
Introduction

As early as the 1940s, beryllium (Be) was iden-
tified as an occupational hazard. NIOSH investiga-
tors estimated in 2004 that as many as 134,000 cur-

rent workers, primarily in private industry, were po-
tentially exposed to beryllium in the United States
(1). Beryllium and beryllium compounds are listed as
known human carcinogens by the International
Agency for Research on Cancer (2,3). Even low
inhalational exposures have been shown to cause an
asymptomatic immune response called beryllium
sensitization (BeS) and chronic beryllium lung di-
sease, (CBD). Individuals with carriage of the HLA-
DPB1 (GLU 69) genotype (4) are at increased risk
for BeS and CBD. In addition to BeS caused by air-
borne exposures, BeS can occur through the tran-
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sdermal route in humans exposed to soluble Be com-
pounds (5). BeS can lead to chronic Be disease
(CBD), characterized by granuloma formation and
scarring of the lungs, in at least 30% of the popula-
tion with a conversion rate of 3 to 9% a year (6).

Since 1999, the diagnosis of CBD has been de-
fined as the detection of BeS and granulomas
without the previous diagnostic requirement of overt
symptomology (7).

Surface wipe sampling studies performed in
areas not thought to contain contamination from Be
are relatively rare in homes or work places. Fol-
lowing the collapse of the World Trade Center, a
U.S. EPA survey of surface Be occurrence failed to
find any detections, at a detection limit of 0.2
mg/100 cm2, in a sample of 1,544 home in lower
Manhattan homes (8). In a study to assess the po-
tential for Be exposure from beryllium-containing
particulate on surfaces for a cohort of Department of
Defense (DOD) workers at a munitions plant in Ea-
stern Iowa, Sanderson et al. (9) compared the Be le-
vels in dust wipe samples to those found at referen-
ce sites with no reported prior or current Be use.
The researchers sampled 95 locations in the muni-
tions plant and compared them to 46 sampled loca-
tions in the reference sites. Beryllium was detected
in 87% of the samples taken at the munitions plant,
but surprisingly, it was also detected in 72% of the
samples collected at the reference sites. However, at
these reference sites, only seven percent of the sam-
ples contained Be concentrations above the DOE
removable contamination level of 0.2 µg/100 cm² for
release of items to the public (Table I) as compared
to 27% at the munitions plant. Nonetheless, the fact
that 72% of the reference samples contained Be con-
centrations above the limit of quantitation (LOQ)

was somewhat surprising considering the owners
and workers at the businesses were unaware of its
presence. These results suggested that some workers
were potentially exposed to work-related materials
containing Be without their knowledge.

The Occupational Safety and Health Admini-
stration (OSHA) hazard communication regulation
requires that workers processing products sold as Be-
containing materials containing greater than 0.1%
beryllium be educated in regard to the potential
health risks of Be exposure. The detection of Be in
non-Be using workplaces raises the question as to
whether a Be-containing product is being unknowin-
gly handled, whether the beryllium detected is a na-
tural constituent in materials being processed nearby,
or the Be source is due to “drag-in” of soils with high
Be content. Identifying the presence and source of
exposure can be important because the diagnosis of
CBD includes, among other factors, a sound occupa-
tional exposure history. Without a history of exposu-
re to Be, individuals with CBD have been misdia-
gnosed as having sarcoidosis (10,11) due to its very
similar clinical presentation (12). Furthermore, the
BeLPT as a screening tool has been shown to have a
sensitivity rate below 70% in some studies (13). The-
refore, in order to reduce misdiagnoses and judge po-
tential health risks, it is important to first determine
if the potential exists for work-related or environ-
mental Be exposure and second to determine if the
exposure is associated with Be-related adverse health
effects. Such information can also be used to educa-
te the workers’ cohabitants on their potential health
risks, as they may be exposed to Be via dust transfer-
red on the workers’ clothing and shoes.

The primary goal of this pilot study was to
further explore the occurrence of surface deposited

Table 1. Beryllium surface contamination criteria used by U.S. Department of Energy

Limit Reference

0.2 µg/100 cm2 10 CFR 850.31 release criteria level

DOE surface concentration limit to determine items acceptable for release to public.

Surface contamination must not exceed 0.2 µg/100 cm2 when released to the public for non-beryllium use.

DOE release criteria level did not originate from an association with a specific health effect, but instead indicated the
cleaning level thought to be attainable based on an opinion survey of DOE health and safety representatives.

3.0 µg/100 cm2 10 CFR 850.30 surface contamination limit

Surfaces contaminated with beryllium dusts and waste must not exceed a removable contamination level of 3 µg/100
cm2 during non-operational periods.

Employers must provide protective clothing and equipment where surface levels exceed 3.0 µg/100 cm2.

