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Abstract

Background: To determine if construction and trades workers formerly employed at

US Department of Energy (DOE) nuclear weapons sites are at significant risk for

occupational diseases, we studied the mortality experience of participants in the

Building Trades National Medical Screening Program (BTMed).

Methods: The cohort included 26,922 participants enrolled between 1998 and 2021

and 8367 deaths. Standardized mortality ratios were calculated based on US death rates.

Cox models compared construction workers (n =22,747; 7487 deaths) to two

nonconstruction subpopulations: administrative, scientific and security workers

(n= 1894; 330 deaths), and all other nonconstruction workers (n =2218; 550 deaths).

Results: Mortality was elevated for all causes, all cancers, cancers of the trachea,

bronchus, lung, kidneys, and lymphatic and hematopoietic system, mesothelioma,

chronic obstructive pulmonary disease (COPD), asbestosis, transportation injuries,

and other injuries, particularly accidental poisonings. There were 167 deaths from

coronavirus disease 2019 (COVID‐19), which was lower than expected using US

death rates. Overall cause‐specific mortality was significantly higher among

construction workers than for internal comparison groups.

Conclusions: Construction workers employed at DOE sites have a significantly

increased risk for occupational illnesses. Apart from COVID‐19 deaths, this update:

(1) found that mortality among construction workers is significantly elevated

compared to the US population and significantly higher than in the internal

comparison populations, and (2) confirmed excess risk for these workers for first

employment after 1990. Cancer mortality risks are similar to the cancers identified

for DOE compensation from radiation exposures. The high lung cancer risk supports

the value of early lung cancer detection. Continued medical surveillance is important.

K E YWORD S

construction, DOE, mortality, occupational diseases, surveillance

Am J Ind Med. 2024;1–13. wileyonlinelibrary.com/journal/ajim © 2024 Wiley Periodicals LLC. | 1

https://orcid.org/0000-0001-5930-3768
https://orcid.org/0000-0003-3805-6504
https://orcid.org/0000-0001-5832-4970
mailto:knutringen@msn.com
https://wileyonlinelibrary.com/journal/ajim


1 | BACKGROUND

In 1993, the US Congress added Section 3162 to the Defense

Authorization Act, calling for the US Department of Energy (DOE) to

determine whether workers within its nuclear weapons facilities were at

significant risk for work‐related illnesses and if so, to provide them with

medical surveillance to permit earlier disease detection after they leave

DOE employment (hence, “former workers”). See https://www.energy.

gov/ehss/former-worker-medical-screening-program-0.

We have previously described the development of one of the

resulting programs for former DOE construction workers, the

Building Trades National Medical Screening Program (BTMed) from

its start in 1996.1 The surveillance program now covers 35 DOE sites.

BTMed is conducted by a consortium made up of The Center for

Construction Research and Training (CPWR), Duke University, and

the University of Maryland School of Medicine, with Zenith American

Solutions serving as the administrative coordinator. In addition to

mortality, we have previously reported on respiratory diseases,

hearing loss, beryllium sensitivity, chronic obstructive pulmonary

disease (COPD), and longitudinal lung function decline among

workers in our screening program.2–13 We have also estimated their

life‐time risk for work‐related chronic diseases14 and reduction in

occupational risks over time.15

Construction trade workers employed at nuclear weapons

facilities experienced potential exposures to a number of hazards,

including known carcinogenic agents, during facility construction,

maintenance, renovation, demolition, and cleanup. In addition to

external and internal radiation, construction and trade workers are

exposed to asbestos, silica, solvents, metals, and welding/cutting

gases and fumes while performing tasks or while in the vicinity of

other crafts. Several studies have investigated mortality risks among

workers largely engaged in operations of DOE facilities, and these

were reviewed in our last mortality update.1 However, few studies

besides ours exist concerning mortality among the workers who

build, repair, renovate, perform major maintenance, decontaminate,

decommission, or demolish facilities within the DOE sites. These

studies were also reviewed in our prior mortality updates.5,16

This is the fourth mortality study of this dynamic cohort. The

first study, published in 2008, covered 8976 workers formerly

employed at four DOE sites and 674 deaths.16 The second study,

in 2014, included 18,803 workers at 24 DOE sites and 2801

deaths.5 The third study, in 2018, included 24,086 workers at 28

DOE sites and 5203 deaths.1 The current study includes 26,922

workers and 8367 deaths among those formerly employed at 35

DOE sites from among the 381 current and former DOE,

beryllium vendor (BE) and atomic weapons facilities considered

by the federal government to constitute the nation's nuclear

weapons complex. Most of the covered sites changed their

primary mission from weapons production to environmental

cleanup in the late 1980s. The larger size of each update has

provided more statistical strength, allowing a more detailed

understanding of risks for mortality subcategories, DOE sites,

different trades and more recent employment than previously

available. In this update, we were able to compare construction

workers and two subpopulations of nonconstruction workers.

The arrival of the COVID‐19 pandemic in March 2020 was

significant to this update. It disrupted the screening program, reduced

new enrollment, and introduced a new and significant mortality risk.

