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Abstract

Background: To determine if construction and trades workers employed at U.S.

Department of Energy (DOE) nuclear sites facilities are at significant risk for diseases

associated with occupational exposures, we compared the mortality experience of

participants in the Building Trades National Medical Screening Program (BTMed) to

that of the US population.

Methods: The cohort includes 24,086 BTMed participants enrolled between 1998

and 2016 and 5203 deaths. Cause‐specific standardized mortality ratios 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, chronic

obstructive pulmonary disease, asbestosis, transportation injuries, and other injuries,

particularly those caused by accidental poisoning, suggesting a possible effect of the

opioid epidemic.

Conclusions: Apart from other injuries, mortality patterns were very similar to those

reported in the past in this population. 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 possibly 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.

K E YWORD S

construction, department of energy, mortality, occupational diseases, surveillance

1 | BACKGROUND

In 1993, the US 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

them with medical surveillance to permit earlier disease detection. In

1996 and 1997, the DOE supported the establishment of indepen-

dent surveillance programs for construction workers at the Hanford

Nuclear Reservation in Richland, Washington, 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 expanded to 35 DOE

sites and consolidated to form the Building Trades National Medical

Screening Program (BTMed).

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
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Solutions serving as the administrative coordinator. We have

previously reported on respiratory diseases, hearing loss, beryllium

sensitivity, chronic obstructive pulmonary disease (COPD), long-

itudinal lung function decline, and mortality among workers in our

screening program,1-8 and have estimated their life‐time risk for

work‐related chronic diseases.9

Construction trade workers employed at nuclear weapons

facilities have had potential exposures to a number 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 are 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

investigated mortality risks among workers largely engaged in

operations of DOE facilities,10-20 few data exist concerning mortality

among the construction trade workers who build, repair, renovate,

perform major maintenance, or demolish facilities within the DOE

sites.

This is the third mortality study of this dynamic, prospective

cohort. We currently enroll approximately 800 to 1000 new workers

each year, and there are approximately 480 deaths in our population

each year. So, while there is significant attrition through death, the

overall population of living workers continues to increase.

The first study, published in 2008, covered 8976 workers

employed at four DOE sites and 674 deaths.21 The second study,

published in 2014, included 18 803 workers employed at 24 DOE

sites and 2801 deaths.4 The current study includes 24 086 workers

employed at 28 DOE sites and 5203 deaths. Its larger size provides

more statistical strength, and a more detailed understanding of risks

for mortality subcategories, DOE sites and different trades than

previously available.

2 | MATERIALS AND METHODS

2.1 | Medical screening protocol

Participation in the BTMed is voluntary and without 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 meet-

ings. BTMed operates a Web‐site (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 BTMed screening program has been described in detail in

prior mortality studies of this population.4,21 The protocol includes a

detailed work history review followed by a medical screening

examination performed under contract with local clinical providers

who meet credentialing requirements and adhere to a detailed

protocol. The work history interview is conducted in person or by

telephone by trained interviewers, most of whom are retired trade

and craft workers, using computer‐driven screens. Before the

interview, workers are given a list of questions to help them recall

their work at the sites. Additional details of the work and exposure

history questionnaire have been provided in a prior publication.1

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 Labor Office (ILO) Classification of

Radiographs of Pneumoconiosis,22,23 audiometry, a panel of blood

tests chosen to assess organ damage from identified toxins, Beryllium

Lymphocyte Proliferation Test (BeLPT, a blood test for beryllium

sensitization), stool guaiac test, and spirometry meeting American

Thoracic Society standards.6,24,25 Additionally, since 2012, partici-

pants with a very high risk of lung cancer are increasingly offered

screening using low dose CT 26 according to Screening Guidelines

established by the National Comprehensive Cancer Network.27

2.2 | Cohort definition

Entry date into the mortality cohort was defined as the later of work

history interview date or date of initial BTMed examination. Median

time between the work history interview and initial BTMed

examination was 54 days (interquartile range 27‐104 days). The

current mortality cohort is comprised of 24 086 former workers from

all DOE sites covered by BTMed who participated in a work history

interview between January 1, 1998, and December 31, 2016. The

cohort was limited to those providing demographic information

(name, social security number, and date of birth) sufficient for follow‐
up through the National Death Index. Information on race was

missing for 3212 (13.3%) of cohort members and were assumed to be

white for these analyses based on our prior sensitivity analyses.4

2.3 | 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 publications4,21 using data provided by the National Death

Index Plus system maintained by the National Center for Health

Statistics.28 The National Death Index has been shown to provide

virtually complete ascertainment of deaths.29,30 Therefore, we

assumed that workers not identified as deceased by the National

Death Index were still alive as of December 31, 2016.

