.52 (95% CI¼ 0.62–
2.41). A comprehensive review of the scientific evidence
concluded that CLL is likely a radiogenic form of cancer
[Richardson et al., 2005].

Although there are no medical screening tests that are
specific for radiation, these findings suggest that occupation-
al radiation exposures may be attributed some of these risks.
Our work history questionnaire asks about possible radiation
exposures and also use of radiation protection procedures,
but it is difficult to capture radiation exposure information in
work history interviews since workers in DOE sites were
often not informed about possible exposures [Bingham et al.,
2006].

Cox proportional hazards models controlling for
smoking confirmed the excess risk of lung cancer among
workers with a profusion score�1/0 and provided additional
evidence for excess lung cancer risk among workers with
parenchymal profusion scores <1/0 on the ILO scale. It is
well accepted that workers with exposure to asbestos
sufficient to cause radiographic changes consistent with
clinical asbestosis are at extremely high risk of lung cancer
[Huuskonen, 1978; Liddell and McDonald, 1980; Berry
1981; Cookson et al., 1985; Coutts et al., 1987; Oksa et al.,
1997; Karjalainen et al., 1999; Reid et al., 2005; Markowitz
et al., 2013]. Consistent with the current study, increased
lung cancer risk also has been observed among workers
without radiological evidence of asbestosis [Anttila et al.,
1993; Cullen et al., 2005; Reid et al., 2005; Finkelstein, 2010;
Markowitz et al., 2013].

Cullen et al. [2005] conducted a follow-up study of
4,060 men with heavy asbestos exposure who participated in
a b-carotene and retinol efficiency trial. Parenchymal
changes on radiograph were associated with progressively
increasing lung cancer risk and workers with a parenchymal
profusion of 0/1 were found to have a lung cancer relative
risk of 1.48 (0.99–2.22) compared to workers without any
parenchymal changes. Additionally, the risk of lung cancer
increased steadily by duration of heavy asbestos exposure
among workers without chest x-ray evidence of asbestosis.
Reid et al. [2005] reported similar findings in a study of
former workers and residents of theWittenoommine, finding
that both radiographic asbestosis and asbestos exposure were
significantly associated with an increased risk of lung cancer,
and there was an increased risk of lung cancer reported
specifically in those without asbestosis. The most recent
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study to report on this issue comes from an updated analysis
of the North American insulator cohort [Markowitz et al.,
2013]. The authors reported that asbestos exposure without
radiographic evidence of asbestosis in non-smokers raise the
risk of lung cancer by 3.6 fold, and that asbestosis further
doubled the lung cancer mortality risk.

Although some prior research had found a relationship
between the presence of pleural plaque and lung cancer
mortality [Loomis et al., 1989; Hillerdal, 1994; Karjalainen
et al., 1999; Cullen et al., 2005; Ameille et al., 2011], our
study did not find an excess lung cancer risk among workers
with only pleural changes after adjustment for other model
covariates, including profusion category. Our failure to find
an independent effect of pleural changes on the risk of lung
cancer is most likely due to the nature of our cohort,
consisting of older workers with many years of construction
work at the start of follow-up. The prevalence of pleural
changes was significantly associated with age category,
increasing from 3.6% among workers less than 50 years of
age to 37.7% among workers older than 75 years
(P< 0.0001). The prevalence of pleural changes also was
significantly associated with increasing parenchymal profu-
sion category (P< 0.0001). This high degree co-linearity
with age and profusion category made it difficult to separate
the independent effects of pleural changes in the Cox model
for lung cancer. Older age also serves as a surrogate for
higher cumulative asbestos exposures in this cohort of older
workers.

