
Received: 26 April 2022 | Revised: 8 June 2022 | Accepted: 15 June 2022

DOI: 10.1002/ajim.23411

R E S E A R CH AR T I C L E

Beryllium disease among construction trade workers at
Department of Energy nuclear sites: A follow‐up

Marianne Cloeren MD, MPH1 | John Dement PhD2 |

Joanna Gaitens PhD, MSN, MPH1 | Stella Hines MD, MSPH1 | Liliana Diaz BA1 |

Yazmeen Tembunde BS1 | Kim Cranford RN3 | Janet Shorter RN3 |

Terry Mosier RN, BSN3 | Knut Ringen PhD4 | Beryllium in Construction

1Division of Occupational and Environmental

Medicine, University of Maryland School of

Medicine, Baltimore, Maryland, USA

2Division of Occupational and Environmental

Medicine, Duke University Medical Center,

Durham, North Carolina, USA

3Zenith American Solutions, Covina,

California, USA

4Center for Construction Research and

Training, Silver Spring, Maryland, USA

Correspondence

Marianne Cloeren, MD, MPH, Division of

Occupational and Environmental Medicine,

University of Maryland School of Medicine,

11 S Paca St, Suite 200, Baltimore, MD 21201,

USA.

Email: mcloeren@som.umaryland.edu

Funding information

U.S. Department of Energy

Abstract

Background: Construction workers at U.S. Department of Energy (DOE) nuclear

weapons facilities are screened to identify DOE‐related occupational illnesses,

including beryllium sensitization (BeS) and chronic beryllium disease (CBD). The

study objectives were to estimate beryllium disease risks and the CBD claims

acceptance rate in the energy workers' benefits program.

Methods: Workers diagnosed with BeS via beryllium lymphocyte proliferation test

(BeLPT) included in screening examinations were interviewed about subsequent

diagnosis of CBD. We estimated the proportion who developed CBD based on the

ratio of CBD cases, based on self‐reported compensation claim status, to all workers

with BeS interviewed. We used stratified analyses to explore trends in disease

frequency by age, race, sex, DOE employment duration, site, trade group, and

cigarette smoking history.

Results: Between 1998 and 2020, 21,854 workers received a BeLPT; 262 (1.20%)

had BeS (two abnormals or one abnormal plus one borderline test); 212 (0.97%) had

a single abnormal BeLPT. Of 177 BeS workers interviewed, 35 (19.8%) reported an

accepted CBD compensation claim. The claims acceptance rate among BeS workers

increased with years of DOE employment, from 8.4% with <5 years to 33.3% for

>25 or more years. Five of 68 interviewed workers with a single positive BeLPT

reported CBD claim acceptance; an additional CBD case was confirmed by chart

review (8.8%).

Conclusions: Years of DOE work predict the risk of developing CBD among those

sensitized and getting a claim for CBD accepted. Ongoing surveillance and increased

awareness of the risk of beryllium exposure and CBD as an occupational disease

among construction workers are needed.
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1 | INTRODUCTION

Chronic beryllium disease (CBD) is a granulomatous disease caused

by exposure to beryllium. Understanding of the mechanisms of

exposure and risk for developing disease once sensitized is

continuing to evolve.1 Abnormal blood beryllium‐lymphocyte prolif-

eration test (BeLPT), indicating sensitization, is generally accepted as

a valid indicator of both exposure and probability of subsequently

developing CBD.2–6 This supports screening for sensitization in

populations at risk for CBD.7

1.1 | History

In the early 1990s, the Department of Energy (DOE) recognized that

workers at its facilities were at risk for developing occupational

disease related to beryllium exposure. This recognition led to a series

of measures that culminated in a DOE Chronic Beryllium Disease

Prevention Program regulation published in 1999,8 which includes

reporting both beryllium sensitization (BeS) and CBD on the DOE

contractors' OSHA 200 and 300 reporting form.9 This regulation

required a screening program using BeLPT to identify currently

employed workers at risk for both BeS and CBD. DOE established a

Beryllium‐Associated Worker Registry, publishing data on BeS and

CBD among current DOE employees, most recently in 2017.10

In 1993, Congress added Section 3162 to the Defense

Authorization Act, calling for the DOE to determine whether workers

at 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. This led to the funding of a number

of independent medical screening programs for former (mostly

retired) workers including the Building Trades National Medical

Screening Program (https://www.btmed.org/cms/).

As a result of growing evidence from employer reporting and

screening program findings, the Energy Employees Occupational

Illness Compensation Program Act (EEOICPA) was established by

Congress in 2000 to compensate DOE workers and contractors for

occupational illness related to their DOE work. EEOICPA is

administered by the U.S. Department of Labor, Office of Workers'