2.4 | Data analyses

Analytical methods employed in this study are the same as used in

our prior mortality analyses.4,21 The Life Table Analysis System

(LTAS.Net Version 3.0.3 Build 7) developed by the National Institute

for Occupational Safety and Health (NIOSH)31,32 was utilized to

compute cause‐specific standardized mortality ratios (SMRs) and

statistical confidence intervals comparing mortality experience of the

cohort to that of the U.S. national population, adjusting for age, race,

sex, and calendar year. Person‐years accumulation for each cohort
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member began on the date of their interview or initial BTMed exam

date and was accumulated until death or the study cut‐off date of

December 31, 2016.

In addition to overall results for the cohort, we investigated

mortality for selected causes by DOE site and trade. 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 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 statistically significant results not captured in the combined

results. Analyses of mortality by duration of DOE site work were

based on worker reported periods of DOE site employment.

2.5 | Human subjects protection

BTMed is conducted under the oversight of and subjected to annual

review and approval by two Institutional Review Boards (IRBs). The

Central U.S. Department of Energy IRB is the IRB of record. The IRB

of the The Center for Construction Research and Training (CPWR)

provides secondary review. Informed consent is obtained at three

points of screening process: when participants sign up, at time of

work history interview, and before each medical examination.

3 | RESULTS

The cohort included 24 086 workers, totaling 252 903 years of

follow‐up from cohort entry and 5203 deaths. Of the cohort

members, 21 134 (87.4%) were white or assumed to be white, and

22 403 (93.0%) were male (see Table S1).

The three DOE sites with the longest duration screening

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

Savannah River combined accounted for 53.3% of the total

population, approximately 64% of all years of DOE work, and

62.5% of all deaths. Amchitka had the highest proportion of deaths to

total population (30.5%), followed by Oak Ridge (29.8%) and Paducah

(29.6%), while Fernald had the lowest proportion of any major site

(8.6%). (See Table S2)

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

(standard deviation, SD = 12.6) and ranged from 56.4 to 63.7 years by

DOE site (see Table S3). The mean duration of working at a DOE site

was 10.5 years (SD = 10.0) and ranged from 3.4 years at Amchitka to

14.8 years at Oak Ridge. Demographic characteristics by trade

reflected similar patterns with regard to age at cohort entry and

duration of DOE site work.

Mortality ratios by major and minor Life Table Analysis System

mortality categories are presented in Table 1. All cause mortality was

significantly increased (SMR = 1.09; 95% confidence interval (CI) =

1.06‐1.12) which is slightly higher than in our 2011 update. The risk

varied little by year of cohort entry or age, although workers over

age 50 years had significantly higher mortality than those under age

50 years. While the all‐cause mortality was slightly elevated,

significantly reduced mortality was observed for several major

categories including heart diseases (SMR = 0.92; 95% CI = 0.87‐
0.98) and diabetes (SMR = 0.91; 95% CI = 0.75‐1.07). Excess mortal-

ity was observed for all diseases of the respiratory system (SMR =

1.45; 95% CI = 1.35‐1.56) and for all cancers (SMR = 1.24; 95%

CI = 1.18‐1.30).
Patterns of excess mortality were similar to those of the earlier

studies we have published. Lung diseases account for a great deal of

the excess mortality, including COPD, which has a broad range of

occupational causes, and several disease categories associated with

exposure to asbestos. Mortality due to malignant neoplasms of the

lymphatic and hematopoietic system and kidney cancer was

significantly elevated.

Mortality for selected causes for DOE sites with 200 or more

total deaths is presented in Table 2. All cancer mortality was in

excess for all sites and reached statistical significance among workers

at Hanford, Oak Ridge, and Savannah River Site, as did mortality for

lung cancer. Malignant neoplasms of the kidney were significantly

elevated among Hanford 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 from

mesothelioma atr all sites except Amchitka and Paducah. Mortality

for transportation injuries was elevated among Amchitka and

Portsmouth workers.

Mortality for selected causes for trades with 200 or more total

deaths are in Table 3. Causes of death were analyzed using the same

criteria previously described for presentation of results by DOE site.

Mortality for all causes, COPD, lung cancer, mesothelioma and

asbestosis were significantly increased. Malignant neoplasms of the

lymphatic and hematopoietic system were elevated among carpen-

ters and pipe trades and the risk was significantly elevated for “All

Other Trades” as a group. Teamsters had excess mortality for all

causes and a number of sub‐causes. This is the first time we have had

enough numbers to examine teamsters in detail.

We reviewed results for the individual trades included in the “All

Other Trades” to identify any significant results not captured in Table

3. Painters and asbestos workers had a excesses for all causes, all

cancers, and a large number of cancer sites. A number of other trades

had excess mortality for individual causes. (For details, see Box S1).