2 | MATERIALS AND METHODS

2.1 | Medical screening protocol

The BTMed screening program and related medical protocols have been

described in detail in prior mortality studies of this population, and

further information is provided on the program website (btmed.org).1,5,16

Briefly, the BTMed protocol includes a detailed work history and a

medical screening examination performed by local clinical providers who

adhere to a detailed screening examination protocol. Additional details of

the work and exposure history questionnaire have been provided in a

prior publication.2 The screening examination includes components

based on the latest national preventive health recommendations and

includes other components based on occupational risks. The 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 Pneumoconiosis17,18; audiometry; a

panel of blood tests to assess organ damage from identified toxins;

Beryllium Lymphocyte Proliferation Test (BeLPT, a blood test for

beryllium sensitization); a stool blood test for colorectal cancer screening;

and spirometry meeting AmericanThoracic Society (ATS) standards.7,19,20

Additionally, since 2012, participants with a very high risk of lung cancer

are offered screening using low‐dose CT10,21 according to Screening

Guidelines established by the National Comprehensive Cancer

Network.22

2.2 | Mortality cohort definition

Workers are free to participate in any or all components of the

BTMed program. For example, some workers may complete the work

history interview but choose not to participate in the medical

examination or participate in the medical examination at a later date.

The current mortality study included workers completing the work

history interview between January 1, 1998 and December 31, 2021

and entry date for mortality follow‐up was defined as the later of the

work history interview date or date of initial BTMed examination. The

median time between the work history interview and initial BTMed

examination was 41 days (interquartile range 23–114 days). The

cohort was limited to 26,922 workers providing demographic

information (name, social security number and date of birth)

sufficient for follow‐up through the National Death Index. Informa-

tion on race was missing for 3657 (13.6%) cohort members

completing only the work history interview, who were assumed to

be white based on our prior sensitivity analyses.5
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2.3 | Comparison populations

While BTMed serves primarily workers in construction trades, non-

construction workers are welcome to participate. Some participants held

jobs in more than one job category, and workers were classified into the

job category of the longest job held. The total cohort consisted of 26,922

workers; 22,747 classified as construction trades workers and 4175

nonconstruction workers. For these analyses nonconstruction workers

were further grouped into two categories: “administrative, scientific, and

security” (n=1894) and “all other nonconstruction workers” (n=2281).

Approximately 17% of workers in the “administrative, scientific, and

security” category had some periods of work in construction trade jobs.

The category “all other nonconstruction workers” was very heteroge-

neous although most jobs would be considered blue collar. Examples of

jobs in this category included site production (n=168), drilling/mining

(n=233), service workers (n=319), communication, tools/warehouse,

materials management, inventory control, and field operations such as

surveying and land management. Service workers included job titles such

as janitor/custodian/housekeeping, laundry worker, cook/cafeteria

worker, and mail/delivery worker.

2.4 | Ascertainment of vital status and causes of
death

Ascertainment of cohort vital status and International Classification

of Disease (ICD) causes of death followed procedures described in

the prior publications1,5,16 using data provided by the National Death

Index Plus system maintained by the National Center for Health

Statistics.23 The National Death Index has been shown to provide

virtually complete ascertainment of deaths.24,25 Therefore, we

assumed that workers not identified as deceased by the National

Death Index were still alive as of December 31, 2021.

2.5 | Data analyses

The Life Table Analysis System (LTAS) developed by the National

Institute for Occupational Safety and Health (NIOSH) and recently

implemented as an R‐Statistical Package26–29 was utilized to compute

cause‐specific standardized mortality ratios (SMRs) and statistical

confidence intervals to compare the mortality experience of the

cohort to that of the US national population, adjusting for age (5‐year

age categories), race (White and non‐White), gender, and calendar

year (5‐year calendar time periods). Person‐years accumulation for

each cohort member began on the date of their work history

interview or initial BTMed examination date and was accumulated

until death or the study cut‐off date of December 31, 2021.

We investigated mortality for selected causes by DOE site,

construction trade or job category, time periods of first DOE site

work using data from the work history interview. To maintain

reasonable statistical power, only sites and trade groups with a

minimum of 200 deaths were analyzed in detail separately. Mortality

results for all other sites were combined, as were results from all

other trade or job groups.

We compared overall and cause‐specific SMRs for construction

workers (n = 22,747; 7487 deaths) and all nonconstruction workers

(n = 4175; 880 deaths). For some analyses, all nonconstruction

workers were further divided into two groups: administrative,

scientific, and security workers (n = 1894; 330 deaths), who reported

less frequent occupational exposures,13 and all other nonconstruc-

tion workers (n = 2281; 550 deaths).

In addition to the SMR analyses, which compared mortality with that

expected based on US death rates, we conducted internal analyses for

selected causes to compare construction trade workers to the two

subpopulations of nonconstruction workers described above, while

controlling for important confounders. Cox cause‐specific competing risk

proportional hazard models controlling for age, gender, race/ethnicity,

and smoking history (smoking status and pack‐years) were developed.30

Attained age was used as the time scale in the Cox models and the

proportional hazard assumption was evaluated based on Schoenfeld

residuals using SAS 9.4 model diagnostics.31

COVID‐19‐related deaths were identified by an underlying cause

with an ICD‐10 code of U07.1.32 We were able to generate a

reasonably reliable COVID‐19 SMR estimate by application of death

rates from a recent national mortality analysis33 to cohort person‐

years of observation. Details on the methods applied are in

Supporting Information S1: Box 1.

2.6 | Human subjects protection

All study procedures and materials were reviewed and approved by

the Central Department of Energy Institutional Review Board

(CDOEIRB). All participants provided informed consent. The use of

data for the current analyses was approved by the CDOEIRB

(DOE000850, approved February 15, 2023).