Compensation Programs (DOL/OWCP). Part B of the Act provides

compensation for workers in DOE facilities who develop BeS and

CBD, and workers disabled by CBD may also be eligible for additional

compensation under Part E. This program provides coverage for

medical evaluation for claimants with accepted BeS and provides

financial compensation and medical care costs for those with

accepted claims for CBD.11

In 2017, the Occupational Safety and Health Administration

(OSHA) passed a final rule reducing the permissible exposure limit for

beryllium in the air from 2 to 0.2 µg/m3 over an 8‐h time‐weighted

average.12 In 2020, OSHA modified this standard to clarify several

issues related to application of the rule to general industry13 and also

issued a separate rule specific to construction and shipyard industry

sectors.14

1.2 | Beryllium exposure in construction work

There is limited research on the risk of BeS and CBD in construction

workers, whose exposure to beryllium is more difficult to character-

ize than production workers.15 Frye et al. found a cluster of BeS

among workers living and working near a concrete factory and

demonstrated elevated beryllium levels in dust outside their work-

place, suggesting environmental exposure to concrete dust as the

source in the index CBD patient and BeS coworkers.16 Rodrigues

et al. found that workers at the DOE Nevada Test Site who

performed maintenance or clean‐up in contaminated areas, activities

relevant to construction decommissioning work, were at an increased

risk of developing sensitization.17 Similarly, one study found that

while workers placed in the “occasional direct/indirect” exposure

category were at an increased risk of sensitization, workers in the

“rare/low indirect/bystander” exposure category could also become

sensitized.18,19 This suggests that attempting to characterize ex-

posure risk based on the frequency of exposure can be misleading.

Other research has shown that there is an association between the

number of years worked on site and the risk of BeS.17,18 Our previous

research found the duration of exposure as measured by years on site

was associated with the risk of CBD but not BeS.15 Newman and

colleagues found the risk of sensitization progressing to CBD was not

associated with the duration of exposure.6 Such inconsistencies make

it difficult to draw firm conclusions about the risk for sensitization or

CBD based on exposure duration.

2 | MATERIALS AND METHODS

A prior publication provided blood BeLPT results for 13,810 workers,

primarily former construction workers, participating in the BTMed

program through December 31, 2010.15 This study also presented

results of a follow‐back survey of 189 BeS workers to determine

whether they had a compensation claim accepted for CBD by

EEOICPA.

This study extends our prior study by expanding the cohort to

include workers having BeLPT tests through September 30, 2020,

and an additional follow‐back survey to determine CBD claim status.

The primary study objectives were: (1) to provide BeLPT results for a

larger cohort of construction workers employed at DOE facilities and

(2) to conduct a follow‐back survey of BeS workers to estimate the

proportion who develop CBD over time. A secondary objective was

to survey BTMed participants with only a single positive BeLPT to

estimate the proportion who have a CBD claim accepted through

EEOICPA.

2.1 | Ethics review and informed consent

All procedures and materials were reviewed and approved by the Central

Department of Energy Institutional Review Board (CDOEIRB), which is

the Institutional Review Board (IRB) of record. All participants provided
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informed consent. The use of participant data for the current analyses

was approved by the CDOEIRB (DOE000643, approved 6/28/2021).

This study was also reviewed and approved by the University of

Maryland Baltimore Institutional Review Board, the academic center

where the work was performed (HP‐00097292).

2.2 | Surveillance program overview

Prior reports have described the establishment and development of

BTMed as well as the work history and medical components of this

program.15,20,21 DOE‐funded medical surveillance programs for

construction workers at the Hanford Nuclear Reservation in

Washington and the Oak Ridge Reservation in Tennessee 1996; the

Savannah River Site (SRS) in South Carolina in 1997; the Amchitka

nuclear test site in Alaska in 1999; and the Portsmouth, Ohio, and

Paducah, Kentucky Gaseous Diffusion Plants in 2003. These early

programs were consolidated to form BTMed in 2005 and the BTMed

program has subsequently expanded to 35 DOE sites throughout the

United States. Participation in BTMed is voluntary and at no cost to

participants. Details concerning participant eligibility, outreach, and

intake were discussed in our previous publication.15 Additional

information concerning BTMed can be found at the program

website.22 Participants receive an initial examination and are eligible

for follow‐up examinations every 3 years.

2.3 | Exposure determination

The BTMed protocol includes a detailed work history interview

followed by medical examinations performed by local medical

providers who meet credentialing requirements and adhere to a

detailed protocol. Trained interviewers—most of whom are retired

trade and craft workers—conduct work history interviews in person

or by telephone, using electronic templates. The work history records

periods of employment and jobs held at DOE sites and non‐DOE

sites, frequency of performing or working near high‐hazard work

tasks, such as sand blasting or asbestos insulation application or

removal, frequency working with or around high‐hazard materials

including beryllium, and work in buildings or areas associated with

potential exposures to hazardous materials or where known exposure

incidents or emergencies occurred.

For this study, potential beryllium exposures were evaluated,

based on the interview, within three broad areas: (1) specifically

working with or around beryllium, (2) working in a production area

where beryllium was used, machined, or beryllium‐containing dusts

were created, and (3) work in buildings or areas where beryllium was

reported to be present. It should be noted that knowledge of

buildings and areas within the DOE complex where beryllium

contamination might be present has evolved over many years;

therefore, the third component of the beryllium exposure history is

least informative for many BTMed participants interviewed in the

earlier years of the program, starting in 1997.21 For the current

analyses, we reduced worker‐reported exposures to a dichotomous

ranking of ever‐ versus never‐reported exposure based on reported

exposures in any of the three classifications described above.

