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Background A medical surveillance program was developed to identify current and
former construction workers at significant risk for beryllium related disease from work at
the DOE nuclear weapons facilities, and to improve surveillance among beryllium exposed
workers.
Methods Medical examinations included a medical history and a beryllium blood
lymphocyte proliferation test (BeLPT). Stratified and multivariate logistic regression
analyses were used to explore the risk of disease by age, race, trade, and reported work in
buildings where beryllium was used. After adjusting for covariates, the risk of BeS was
significantly higher among boilermakers, roofers, and sheet metal workers, as suggested in
the stratified analyses. Workers identified as sensitized to beryllium were interviewed to
determine whether they had been subsequently diagnosed with chronic beryllium disease.
Results Between 1998 and December 31, 2010 13,810 workers received a BeLPT through
the BTMed program; 189 (1.4%) were sensitized to beryllium, and 28 reported that they
had had a compensation claim accepted for CBD.
Conclusions These data on former construction workers gives us additional information
about the predictive value of the blood BeLPT test for detection of CBD in populations with
lower total lifetime exposures and more remote exposures than that experienced by current
workers in beryllium machining operations. Through this surveillance program we have
identified routes of exposures to beryllium and worked with DOE site personnel to identity
and mitigate those exposures which still exist, as well as helping to focus attention on the
risk for beryllium exposure among current demolition workers at these facilities. Am. J.
Ind. Med. � 2013 Wiley Periodicals, Inc.
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BACKGROUND

In 1993, Congress added Section 3162 to the Defense
Authorization Act, calling for the Department of Energy
(DOE) to determine whether workers within the nuclear
weapons facilities were at “significant risk” for work-related
illnesses and if so, to provide them with medical surveillance.
In 1996 DOE initially established six pilot programs,
including three programs directed at 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, SC.

By then, beryllium had been identified as a significant
source of occupational disease risk within the DOE complex,
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and in 1994 DOE issued its first Health Hazard Alert on the
subject (DOE, 1994). A blood test, known as the beryllium
lymphocyte proliferation test (BeLPT) had been developed
and accepted for screening of DOE workers for beryllium
sensitization [Kreiss et al., 1993] and cases of both beryllium
sensitization and chronic beryllium disease were being
identified in growing numbers [Newman et al., 1996]. At
some facilities, vocal advocacy groups of workers affected by
beryllium exposures were demanding a reckoning for having
been placed at risk. By 1996, DOE had established an interim
Chronic Beryllium Disease Prevention Program rule, which
was finalized in 1999 [Department of Energy, 1999]. In 2000,
the Energy Employees Occupational Illness Compensation
Act made beryllium sensitization and chronic beryllium
disease in workers who had been employed in DOE facilities
eligible conditions for compensation.

Beryllium usage within the DOE complex had been
cloaked in secrecy, but since 2000, there has been an
explosion of information about it. The Department of Labor’s
DOE Site Exposure Matrix (SEM) data base, includes 190
pages in total of listings of occupations, buildings, facilities,
and processes throughout the DOE complex where there may
have been opportunities for occupational exposures [DOL,
2013].

For instance, at Hanford, a needs assessment that was
performed in 1996–1997 prior to beginning of medical
surveillance identified beryllium usage in five buildings
where fuel fabrication or research and development had been
performed [Takaro et al., 2002]. By 2012, the official Hanford
website listed 73 current and 38 former beryllium facilities
and areas [DOE Hanford, 2013].

In prior analyses we have reported on the prevalence of
beryllium sensitization among these construction workers.
Here we update our prior analysis and present data on the
prevalence of chronic beryllium disease among the workers
with beryllium sensitization. This updated data on our former
construction workers gives us additional information about
the performance of the Blood BeLPT test, and its predictive
value for CBD in populations with lower total lifetime
exposures and more remote exposures than that experienced
by current workers in beryllium machining operations.

MATERIALS AND METHODS

Surveillance Program Overview

We have previously described the development and
administration of the Building Trades National Medical
Screening (BTMED) program as well as prevalence of
respiratory diseases, hearing loss, beryllium sensitization,
and mortality patterns among construction workers at
Department of Energy (DOE) sites [Dement et al., 2003,
2005, 2009, 2010; Welch et al., 2004]. Our previous

publication [Welch et al., 2004] presented BeLPT surveil-
lance results among 3,842 workers from Hanford Nuclear
Reservation in Richland, Washington, the Oak Ridge
Reservation in Oak Ridge, Tennessee, and the SRS in Aiken,
South Carolina through September 1, 2002. Since the 2004
publication the number of DOE sites has been considerably
expanded and currently includes 27 sites.

Participation in the medical screening programs is
voluntary and without cost to workers. Workers participate
in these programs only after signed informed consent. The
study has been reviewed by the CPWR IRB as well as by two
IRBs established by the Department of Energy, one of which
focused exclusively on beryllium programs. Details con-
cerning worker outreach and enrollment have been previous-
ly published [Dement et al., 2003, 2005; Welch et al., 2004].
Construction workers potentially eligible for participation are
identified through multiple sources including union rosters,
contractor records where available, media advertisement, and
presentations at worker meetings. The Building Trades
National Medical Screening Program operates a website
(http://www.btmed.org) to provide workers with information
about the program, instructions for participation, and health
information. Ten staffed outreach offices are located in
regions with covered DOE sites.