3 | RESULTS

The cohort included 26,922 workers, totaling 292,914 person‐years

of follow‐up and 8367 observed deaths. Of the cohort members,

23,389 (88.9%) were white or assumed to be white, and 24,935

(92.6%) were male (see Supporting Information S1: Table S1). Among

those classified as Non‐White, 9.0% were Black and <1% in any other

race/ethnicity category (Asian, Hispanic or Latino, or American

Indian/Alaska Native). To make internal comparisons, we divided

the overall populations into two principal sub‐cohorts:

1. Construction workers, totaling 22,747 workers, 251,896 person‐

years of follow‐up and 7487 deaths.

2. All nonconstruction workers, totaling 4175 workers, 41,018

person‐years of follow‐up, and 880 deaths.

We further divided the nonconstruction workers into two

additional categories:

RINGEN ET AL. | 3



3. All Other nonconstruction workers, totaling 2281 workers;

22,237 person‐years of follow‐up, and 550 deaths.

4. Administrative, scientific, and security workers, totaling 1894

workers, 18,781 person‐years of follow‐up and 330 deaths.

The three DOE sites with the longest duration screening

programs and most years of observation—Hanford, Oak Ridge, and

Savannah River—together accounted for 53.9% of the total popula-

tion, approximately 69% of all years of DOE work, and 59.7% of all

deaths (see Supporting Information S1: Table S2). These three sites

are the largest and longest‐duration DOE sites, going back to the

beginning of the nuclear weapons program during World War II

(Hanford and Oak Ridge) or shortly thereafter (Savannah River).

The mean age at the start of cohort follow‐up was 60.2 years

(standard deviation (SD) = 12.4) and ranged from 56.8 to 63.3 years

by DOE site (see Supporting Information S1: Table S2). The mean

duration of working at a DOE site was 8.9 years (SD = 10.0), ranging

from 3.2 years at Amchitka to 13.9 years at Oak Ridge. These

demographic characteristics reflected similar patterns with regard to

age at cohort entry and duration of DOE site work when

disaggregated by trade (see Supporting Information S1: Table S2).

Mortality ratios by major and minor NIOSH LTAS mortality

categories are presented in Table 1, which compares the overall

population and two sub‐populations: construction workers and all

nonconstruction workers. This table provides results by all major

cause of death categories from the NIOSH LTAS minor categories of

a priori interest based on the last mortality update and minor

categories where a statistically significant excess was observed.

Detailed results for all NIOSH LTAS major and minor categories are

provided in Supporting Information S1: Table S3).

In the overall population, all‐cause mortality was significantly

increased (SMR=1.09, 95% confidence interval (CI) = 1.07–1.12), which

is nearly identical to our 2016 update. While the all‐cause mortality was

significantly elevated, significantly reduced mortality was observed for

heart diseases (SMR=0.94, 95% CI = 0.90–0.99). Excess mortality was

observed for all diseases of the respiratory system (SMR=1.48, 95%

CI = 1.40–1.57) and for all cancers (SMR=1.23, 95% CI =1.18–1.28).

Significantly elevated mortality was observed for lung cancer, kidney

cancer, mesothelioma, non‐Hodgkin's lymphoma, multiple myeloma,

leukemia, COPD, asbestosis, silicosis, other pneumoconiosis, and other

respiratory diseases. Transportation‐related deaths and deaths by

accidental poisoning were also significantly elevated among all construc-

tion workers combined.

Patterns of excess mortality were similar to those observed in our

earlier published studies. Lung diseases account for a great deal of the

excess mortality, including COPD (SMR=1.50, 95% CI = 1.39–1.62),

which has a broad range of occupational causes; silicosis (SMR=15.15,

95% CI = 4.88–35.36); and two disease categories associated with

exposure to asbestos (asbestosis SMR=37.12, 95% CI = 30.54–44.71

and mesothelioma SMR=5.94, 95% CI = 4.69–7.43). Significantly

increased mortality was observed for ‘Other pneumoconiosis’ (SMR=

8.92, 95% CI = 4.87–14.96), and within this category two deaths were

due to coal workers' pneumoconiosis (CWP) and five were due to

berylliosis. A significant excess was also observed for the minor category

‘Other respiratory diseases’ (SMR=1.29, 95% CI = 1.12–1.48). Of the 202

deaths in this category 74 were due to “Other interstitial pulmonary

diseases with fibrosis” (ICD Code J84.1), which includes idiopathic

pulmonary fibrosis (IPF).

Mortality due to all malignant neoplasms of the lymphatic and

hematopoietic system was significantly elevated (SMR=1.34, 95%

CI =1.18–1.51), and within this LTAS major category, multiple myeloma

(SMR=1.35, 95% CI =1.02–1.77) and leukemia (SMR=1.43, 95%

CI =1.18–1.72) were significantly elevated. Non‐Hodgkin's lymphoma

was of borderline statistical significance (SMR=1.24, 95% CI =

0.99–1.52) in the overall cohort but was significantly elevated among

all construction workers combined (SMR=1.29, 95% CI = 1.03–1.61).

Significantly excess mortality was also observed in the category “Other

benign and unspecified nature neoplasms” (SMR=1.63, 95%

CI =1.09–2.36) with 28 observed deaths. Seven of the 28 deaths in

this category were assigned to ICD‐10 Code D‐47—“Other neoplasms of

uncertain or unknown behavior of lymphoid, hematopoietic and related

tissue.” As in our previous update, mortality due to kidney cancer was

significantly elevated (SMR=1.44, 95% CI =1.13–1.80).