2.4 | Beryllium disease surveillance

Beryllium disease surveillance is one component of the BTMed

respiratory disease medical protocol. The examination includes a

respiratory history and symptom questionnaire adapted from the

American Thoracic Society (ATS) DLD‐78 questionnaire23; a posterior‐

anterior (P‐A) chest radiograph, classified by a B‐reader according to

International Labour Office (ILO) Classification of Radiographs of

Pneumoconiosis24–26 and spirometry. All participating medical facilities

agreed to obtain spirometry according to ATS standards.27–30

Screening for beryllium sensitization is based on BeLPT results

according to the standard DOE former worker program protocol.

Details of the BeLPT clinical decision logic applied were described in

detail in our prior publications.15,21 Briefly, the first step is to collect a

blood sample, which is delivered to a single DOE‐designated

laboratory, which uses approved protocols for processing a blood

BeLPT. If the initial BeLPT is abnormal, borderline, or not interpret-

able, the worker is referred for a second BeLPT. Before 2007, the

blood sample was split and sent to two laboratories; after 2007 the

second BeLPT was sent to one laboratory only.

Confirmed beryllium sensitization is defined in the Former Worker

Programs as one abnormal plus one borderline BeLPT or two abnormal

BeLPTs. Participants with any abnormal BeLPT results are recommended

to file a DOL/OWCP EEOICPA claim for BeS, which facilitates referral

for CBD evaluation. Before 2003, this referral was through a program

managed by the Oak Ridge Institute for Science and Education (ORISE),

and since that date referrals are supported by the EEOICPA program

administered by DOL/OWCP. Although the contents of the evaluation

are up to the examining physician, the evaluation provided at designated

CBD clinical centers generally includes physical examination, chest X‐ray,

chest computed tomography, spirometry, pulmonary exercise study, and

bronchoscopy with lavage and/or biopsy. Although workers are free to

see a physician of their choice, visits to these specialized centers are

encouraged because of the centers' experience with the diagnosis

of CBD.

2.5 | Study cohort and beryllium disease
follow‐back survey

This follow‐up study updates and extends the prior study and

includes 21,854 BTMed participants who had BeLPT blood tests

through September 30, 2020. We attempted to contact all living BeS

participants. The process of recruiting and interviewing participants

began on July 9, 2021 and concluded on October 25, 2021. Following

the IRB consent process, we mailed a personalized invitation letter to

all participants thought to be living and followed up by phone asking

if the participant was willing to participate. As in the prior follow‐back
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study in 2011, we conducted a structured interview by telephone

that assessed whether the participant had an additional diagnostic

evaluation; if so, where that evaluation was performed; and any

results. We also asked if the worker had filed a claim for BeS and/or

CBD with the DOL under provisions of EEOICPA.

A secondary study objective was to conduct a follow‐back survey of

workers within BTMed who had only a single positive BeLPT to estimate

the proportion that subsequently developed CBD, based on reporting

having an accepted EEOICPA claim for CBD. BeLPT single positive

workers had not been included in the 2011 study. We attempted to

contact all living BeLPT single positive participants and conduct a

structured interview as with confirmed BeS participants.

The diagnosis for CBD as used in this study was based on the

worker's report that he or she had a CBD claim accepted by DOL.

Additionally, two BeS workers and three workers with a single

positive BeLPT who were interviewed reported a diagnosis of CBD

but did not report that a CBD claim was filed and/or accepted by

DOL. CBD status of these five workers was based on physician

review of the interview, clinical records from the specialized centers,

and BTMed data. Medical record review confirmed CBD in only one,

who had an abnormal BeLPT test plus a diagnosis of sarcoidosis,

which would meet EEOICPA criteria for CBD.31

2.6 | Statistical analysis

Demographic and clinical data were summarized by calculation of means

and standard deviations of study parameters for continuous variables

(age, DOEwork time, and spirometry). Analysis of variance (ANOVA) was

used to assess differences by strata defined by BeLPT and CBD status.

Stratified analyses were used to explore trends in disease frequency by

age, race, sex, DOE employment duration, DOE site, trade group, and

cigarette smoking history. For categorical variables, χ2 tests were used to

assess general association between demographic variables and the

prevalence of BeLPT positive. Fisher's exact p‐values were calculated

where cell counts were less than five. Trends in prevalence were tested

for ordered categorical variables using a Cochran–Armitage trend test.

Using the interview results for those with BeS, we estimated the

proportion who developed CBD based on the ratio of CBD cases to

all BeS workers interviewed. In addition to stratified analyses, we

investigated associations between CBD status and DOE work

duration using multivariate Poisson regression models wherein the

model offset was the log of the number interviewed by DOE work

stratum. To avoid strata with small numbers, race was dichotomized

for these analyses into Caucasian and non‐Caucasian.

All analyses were conducted using SAS Version 9.4.32

3 | RESULTS

The study population included 21,854 workers with at least one

BeLPT through September 30, 2020. Among those tested, 212

(0.97%) had a single positive test only and 262 (1.20%) were found to

have BeS using the Former Worker Program criteria of one abnormal

plus one borderline or two abnormal BeLPTs. Demographic char-

acteristics by BeLPT status are presented in the Supporting

Information Materials (Supporting Information: Table S‐1). No

statistically significant differences were observed for BeLPT status

stratified by gender, race, smoking status, or self‐reported beryllium

exposure. Statistically significant differences were observed by age,

with BeS workers or those with BeLPT single positive tending to be

slightly older than workers with a normal BeLPT.