The screening program uses a two-step design with the
initial step consisting of an intake questionnaire followed by a
detailed work history interview. The medical examination
includes a detailed medical history, smoking history, physical
examination, and tests for medical effects from specific
hazards. Workers were asked about beryllium exposures in
three broad areas: (1) performing or working around
maintenance, repair, renovation or demolition, (2) specifical-
ly working with or around beryllium, and (3) working in
buildings or areas with potential exposures to beryllium. For
each component of the occupational history, exposures to the
task, material, or buildingwere ranked qualitatively on a scale
of 1–5; this process, and the details of the examination
protocol are described in detail in prior publications [Dement
et al., 2003, 2010]. Workers included in these analyses
covered a broad array of building trades. Some trades
performing similar tasks were grouped for the current
analyses using groups previously defined for our study of
COPD among these workers [Dement et al., 2010]. Very few
of workers were employed in multiple trades at these DOE
sites (approximately 3%) and these workers were classified in
trade of longest duration. Approximately 21% of workers
reported having worked at more than one DOE site and these
were classified according to the site of longest work duration.
In preliminary analyses, we investigated the prevalence of
BeS among those who reported having worked at multiple
DOE sites and found no significant difference in prevalence
of BeS among these workers.

Most construction trades at DOE sites were unaware of
their potential exposures to beryllium; therefore, we reduced
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worker reported exposure ranking for beryllium exposure or
tasks associated with beryllium to a dichotomous ranking of
ever versus never reported exposure. Workers were classified
as having a beryllium exposure if they reported exposure to
beryllium as a material or reported having performed a task
with potential exposure to beryllium.

Beryllium Disease Surveillance

The beryllium screening relies on a medical history and
examination, which includes a respiratory history and
symptom questionnaire, posterior–anterior (P-A) chest
radiograph and spirometry, and a blood lymphocyte
proliferation test (BeLPT) according to the standard DOE
protocol. Details of the BeLPT clinical decision logic that is
applied was described in detail in our prior publication
[Welch et al., 2004]. Briefly, the first step is to collect a blood
sample, which is delivered for processing at a single DOE-
designated laboratory. The laboratories use approved proto-
cols for processing a blood BeLPT. If the initial BeLPT is
abnormal, borderline or not interpretable, the worker is
referred for a second BeLPT. Prior to 2007 the blood sample
was split and sent to two laboratories; after 2007 the second
BeLPT was sent to one laboratory only.

The respiratory history and symptom questionnaire was
adapted from the American Thoracic Society (ATS) DLD-78
questionnaire [Ferris, 1978]. The chest radiograph is
classified by a B-reader according to International Labor
Office (ILO) Classification of Radiographs of Pneumoconio-
sis [International Labour Office, 2002; International Labour
Office, 2011]. For purposes of the analyses presented in this
report, a parenchymal abnormality is defined as a profusion
score of 1/0 or greater.

All participating clinical facilities agree to obtain
spirometry according to ATS standards [1995; Miller et al.,
2005]. An occupational health nurse, with training in review
of spirometry, reviews all spirometry results and feedback is
given to the clinical provider about test results not meeting
ATS standards. If necessary, workers are asked to repeat the
spirometry at a later date if their initial test results are not
interpretable. In addition, the surveillance program medical
director reviews spirometry performance for all clinical
facilities annually, and provides a detailed report to each
clinic on their spirometry performance. The medical director
collaborates with the clinics to improve performance as
needed, resulting in several clinics purchasing more updated
equipment and sending technicians for additional spirometry
training [Dement et al., 2003, 2010].

Beryllium sensitization (BeS) is defined as one abnormal
plus one borderline or two abnormal tests. Participants found
to be BeS are referred for CBD medical evaluations. Prior to
2003 this referral was through a programmanaged by the Oak
Ridge Institute for Science and Education (ORISE), and since

that date referrals are supported by the EEOICPA program
within the Department of Labor Office of Workers
Compensation Program. The evaluation provided at desig-
nated CBD clinical centers generally included physical
examination, chest X-ray, chest CT, pulmonary function tests,
pulmonary exercise study, and bronchoscopy with lavage
and/or biopsy, although the contents the evaluation are up to
the examining physician. Although the workers are free to see
a physician of their choice, visits to these specialized centers
were encouraged because of the centers experience with
diagnosis of CBD.

The diagnosis for CBD as used in this studywas based on
the worker’s report that he or she had a claim accepted for
CBD by the Department of Labor, which uses this definition:

“The medical documentation must include: an abnormal
beryllium lymphocyte proliferation test (BeLPT), or an
abnormal beryllium lymphocyte transformation test
(BeLTT), performed on either blood or lung lavage cells;
lung pathology consistent with CBD; plus including any of
the following:

� A lung biopsy showing granulomas or a lymphocytic
process consistent with CBD.

� AComputerized Axial Tomography (CAT) scan showing
changes consistent with CBD.

� A pulmonary function study or exercise tolerance test
showing pulmonary deficits consistent with CBD.”