We investigated mortality patterns by date of first DOE work for

causes seen in excess for the whole cohort (Table 4). Mortality

patterns for all causes, all cancers, lung cancer, and COPD were very

similar by year of 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. For workers starting after 1990, risks

are uncertain, because of short latency periods and small numbers of

observed deaths. Asbestosis was significantly increased, but based

only on two deaths, and nonsignificant increases were observed for

more common causes such as lung cancer.

Additional SMR analyses for selected causes by duration of trade

work are presented in Table 5. In our cohort 89% were first

employed at a DOE site more than 10 years before their cohort entry
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TABLE 1 Department of energy construction worker mortality overall and by cause

Cause of death Obs. Exp. SMR P‐valuea 95% CI lower upper

All causes 5203 4791.29 1.09 <.01 1.06 1.12

All cancers 1553 1254.58 1.24 <.01 1.18 1.3

MN buccal & pharynx 26 22.28 1.17 0.76 1.71

MN lip 0 0.20 0.00 0.00 18.31

MN tongue 8 5.34 1.50 0.65 2.95

MN other buccal 6 5.24 1.15 0.42 2.49

MN pharynx 12 11.49 1.04 0.54 1.82

MN digestive & peritoneum 336 321.89 1.04 0.94 1.16

MN esophagus 52 45.43 1.14 0.85 1.5

MN stomach 26 25.90 1.00 0.66 1.47

MN intestine 97 91.30 1.06 0.86 1.3

MN rectum 27 21.92 1.23 0.81 1.79

MN biliary, liver, gall bladder 59 56.78 1.04 0.79 1.34

MN pancreas 74 76.69 0.96 0.76 1.21

MN peritoneum, other & unspecified sites 1 3.87 0.26 0.01 1.44

MN respiratory 545 392.59 1.39 <0.01 1.27 1.51

MN larynx 11 11.82 0.93 0.46 1.67

MN trachea, bronchus, lung 532 378.68 1.40 <0.01 1.29 1.53

MN pleura 0 0.21 0.00 0.00 17.42

MN other respiratory 2 1.88 1.06 0.13 3.84

MN breast 9 7.42 1.21 0.55 2.3

MN female genital organs 5 3.96 1.26 0.41 2.95

MN male genital organs 130 122.25 1.06 0.89 1.26

MN urinary 90 82.08 1.10 0.88 1.35

MN kidney 49 35.30 1.39 <0.05 1.03 1.84

MN bladder & other urinary sites 41 46.78 0.88 0.63 1.19

MN other & unspecified sites 250 172.59 1.45 <0.01 1.27 1.64

MN bone 3 2.09 1.43 0.3 4.19

MN melanoma 26 23.27 1.12 0.73 1.64

MN other skin 8 9.34 0.86 0.37 1.69

MN mesotheliomab 59 9.25 6.38 <0.01 4.86 8.23

MN connective tissues 12 7.48 1.60 0.83 2.8

MN brain & other nervous 30 28.28 1.06 0.72 1.51

MN eye 2 0.58 3.43 0.42 12.39

MN thyroid 5 3.03 1.65 0.54 3.85

MN other & unspecified sites 105 89.26 1.18 0.96 1.42

MN lymphatic & hematopoietic 162 129.54 1.25 <0.01 1.07 1.46

Hodgkin’s disease 4 2.16 1.85 0.50 4.74

Non‐Hodgkin’s lymphoma 59 48.75 1.21 0.92 1.56

Multiple myeloma 35 26.05 1.34 0.94 1.87

Leukemia 64 52.57 1.22 0.94 1.55

Benign & unspecified nature neoplasms 20 16.82 1.19 0.73 1.84

Diseases blood & blood‐forming organs 34 29.25 1.16 0.80 1.62

Diabetes mellitus 134 147.73 0.91 0.76 1.07

Mental & psychiatric disorders 144 173.86 0.83 <0.05 0.70 0.98

(Continues)
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date, and 89% of all deaths were also recorded among these

participants

4 | DISCUSSION

This is the third analysis of mortality in the BTMed screening

population. Our first analysis21 included only workers from four DOE

sites (Amchitka, Hanford, Oak Ridge, and 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 sites combined, and excesses of non‐Hodgkin’s

lymphoma at Oak Ridge and multiple myeloma at Hanford. COPD

was significantly elevated among workers at the Savannah River Site.

Our second mortality analysis included all deaths through

December 31, 2011.4 By then BTMed had expanded to 24 DOE

sites throughout the U.S. and the study included 2,801 deaths among

18,803 screening program participants. The above study confirmed

our previous findings. Mortality was elevated for all causes, all

cancers, cancers of the trachea, bronchus, and lung and lymphatic

and hematopoietic system, mesothelioma, COPD, and asbestosis. It

also found that elevated risks were associated with employment

during all time periods covered including after 1980, and that cancer

risks closely matched the cancers identified for DOE compensation

from radiation exposures.