Housekeeping efforts must keep surface contamination at or below this level during non-operational hours.
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Be in a sample of workplaces where Be was not
thought to be used or generated as a waste product
in particulate form. Based on the limited sampling
of the Sanderson et al. (9) study that detected trace
Be concentrations at workplaces not generally consi-
dered at risk for exposure to Be, we hypothesized
that there may be a wider range and greater number
of work environments that have the potential for Be
exposure from work-related processes than have
been documented previously.

Methods

Sampling Locations

Sampling sites chosen for this study represent a
convenience sample of worksites in eastern Iowa lo-
cated within a 80 km radius of the University of
Iowa, Iowa City, IA. It was not feasible to use a sy-
stematic sampling method that could have produced
results generalizable to the rest of southeastern Iowa
due to the pilot nature of this study. Therefore, the
worksites were chosen to include a range of occupa-
tions as well as a smaller sample of work places that
may have had the potential for Be exposure based on
the literature reports (e.g., dental offices, coal plant).
Attempts were made to select businesses that had
been operating at their current locations for a relati-
vely long period with the hope of collecting surface
dusts originating from changing trends in work
practices and materials. The southeastern portion of
Iowa also had the advantage of relatively low soil Be
concentrations ranging from 1 to 2 ppm (14) com-
pared to the range of 1 ppm to 15 ppm for Be in U.S.
Soils overall (15). The low soil Be concentrations re-
duced the possibility that the Be found in dust sam-
ples within the workplaces were the result of
“tracking in” or “blowing in” of Be from shallow soil.

Surface wipe samples were collected from 29
different locations representing a range of worksites
including an auto repair shop, machine shop, elec-
tronics shop, schools, bars where smoking had oc-
curred (Be has been documented to be a constituent
of some cigarettes), etc. (Table I). An average of five
surface wipe samples was collected for analysis at ea-
ch of the 29 study sites. The samples were collected
from a variety of locations at each study site inclu-
ding, but not limited to, bookshelves, desktops, cabi-

net tops, the tops of ventilation ducts, and on the up-
per surface of pipes. Locations were selected based
on the presence of visible dust accumulation. Sam-
ple collection focused, as applicable, on areas above
obvious sources of airborne particle generation such
as areas in which saws, lathes, sanders, and grinders
were used. During the survey, the management of
the businesses was asked if they were aware of work
with any Be containing materials over the past ten
years.

Sampling Methods

The method used to collect the surface wipe
samples was the same as previously described in the
Sanderson et al. (9) study. The quantifiable surface
concentrations were divided into three concentration
categories above the LOQ (Table II). The concen-
trations of 0.2 µg/100 cm² and 3 µg/100 cm² are gui-
delines cited by the DOE: Chronic Be Disease Pre-
vention (Table I) (9) and are used as reference levels
in this paper since they are frequently used by the
DOE to assess varying degrees of Be surface conta-
mination. It is important to note that the guidelines
do not correlate directly with any particular health
effects and are merely used to determine the appro-
priate protective measures to take as well as the ef-
fectiveness of cleaning efforts in work environments
where Be is regularly used.

Analytical Methods

DataChem Laboratories, Inc. (Salt Lake City,
UT, U.S.A., American Industrial Hygiene Associa-
tion Accreditation No. 17) analyzed the wipe sam-
ples using the NIOSH 7300 Method (inductively
coupled plasma-atomic emission spectroscopy) (16).
Since NIOSH 7300 method is written for air sam-
ples taken on an MCE filter, DataChem has slightly
modified the method by prepping wipe samples in-
stead of the method specified for MCE filters. The
analysis is otherwise exactly the same process. The
analytical LOQ was 0.035 micrograms (µg) Be per
sample. All values provided by DataChem were ex-
pressed in µg of Be per sample, which were then di-
vided by the surface area in order to obtain a surface
concentration of µg of Be per 100 square centimeters
(µg/100 cm²).
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Results

Management at only four worksites, out of the 31
contacted, refused to participate in the study. At the
majority of the 27 worksites sampled, the management
estimated that the dust at the specific sampling loca-
tions represented years to decades worth of deposited
materials. Management at only two worksites repor-
ted work with commercial Be products containing
greater than 0.1% Be. In the case of these two sites,
the work reportedly occurred many years ago (Table
II). A total of 136 samples were collected from 27
worksites. Samples were generally collected from ele-
vated surfaces with heights ranging from 20 cm to 284

cm (average = 169 cm) above the floor of the room.
The sample areas ranged from 51 to 1,233 cm² (avera-
ge = 356 cm²). Be analyses were also performed on fi-
ve blank samples, all of which were found to be below
the LOQ indicating that the wipes were not contami-
nated before the sampling, during the handling or re-
turn to the laboratory. Overall, at least one of the sam-
ples at 78% of the work sites tested contained deposi-
ted Be above the analytical limit of quantitation (0.035
µg beryllium per sample). Beryllium was detected in
46% of the samples collected with 12% of the samples
exceeding the 0.2 µg/100 cm² reference concentration
and 4% of the samples exceeding the 3 µg/100 cm² re-
ference concentration (Table II).