All data collected by these programs are stored in a SQL
data management system (DMS). In addition to providing
data storage and management capability, the DMS is used
extensively for program management, quality control, and
reporting. For these analyses, custom queries were developed
to extract appropriate demographic, work history, exposure
history, and medical information. These data were converted
to SAS data sets for statistical analyses. All analyses used de-
identified data.

Beryllium Disease Follow-Back Survey

In 2011 we attempted to contact all participants with BeS
who had been examined between 1998 and December 31,
2010. We conducted a structured interview by telephone that
assessed whether the participant had had additional diagnos-
tic evaluation, where that evaluation was performed, and the
results. BeS was defined as a confirmed abnormal BeLPT or
an abnormal plus a borderline BeLPT. We requested
permission to obtain medical records for all those who had
had additional evaluation for BeS (N ¼ 86). We also asked if
the worker had filed a claim for BeS or CBD with the Energy
Employees Compensation Program (EEOICPA), which
provides medical care for BeS and CBD and additionally
provides a one-time $150,000 payment for CBD if the worker
meets the criteria set by the act.

Beryllium Screening Among Construction Workers 3



Statistical Analysis

Both descriptive and multivariate analysis methods were
used. Demographic data were summarized by calculation of
means and standard deviations of study parameters for
continuous variables (age and DOE work time) and analysis
of variance (ANOVA) was used to assess differences across
sites. Stratified analyses were used to explore trends in
disease frequency by age, race, sex, employment duration,
DOE site, trade group, time period since last having been
employed at a DOE facility, and cigarette smoking history.
Time since last having been employed at a DOE facility was
calculated as the difference in years between the BTMed
exam year and year of last DOE facility work. For categorical
variables chi square tests and Fisher’s exact tests were used to
assess association between demographic variables and the
prevalence of BeLPT positive and trends in prevalence were
tested for ordered categorical variables using the Cochran–
Armitage trend test.

Unconditional logistic regression was used to further
explore the risk of BeLPT sensitization by duration of DOE
employment, worker reported exposure to beryllium, DOE
site, and trade group, while controlling for potential
confounders such as age, race, sex, cigarette smoking, and
time period since last having worked at a DOE facility. For the
unconditional regression analyses, a “case” was defined as
any worker BeLPT sensitized. We sought the most
parsimonious model and began by building a base model
that included age, gender, and race, retaining all variables
with a Type III analysis of effects of P < 0.05 or those whose
removal led to a �10% change in other predictor variables.
After fitting the base model other model parameters were
entered and evaluated using these same criteria but retaining
the base model parameters. Model fit was further evaluated
using the Akaike’s Information Criterion (AIC).

All analyses presented in this report were conducted
using PC SAS Version 9.2 [SAS Institute, Inc., 2008].

RESULTS

Surveillance Data

Between 1998 and December 31, 2010 13,810 workers
received a BeLPT through the BTMed program. Of those
receiving BeLPT tests 189 (1.4%) were sensitized to
beryllium. The proportion diagnosed with BeS was not
significantly different before and after 2007, the year where
we changed from a split sample for confirmatory test to a
single sample. There were 33 individuals who had a single
positive BeLPT and did not return for a confirmatory test, so
our proportion with BeS may be an under-estimate. Those
who did not have a confirmatory test did not differ from those
who did in race, age, gender, trade or DOE site. As of

December 2010 168 participants had BeS and were still alive
(see Fig. 1). Among these, 29 were lost to follow-up and 3
refused an interview or were too ill to participate. Of the 136
individuals interviewed, 9 had never filed a claim for
compensation with EEOICPA, 16 had either had the claim
denied, or never received a medical card needed to pay for
medical evaluation; only 1 of these individuals without a
medical card from EEOICPA had any further diagnostic
testing. An additional 25 individuals who had received a
medical card had not sought diagnostic testing for CBD.

Eighty-six individuals had additional diagnostic testing,
of whom 64 went to a center with expertise in diagnosis of
CBD and 22 went to a doctor not affiliated with one of those
centers. Twenty-five individuals reported that they had had a
claim accepted by EEOICPA for CBD, of whom 23 were
evaluated at a specialized center. We had conducted a similar
follow-back survey in 2004, and from that survey identified 1
additional case of CBD who subsequently had died and 2 lost
to follow-up in the current survey; all 3 had had their
evaluations at a specialized center.

We requested medical records for all participants who
reported they sought any additional medical follow-up for
BeS; we were able to obtain at least partial records on about
50% of these individuals. Among the group for which we
received records we were able to substantiate the diagnosis of
CBD in all the cases who reported a diagnosis. The criteria
used by the Department of Labor to define the case of CBD
are more inclusive than those generally used by academic
centers; not all of the individuals who reported a diagnosis of
CBD would meet the generally accepted medical diagnostic
criteria but they did meet the Department of Labor criteria.

Overall, 15% of those workers with BeS reported that
they were diagnosed with CBD. For the subset of workers
who received additional diagnostic testing, 36% of those
sensitized workers who went to a specialized center for
evaluation. Thirty percent of all sensitized workers who went
for any additional evaluation were diagnosed with CBD.