Significant excess mortality was observed for transportation

injuries overall (SMR = 1.57, 95% CI = 1.28–1.90) as well as several

sub‐categories of transportation injuries (Table 1). As in our prior

update, deaths due to accidental poisoning were significantly

elevated (SMR = 1.35, 95% CI = 1.05–1.72).

We have recorded 167 deaths attributed to COVID‐19 during this

study period, which was dominated by the Delta variant. Just as the

closing period for this study (December 31, 2021) occurred, the Omicron

variant emerged and became dominant. The COVID cases were 95.2%

male, and by race/ethnicity category, 83.9%were white, 7.8%were black,

3.6% were Hispanic, 1.3% were Asian, 1.8% were Native American/

Alaska Native, and 1.8% were Other/Mixed. The youngest COVID death

was 49 years old, and 86.8% were older than 65 years. Based on

published national rates for whites, blacks, and Hispanics33 (see

Supporting Information S1: Box 1), we would have expected 228.98

deaths for a SMR of 0.73 (95% CI = 0.62–0.84).

Comparison of construction workers to all nonconstruction workers

(Table 1) found that nonconstruction workers only experienced excess

risk for transportation injuries associated with railway, water, and air

transport (four deaths; SMR=11.43, 95% CI 3.07–29.64). Among other

nonconstruction workers (not in administrative, scientific, or security jobs),

the only significant excess observed was for asbestosis (two deaths;

SMR=10.00, 95% CI = 1.12–36.10) (Supporting Information S1:

Table S4). The COPD SMR was elevated among other nonconstruction

workers but did not reach statistical significance (43 deaths; SMR=1.26,

95% CI =0.91–1.69) (Supporting Information S1: Table S4).

Mortality for selected causes for DOE sites with 200 or more total

deaths is presented in Table 2, and more detailed results are provided in

Supporting Information S1: Table S5. The results are similar to previously

published data. All cancer mortality was in excess for all sites except

INEEL and reached statistical significance among workers at Hanford,

Oak Ridge, Savannah River Site, Amchitka, Paducah, and Portsmouth.

Lung cancer was in excess for all individual sites except INEEL and Rocky
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TABLE 1 Mortality by cause and occupational group.

Cause of deatha

SMR (95% confidence interval) [observed deaths]

Cohort overall
(N = 26,922)

All construction trades
(N = 22,747)

All nonconstruction
workers (N = 4175)

All causes 1.09 (1.07–1.12) [8367] 1.13 (1.11–1.16) [7487] 0.85 (0.79–0.91) [880]

All cancers 1.23 (1.18–1.28) [2303] 1.28 (1.23–1.34) [2083] 0.88 (0.77–1.00) [220]

Tuberculosis & HIV‐related disease (major) 0.59 (0.28–1.09) [10] 0.68 (0.33–1.25) [10] 0.00 (0.00–1.65) [0]

MN of buccal cavity and pharynx (major) 1.21 (0.87–1.63) [43] 1.26 (0.90–1.73) [39] 0.85 (0.23–2.17) [4]

MN of digestive organs and peritoneum (major) 1.04 (0.95–1.13) [510] 1.07 (0.98–1.18) [457] 0.80 (0.60–1.05) [53]

MN of respiratory system (major) 1.35 (1.26–1.45) [725] 1.44 (1.34–1.56) [673] 0.75 (0.56–0.98) [52]

MN of trachea, bronchus, and lung 1.37 (1.27–1.47) [705] 1.46 (1.35–1.57) [654] 0.76 (0.57–1.00) [51]

MN of breast (major) 0.95 (0.49–1.66) [12] 0.83 (0.33–1.71) [7] 1.20 (0.39–2.80) [5]

MN of female genital organs 1.19 (0.54–2.26) [9] 1.30 (0.48–2.83) [6] 1.02 (0.21–2.98) [3]

MN of male genital organs (major) 1.09 (0.95–1.25) [204] 1.11 (0.96–1.28) [182] 0.96 (0.69–1.46) [22]

MN of urinary organs (major) 1.19 (1.01–1.40) [150] 1.22 (1.02–1.45) [134] 0.98 (0.56–1.59) [16]

MN of kidney 1.44 (1.13–1.8) [76] 1.52 (1.19–1.93) [70] 0.87 (0.32–1.89) [6]

MN of other and unspecified sites (major) 1.38 (1.24–1.53) [360] 1.44 (1.29–1.61) [327] 0.95 (0.65–1.34) [33]

Mesothelioma 5.94 (4.69–7.43) [77] 6.52 (5.12–8.19) [74] 1.88 (0.38–5.48) [3]

Neoplasms of lymphatic and hematopoietic tissue (major) 1.34 (1.18–1.51) [259] 1.38 (1.21–1.57) [232] 1.06 (0.70–1.55) [27]

Non‐Hodgkin's lymphoma 1.24 (0.99–1.52) [89] 1.29 (1.03–1.61) [81] 0.85 (0.37–1.68) [8]

Multiple myeloma 1.35 (1.02–1.77) [54] 1.36 (1.00–1.81) [47] 1.29 (0.52–2.67) [7]

Leukemia & aleukemia 1.43 (1.18–1.72) [112] 1.47 (1.20–1.79) [100] 1.17 (0.61–2.05) [12]