4.1 | Risk assessment implications

The current cohort included workers from 28 geographically diverse

sites and a wide spectrum of construction trades, and consisted of

workers who completed an intake questionnaire that provided

sufficient information for follow‐up through the National Death

Index. We chose to include workers completing the intake

questionnaire rather than just those completing a medical examina-

tion in an effort to minimize potential selection bias based on health

status. Nonetheless, the potential for self‐selection still exists.

TABLE 1 (Continued)

Cause of death Obs. Exp. SMR P‐valuea 95% CI lower upper

Alcoholism 16 15.37 1.04 0.59 1.69

Other mental disorders 128 158.50 0.81 <0.05 0.67 0.96

Nervous system disorders 225 232.19 0.97 0.85 1.1

Heart diseases 1180 1278.15 0.92 <0.01 0.87 0.98

Other diseases of the circulatory system 359 362.14 0.99 0.89 1.10

Diseases respiratory system 732 505.14 1.45 <0.01 1.35 1.56

Acute resp. infection (except. flu, & pneu.) 0 0.51 0.00 0.00 7.27

Influenza 5 2.98 1.68 0.55 3.92

Pneumonia 85 103.67 0.82 0.65 1.01

COPD 429 292.96 1.46 <0.01 1.33 1.61

Asthma 4 3.36 1.19 0.32 3.05

Asbestosis 80 2.23 35.90 <0.01 28.47 44.68

Silicosis 5 0.26 19.28 <0.01 6.26 45

Other pneumoconiosis 8 1.26 6.34 <0.01 2.74 12.5

Other respiratory diseases 116 97.92 1.18 0.98 1.42

Diseases digestive system 165 174.01 0.95 0.81 1.1

Diseases skin & subcutaneous 7 6.71 1.04 0.42 2.15

Diseases musculoskeletal & connective 17 16.75 1.01 0.59 1.63

Diseases genito‐urinary system 110 121.99 0.90 0.74 1.09

Symptoms & ill‐defined conditions 52 51.45 1.01 0.75 1.33

Transportation injuries 73 45.30 1.61 <0.01 1.26 2.03

Falls 50 52.12 0.96 0.71 1.26

Other injury 99 71.73 1.38 <0.01 1.12 1.68

Accidental poisoning 41 25.34 1.62 <0.01 1.16 2.19

Violence 66 64.31 1.03 0.79 1.31

Other & unspecified causes 177 173.79 1.02 0.87 1.18

Abbreviations: CI, confidence interval; Exp, expected; MN, malignant neoplasma; Obs, observed; SMR, standardized mortality ratio.
aTwo‐sided P values.
bMesothelioma includes International Classification of Diseases (ICD) Tenth Revision codes C38.4, C45#, C45.0‐C45.2, C45.7, and C45.9.
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TABLE 2 Mortality for selected causes by derpartment of energy siteb

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

Cause of deathb Amchitka Paducah Portsmouth Hanford

All causes 1.02 (0.93‐1.12) [436] 1.18 (1.05‐1.32) [301] 1.15 (1.02‐1.30) [269] 1.03 (0.97‐1.09) [1162]

All cancers 1.13 (0.94‐1.34) [131] 1.14 (0.88‐1.45) [67] 1.23 (0.97‐1.54) [75] 1.22 (1.10‐1.36) [346]

MN trachea, bronchus, lung 1.11 (0.80‐1.52) [40] 1.33 (0.83‐2.01) [22] 1.42 (0.93‐2.09) [26] 1.26 (1.03‐1.53) [107]

MN kidney 0.94 (0.19‐2.75) [3] 1.85 (0.38‐5.42) [3] 1.13 (0.14‐4.10) [2] 2.30 (1.36‐3.64) [18]

MN intestine except rectum 0.82 (0.33‐1.70) [7] 0.70 (0.14‐2.04) [3] 2.34 (1.12‐4.30) [10] 0.95 (0.58‐1.46) [20]

MN lymphatic & hematopoietic 1.18 (0.65‐1.98) [14] 0.46 (0.10‐1.35) [3] 1.09 (0.44‐2.24) [7] 1.10 (0.76‐1.55) [33]

Hodgkin’s Disease 10.46 (1.27‐37.80) [2] 0.00 (0.00‐37.19) [0] 0.00 (0.00‐34.90) [0] 0.00 (0.00‐7.78) [0]