Table I shows the demographic characteristics of
construction workers by BeLPT category (normal, uncon-
firmed positive, and beryllium sensitized). Workers with
normal BeLPT results were slightly younger and less likely to
have ever smoked, but did not differ by gender or race from
the other two groups. The workers with CBD had worked
longer at a DOE site than sensitized workers without CBD,
but otherwise did not differ in age, gender, race or smoking
status (Table II).

Tables III and IV show the prevalence of BeS and CBD
byDOE site and by trade respectively. The overall prevalence
of BeS was 1.4% (95% CI ¼ 1.2–1.6); however, significant-
ly higher crude prevalence was observed among workers
employed at Brookhaven and Kansas City. Boilermakers,
roofers, and sheet metal workers were found to have a
prevalence of BeS of 2.0% or greater. A few trades were
grouped for these analyses and among those grouped, only
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the trade group “Plumber, Steamfitter, and Pipefitter” had
sufficient Be sensitization cases for meaningful sub-analyses
by specific trade. A chi-square test of BeS prevalence for
trades within this larger group failed to detect significant
differences (P ¼ 0.41).

Overall, 26.5% of workers reported ever having a known
Be exposure or having performed a task with potential Be
exposure. These self-reported Be exposures (ever vs. never)
were not found to be higher among the trades or sites with a
higher prevalence of BeS, suggesting that workers were
generally not aware of their Be exposures. In crude analyses
workers who were BeS were found to have a higher
prevalence of self-reported exposure to Be (31.2% vs. 26.4%)
(Table I), with the difference across BeLPT category
approaching statistically significance (P ¼ 0.17).

Pulmonary function, ILO B-reader results, and respira-
tory symptoms by BeLPT and CBD status are presented and
compared in Table V. No statistically significant differences
were detected comparing workers by BeS and CBD status.

Results of the logistic regression modeling of BeS are
presented in Table VI. The final model included age, race,
trade group, DOE site, and worker reported beryllium
exposure. By AIC criteria, the best fitting model did not
include trade group; however, analyses of the effects of
excluding trade group on other model parameters found
significant changes in the model parameters by site; therefore,
trade group was retained in the final model. Reference cells
for site (Savannah River) and trade (electrician) were chosen
to approximate the overall prevalence and to assure stability
of reference cell prevalence estimates; therefore, odds ratios
by site and trade group can be interpreted as deviations from

the overall average. We did not choose workers classified in
the trade group “Administrative, Scientific, Security,” as the
reference category as only four Be sensitization cases were
found in this group, resulting in somewhat unstable
prevalence rates in this group.

The risk of BeS increased with age andwas slightly lower
for non-whites. After adjusting for covariates, the risk of BeS
was significantly higher among boilermakers, roofers, and
sheet metal workers, as suggested in the stratified analyses
(Table IV). Years since last having worked at a DOE site (<10
and �10) was not significantly associated with BeS. Only
workers at Brookhaven had an elevated BeS risk relative to the
approximate overall mean. The risk among workers at the
Kansas City Plant was elevated but not statistically different
from the overall mean. Worker self-reported exposure to Be
was moderately but significantly associated with risk of BeS
in the fully adjusted regression model, consistent with the
crude analyses which found workers who were BeS had a
higher prevalence of self-reported Be exposures.

We performed several additional analyses to determine if
could explain the higher prevalence of BeS at Brookhaven
using the data at hand. At Brookhaven a greater proportion of
workers tested were members of the “Electrician” (46%) and
“Plumber, Steamfitters, Pipefitter” (29%) trades compared to
the overall distribution across all sites (18% and 19%,
respectively). However, self-reported exposure to Be was
actually somewhat lower at Brookhaven compared to all sites
combined (3.0% vs. 26.5%), suggesting that Brookhaven
construction workers were, by and large, unaware of their Be
exposures. Additional investigation is needed regarding the
higher risk of BeS at Brookhaven.

FIGURE1. One hundred eighty-nine workers had beryllium sensitization, 28 were diagnosed with CBD.
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DISCUSSION

Screening workers with potential beryllium exposure
using a blood BeLPT test is generally accepted as a valid
indictor of both exposure and probability of developing
subsequent chronic beryllium disease [Fontenot et al., 2000;
Maier, 2001; Newman et al., 2001; Kreiss et al., 2007; Mroz
et al., 2009]. Chronic beryllium disease of the lung can be
disabling, even fatal [Stoeckle et al., 1969; Meyer, 1994].
Treatment at an early stage for similar granulomatous
diseases of the lung, such as sarcoidosis, can prevent disease
progression [Rossman, 2001; Sood, 2009]. There is therefore
a clear rationale for early detection of CBD, and a clear reason
to screen for sensitization in populations at risk for CBD.