Table 1 provides estimates of BeLPT single positive and BeS

prevalence by age, gender, race, self‐reported beryllium exposure,

and smoking. While a slight trend of increasing BeS prevalence with

DOE site work duration was observed, a trend test was borderline

statistically significant (p = 0.1111). No trend was observed for years

of DOE site work and BeLPT single positive. Both BeLPT single

positive and BeS showed trends of increased prevalence with

increasing age.

Spirometry, chest X‐ray, and respiratory symptoms by BeLPT

category are presented in Table 2. No statistically significant

differences in mean percent predicted Forced Vital Capacity (FVC)

or Forced Expiratory Volume in the First Second (FEV1) were

observed by BeLPT status and the prevalence of chest X‐rays with

an International Labour Office (ILO) profusion score ≥1/0 was not

significantly different by BeLPT status. The prevalence of worker

reported chronic cough or chronic phlegm was significantly different

across BeLPT category; workers with a single positive test had a

higher prevalence of both symptoms. Mean Modified Medical

Research Council (mMRC) dyspnea scores were not significantly

different between BeLPT categories.

Figure 1 shows the results of the follow‐back survey of those

with BeS. Of the 262 BeS workers, 37 were deceased before being

interviewed and 48 were lost to follow‐up or declined to be

interviewed. We were able to interview 177 (78.7%) of living BeS

workers. The median interval between BTMed BeS determination

and interview was 85 months (interquartile range 45–146 months).

Table 3 provides BeLPT results, and the number of CBD cases

identified during the interviews by DOE site. CBD number tabula-

tions include 35 cases among those with BeS and six among those

BeLPT single positive. The prevalence of BeS was significantly

different by DOE site with the highest prevalence at Brookhaven

followed by the Kansas City Plant. The largest number of CBD cases

originated from sites with the largest number of participants (Oak

Ridge, Hanford, and Savannah River Site); however, we did not

calculate estimates of the proportion of BeLPT single positive or BeS

who developed CBD by site due to small numbers of cases and

resulting instability of any estimates. Overall, 35 (19.8%) of 177 BeS

interviewed were found to have CBD and six (8.8%) of 68 BeLPT

single positive workers were found to have CBD.

Table 4 shows BeS by trade, with a prevalence of ≥2% among

production workers, boilermakers, and sheet metal workers. Many trades

are included within the BTMed program resulting in small numbers of

BeS for some groups; no statistically significant differences by trade

group were observed. Likewise, CBD cases were dispersed among many
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different trade groups with the highest number among the “plumber,

steamfitters, pipefitter” group. As with site, we did not calculate

estimates of the proportion of BeLPT single positive or BeS who

developed CBD by trade due to small numbers of cases.

We also looked at simple Pearson correlations between the

prevalence of BeLPT single positive and BeS by site and trade. We

found a moderate correlation between the prevalence of BeLPT

single positive and BeS by DOE site (rho = 0.57) but only a weak

correlation by trade group (rho = −0.31).

Table 5 provides a comparison of demographic and clinical

characteristics based on BeS and CBD status. No statistically

significant differences were observed by BeS/CBD status by age,

gender, race, smoking status, spirometry, ILO profusion ≥1/0, or

respiratory symptoms of chronic cough or chronic phlegm. However,

TABLE 1 BeLPT positive prevalence by demographic strata

Strata
Workers
tested

Single positive BeLPT
(N = 212)

p value for
association or trenda

Be sensitized
(N = 262)b

p value for
association or trenda

Age category (years) N (prevalence %)

<45 1741 10 (0.57) 0.0044 10 (0.57) 0.0963

45–54 4273 35 (0.82) 52 (1.22)

55–64 6765 63 (0.93) 92 (1.36)

65+ 9075 104 (1.15) 108 (1.19)

Gender N (prevalence %)

Male 20,233 193 (0.95) 0.3559 237 (1.17) 0.1902

Female 1621 19 (1.17) 25 (1.54)

Racec N (prevalence %)

Caucasian 18,465 186 (1.01) 0.3167 222 (1.20) 0.9391

African American 2345 19 (0.81) 26 (1.11)

Hispanic 438 1 (0.23) 6 (1.14)

Asian 95 0 (0.00) 1 (1.05)

Other or Missing 511 6 (1.17) 8 (1.57)

Years of DOE site work, N (prevalence %)d

<5 10,366 90 (0.87) 0.4367 117 (1.13) 0.1111

5–14 5769 74 (1.28) 65 (1.13)

15–24 2958 26 (0.88) 45 (1.52)

25+ 2735 21 (0.77) 35 (1.28)

Self‐reported be exposure, N (prevalence %)

No reported

exposure

14,113 148 (1.05) 0.1128 171 (1.21) 0.8456

Reported

exposure

7741 64 (0.83) 91 (1.18)

Smoking statuse, N (prevalence %)

Never smoked 7782 66 (0.85) 0.2450 92 (1.18) 0.9388

Ever smoked 13,927 142 (1.02) 166 (1.19)

Abbreviations: BeLPT, beryllium lymphocyte proliferation test; DOE, Department of Energy.
aχ2 tests for dichotomous or nominal variables or one‐sided Cochran–Armitage trend test for ordered categorical variables. Exact p‐values calculated
where cell counts were 5 or less.
bBe sensitized workers included those with double positive BeLPT or those with single positive BeLPT and a borderline BeLPT. Statistical tests compare
BeLPT single positive and BeS to those with normal BeLPT.
cRace missing for 154 workers.
dYears worked at DOE could not be approximated from work histories for 26 workers.
eSmoking data missing for 145 workers.
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workers with CBD were employed at a DOE site significantly longer

than those with BeS only (p = 0.0011).