A number of studies have examined mortality among
construction workers as a group [Dong et al., 1995; Robinson
et al., 1995, 1996, 1999; Sun et al., 1997, 2000; Wang et al.,
1999; Dement et al., 2003; Lee et al., 2003; Arndt et al., 2004;
Bergdahl et al., 2004; Thuret et al., 2007], which have been
summarized in our previous report [Dement et al., 2009].
Looking at construction workers as a group, elevated PMRs
or PCMRs were reported for all cancers, [Dong et al., 1995;
Sun et al., 1997; Salg and Alterman, 2005] malignant
neoplasms of the bone [Stern and Haring-Sweeney, 1997],
buccal cavity [Wang et al., 1994], stomach [Stern et al.,
2001], pharynx [Wang et al., 1994] and lung [Wang et al.,
1994; Dong et al., 1995; Stern and Haring-Sweeney, 1997;
Sun et al., 1997; Dement et al., 2003], as well as for
accidental deaths [Wang et al., 1994; Dong et al.,1995;
Robinson et al., 1995; Sun et al., 1997]. An elevated SMR
was reported for oral, pharyngeal, and gastrointestinal cancer
[Thuret et al., 2007], and fatal accidents [Arndt et al., 2004].
A longitudinal study of a cohort of Swedish construction
workers reported excess mortality from COPD among those
with any exposure to inorganic dust, gases and irritants, and
wood dust [Bergdahl et al., 2004], and an excess of myeloma
among those exposed to diesel exhaust [Lee et al., 2003].

Most studies of specific construction trades that have
reported elevated PMRs for a wide range of cancers also
found elevated rates for traumatic injuries, including

transportation injuries, and falls. Two studies reported
elevated PMRs for conditions not likely to be occupational,
including mental disorders, alcohol-related disease, diges-
tive diseases, poisonings, and homicides [Robinson et al.,
1995; Wang et al., 1999]. Many of these studies reported
an excess of deaths from asbestosis or pneumoconiosis
[Robinson et al., 1995, 1996, 1999; Stern et al., 1997, 2000;
Wang et al., 1999].

It is well established that construction trades workers
experience very high rates of mortality from occupational
injuries [Robinson et al., 1995; CPWR, 2013; Dong et al.,
2014]. This is not the case in our study; the elevated risks
reported here are significantly lower than in other studies of
occupational mortality among construction trades workers.
This is particularly evident in the low risk reported for
injuries from falls, which is known to be the leading cause of
traumatic occupational fatalities among construction work-
ers [CPWR, 2013]. Because of its design, our study
inherently understates traumatic occupational injury mortal-
ity as many workers included in our cohort were retired and
not at risk of an occupational injury, including traumatic
occupational fatalities.

There have been a number of mortality studies of
employees in DOE sites, but they have mainly included
employees of prime contractors or site operators construction
trades workers aremainly employed by subcontractors. None
have included a defined category of construction trades
workers, and if such workers have been included they most
likely have been grouped with other “non-salaried” or
“hourly” workers. We have previously reviewed [Dement
et al., 2009] those that included such occupational categories
[Kneale et al., 1984; Checkoway et al., 1988; Kneale and
Stewart, 1993; Loomis and Wolf, 1996; Frome et al., 1997;
Cragle et al., 1998; Richardson and Wing, 1999, 2006; Wing
and Richardson, 2005 Richardson et al., 2007a]. They found
mostly excess risk for lung cancer; other studies found excess
risk for multiple myeloma [Gilbert et al., 1993; Wing et al.,
2000]. A recent report [Richardson et al., 2013] found excess
risk for cancer of the pleura, bladder, and for leukemia among
hourly male workers in a cohort of 22,831 workers from Oak
Ridge National Laboratory employed between 1943 and
1984.

Cigarette smoking is a known risk factor for many of the
mortality categories found to be in excess in this study.
Smoking history was available for 15,391 (81.9%) cohort
members completing a medical examination. At the time of
their interviews, 20.3% were current smokers, 36.6% past
smokers, and 43.1% reported to have never smoked. The
prevalence of current smokers in our cohort is considerably
less than reported by Lee et al. [2007] among most
construction-related trades during 1987–2004 and lower
than all U.S. males (24.0%) and males with a high school
education (28.8%) [CDC, 2006]. A study examining the
potential for tobacco and alcohol to confound the
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relationship between laryngeal cancer and metal working
fluids, concluded that, for large studies, systematic or chance
differences in smoking and drinking patterns among the
exposure groups are unlikely to cause more than a 17%
change in the relative risk [Kriebel et al., 2004]. Given the
magnitude of the lung cancer risk observed in this cohort
(SMR¼ 1.43) and the relatively low prevalence of current
smokers reported during medical examinations, cigarette
smoking alone is not a likely explanation for the excess risk
of lung cancer or COPD. The large excess risks observed for
mesothelioma and asbestosis, where smoking is not a
significant risk factor, provide additional support for this
conclusion.