Our data on beryllium screening continues to show
patterns we reported in 2004; both the rate of BeS (1.4%) and
the ratio of CBD/BeS (between 15% and 35%) are lower than
those reported in a number of other populations, such as
currently exposed workers in production facilities. This is not
unexpected since our population has a different exposure

profile than the populations in other research studies. Our
participants were construction workers who were unlikely to
have worked directly with beryllium in operations such as
machining, and whose exposure is hypothesized to have
occurred by skin contact with beryllium-contaminated
surfaces and with inhalation of re-entrained beryllium dust.
In addition, our workers had to have left construction
employment at the site to be eligible for the BTMed screening
program and many had left employment years before the
examination took place, and there is some evidence that
beryllium sensitization wanes with time [Schuler et al., 2005,
2008, 2012; Cummings et al., 2007; Bailey et al., 2010]. This
may be due to a variation in immune response over time, or
the use of different testing laboratories [Kreiss et al., 2007].

For all sites combined, 57% of our participants with a
single abnormal blood BeLPTwere confirmed abnormal with
a second test; this ratio has been reported as high as 80%. We
also found a prevalence of CBD somewhat lower than other
exposed groups. There were 28 diagnosed cases of CBD, a
prevalence of 15% overall, and a prevalence of 30–35%

TABLE I. Demographic Characteristics of ConstructionWorkers by BeLPTCategory

Parameter
Normal BeLPT

(N ¼ 13,489), N (%)

Single
positive BeLPT
(N ¼ 133), N (%)

Be sensitizeda

(N ¼ 189), N (%)
Statistical significance

comparing BeLPTcategoryb

Mean age (SD) 60.1 (12.9) 61.1 (12.1) 61.6 (10.8) P < 0.05
BeLPTprevalence by age category (years) P < 0.05
<45 1,478 (99.0) 7 (0.5) 8 (0.5)
45^54 3,308 (97.7) 33 (1.0) 45 (1.3)
55^64 3,872 (97.5) 36 (0.9) 65 (1.6)
65þ 4,830 (97.4) 57 (1.2) 71 (1.4)

Be LPTprevalence by genderc NS
Male 12,717 (97.7) 121 (0.9) 176 (1.4)
Female 766 (97.0) 12 (1.5) 12 (1.5)

Be LPTprevalence by raced NS
Caucasian 11,593 (97.6) 116 (1.0) 168 (1.4)
African-American 1,331 (98.3) 12 (0.9) 11 (0.8)
Hispanic 194 (98.0) 1 (0.5) 3 (1.5)
Asian/Hispanic 36 (100.0) 0 (0.0) 0 (0.0)
Alaskan/Indian 80 (97.7) 2 (2.4) 0 (0.0)
Other or missing 254 (96.6) 2 (0.8) 7 (2.7)

Mean years at DOE site (SD)e 9.1 (9.8) 9.5 (9.2) 10.2 (11.1) NS
Self-reported be exposure 3,561 (26.4) 41 (30.8) 59 (31.2) NS
Be LPTprevalence by smoking statusf P < 0.05
Never smoked 4,453 (98.0) 30 (0.7) 60 (1.3)
Ever smoked 8,202 (97.5) 92 (1.1) 119 (1.4)

aBe sensitizedworkers included thosewith double positive BeLPTs or thosewith single positive BeLPTand a borderline BeLPT.
bChi-square testswere used for categorical variables and ANOVAtests used for continuous variables.NS ¼ P > 0.05.
cGendermissing for six workers.
dRacemissing for173workers.
eYearsworked at DOE could not be approximated fromwork histories for 42workers.
fSmoking data missing for 854workers.
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among the workers with a confirmed abnormal BeLPT who
completed diagnostic evaluation. In other cross-sectional
studies, a variable but substantial percentage of workers
(often over 50%) who are sensitized are found to have CBD
after further diagnostic evaluation; this proportion varies by
industry and other exposure characteristics [Schuler
et al., 2005, 2012; Cummings et al., 2007; Kreiss
et al., 2007; Mroz et al., 2009; Bailey et al., 2010]. Why
might our workers have a lower prevalence of CBD among
those with BeS than the prevalence expected from studies of
workers in other industries?

Biologically, the dose to the lung must be an important
determinant of the risk of CBD. Exposure to beryllium leads
to T cell activation, but the amount of actual inflammation in
the lung (and thus CBD) depends on the accumulation of
these activated T cells. The presence of activated T cells in

turn would depend, to some degree, on the amount of
beryllium resident in the lung to stimulate granuloma
formation and the efficiency of antigen presentation with
its known genetic determinants [Maier et al., 2002]. Epide-
miologic studies have shown a dose–response relationship
between beryllium exposure and CBD, but have not found a
strong dose response relationship for beryllium sensitization.
Stange et al. [2001] describe the prevalence of beryllium
sensitization (defined as a confirmed abnormal blood BeLPT)
and CBD among workers at Rocky Flats tested through on-
going beryllium surveillance. As years of exposure increased,
the proportion of those examined who had CBD also
increased, but the proportion of sensitization without CBD
did not increase. The CBD rate increased from 0.5% among
workers with fewer than 5 years of employment to 3.72%
among those with 20–25 years worked at Rocky Flats while

TABLE II. Comparison ofWorkers BeLPT Sensitized and Diagnosed CBD

Parameter
Be sensitized but not

diagnosed CBD (N ¼ 161)
Be sensitized and

diagnosed CBD (N ¼ 28)
Statistical Significance

comparing sensitized and CBD casesa

Mean age (SD) 61.5 (11.1) 61.8 (9.6) NS
Age category (years) NS

<45 (%) 7 (4.3) 1 (3.6)
45-54 (%) 39 (24.2) 6 (21.4)
55-64 (%) 55 (34.2) 10 (35.7)
65þ (%) 60 (37.3) 11 (39.2)