Table 2. Summary of beryllium surface measurement results

Sampling Locations Number of Samples Be Concentration Categories

< LOQ LOQ ≤ x ≤ 0.2 µg/100 cm2 < x ≤ > 3.0
0.2 µg/100 cm2 3.0 µg/100 cm2 µg/100 cm2

Auto Repair Shop 1 5 1 4 0 0
Auto Repair Shop 2 5 3 2 0 0
Auto Repair Shop 3 5 2 3 0 0
Auto Repair Shop 4 5 1 3 1 0
Bar 5 5 0 0 0
Ceramics Shop 5 0 4 1 0
Coal Burning Power Plant 5 0 4 1 0
Computer Recycling Shop 5 5 0 0 0
Dental Lab 1 5 5 0 0 0
Dental Lab 2* 6 0 2 1 3
Dental Lab 3* 5 1 3 1 0
Electronics Shops 5 5 0 0 0
Feed/Fertilizer Shop 5 2 3 0 0
Fertilizer Co-op 5 0 2 2 1
Flower Shop 1 5 4 1 0 0
Flower Shop 2 5 5 0 0 0
Food Processing Co-op 5 4 1 0 0
Hog Confine 1 5 4 1 0 0
Hog Confine 2 5 4 1 0 0
Machine Shop 1 5 3 2 0 0
Machine Shop 2 5 4 1 0 0
Machine/Electronics Shop 1 5 0 5 0 0
Machine/Electronics Shop 2 5 2 2 1 0
Machine/Electronics Shop 3* 5 0 1 2 2
Restaurant 5 4 1 0 0
School 1 5 5 0 0 0
School 2 5 4 1 0 0
Overall Totals 136 73 47 10 6
Overall Percentages 100% 53.7% 34.6% 7.4% 4.4%
* Previous reported use of commercial Be products.
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All the samples collected at the ceramics shop,
coal burning power plant, fertilizer co-op, and one of
the 3 dental labs had concentrations exceeding 0.2
µg/100 cm2. One of the samples that was collected
on the side of a processing machine, used to mix and
package urea and potash fertilizers, at the fertilizer
co-op had a Be concentration of 6.1 µg/100 cm2.
The ceramics shops and coal burning power plants
were very similar in that Be was detected in all sam-
ples from these locations, but each location only had
one sample (20% for each) that exceeded the 0.2
µg/100 cm² reference concentration.

The samples taken from dental labs had signifi-
cant variability. In total, three separate dental labs
were tested, two of which reported having used Be in
the past, while one reported never having used Be or
Be containing products. The lab that had not been
known to work with Be did not have any samples
with quantifiable Be concentrations. The other two
labs reported that they had worked with Be in the
past, but had almost completely stopped working
with the metal in the past 8 years. Nonetheless, 91%
of the samples from these labs had quantifiable Be
concentrations. In addition, 45% of the samples
taken at these two dental labs exceeded 0.2 µg/100
cm² with 50% of the 6 samples exceeding 3 µg/100
cm² at one of the labs.

Machine/electronics shops also exhibited a high
proportion (87%) of samples with quantifiable Be.
Two of the samples (13.3%) yielded results of 299
µg/100 cm² and 32 µg/100 cm². The samples were
collected near grinders and sanders where copper
containing Be had reportedly been ground within
the last two years. Auto repair shops also had a rela-
tively high proportion (65%) of samples with quan-
tifiable Be, but only one sample out of 20 contained
Be concentrations above 0.2 µg/100 cm2

Low proportions of samples with quantifiable
Be were found at the other study sites including:
30% of the samples from machine shops not associa-
ted with electronic shops, 20% of samples from hog
confinements, 20% of samples from food processing
co-ops, 20% of the samples from restaurants, 10% of
the samples from schools, and 10% of samples from
flower shops. None of the samples taken from the
electronics shops, the computer recycling shop, or
bars, where cigarette smoking had occurred, had
quantifiable Be concentrations.

Discussion

This pilot survey provides a small snapshot into
the potential widespread occurrence of Be at worksi-
tes where workers are generally not considered to be
at risk from exposure to commercial Be containing
products. The proportion of wipes in this survey that
had quantifiable Be levels above the LOQ was 46%,
as compared to 72% in the study conducted by San-
derson et al. (9). However, the sampling results from
the Sanderson et al. study were highly influenced by
the high number of samples with detectable Be con-
centrations from one workplace, a paper processing
site. Overall, the proportion of samples that contai-
ned Be concentrations above the DOE reference li-
mit of 0.2 µg/100 cm² for release of items to the pu-
blic was very similar in this study (12%) as compa-
red to the Sanderson et al. study (7%).