Non‐Hodgkin’s Lymphoma 0.91 (0.25‐2.32) [4] 0.81 (0.10‐2.94) [2] 1.65 (0.45‐4.22) [4] 1.06 (0.54‐1.84) [12]

Multiple myeloma 1.61 (0.44‐4.13) [4] 0.82 (0.02‐4.55) [1] 0.80 (0.02‐4.46) [1] 1.36 (0.59‐2.69) [8]

Leukemia 0.84 (0.23‐2.15) [4] 0.00 (0.00‐1.37) [0] 0.75 (0.09‐2.72) [2] 1.07 (0.57‐1.83) [13]

MN other & unspecified sitesc 1.62 (1.05‐2.39) [25] 1.46 (0.76‐2.56) [12] 1.27 (0.63‐2.28) [11] 1.64 (1.26‐2.09) [63]

Mesothelioma 1.18 (0.00‐20.10) [1] 4.26 (0.52‐15.39) [2] 8.37 (2.28‐21.43) [4] 9.79 (6.06‐14.97) [21]

COPD 1.55 (1.11‐2.10) [41] 1.99 (1.36‐2.81) [32] 1.41 (0.87‐2.15) [21] 1.42 (1.16‐1.73) [100]

Asbestosis 0.00 (0.00‐18.53) [0] 37.15 (12.06‐86.70) [5] 26.40 (5.44‐77.14) [3] 45.56 (29.75‐66.75) [26]

Symptoms & Ill‐defined Conditions 2.55 (1.08‐4.14) [10] 0.34 (0.01‐1.88) [1] 0.77 (0.09‐2.80) [2] 0.50 (0.18‐1.10) [6]

Transportation Injuries 3.27 (1.69‐5.71) [12] 2.21 (0.60‐5.65) [4] 2.84 (1.04‐6.17) [6] 1.00 (0.46‐1.90) [9]

Railway, water & air transportation 41.02 (16.49‐84.53) [7] 0.00 (0.00‐50.64) [0] 10.33 (0.26‐57.54) [1] 4.86 (0.46‐1.90) [2]

Accidental poisoning 1.31 (0.16‐4.75) [2] 2.10 (0.25‐7.57) [2] 3.33 (0.91‐8.52) [4] 1.61 (0.59‐3.50) [6]

Mortality for selected causes by department of energy site

SMR by cause and (95% CI) (observed deaths)

Cause of death Oak ridge Savannah river All other sites All sites combined

All causes 1.18 (1.11‐1.26) [1103] 1.28 (1.20‐1.37) [988] 0.91 (0.85‐0.97) [944] 1.09 (1.06‐1.12) [5203]

All cancers 1.36 (1.22‐1.52) [319] 1.46 (1.30‐1.63) [308] 1.06 (0.94‐1.18) [307] 1.24 (1.18‐1.30) [1553]

MN trachea, bronchus, lung 1.78 (1.48‐2.12) [125] 1.91 (1.58‐2.27) [123] 1.01 (0.81‐1.24) [89] 1.40 (1.29‐1.53) [532]

MN kidney 0.93 (0.34‐2.02) [6] 1.53 (0.70‐2.90) [9] 0.94 (0.40‐1.85) [8] 1.39 (1.03‐1.84) [49]

MN intestine except rectum 0.87 (0.49‐1.43) [15] 1.22 (0.73‐1.90) [19] 1.14 (0.72‐1.71) [23] 1.06 (0.86‐1.30) [97]

MN lymphatic & hematopoietic 1.63 (1.17‐2.21) [41] 1.50 (1.02‐2.13) [31] 1.13 (0.78‐1.59) [33] 1.25 (1.07‐1.46) [162]

Hodgkin’s Disease 0.00 (0.00‐9.23) [0] 5.29 (0.64‐19.13) [2] 0.00 (0.00‐7.20) [0] 1.85 (0.50‐4.74) [4]

Non‐Hodgkin’s Lymphoma 1.56 (0.87‐2.58) [15] 1.17 (0.54‐2.22) [9] 1.20 (0.64‐2.05) [13] 1.21 (0.92‐1.56) [59]

Multiple myeloma 2.07 (0.99‐3.80) [10] 0.90 (0.25‐2.32) [4] 1.17 (0.47‐2.41) [7] 1.34 (0.94‐1.87) [35]

Leukemia 1.55 (0.89‐2.53) [16] 1.96 (1.12‐3.19) [16] 1.10 (0.58‐1.88) [13] 1.22 (0.94‐1.87) [64]

MN other & unspecified sites 1.58 (1.18‐2.08) [51] 1.50 (1.09‐2.02) [43] 1.10 (0.80‐1.47) [45] 1.45 (1.27‐1.64) [250]