Genderb NS
Male (%) 152 (95.0) 24 (85.7)
Female (%) 8 (5.0) 4 (14.3)

Racec NS
Caucasian (%) 143 (88.8) 25 (89.2)
African-American (%) 9 (5.6) 2 (7.1)
Hispanic (%) 3 (1.9) 0 (0.0)
Asian/Hispanic (%) 0 (0.0) 0 (0.0)
Alaskan/Indian (%) 0 (0.0) 0 (0.0)
Other or missing (%) 6 (3.8) 1 (3.6)

Mean years at DOE site (SD) 9.2 (10.7) 16.0 (11.9) P < 0.05
Years worked at DOE category (years) P < 0.05

<5 84 (52.2) 7 (25.0)
5^14 39 (24.2) 6 (21.4)
15^24 20 (12.4) 7 (25.0)
25þ 18 (11.2) 8 (28.6)

Mean year first DOE work 1976 1973 NS
Smoking statusd NS

Never smoked 51 9
Ever smoked 102 17

aChi-square testswere used for categorical variables and ANOVAtests used for continuous variables.NS ¼ P > 0.05.
bGendermissing for oneworker BeLPTsensitized.
cRacemissing for oneworker BeLPTsensitized.
dSmoking data missing for eight workers BeLPTsensitized and twoworkerswith CBD.
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the rate of sensitization without CBDwas 3% among workers
with less than 5 years at the plant, and increased to at most 4%
in groups with more years of exposure. The ratio of CBD/all
sensitized was 35% among the Rocky Flats workers

described by Stange et al. [2001]. This ratio was 14% in
those workers with fewer than 5 years of employment at
Rocky Flats, and increased to 65% among workers with more
than 20 years of work at the facility.

TABLE III. Prevalence of Beryllium Sensitivity and Number of CBD CasesAmong ConstructionWorkers by DOE Site*

DOE site Workers tested Number sensitized

Be sensitivity prevalence (%)a,b

Number of CBD casesPrevalence 95% LCL 95% UCL

Brookhaven Lab 435 24 5.5 3.6 8.1 1
Fernald (FMPC) 1,298 15 1.2 0.7 1.9 1
Hanford 2,259 30 1.3 0.9 1.9 4
INEEL 705 6 0.9 0.3 1.8 1
Kansas City Plant 503 15 3.0 1.7 4.9 0
Mound 267 2 0.8 0.1 2.7 0
Oak Ridge 2,498 34 1.4 0.9 1.9 10
Paducah 728 11 1.5 0.8 2.7 1
Portsmouth 874 2 0.2 <0.1 0.9 1
Rocky Flats 529 3 0.6 0.1 1.7 1
Savannah River Site 3,153 45 1.4 1.0 1.9 8
All Other Sites 561 2 0.4 <0.1 1.3 0
ALL SITES 13,810 189 1.4 1.2 1.6 28

aFisher’s exact confidence limits.
bChi-square tests for overall association of DOE site and BeLPTsensitization foundprevalence to be significantly different by site (P < 0.05).
�Data are shown separately by DOE site for siteswith at least100workerswith BeLPT tests.

TABLE IV. Prevalence of Beryllium Sensitivity and Number of CBD CasesAmong ConstructionWorkers byTrade*

Construction trade Workers tested Number sensitized

Be sensitivity prevalence (%)a,b

Number of CBD casesPrevalence 95% LCL 95% UCL

Administrative, scientific, security 223 4 1.8 0.5 4.5 0
Asbestos worker, insulator 383 7 1.8 0.7 3.7 1
Boilermaker 274 8 2.9 1.3 5.7 1
Carpenter 929 9 1.0 0.4 1.8 1
Cement mason, brick mason, plasterer 227 1 0.4 <0.1 2.4 0
Electrician 2,495 35 1.4 1.0 2.0 2
Ironworker 758 11 1.5 0.7 2.6 1
Laborer 1,930 17 0.9 0.5 1.4 3
Millwright, machinist, mechanical trades 402 6 1.5 0.6 3.2 3
Operating engineer 790 8 1.0 0.4 2.0 2
Painter 399 5 1.3 0.4 2.9 1
Plumber, steamfitters, pipefitter 2,653 34 1.3 0.9 1.8 8
Roofer 108 3 2.8 0.6 7.9 0
Sheet metal worker 786 19 2.4 1.5 3.8 3
Teamster 465 6 1.3 0.5 2.8 0
All other trades 988 16 1.6 0.9 2.6 2
All trades 13,810 189 1.4 1.2 1.6 28

aFisher’s exact confidence limits.
bChi-square tests for overall association foundprevalence not significantly different by trade (P > 0.05).
�Data are shown separately by trade for tradeswith at least100workerswith BeLPT tests.
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Viet et al. [2000] also found that years of employment, an
estimate of cumulative exposure, and an estimate of mean
exposure all were significantly greater for the CBD cases than
for their control group. For sensitization, although the results
were consistently in the same direction, there was no
significant difference in these exposure groupings between
cases of sensitization and their control group. These studies
suggest that inhalation exposure to beryllium is more strongly
linked to the risk for CBD than to the likelihood of
sensitization. These data suggest the exposure to construction
workers at the DOE facilities was lower than that of
production workers machining beryllium at Rocky Flats.