Benign and unspecified neoplasms (major) 1.22 (0.83–1.72) [31] 1.18 (0.77–1.72) [26] 1.47 (0.47–3.42) [5]

Other benign and unspecified nature neoplasms 1.63 (1.09–2.36) [28] 1.62 (1.04–2.41) [24] 1.72 (0.46–4.41) [4]

Diseases of the blood and blood‐forming organs (major) 1.11 (0.82–1.46) [51] 1.13 (0.82–1.51) [45] 0.97 (0.36–2.12) [6]

Diabetes mellitus (major) 0.94 (0.82–1.07) [227] 0.96 (0.83–1.10) [200] 0.82 (0.54–1.19) [27]

Mental, psychoneurotic, and personality disorders 0.89 (0.78–1.01) [248] 0.89 (0.78–1.02) [213] 0.88 (0.62–1.23) [35]

Disorders of the nervous system and sense organs (major) 0.96 (0.88–1.06) [437] 0.98 (0.88–1.08) [378] 0.89 (0.68–1.15) [59]

Diseases of the heart (major) 0.94 (0.90–0.99) [1853] 0.98 (0.93–1.03) [1673] 0.70 (0.60–0.81) [180]

Other diseases of the circulatory system 0.99 (0.91–1.07) [567] 1.01 (0.92–1.10) [500] 0.86 (0.67–1.09) [67]

Diseases of the respiratory system (major) 1.48 (1.4–1.57) [1141] 1.55 (1.46–1.65) [1035] 1.05 (0.86–1.26) [106]

Chronic obstructive pulmonary disease 1.50 (1.39–1.62) [668] 1.56 (1.44–1.69) [603] 1.09 (0.84–1.4) [65]

Asbestosis 37.12
(30.54–44.71) [111]

41.13
(33.77–49.62) [109]

5.88 (0.66–21.24) [2]

Silicosis 15.15 (4.88–35.36) [5] 17.24 (5.56–40.24) [5] 0.00 (0.00–91.7) [0]

Other pneumoconioses 8.92 (4.87–14.96) [14] 9.22 (4.9–15.77) [13] 5.88 (0.08–32.73) [1]

Other respiratory diseases 1.29 (1.12–1.48) [202] 1.33 (1.14–1.53) [180] 1.06 (0.66–1.61) [22]

Diseases of the digestive system (major) 0.99 (0.87–1.11) [271] 1.02 (0.89–1.15) [242] 0.78 (0.52–1.12) [29]

Diseases of the skin and subcutaneous tissue (major) 1.04 (0.54–1.82) [12] 0.81 (0.35–1.60) [8] 2.44 (0.66–6.24) [4]

Disease of the musculoskeletal system and connective tissue (major) 1.12 (0.76–1.59) [31] 1.10 (0.72–1.61) [26] 1.25 (0.40–2.92) [5]

Diseases of the genito‐urinary system (major) 0.87 (0.74–1.01) [171] 0.94 (0.80–1.09) [159] 0.45 (0.23–0.79) [12]

Symptoms & ill‐defined conditions (major) 1.10 (0.89–1.35) [91] 1.19 (0.95–1.48) [85] 0.52 (0.19–1.14) [6]

Transportation injuries (major) 1.57 (1.28–1.90) [105] 1.61 (1.30–1.97) [94] 1.28 (0.64–2.28) [11]

(Continues)
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Flats and was significantly elevated at Oak Ridge, Savannah River Site,

Hanford, Paducah, and Portsmouth. COPD mortality was increased at all

DOE sites and significantly in excess at Oak Ridge, INEEL, Savannah River

Site, Amchitka, Hanford, Paducah, and Portsmouth. Additional details

provided in Supporting Information S1: Table S5) show that workers at all

DOE sites except Amchitka were found to be at excess risk for

mesothelioma. Malignant neoplasms of the kidney were significantly

elevated among Hanford and Savannah River Site workers. All sites had

an excess risk for lymphatic and hematopoietic cancers, and mortality

from asbestosis was significantly increased at all sites except Amchitka

and Fernald.

Mortality for selected causes for trades or job categories with

200 or more total deaths is also summarized in Table 2, and more

detailed results are provided in Supporting Information S1:

Table S4. Mortality across individual construction trades followed

a similar pattern as in the overall population for all causes, all

cancers, lung cancer, and COPD, although the results were not

always statistically significant due to smaller number by specific

trade category. Kidney cancer was significantly in excess

among pipe trades (Plumbers, Pipefitters and Steamfitters, and

Sprinklerfitters).

We investigated mortality patterns by date of first DOE work for

selected causes seen in excess for the whole cohort (Table 3).

Mortality patterns for all causes, all cancers, lung cancer, and COPD

were very similar by the year of the first DOE work. Mortality risk for

mesothelioma and asbestosis was highest among workers first

employed at DOE sites before 1970 with evidence of a decreasing

trend for those entering DOE in later years. However, this update

strengthened results for workers starting after 1990, which we have

previously reported as uncertain because of shorter latency periods

and small numbers of observed deaths in our previous update. In this

update, workers starting work at a DOE site after 1990 were at

increased risk of death from asbestosis (SMR = 20, 95% CI =

4.02–58.44); COPD (SMR = 1.48, 95% CI = 1.13–1.91) and mesothe-

lioma (SMR = 4.42, 95% CI = 1.43–10.33).