The ceramics shop, coal burning power plant,
fertilizer co-op, and one of the three dental labs
exhibited the highest proportions of Be concentra-
tions exceeding 0.2 µg/100 cm2. One interesting fin-
ding was that the management at some of the study
sites including the auto repair shops, ceramic shop,
feed/fertilizer shop, and fertilizer co-op that exhibi-
ted a greater proportion of quantifiable Be concen-
trations reported that they were not aware that their
workers may have been working with materials con-
taining Be.

Three different sites, including a machi-
ne/electronic shop, one of the dental labs, and a fer-
tilizer co-op, exhibited levels that exceeded the
DOE’s 3.0 µg/100 cm2 reference level (see Table I).
The management at the machine/electronic shop
and the dental lab were the only sites that reported
awareness of working with commercial Be products
in the past, while the management of the fertilizer
co-op did not report any known Be-related work
(Table II). It is not surprising that workers who do
not work with commercial Be products containing
greater than 0.1% Be are not aware of their potential
Be exposure from products or materials containing
naturally occurring Be. Dental lab management had
the greatest awareness of the potential risks of
working with Be likely because the use of Be in the
dental field is widely known. Management at the
three labs self-reported correctly, based on the study
findings that they had worked with the metal. The
management at the coal-burning power plant also
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reported that they previously had detected Be in
their dust samples. No workers at any of the work-
sites were observed wearing respiratory protection at
the time of the survey.

In addition to knowing when personal protecti-
ve equipment is required or if decontamination of
the work area is needed, it is essential that workers
who are exposed to respirable airborne Be particles
are aware of their potential for exposure as this infor-
mation is often vital for a proper diagnosis of CBD
(17). While the data indicate that there is the poten-
tial for Be exposure at some work environments that
are not generally considered at risk for Be exposure;
it is not clear from these results what the risk might
be to these workers for developing CBD from these
exposures. However, it has been previously docu-
mented that exposures to even low levels of Be or ex-
posures over a short period of time (e.g., genetically-
susceptible individuals with brief exposures, bystan-
der exposure, etc.) can lead to sensitization and
CBD (18-24). In addition, since the samples were
collected from deposits on elevated surfaces whene-
ver possible, it is likely that at least some the parti-
cles accumulated through airborne deposition may
have been available for inhalation at some point in
time depending on their size. However, the authors
are not aware of any valid method to extrapolate sur-
face sample data to airborne concentrations or to
sensitization risk.

There are several limitations of this study. Fir-
st, while Be was detected in surface wipe samples,
the sampling method collects all forms (e.g., various
physicochemical properties, various size fractions,
etc.) of Be that may vary in their ability to cause Be-
related adverse health effects. Second, surface wipe
samples were intentionally taken from areas with a
large amount of dust accumulation which were ge-
nerally estimated to be years to decades old.
Therefore, it was impossible from this study to de-

termine if the Be deposition occurred over extended
periods of time or from short term or singular
events. In addition, site-specific housekeeping prac-
tices can markedly affect time based accumulation.
Third, even though sampling was performed by only
two of the authors within a 3-week period, there
may have been slight differences in pressure applied
while sampling, or differences in the effectiveness of
the method to efficiently collect dust based on
varying surfaces (e.g., irregular, porous, or rough sur-

faces). Finally, because the selection of work loca-
tions was based on convenience sampling and a low
number of samples per worksite, the generalizability
of the findings of this study is not known.

Santo Thomas (25) previously stressed that
physicians should explore possible exposure to beryl-
lium in work environments where the potential for
Be exposure may not be well documented, while ack-
nowledging that the limited availability of the
BeLPT restricts its routine use in cases of suspected
Be exposure. In addition, the strict time require-
ment, of less than 24 hours, between time of blood
draw and set up of the sample at one of the four labs
that currently perform BeLPTs in the U.S. reduces
the willingness of physicians to order the test.

Because of the potential for occupational Be ex-
posures occurring at a wide range of work sites that
was suggested in this study, the authors recommend
focused testing of beryllium sensitivity in cohorts
with a high prevalence of sarcoidosis. For example,
the highest concentration (i.e., 6.1 µg/100 cm2) of
Be measured in this limited survey was at a fertilizer
co-op. Deubelbeiss et al. (26) has previously repor-
ted that the prevalence of sarcoidosis was higher
than expected in regions with intense agriculture
where there is an increased use of mineral fertilizers.
Rather than performing wide-scale surveys for
beryllium in occupations not thought to be at risk
from Be exposure, from a cost effectiveness view-
point, a more appropriate research approach may be
to increase BeLPT testing in case-series of sarcoido-
sis patients who worked in specific industries (e.g.,
fertilizer-exposed workers) and perform testing for
beryllium sensitization.
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