There exists a genetic susceptibility to BeS and CBD. In
a large case control study Van Dyke reported the presence of
HLA-DPB1 E69 genotype conferred increased odds for both
BeS and CBD, as had been shown in other studies
[McCanlies et al., 2003, 2010; Silveira et al., 2012]. Van
Dyke found that increased exposure was associated with
CBD whether considering self-reported exposure assess-
ments or quantitative exposure reconstructions [Van Dyke
et al., 2011a,b]. However, no exposure–response relationship
was apparent for BeS, even with inclusion of genetic risk
factors. Van Dyke also noted that BeS case subjects were
overrepresented in the lowest lifetime weighted average
exposure quartile; more than one-third of BeS case subjects
never worked in areas or processes where exposures
exceeded 0.02 mg/m3.

The lower prevalence of CBD among those construction
workers with BeS might be due to dermal exposure to
beryllium. Dermal exposure can cause sensitization [Day
et al., 2006; National Research Council, 2008]. Additional
information on the role of skin contact comes from studies of
prevention programs that include strict measures to prevent
skin contact showing these programs are more effective in

prevention of BeS than programs that focus primarily on
preventing inhalation exposure [Cummings et al., 2007;
Bailey et al., 2010; Schuler et al., 2012]. In addition, the form
of beryllium may be important in sensitization through the
skin, because some forms, such as soluble metals, may make
beryllium more bioavailable [National Research
Council, 2008]. We can presume dermal exposure without
respiratory exposure would not lead to lung disease. If the
predominate exposure for our construction workers were
dermal, we would expect a lower proportion of CBD among
sensitized workers.

DOE has been conducting surveillance among current
and former workers with less direct exposure, or potential
exposure, to beryllium thanworkers in berylliummanufactur-
ing. Rocky Flats, Y12, and K25 (both sites within Oak Ridge)
were DOE facilities with significant use of beryllium, and
were the first facilities targeted for medical examination
programs; other sites were added over time but had used less
beryllium than the aforementioned sites. The prevalence of
sensitization is similar among these DOE facilities; at Rocky
Flats 3.7% are sensitized, 2.7% at Pantex, 3.07% at Lawrence
Livermore, and 2.0% at Kansas City Plant. However, among
those sensitized workers who underwent bronchoscopy, the
rate of CBD varies markedly. At Rocky Flats, 45% of those
completing a diagnostic evaluation have CBD, while at
Pantex, Lawrence Livermore, and Kansas City these rates
were 25%, 13%, and 14% respectively [Stange et al., 2003].
These data suggest that the positive predictive value of an
abnormal Blood BeLPT, as expressed as the ratio of CBD/
CBD þ BeS, goes down at facilities with more limited use of
beryllium than Rocky Flats.

There are several limitations to this study. Participation
was voluntary and it may be the case that workers who were
aware of beryllium exposure were more likely to participate.

TABLE V. Summary of Pulmonary Function, Chest X-Ray B-Reads, and Respiratory Symptoms by BeLPTStatus

Parametera Workers with normal BeLPt Be sensitized but not diagnosed CBD Be sensitized and diagnosed CBD

Pulmonary function
Mean (SD) percent predicted FVC 87.1 (19.2) 86.4 (18.6) 88.6 (26.9)
Mean (SD) percent predicted FEV1 85.8 (22.2) 87.9 (21.7) 89.2 (29.2)

Chest X-ray B-readings
Number (%) of parenchymal changes�1/0 629 (4.8) 6 (3.8) 3 (11.1)

Respiratory symptoms
Cough (%) 3,821 (36.1) 36 (29.0) 5 (27.8)
Phlegm (%) 3,852 (35.6) 44 (33.9) 8 (38.1)
Dyspnea Grade1 (%) 2,005 (14.7) 31 (19.3) 7 (25.0)
Dyspnea Grade 2 (%) 149 (1.1) 4 (2.5) 0 (0.0)

aNotallworkerswithBeLPTparticipatedinthePFTandB-Readcomponentsof theexaminations.Of the13,810workerswithBeLPTtests,13,116hadpulmonary functiontests
and13,317hadachestX-raywithaB-read.Forsymptomdata,percentagesare reported forworkersprovidingvalidanswers to the respiratoryquestionnaire.Nostatistically
significant differences (all P > 0.05) were detected comparing workers by BeS and CBD status listed above.The distribution for Dyspnea Grade1approached statistical
significance (P ¼ 0.09) with higher prevalence among thosewith CBD.
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In addition there may be variable recall about having worked
with beryllium. We do not think either of these potential
biases would affect the prevalence of beryllium sensitization
or of CBD among those sensitized.