In this update, in addition to the comparison between construction

workers and nonconstruction workers presented in Table 1, we also

compared risks for the construction workers to internal groups consisting

of: 1894 administrative, scientific, and security workers (330) deaths and

2281 workers classified as all other nonconstruction workers (550

deaths). The administrative, scientific, and security comparison group

reported lower exposure risks on their work history interviews and we

have used this group as an internal reference for several prior detailed

analyses.13,34 In Figure 1, we present a comparison of SMRs for causes

with enough deaths to allow for meaningful comparisons for all of the

three comparison groups. For all causes examined, construction workers

had significantly elevated SMRs, while the other populations experienced

less risk than expected based on United States death rates, except for

lung cancer and COPD where other nonconstruction workers had

a nonsignificant increased risks (lung cancer SMR=1.02. 95% CI =

0.73–1.40, COPD SMR=1.26, 95% CI = 0.91–1.69). For all causes,

construction workers experienced an SMR that was 20% higher than for

other nonconstruction workers and 53% higher than for administrative,

scientific, and security workers. For all cancers, the construction worker

excess risk was 39% and 58%; for lung cancer, 43% and 256%; and for

COPD, 23% and 77%, compared with, respectively, other nonconstruc-

tion workers and administrative, scientific, and security workers.

The Cox models for internal comparisons were based on data for

23,002 workers. Demographic and smoking data for these workers

are summarized in Table 4. Construction trade workers had fewer

females and non‐whites compared to the two subpopulations of

nonconstruction workers. Construction trade workers also had

TABLE 1 (Continued)

Cause of deatha

SMR (95% confidence interval) [observed deaths]

Cohort overall
(N = 26,922)

All construction trades
(N = 22,747)

All nonconstruction
workers (N = 4175)

Railway, water, & air transport 4.23 (2.18–7.38) [12] 3.20 (1.38–6.31) [8] 11.43 (3.07–29.26) [4]

Motor vehicle traffic ‐ Driver 2.00 (1.37–2.82) [32] 2.06 (1.38–2.96) [29] 1.54 (0.31–4.5) [3]

Motor vehicle traffic ‐ Other and unspecified person 1.53 (1.12–2.05) [45] 1.65 (1.19–2.23) [42] 0.78 (0.16–2.27) [3]

Falls (major) 1.10 (0.90–1.33) [105] 1.05 (0.84–1.29) [86] 1.41 (0.85–2.21) [19]

Other injury (major) 1.32 (1.13–1.54) [162] 1.38 (1.16–1.62) [146] 0.96 (0.55–1.56) [16]

Accidental poisoning 1.35 (1.05–1.72) [66] 1.43 (1.09–1.84) [60] 0.87 (0.32–1.9) [6]

Other injuries 1.50 (1.02–2.11) [32] 1.51 (1.00–2.18) [28] 1.42 (0.38–3.64) [4]

Violence (major) 1.12 (0.92–1.36) [107] 1.08 (0.87–1.33) [90] 1.39 (0.81–2.23) [17]

Other causes (residuals & blank codes) (major)b 1.04 (0.95–1.14) [475] 1.08 (0.98–1.19) [414] 0.87 (0.66–1.11) [61]

Abbreviations: COVID‐19, coronavirus disease 2019; LTAS, Life Table Analysis System; NIOSH, National Institute for Occupational Safety and Health;
SMR, standardized mortality ratios.
aResults are summarized for all NIOSH LTAS major cause of death categories and minor categories found to be statistically significant in the overall cohort
(p<0.05). Full details for all NIOSH LTAS major and minor categories are provided in Supporting Information S1: (Table S3). Statistically significant SMRs are bolded.
bDeaths due to COVID‐19 (ICD‐10 Code U07.1) are included in this LTAS Minor (N = 167).
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greater smoking histories based on smoking status and pack‐years at

cohort entry.

Results of the Cox models comparing construction trade workers

to Nonconstruction workers for selected causes of death are shown

in Table 5. These models adjusted for gender, race/ethnicity, and

smoking and used administrative, scientific and security workers as

the reference category for estimating hazard ratios by job category.

There were too few lung cancers among administrative, scientific and

security workers for Cox modeling; therefore, all nonconstruction

workers were used as the reference cell for lung cancer. Consistent

F IGURE 1 SMRs for selected causes construction workers and internal comparison groups. COPD, chronic obstructive pulmonary disease;
SMR, standardized mortality ratios.

TABLE 4 Cox model demographic and clinical characteristics by job category at cohort entry.a

Characteristic
Entire Cox model sub‐
cohort (N = 23,002)

All construction trades
(N = 19,594)

Nonconstruction workers (N = 3408)

Administrative‐
scientific‐security
(N = 1503)

All other
nonconstruction
(N = 1905)

Age (mean, Std. Dev.) 60.2 (12.2) 60.0 (12.3) 61.1 (12.1) 61.8 (11.8)

Male sex (N, %)b 21303 (92.6) 18552 (94.7) 1208 (80.4) 1543 (81.0)

Race/ethnicity (N, %)b

White 20002 (87.0) 17134 (87.5) 1240 (82.5) 1628 (85.5)

Non‐White 3000 (13.0) 2460 (12.6) 263 (17.5) 277 (14.5)

Smoking status (N, %)b

Never smoked 8310 (36.1) 6673 (34.1) 788 (52.3) 849 (44.6)

Former smoker 10321 (44.9) 8992 (45.6) 561 (37.3) 768 (40.3)

Current smoker 4371 (19.0) 3929 (20.1) 154 (10.3) 288 (15.1)

Smoking pack‐years (mean, Std. Dev.) 20.7 (25.7) 21.8 (26.1) 11.8 (19.9) 16.5 (23.4)

Years of DOE site work (mean, Std. Dev.) 9.2 (10.2) 8.9 (9.9) 11.4 (10.7) 10.8 (11.6)

aData for 23,002 workers included in the Cox models.
bPercent values are column percentage.
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with the SMR results, construction trade workers were found to be at

significantly increased mortality risk for all causes, all cancers, lung

cancer, and COPD after adjusting for important confounders.