Mesothelioma 5.37 (2.57‐9.87) [10] 4.39 (1.61‐9.56) [6] 7.22 (4.04‐11.91) [15] 6.38 (4.86‐8.23) [59]

COPD 1.55 (1.25‐1.91) [92] 1.73 (1.36‐2.18) [74] 1.09 (0.85‐1.38) [69] 1.46 (1.33‐1.61) [429]

Asbestosis 48.17 (30.85‐71.68) [24] 27.07 (11.69‐53.34) [8] 33.62 (18.36‐56.41) [14] 35.90 (28.47‐44.68) [80]

Symptoms & Ill‐defined Conditions 0.81 (0.35‐1.59) [8] 1.80 (1.01‐2.98) [15] 0.88 (0.42‐1.63) [10] 1.01 (0.75‐1.33) [52]

Transportation Injuries 1.87 (1.02‐3.13) [14] 1.48 (0.81‐2.49) [14] 1.19 (0.65‐2.00) [14] 1.61 (1.26‐2.03) [73]

Railway, water & air transportation 2.98 (0.08‐16.58) [1] 2.21 (0.06‐12.27) [1] 0.00 (0.00‐6.62) [0] 5.72 (2.95‐9.99) [12]

Accidental poisoning 1.46 (0.47‐3.41) [5] 2.03 (1.08‐3.48) [13] 1.11 (0.51‐2.10) [9] 1.62 (1.16‐2.19) [41]

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; MN, malignant neoplasm; SMR, standardized mortality ratio
aOnly Department of Energy sites with at least 200 total deaths are shown separately.
bOnly causes where at least one site had a statistically significant excess (P < .05) based on five or more deaths are shown. Sites and causes with a

statistically significant excess (P < .05) bold.
cIncludes cancer sites not elsewhere classified by the Life Table Analysis System (LTAS) program.
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There are two principal selection factors that can bias results from

screening studies where participation is voluntary. The first is a healthy

worker/survivor effect.33 To be in our population, participants will have

worked in construction for a lifetime. This work exerts a great deal, and

so 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 effect we may

experience arises from participants who are considered “worried well.” 34

As in any population there are no doubt a number of 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, but since our

findings are consistent with the scientific literature on the occupational

health risks of working in construction it is not likely to be significant.

Few workers in our cohort have spent their entire working lives

at DOE sites. Most were employed intermittently, 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.

We examined risk associated with duration of employment and found

little effect. In our cohort 89% were first employed at a DOE site more

than 10 years before their cohort entry date, and 89% of all deaths were

also recorded among these participants. Due to the nature of our cohort,

except for workers who began work after 1990, adequate latency for

chronic diseases is not a limitation. In our last mortality update4 we

conducted a sensitivity analysis which showed that using a lag of 10 years

did not change results in any meaningful way. The duration of follow‐up
for workers starting DOE work after about 1990 is short, resulting in few

observed deaths among those workers for many disease categories and

reduced statistical power to detect excess risks.

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 mesothelioma. The work at Amchitka entailed

drilling and blasting almost 2000 meter deep shafts and cavities at

the end to hold nuclear bomb test facilities, 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 in the 1990s with asbestos exposures being unlikely.

We found that construction workers are at elevated risks for

lymphatic and hematopoietic cancers, which was first detected in our

last update4 but which had been difficult to interpret in our first

study due to small numbers.21 Previous studies of DOE site workers

have not observed excess risks for lymphatic and hematopoietic

cancers among construction workers (although such risks have beenT
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found for other categories of DOE site workers). Three PMR studies

of construction workers have suggested increased risk for lympho-

poetic cancer for construction workers in general35 are highway

workers,36 plumbers,37 and some indication, although not definitive,

that electricians may be at increased risk of leukemia associated with

exposure to high intensity magnetic fields.38

In our study, mortality for lymphatic and hematopoietic cancers

combined was significantly elevated. The risks for the component

subcategories of lymphatic and hematopoietic cancers including leukemia

were also elevated but did not reach statistical significance, except for

Hodgkin’s disease for operating engineers, based on only two cases. A

review of ICD‐10 codes found that 17 of the 64 leukemia deaths in our

cohort were classified as chronic lymphocytic leukemia (CLL). The NIOSH

Life Table Analysis System 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 included in

SEERStat to the Life Table Analysis System distribution of person‐years
by age, race, and sex.39 The estimated CLL SMR based on these death

rates and 17 observed CLL cases was 1.21 (95% CI =0.64−1.79). A

comprehensive review of the scientific evidence concluded that CLL is

likely a radiogenic form of cancer,40 and further analyses support

increased risk, particularly among workers with external radiation doses

between 10 and 100mSv.41

Although there are no medical screening tests that are specific

for radiation, these findings suggest that some of these risks may be

attributed to occupational radiation exposures. 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.42

In this update we found that kidney cancer was significantly elevated.