Under the assumption that CBD occurs only among those

sensitized, the risk of CBD among BTMed participants can be viewed

as the product of two conditional probabilities: the probability of BeS

given DOE site work and the probability of CBD given BeS. We did

not observe a statistically significant difference in the probability of

BeS by years of DOE site work (Table 1) and, overall, 1.20% of

workers in our study had BeS at the time of their BTMed

examination.

We sought to estimate the probability of CBD given BeS. Our

follow‐back interview studies of those with BeS in 2011 and 2021

could not interview 37 workers who were deceased and 48 workers

who were lost to follow‐up or declined to be interviewed. It is likely

that CBD cases were missed among those with BeS but not

interviewed. To address this issue, we analyzed the interview data

and calculated the ratio of CBD cases to BeS, stratified by years of

DOE work. These results are shown inTable 6. The proportion of BeS

workers who were interviewed was reasonably stable across

categories of DOE site work duration (58.5%−77.1%). However,

the crude ratio of CBD cases to workers interviewed increased by

category of DOE site work duration and the test for trend was

statistically significant (p < 0.0001). Among BeS workers with less

than 5 years of DOE site work, 8.4% had a CBD claim accepted by

EEOICPA and the percentage with an accepted claim increased to

33.3% among those with 25 or more years for DOE site work.

Adjusting for gender, race, and age in a Poisson regression model

confirmed the strong trend in the proportion of those with BeS who

developed CBD by DOE site work duration (p = 0.0096).

We asked about the mechanism of exposure to beryllium, if

known. Most workers interviewed had no clear understanding of how

or when their beryllium exposure occurred. There were a few

responses indicating proximity to beryllium metal grinding operations.

Of the 212 workers with a single positive BeLPT within BTMed,

59 were deceased before being interviewed and 85 were lost to

follow‐up or declined to be interviewed. We were able to interview

68 (44.4%) of living BeLPT single positive workers (Supporting

Information: Figure S1). The median interval between BTMed BeLPT

single positive determination and interview was 96 months (inter-

quartile range [IQR]: 45–160 months). Among the 68 workers with

single positive BeLPT who were interviewed, 41 (60.3%) reported

that they had filed a claim for BeS with DOL and 34 (50.0% of all

interviewed and 82.9% of those who filed a claim) had their claim

accepted. Eight of these workers with a single positive BeLPT

reported a diagnosis of CBD; of these seven reported they had filed

an EEOICPA claim for CBD and five of these reported their claim was

accepted. These were considered CBD confirmed. Physician review

of the medical documentation of the single positive workers who

reported CBD diagnosis but did not report an accepted EEOICPA

claim, determined one additional CBD confirmation. This brought the

number of confirmed CBD cases to six among the 68 interviewed

who had a single positive test (8.8%).

TABLE 2 Summary of spirometry, chest X‐ray B‐read, and respiratory symptoms by BeLPT status

Parametera
Workers tested with
data on parameter

Normal BeLPT
(N = 21,380)

Single positive
BeLPT (N = 212)

Be sensitized
(N = 262)

p value comparing
BeLPT categoriesb

Spirometry

Mean (SD) % predicted FVC 20,811a 86.4 (17.8) 83.9 (16.4) 85.6 (17.9) 0.1266

Mean (SD) % predicted FEV1 20,811 85.2 (20.9) 83.6 (19.5) 86.5 (22.0) 0.3369

Chest X‐ray ILO B‐readings with profusion ≥ 1/0

N (Prevalence %) 21,394a 890 (4.25) 8 (3.79) 9 (3.46) 0.7779

Respiratory symptoms

Chronic cough, N (prevalence %)c 21,854 7898 (36.9) 94 (44.3) 94 (35.9) 0.0792

Chronic phlegm, N (prevalence %)d 21,854 7595 (35.5) 93 (43.9) 95 (36.3) 0.0403

mMRC dyspnea scale, mean (SD)e 21,766 1.44 (1.59) 1.38 (1.52) 1.28 (1.48) 0.1850

Abbreviations: BeLPT, beryllium lymphocyte proliferation test; FEV1, Forced Expiratory Volume in the First Second; ILO, International Labour Office;
mMRC, Mean Modified Medical Research.
aNot all workers with a BeLPT participated in the PFT and B‐Read components of the examinations. Of the 21,854 workers with BeLPT tests, 20,811
(95.2%) had spirometry tests with data needed for predicted values using NHANES predictions and meeting American Thoracic Society criteria for
repeatability. 21,394 (97.9%) had a chest X‐ray with a B‐read.
bχ2 tests were used for categorical variables and ANOVA tests used for continuous variables.
cChronic Cough—“Yes” to “Do you usually have a cough?” and “Yes” to “Do you usually cough like this on most days for 3 consecutive months or more
during the year?”
dChronic Phlegm—“Yes” to “Do you usually bring up phlegm from your chest?” and “Yes” to “Do you bring up phlegm like this on most days for 3
consecutive months or more during the year?”
eModified Medical Research Council dyspnea scale. The scale ranges from 0 to 4 with a value of 4 being severe dyspnea. A total of 86 (0.4%) workers
lacked data sufficient to calculate the mMRC scale. The p‐value shown is based on a χ2 test with mMRC categorical (0–4).
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4 | DISCUSSION