4 | DISCUSSION

The current study confirms and strengthens findings from our previous

mortality studies of this cohort. In addition, we provide new findings for

mortality from COVID‐19 and have improved our risk estimates for

selected causes using two internal comparison groups through Cox

modeling and adjustment for important confounders.

BTMed participants are drawn from a large population of

workers over many sites and different contractors over the years.

We have no way of knowing how representative these participants

are of the underlying population as no data exist to accurately define

workers employed at these sites and their demographic character-

istics. This is especially true for construction trades where contrac-

tors were many but employment records were sparse or non‐

existent. As reported previously, there are two principal selection

factors that can bias results from screening studies where participa-

tion is voluntary. The first is a healthy worker/survivor effect.35 To be

in our population, most participants will have worked in construction

for a lifetime. This work requires a great deal of exertion, and to

survive it a worker has to be in reasonably good physical shape. This

may be why the mortality rates from heart disease and also mental

and psychiatric disorders are low in our population. The other

potential effect arises from participants who are considered “worried

well.”36 As in any population, there are some people who enter our

population who are healthy but worry that they may not be. BTMed

does not collect data to enable us to examine this effect; however,

our findings are consistent with the scientific literature on the

occupational health risks of working in construction, and such bias

would likely reduce rather than exaggerate observed SMRs. The

internal comparisons based on Cox modeling should further lessen

these biases, since they can be assumed to be similar in each group.

4.1 | Strengthened findings

Mortality for lymphatic and hematopoietic cancers combined was

significantly elevated as in the previous study, but with the additional

deaths in this study, we now find both multiple myeloma and leukemia to

be significantly elevated as well. Mortality for non‐Hodgkin's lymphoma is

increased and approaches statistical significance in the overall cohort and

is significantly increased among construction trade workers. In our 2016

TABLE 5 Cox model hazard ratios for selected causes and job category.a

Cox model covariate

Hazard ratio (95% CI) [deaths]

All causes All cancers Lung cancer COPD

Gender

Male 1.00 (Ref) [6789] 1.00 (Ref) [1859] 1.00 (Ref) [569] 1.00 (Ref) [531]

Female 0.73 (0.63–0.84) [209] 0.75 (0.58–0.97) [60] 1.20 (0.79–1.82) [24] 1.44 (0.84–2.21) [23]

Race/ethnicity

White 1.00 (Ref) [6318] 1.00 (Ref) [1722] 1.00 (Ref) [534] 1.00 (Ref) [517]

Non‐White 1.15 (1.06–1.25) [680]b 1.16 (1.00–1.35) [197] 1.17 (0.89–1.54) [59] 0.81 (0.58–1.14) [37]

Smoking status

Never smoker 1.00 (Ref) [1663] 1.00 (Ref) [380] 1.00 (Ref) [14] 1.00 (Ref) [50]

Former smoker 1.15 (1.08–1.23) [3805] 1.28 (1.12–1.47) [1033] 8.78 (5.10–15.13) [329] 2.60 (1.90–3.57) [321]

Current smoker 2.06 (1.89–2.24) [1530] 2.37 (2.02–2.78) [506] 21.31 (12.21–37.17) [250] 6.75 (4.74–9.62) [183]

Smoking pack‐years (increase per
pack‐year)

1.005 (1.004–1.006) 1.007 (1.005–1.008) 1.013 (1.011–1.016) 1.010 (1.007–1.013)

Job category

Admin‐scientific‐security 1.00 (Ref) [242] 1.00 (Ref) [61] – 1.00 (Ref) [13]

All other non‐construction 1.24 (1.06–1.45) [448] 1.22 (0.89–1.67) [113] 1.00 (Ref) [41]c 1.69 (0.90–3.18) [37]

Construction trades 1.42 (1.25–1.61) [6308] 1.51 (1.17–1.96) [1745] 1.58 (1.15–2.17) [552] 1.81 (1.04–3.15) [504]

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
aCox proportional hazards model based on 23,002 workers with all model covariates. Attained age used as the model time scale.
bStatistically significant hazard ratios.
cFor lung cancer, the number of deaths among workers in administrative, scientific, and security jobs was too few (n = 7) for Cox modeling. For lung cancer,

construction trade workers were compared to all nonconstruction workers as the reference category.

(p < 0.05) are bolded.
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study, we conducted an analysis that found that 27% of leukemia deaths

were from chronic lymphocytic leukemia (CLL), which is a likely radiogenic

form of cancer. In the updated analyses, 29 of 112 leukemia deaths

(25.9%) were coded as CLL.

In this update, we found that kidney cancer was significantly

elevated, as was true in our earlier study. Extended follow‐up of this

cohort has added additional kidney cancer cases and enhanced our

ability to investigate risks by individual DOE sites and trades,

although numbers remain small for many of these sub‐groups.