In our previous studies, this had not been the case, most likely due to

smaller numbers. (The 2011 update included only 27 deaths). IARC has

determined that there exists sufficient evidence that tobacco smoking,

radiation, and trichloroethylene cause renal cancer in humans and has

found limited evidence of nephrocarcinogenicity for arsenic and inorganic

arsenic compounds, cadmium and cadmium compounds, perfluoroocta-

noic acid, and welding fumes.43 Many of these agents are associated with

construction and/or DOE site work.

A number of studies have examined mortality among construction

workers as a group,44-59 which have been summarized in our previous

reports.4,21 Looking at construction workers as a group, elevated

proportional mortality has been reported for all cancers,44,49 malignant

neoplasms of the buccal cavity and pharynx,45 and lung,44,45,49,59 as well

as for accidental deaths.44,45,49,60

An elevated SMR has been reported for oral, pharyngeal, and

gastrointestinal cancer58 and fatal accidents.56 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,57 and an excess of myeloma

among those exposed to diesel exhaust.55

It is well established that construction trades workers experience

very high rates of mortality from occupational injuries.46,61,62 This isT
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generally 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.61 This is to be expected as most

workers included in our cohort were retired at the time of the

examination. Nevertheless, in this update we show statistically

significant increased risk for transportation injuries.

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 are

mostly employed by subcontractors. None has 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 the

studies that included such occupational categories.4,21 They found

mostly excess risk for lung cancer; other studies found excess risk for

multiple myeloma.12,63,64 Richardson et al18 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.

The magnitude of the lung cancer and COPD risks observed in

this cohort and the relatively low prevalence of current smokers

reported support a considerable attribution to occupational expo-

sures, something that is supported by a case‐control study we

reported recently.5 Smoking history was available for 20,685 (85.9%)

cohort members completing a medical examination; 18.5% reported

they were current smokers, 45.4% past smokers, and 36.1% never

smoked. This smoking prevalence is considerably lower than

reported among most construction‐related trades during 1987‐
2004 and lower than that among all U.S. males (24.0%)65 and males

with a high school education (28.8%).66 Because of the large size of

our study systematic or chance differences in smoking are unlikely to

significantly affect results, a presumption supported by other

studies.67 The large excess risks observed for mesothelioma and

asbestosis, where smoking is not a significant risk factor, provide

additional support for this conclusion.

4.2 | Occupational safety and health implications

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.

Studies that characterize exposures among subcontractor work-

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

found that operators and skilled craft workers (eg, millwrights,

steamfitters) had higher cumulative external radiation doses com-

pared to other Hanford workers.63 This could have implications for

cancer risks for construction trades workers. It is 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 wereT
A
B
L
E

5
M
o
rt
al
it
y
b
y
d
u
ra
ti
o
n
o
f
tr
ad

e
w
o
rk

a

SM
R
b
y
ca
u
se

an
d
(9
5
%

C
I)
[o
b
se
rv
ed

d
ea

th
s]
b

Y
ea

rs
o
f
tr
ad

e
w
o
rk

A
ll
ca
u
se
s

A
ll
ca
n
ce

rs
Lu

n
g
ca
n
ce

r
M
es
o
th
el
io
m
a

C
O
P
D

A
sb

es
to
si
s

<
1
0

1
.2
2
(1
.1
2
‐1

.3
2
)
[5
7
8
]

1
.3
2
(1
.1
2
‐1
.5
4
)
[1
5
9
]

1
.5
7
(1
.1
9
‐2
.0
4
)
[5
6
]

3
.4
7
(0
.7
2
‐1
0
.1
5
)
[3
]

1
.5
9
(1
.1
6
‐2
.1
2
)
[4
5
]

3
1
.9
3
(1
2
.8
4
‐6
5
.7
8
)
[7
]

1
0
‐1
9

1
.2
8
(1
.1
6
‐1
.4
0
)
[4
1
8
]

1
.4
8
(1
.2
3
‐1
.7
6
)
[1
2
7
]

1
.7
2
(1
.2
5
‐2
.3
1
)
[4
4
]

8
.9
3
(2
.9
0
‐2
0
.8
5
)
[5
]

1
.7
9
(1
.2
2
‐2
.5
3
)
[3
2
]

3
1
.4
3
(8
.5
6
‐8
0
.4
7
)
[4
]

2
0
‐2
9

1
.1
4
(1
.0
7
‐1
.2
1
)
[1
0
8
4
]

1
.3
1
(1
.1
8
‐1
.4
6
)
[3
3
6
]

1
.6
8
(1
.4
0
‐2
.0
0
)
[1
3
0
]