Occupational Safety and Health
Implications

This study supports several significant conclusions.
First, this study provides further evidence that construction
workers who worked in DOE sites have experienced
occupational exposures resulting in excess risk for malignant
and non-malignant respiratory diseases, all cancers, and
cancers at sites associated with exposures to radiation.
Secondly, excess occupational health risks were associated
with DOE work that began after 1980.

Studies that characterize exposures among subcontrac-
tor workers are lacking. There is one study from Hanford in
the 1970s that found that operators and skilled craft workers
(e.g., millwrights, steamfitters) had higher cumulative
external radiation doses compared to other Hanford workers
[Gilbert and Marks, 1980]. This could have implications for
cancer risks for construction trades workers because it is also
well documented that from when the Department of Energy
in the early 1980s increasingly began to use subcontractor
workers and at least until the mid-1990s, when DOE
established improved policies and procedures to address
deficiencies in subcontractor performance, safety and health
protections for subcontractor workers were neglected. Most
of these subcontractor workers have been from the
construction trades. [Gotchfeld and Mohr, 2007].

Compensation Implications

Significant excess risks were observed for cancer sites
included in the current Department of Labor compensation
program for DOE workers. The NIOSH LTAS results for all
cancers combined closely matches the list of cancers
identified for compensation caused by radiation exposure
as defined in Section 3621 (9) of the Energy Employees
Occupational Illness Compensation Program (EEOICPA)
[DHHS, 2002]. The EEOICPA compensable cancer sites
include leukemia, multiple myeloma, non-Hodgkin’s lym-
phoma, renal cancers, and cancers of the lung (other than

carcinoma in situ diagnosed at autopsy), thyroid, male and
female breast, esophagus, stomach, pharynx, small intestine,
pancreas, bile ducts, gall bladder, salivary gland, urinary
bladder, brain, colon, ovary, liver (not associated with
cirrhosis or hepatitis B), and bone. In 2005, the NIOSH
Advisory Board on Radiation and Worker Health also
accepted chronic lymphocytic leukemia as being radiogenic.
Restricting the LTAS death categories to approximately
those included in the EEOICPA compensation program
demonstrated a significant excess risk for cancers included in
EEOICPA (SMR¼ 1.28, 95% CI¼ 1.18–1.37).

Screening Program Implications

This study found that 4.6% of workers with a chest
radiograph had parenchymal changes with a profusion of 1/0
or greater and 14.1% had pleural changes. Both the SMR and
Cox regression analyses found workers with parenchymal
changes greater than 1/0 were at significantly increased risk
of lung cancer. The Cox model also suggested increased risk
among workers with a profusion of 0/1after adjustment for
smoking. These findings provide further support that workers
with parenchymal changes should be eligible for lung cancer
screening regardless of duration of employment, time since
first employment, or smoking history.

Because of the high risk for lung cancer mortality, we
have been searching for ways to improve secondary
prevention. In 2010, the National Lung Screening Trial
Research Team reported that their trial of using computed
tomography to detect lung nodules and early stage lung
cancer in people with high risks for lung cancer reduced
mortality from lung cancer by 20% compared to usual care.
[NLST, 2011] As a result of these findings, BTMed has
begun a program of early lung cancer detection (ELCD)
which is conducted in accordance with clinical guidelines
established by the National Comprehensive Cancer Network
[NCCN, 2013]. This program is available to workers with a
high risk for lung cancer based on past smoking history,
occupational exposure history, and/or chest x-ray findings.

Continued medical surveillance of DOE construction
workers is important not only for the health and welfare of
these workers, but also to better understand the risks they
have faced and the effectiveness of the safety and health
protections provided to them, particularly during the last
25 years.
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