Construction trade workers at DOE sites were generally unaware of

their beryllium exposures. Many first became aware of this when

they received an abnormal screening test result. This pattern reflects

the fact that many of our participants left DOE employment before

recognition of beryllium risks, but it also supports the need for

improved identification of exposure mechanisms in construction

work, improved worker education about beryllium exposure risk and

health hazards, and continued screening for BeS.

4.1 | Risk of beryllium exposure for construction
workers

OSHA contends that exposures to beryllium in construction and

shipyards are limited to primarily abrasive blasting in construction.

OSHA notes that its provisions were not intended to protect workers

from the effects of dermal contact with materials containing only

trace amounts of beryllium, in the absence of significant inhalation

exposure risk.14

Our findings suggest that OSHA has overlooked the risk to

construction workers on two counts. Construction workers are being

exposed to beryllium in complex, unpredictable ways, requiring

consideration of different control measures than provided for in the

F IGURE 1 Follow‐back survey results of workers beryllium
sensitization (BeS)

TABLE 3 BeLPT results and CBD cases by DOE sitea

DOE site
Workers
tested

Number single
positiveb

Prevalence single
positive (%)

Number
BeSb

Prevalence
BeS (%)

Workers
surveyedc

Number of CBD
casesc

Amchitka 129 2 1.55 2 1.55 2 0

Brookhaven Lab 524 9 1.72 27 5.15 24 1

Fernald (FMPC) 2159 11 0.51 17 0.79 20 2

Hanford 4020 51 1.27 50 1.24 38 5

INEEL 1150 14 1.22 14 1.22 13 1

Kansas City Plant 801 13 1.62 17 2.12 22 2

Mound 397 0 0.00 2 0.50 2 0

Oak Ridge 3676 33 0.90 46 1.25 48 14

Paducah 1038 14 1.35 11 1.06 11 1

Portsmouth 1139 17 1.49 4 0.35 5 2

Rocky Flats 943 6 0.64 4 0.42 7 1

Savannah River Site 4906 39 0.79 62 1.26 49 12

All Other Sites 972 3 0.31 6 0.62 4 0

All sites combined 21,854 212 0.97 262 1.20 245 41

Abbreviations: BeLPT, beryllium lymphocyte proliferation test; CBD, chronic beryllium disease; DOE, Department of Energy.
aData are shown separately for DOE sites with at least 100 workers having BeLPT tests.
bFisher's exact test of overall association of DOE site and BeLPT positive found prevalence of single positive to be significantly different by DOE site
(p = 0.0023). BeS prevalence was also significantly different by DOE site (p < 0.0001).
cIncludes Be S and single positive surveyed. CBD cases include those identified among workers BeS and those with a single positive BeLPT.
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standard. In addition, our findings suggest that dermal exposures may

be important contributors to the cause of BeS.

This study continued to show what we found in our past studies,

that among BeS workers, years of DOE site work predicts the risk of

developing CBD.15,21 This likely reflects those with significant

inhalation exposures. However, sensitization for many construction

trade workers is likely due to skin contact rather than inhalation,

based on the decreased risk of developing CBD (which is associated

with inhalational exposure) once sensitized, among construction

workers in comparison to production workers with greater

TABLE 4 BeLPT results and CBD cases by trade groupa

Trade group
Workers
tested

Number
single
positiveb

Prevalence single
positive (%)

Number
BeSb

Prevalence
BeS (%)