1
.1
9
(0
.1
4
‐4
.3
1
)
[2
]

1
.5
3
(1
.2
1
‐1
.9
1
)
[8
0
]

3
6
.4
6
(1
9
.3
9
‐6
2
.3
5
)
[1
3
]

3
0
+

1
.0
5
(1
.0
1
‐1
.0
9
)
[2
4
4
8
]

1
.2
2
(1
.1
3
‐1
.3
1
)
[7
3
1
]

1
.3
4
(1
.1
8
‐1
.5
2
)
[2
4
3
]

9
.5
8
(7
.0
1
‐1
2
.7
8
)
[4
6
]

1
.3
7
(1
.1
9
‐1
.5
7
)
[2
0
7
]

4
3
.0
9
(3
2
.2
8
‐5
6
.3
7
)
[5
3
]

O
ve

ra
ll
co

h
o
rt

1
.0
9
(1
.0
6
‐1
.1
2
)
[5
2
0
3
]

1
.2
4
(1
.1
8
‐1
.3
0
)
[1
5
5
3
]

1
.4
0
(1
.2
9
‐1
.5
3
)
[5
3
2
]

6
.3
8
(4
.8
6
‐8
.2
3
)
[5
9
]

1
.4
6
(1
.3
3
‐1
.6
1
)
[4
2
9
]

3
5
.9
0
(2
8
.4
7
‐4
4
.6
8
)
[8
0
]

A
b
b
re
vi
at
io
n
s:

C
I,
co

n
fi
d
en

ce
in
te
rv
al
;
C
O
P
D
,c

h
ro
n
ic

o
b
st
ru
ct
iv
e
p
u
lm

o
n
ar
y
d
is
ea

se
;
SM

R
,s
ta
n
d
ar
d
iz
ed

m
o
rt
al
it
y
ra
ti
o
.

a
A
n
al
ys
es

re
st
ri
ct
ed

to
2
1
3
2
0
tr
ad

e
w
o
rk
er
s
n
o
t
m
is
si
n
g
in
fo
rm

at
io
n
o
n
tr
ad

e
w
o
rk

d
u
ra
ti
o
n
.
T
ra
d
e
w
o
rk

in
cl
u
d
es

b
o
th

D
ep

ar
tm

en
t
o
f
E
n
er
gy

an
d
N
o
n
‐D

ep
ar
tm

en
t
o
f
E
n
er
gy

w
o
rk
.

b
St
at
is
ti
ca
lly

si
gn

if
ic
an

t
ex

ce
ss
es

(P
<
.0
5
)
ar
e
b
o
ld
.

RINGEN ET AL. | 751



neglected. Most of these subcontractor workers have been from the

construction trades.68

This study showed evidence of excess mortality from transportation

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

most likely reflects a well‐established occupational risk in construction,61

which should be reviewed by DOE and its facility safety staff.

4.3 | Compensation implications

Significant excess risks were observed for cancer 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 matches 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 (EEOIC-

PA).69 Restricting the death categories to these cancers demonstrated a

significant excess risk (SMR=1.23; 95% CI =1.15‐1.31).

4.4 | Accidental poisonings

Mortality due to other injuries was significantly increased and within

this classification accidental poisoning was also increased. We have

not seen this in previous updates. The NIOSH Life Table Analysis

System does not provide sufficiently detailed subcategories to

examine this result fully. However, it is possible to review the

related ICD‐10 codes for deaths in this category. Of the 41 deaths 19

were assigned code X44 (Accidental poisoning by and exposure to

other and unspecified drugs, medicaments and biological substances),

16 were assigned code X42 (accidental poisoning by and exposure to

narcotics and psychodysleptics [hallucinogens], not elsewhere classi-

fied) and three were assigned code X45 (Accidental poisoning by and

exposure to alcohol). While it is not possible for us to establish with

certainty what this increase may be associated with, it is likely an

early effect of the opioid epidemic that is raging through the US,

including the construction trades.70 A recent study of mortality from

this cause in Massachusetts71 found that construction trades

workers accounted for the largest number of deaths from opioid

poisoning, totaling 26.8% of all such deaths, for a rate of death more

than six times higher than all occupations combined.

Construction trades workers account for about 20% of all work‐
related traumatic injuries.61 It is now well‐established that a part of

the opioid epidemic can be traced to initial treatment of occupational

injuries with opioid pain medications.72,73 We have not yet

investigated in detail the injury or medication history of our

participants who have died from opioid poisoning but this too

warrants additional investigation once we have established a better

understanding of deaths from this cause in our population.

5 | CONCLUSIONS

Apart from other injuries, mortality patterns were very similar to those

reported in the past in this population. 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 possibly 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.74,75

Continued medical surveillance is important.
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