Taken together, we can conclude that among groups of
workers with low/intermittent exposure to beryllium, or

groups where skin exposure is an important determinant of
sensitization, the predictive value of the blood BeLPT for
CBDmay be lower than in more highly exposed populations.
But in addition to identification of CBD, the BeLPT also has
an important role in identification of groups of workers,
specific processes, or work locations at high risk for exposure.

Our final statistical model shows a higher rate of BeS
among three trades: sheet metal workers, roofers and
boilermakers, and a higher rate of BeS at the Brookhaven
Laboratories. We are working with the site personnel at
Brookhaven to identify locations and dates where beryllium
was used, so those locations can be evaluated if they are still
in use in any capacity. This is a good example of the use of
BeLPT for occupational surveillance, in which risk of
sensitization within specific atomic weapons sites can be used
to identify higher risk areas for prevention measures. Within
the beryllium industry, linking the characteristics of persons
identified as sensitized to work processes or types of exposure
has identified targets for primary prevention [Schuler
et al., 2012].

Beryllium sensitization is not a disease in its own right,
but is important because the presence of sensitization presents
a risk of significant granulomatous lung disease. Any such
biological test has a positive predictive value, which is the
likelihood that if the test is abnormal the disease is present,
and a negative predictive value, in which the disease is absent
if the test is normal. This data on our former construction
workers gives us additional information about the perfor-
mance of the Blood BeLPT test, and its predictive value for
CBD in populations with lower total lifetime exposures and
more remote exposures than that experienced by current
workers in beryllium machining operations. As noted above,
in addition to predicting the risk for CBD, screening for BeS
identifies groups of workers at risk; helps identify locations
and routes of exposure; and can be used to assess the
effectiveness of prevention programs [Cummings et al.,
2007]. Similar biological markers are an essential part
controlling occupational exposures to lead, cadmium,
pesticides, and many other hazards. Through surveillance
of construction workers we have identified exposures to
beryllium and subsequently worked with DOE site personnel
to identity and mitigate those exposures which still exist, plus
help to focus attention on the risk for beryllium exposure
among current demolition workers at these facilities.
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TABLE VI. Final LogisticModel for BeLPT Sensitivity

Parametera Odds ratios (95% CI)

Age (years)
<45 Reference
45^54 2.32 (1.08^4.98)
55^64 3.18 (1.51^6.69)
65þ 2.85 (1.35^6.01)

Race
White Reference
Non-white 0.64 (0.37^1.12)

Trade group
Electrician Reference
Asbestos worker, insulator 1.95 (0.84^3.04)
Boilermaker 2.74 (1.23^6.13)
Carpenter 0.84 (0.38^1.86)
Cement mason/brick mason/plasterer 0.56 (0.08^4.17)
Ironworker 1.26 (0.62^2.54)
Laborer 0.98 (0.52^1.86)
Millwright, machinist, mechanical trades 1.45 (0.59^3.59)
Operating engineer 1.02 (0.46^2.26)
Painter 1.28 (0.49^3.37)
Plumber, steamfitters, pipefitter 0.98 (0.58^1.63)
Roofer 2.57 (1.23^4.12)
Sheet metal worker 2.26 (1.24^4.12)
Teamster 1.33 (0.54^3.27)
All other trades 1.60 (0.85^3.04)

DOE site
Savannah river site Reference
Brookhaven Lab 3.97 (2.26^6.97)
Fernald (FMPC) 0.73 (0.38^1.36)
Hanford 0.76 (0.45^1.27)
INEEL 0.56 (0.23^1.36)
Kansas City Plant 1.53 (0.80^2.92)
Mound 0.43 (0.10^1.82)
Oak Ridge 0.90 (0.55^1.47)
Paducah 1.14 (0.57^2.29)
Portsmouth 0.16 (0.04^0.67)
All other sites 0.19 (0.05^0.80)

Worker reported be exposure
No Reference
Yes 1.54 (1.09^2.19)

aA total of 12,913 workers without any missing data for all model covariate were
includedinthemodels.All covariateswerecategorical.Otherparametersconsidered
in the finalmodel buteliminateddue to lackofsignificanceoreffectsonotherparam-
eterestimatesweregender,cigarettesmoking,yearsemployedataDOEsite,andtime
period since last havingworked at a DOE.
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program. The Amchitka, Hanford, Oak Ridge, and Savannah
River construction workers medical screening program have
rolled into the Building Trades National Medical Screening
Program still operated by CPWR and its consortium and
funded by DOE. Currently BTMed serves construction
workers from 27 DOE sites. We have received guidance and
support from various Building and Construction Trades
Council including the Central Washington, Augusta, Knox-
ville, Greater Cincinnati, and Idaho Councils. We received
assistance from numerous people across the DOE complex
includingMary Fields (DOE FWPmanager). This program is
reviewed by both the Central DOE Institutional Review
Board (Jim Morris, Chair; Becky Hawkins, Administrator)
and the CPWR Institutional Review Board (Jim Platner,
Chair). The Oak Ridge program was coordinated by Dr. Eula
Bingham and Bill McGowan at the University of Cincinnati
and was merged into the BTMed program in 2005. The
coordinating office and data center are administered at Zenith
American Solutions under the supervision of Richard Hepner,
Sue Boone, Anna Chen, and Kim Cranford.
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