Workers
surveyedc

Number of
CBD casesc

Nonconstruction trades

Administrative/support 270 2 0.74 4 1.48 5 1

Production worker 142 0 0.00 4 2.82 1 0

Scientific/technical 515 3 0.58 5 0.97 5 0

Security 301 1 0.33 4 1.33 4 0

Service ‐ nonconstruction 167 3 1.80 1 0.60 1 0

All other nonconstruction
workers

1382 12 0.87 20 1.45 19 5

Construction trades

Boilermaker 415 2 0.48 10 2.41 8 2

Carpenter 1424 17 1.19 15 1.05 13 3

Cement mason/Brick

mason/Plasterer

374 3 0.60 1 0.27 3 0

Electrician 3550 38 1.07 42 1.18 40 4

Insulator/asbestos
Worker

572 5 0.87 9 1.57 5 1

Ironworker 1105 12 1.09 14 1.27 19 2

Laborer 3044 25 0.82 24 0.79 24 3

Machinist, mechanical
trades

291 3 1.03 3 1.03 1 0

Millwrights 357 4 1.12 6 1.68 4 3

Operating engineer 1261 15 1.19 8 0.63 14 2

Other construction
trades NEC

161 1 0.62 2 1.24 1 0

Painter 635 5 0.79 7 1.10 4 1

Plumber, steamfitter,
pipefitter

3467 38 1.10 42 1.21 39 8

Roofer 216 5 2.31 4 1.85 5 0

Sheet metal worker 1051 8 0.76 23 2.19 19 5

Sprinkler fitter 149 2 1.34 2 1.34 2 0

Teamster 809 6 0.74 10 1.24 7 1

Welders 196 2 1.02 2 1.02 2 0

All trade groups combined 21,854 212 0.97 262 1.20 245 41

aData are shown separately by trade for trades with at least 100 workers with BeLPT tests.
bFisher's exact test of overall association of trade group and BeLPT positive found prevalence of single positive to be not significantly different by trade
group (p = 0.8917). BeS prevalence was not significantly different by trade group (p = 0.1052).
cIncludes BeS and single positive surveyed. CBD cases include those identified among workers BeS and those with a single positive BeLPT.
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TABLE 5 Comparison of BeS interviewed workers by CBD status

Parameter
Be sensitized without CBD,
N = 144a

Be sensitized with
CBD, N = 35

p value comparing sensitized
and CBD casesb

Mean age (SD) 62.1 (10.4) 61.1 (9.4) 0.6198

Genderb

Male (%) 131 (91.0) 30 (85.7) 0.3541

Female (%) 13 (9.0) 5 (14.3)

Race

Caucasian (%) 126 (87.5) 28 (80.0) 0.0826

African American (%) 12 (8.3) 4 (11.4)

Hispanic (%) 4 (2.8) 0 (0.0)

Asian (%) 0 (0.0) 0 (0.0)

Other or missing (%)c 2 (1.4) 3 (8.6)

Mean years at DOE site (SD) 9.7 (11.5) 16.8 (11.1) 0.0011

Mean year first DOE work 1977 1974 0.3169

Self‐reported be exposure, N (%)

No reported exposure 99 (68.8) 18 (51.4) 0.0534

Reported exposure 45 (31.2) 17 (48.6)

Smoking statusd

Never smoked 56 (39.2) 13 (37.1) 0.8262

Ever smoked 87 (60.8) 22 (62.9)

Spirometryh

Mean (SD) % predicted FVC 87.8 (17.0) 88.4 (25.8) 0.8641

Mean (SD) % predicted FEV1 88.9 (20.2) 88.0 (28.2) 0.8435

Chest X‐ray ILO B‐readingse

Number (%) with profusion ≥

1/0

4 (2.8) 3 (8.6) 0.1383

Respiratory symptoms

Chronic cough (%)f 56 (38.9) 15 (42.9) 0.6669

Chronic phlegm (%)g 52 (36.1) 17 (48.6) 0.1743

mMRC dyspnea scale,
mean (SD)h

1.1 (1.3) 1.6 (1.6) 0.2008

aPercentages are column %. CBD status based on EEOICPA claim acceptance. Includes 3 CBD cases identified prior to 2011 survey as shown in Figure 1.
bχ2 tests were used for categorical variables and ANOVA tests used for continuous variables. Exact p values calculated with cell counts of 5 or less.
cRace missing for 3 workers.
dSmoking data missing for 1 worker.
eOne worker did not have chest X‐ray data and four did not have spirometry data.
fChronic Cough—“Yes” to “Do you usually have a cough?” and “Yes” to “Do you usually cough like this on most days for 3 consecutive months or more
during the year?”
gChronic Phlegm—“Yes” to “Do you usually bring up phlegm from your chest?” and “Yes” to “Do you bring up phlegm like this on most days for 3
consecutive months or more during the year?”
hModified Medical Research Council dyspnea scale. The scale ranges from 0 to 4 with a value of 4 being severe dyspnea. One worker was missing data
needed for calculation of the mMRC scale. For mMRC the p‐value shown is based on a chi‐square test with mMRC categorical (0‐4).
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inhalational risk.33 Although studies clearly show the increasing risk

of sensitization and CBD with increasing air levels of beryllium, there

are two case reports of CBD following BeS from skin exposure with

foreign bodies. One of these involved a machinist who also likely had

inhalational exposure, however, he developed BeS shortly after a

granulomatous skin reaction to accidental Be skin inoculation.19 The

other case involved a Be‐containing shrapnel injury followed by later

diagnosis of pulmonary sarcoidosis, with work‐up confirming BeS; in

this case, there was no known inhalation exposure.34 In our studies,

BeS is not strongly predicted by years of DOE site work, however,

there are other studies indicating BeS risk increases with duration of

exposure,17,18 as well as research showing no association between

the risk for BeS or CBD and duration of exposure.2,6,19

4.2 | Confusion about case definitions

The OSHA final rule on Occupational Exposure to Beryllium and

Beryllium Compounds in Construction and Shipyard Sectors dis-

cusses the controversies around defining beryllium sensitization as

well as CBD.14 The OSHA definition of BeS follows:

“This final rule defines confirmed positive to mean

(1) the person tested has had two abnormal BeLPT

test results, an abnormal and a borderline test result,

or three borderline test results, obtained within a

three‐year period; or (2) the result of a more reliable

and accurate test indicating a person has been

identified as having beryllium sensitization.”14

Meanwhile, the EEOICPA criteria for accepting a claim for BeS

follow:

“The medical evidence required to support a diagnosis

of beryllium sensitivity under both Parts B & E consists

of an abnormal Beryllium Lymphocyte Proliferation

Test (BeLPT) or Beryllium Lymphocyte Transformation

Test (BeLTT) that was performed on either blood or

lung lavage cells.”35

As noted, beryllium sensitization is defined in the DOE Former

Worker Programs as one abnormal plus one borderline BeLPT or two

abnormal BeLPT tests. We think there are several advantages to this

case definition. First, this is the definition recommended by the

National Research Council's Committee on Beryllium Alloy Expo-

sures, in their 2008 report on Managing the Health Effects of

Beryllium Exposure.36 Second, it eliminates the requirement for the

tests to be completed within specified time frame. For example,

OSHA's recent definition (which uses two abnormals, one abnormal

and one borderline or three abnormals) requires that the test results

be obtained within a 3‐year period.14 The requirement for the testing

to occur within 3 years is impractical for the BTMed program, which

has a 3‐year exam cycle, limiting the opportunity for repeat testing

for borderline results. Although the reason for this 3‐year testing

requirement is to encourage timely follow‐up and diagnosis of

sensitized workers, it may perversely limit access to benefits for

workers whose abnormal testing falls outside the 3‐year range, if

adopted by benefits programs as a rule. Third, although the OSHA

and the American Thoracic Society definitions include three border-

line BeLPTs as confirmation of BeS,37 under EEOICPA rules, three

borderline BeLPT results would not meet criteria for accepting a

claim for BeS.

4.3 | Implications for compensation

An interesting new finding in this study, not examined in our past

study, was that 8.8% of workers who had only a single positive BeLPT

went on to develop CBD and meet DOL claim acceptance criteria.

This provides support for the DOL program, which provides

continued BeLPT monitoring for those with a single positive LPT

and suggests the need for further research on this group of workers,

to understand their clinical course, which may not be as benign as

previously understood.

TABLE 6 Follow‐back interview results for those BeS by DOE work duration

Years of DOE
site work

Number
BeS (N = 262)

Number interviewed
(N = 179)a

Percent of BeS
interviewedb

CBD cases
(N = 35)a

Crude ratio, CBD cases
to interviewed (%)

Adjusted ratio CBD cases
to interviewed (%)c

<5 117 83 70.9 7 8.4 9.2

5–14 65 38 58.5 8 21.1 21.1

15–24 45 31 68.9 11 35.5 37.4

25+ 35 27 77.1 9 33.3 36.4

Abbreviations: BeS, beryllium sensitization; CBD, chronic beryllium disease; DOE, Department of Energy.
aIncludes the three CBD cases identified in 2011 based on worker contacts before the 2011 survey as noted in Figure 1. One of the two CBD cases lost to
follow‐up in 2011 was interviewed in 2021.
bPercent interviewed based on all BeS and includes deceased and lost to follow.
cPoisson regression model adjusting for race, gender, and age found years of DOE work to be significantly associated with CBD risk among workers BeS
(p = 0.0096). Race was categorized as Caucasian and non‐Caucasian in the regression model.
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4.4 | Strengths and limitations

Our study has several strengths and limitations. An important

strength is the large number of workers with BeLPT tests covering

many DOE sites and construction trades. These relatively large

numbers provided reasonably stable estimates of BeLPT positive

prevalence.

As with most follow‐back studies of older populations, many

workers were deceased or lost to follow‐up. Supporting Information:

Table S‐2 in the Supporting Information Materials provides statistical

comparisons of BeS workers interviewed and not interviewed. Those

interviewed and not interviewed did not differ significantly by

gender, race, mean years of DOE site work, mean year of first DOE

site work, or prevalence of chest X‐rays with an ILO profusion ≥1/0.

Workers not interviewed were slightly older (p = 0.0975), had a

slightly higher proportion who ever smoked (p = 0.0945), lower mean

percent predicted FVC (p = 0.0176), lower mean percent predicted

FEV1 (p = 0.0585), and a higher mMRC mean dyspnea scale score

(p = 0.0043). These comparisons suggest that the number of actual

CBD cases among those with BeS may be higher than our count as

those not surveyed appear to have poor lung function after

accounting for age in the percent predicted values. We did not

confirm either that self‐reported acceptance of CBD claim was

accurate, nor that the diagnosis was correct, which is a potential

limitation. However, in our previous study, chart review confirmed

the reliability of self‐reported accepted CBD claim as a surrogate

measure for the presence of CBD in all cases with available medical

records to review.21

To predict CBD risk among those with BeS, we estimated the

probability of CBD given BeS through analyses involving the ratio of

CBD cases to those with BeS who were interviewed. Our data

demonstrated a strong trend of increasing CBD risk with years of

DOE site work.

5 | CONCLUSIONS

Although the mechanism of exposure to beryllium among DOE

construction workers is not well understood, and beryllium sensitiza-

tion risk was not associated with DOE work duration, years of DOE

work predicts the risk of developing CBD among those sensitized.

Construction workers are likely to encounter beryllium exposures

more during maintenance and repair work than recognized in the

OSHA standard. It is important that more awareness—for workers,

employers, and regulators—is built around the potential for beryllium

exposure in construction.

This study also supports the DOL/EEOICPA case definition of

BeS based on a single abnormal BeLPT.
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