Significantly increased risk was observed at Hanford and Savannah

River Site and among pipe trades, and several other construction

trades had nonsignificant elevations. We have previously reviewed

established risk factors for kidney cancer, which include radiation and

solvent exposures (especially trichloroethylene), as well as smoking.1

Since our last update, PFAS is increasingly recognized as another

possible risk factor for kidney cancer,37 and DOE has established a

department‐wide investigation into the potential for occupational

and environmental contamination and exposures.This study provides

further evidence that construction workers who worked at DOE sites

have experienced occupational exposures resulting in excess risk for

malignant and nonmalignant respiratory diseases, all cancers, and

cancers at sites associated with exposures to radiation. This study

provides further evidence of excess mortality from transportation

injuries, particularly among teamsters, laborers, and “other” trades.

Studies that characterize exposures among subcontractor workers

are lacking. There is one study from Hanford in the 1970s that found that

operators and skilled craft workers (e.g., millwrights and steamfitters) had

higher cumulative external radiation doses compared to other Hanford

workers.38 This could have implications for cancer risks for construction

trades workers. It is well‐documented that beginning in the early 1980s

when the Department of Energy increasingly began to use subcontractor

workers, safety and health protections for subcontractor workers were

neglected. Many of these subcontractor workers have been from the

construction trades.39

4.2 | Accidental poisonings

Mortality due to accidental poisoning was significantly increased. We saw

this for the first time in our last study. The number of deaths attributed to

this cause (n=66) was 61% higher than in our 2016 report (n=41), but

the SMR, while significant in both studies, declined 17%, from 1.62 (95%

CI 1.16–2.19) to 1.35 (95% CI 1.05–1.72). The NIOSH LTAS does not

provide sufficiently detailed subcategories to examine this result fully;

however, we reviewed the ICD‐10 codes for deaths in this category. Of

the 66 deaths, 29 were assigned code X44 (accidental poisoning by and

exposure to other and unspecified drugs, medicaments, and biological

substances), 25 were assigned code X42 (accidental poisoning by and

exposure to narcotics and psychodysleptics [hallucinogens], not else-

where classified) and five were assigned code X45 (accidental poisoning

by and exposure to alcohol).

We previously hypothesized that the elevated mortality risk due to

accidental poisoning is likely an early effect of the opioid epidemic that is

raging through the United States, including the construction trades.40–42

While the decline in risk reported here is an encouraging sign, our data

are insufficient to attribute the decline to reduced opioid‐related deaths.

4.3 | COVID‐19

We observed a reduced SMR for COVID‐19 in this cohort using

published national deaths rates covering whites, blacks, and Hispanics.

While we believe our estimated COVID SMR is reasonable, there are

some limitations. While COVID infection and death rates among some

Indigenous populations are disproportionately elevated, published death

rates sufficient for SMR calculations are not available for Asians, Native

American/Alaska Natives, and Other/Mixed Race ethnicity categories,

and these were grouped with whites for our SMR estimate. However,

only 4.8% of COVID deaths occurred in these race/ethnicity categories,

and sensitivity analyses restricting results to white, black, and Hispanic

race/ethnicity groups produced comparable results (SMR=0.71, 95%

CI =0.60–0.82). An additional limitation was a lack of reference death

rates for 2‐months of follow‐up (November and December 2021) just as

the Omicron variant emerged. We used death rates for the Delta variant

for these 2 months of follow‐up. Sensitivity analyses whereby follow‐up

was restricted to October 31, 2021 also produced comparable results

(SMR=0.66, 95% CI = 0.55–0.77). In summary, our results support the

conclusion that this worker population experienced lower COVID

mortality as an underlying cause of death compared to the US population

as a whole.

4.4 | Compensation implications

Significant excess risks for cancer were observed at sites included in the

current Department of Labor compensation program for DOE workers.

The NIOSH Life Table Analysis System results for all cancers combined

closely match the list of 22 cancers identified for compensation caused by

radiation exposure as defined in Section 3621(9) of the Energy Employees

Occupational Illness Compensation Program Act (EEOICPA).43 Restricting

the death categories to these cancers demonstrated a significant excess

risk (SMR=1.22, 95% CI =1.16–1.28).

Our finding that workers first employed after 1990 experience

significant elevation in occupational mortality risk is important, because it

challenges a common perception that after 1995, DOE facilities have

been in full compliance with existing safety and health requirements. In

2014 this perception resulted in the US Department of Labor issuing a

policy memorandum that stated: “it is unlikely that [DOE] employees

working after 1995 would have been significantly exposed to any toxic

agents at a covered DOE facility.”44 Although this Circular was

subsequently rescinded, its perception has continued to be followed in

practice.45,46 Our findings suggest otherwise. Applying such perceptions

to subcontractor employees who typically have had less oversight and

weaker safety and health performance is a particular concern. Our

findings on construction trades workers compared to our internal

comparison groups support this concern.
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5 | CONCLUSIONS

Apart from COVID‐19 deaths, this update: (1) found that mortality in

construction workers is significantly higher than in the internal

comparison populations; and (2) confirmed excess risk for first

employment after 1990. The cancer risks closely match the cancers

identified for DOE compensation from radiation exposures. The high

risk of lung cancer supports the value of early lung cancer detection.

Continued medical surveillance is important.
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