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INTRODUCTION

W orkers may become sensitized to beryllium via dermal contact with beryllium-
containing dust.(1–3) This exposure route, when coupled with subsequent

inhalation exposures to airborne beryllium, has been hypothesized to lead to chronic
beryllium disease (CBD).(2) In efforts to monitor surface beryllium contamination
and prevent dermal exposures due to contact with this highly toxic element, methods
are needed for collection of surface dust for subsequent beryllium determination.

Surface contamination regulatory limits at U.S. Department of Energy (DOE)
sites have been established by the Chronic Beryllium Disease Prevention Program
Rule.(4) These limits are 0.2 µg/100 cm2 for release of equipment from a beryllium
area and 3 µg/100 cm2 as a housekeeping limit inside a beryllium area. Surface
contamination limits are also under consideration by the U.S. Occupational Safety
and Health Administration (OSHA) as part of a proposed rulemaking that is currently
in progress.(5)

Conformity in methods for sampling and analysis of beryllium from surfaces
is desired, but inconsistencies in sampling and analytical practices often occur
among industrial hygienists and laboratory personnel, respectively.(6) If sampling and
analysis methods are not standardized, analytical results from different investigators,
locations, or points in time may not be comparable. Variations in sampling
practices are of special concern, since the greatest contribution to measurement
uncertainty in the overall analysis is ordinarily associated with sampling. Efforts
to minimize measurement uncertainty through method standardization have been
realized for many workplace toxicants and, as a consequence, standard methods for
surface sampling of hazardous substances in workplaces have been promulgated.
Standardized protocols for surface and dermal sampling have been produced by
governmental agencies, e.g., OSHA and the U.S. National Institute for Occupational
Safety and Health (NIOSH), as well as voluntary consensus standards bodies such
as ASTM International. An ultimate goal is to provide standard surface sampling
methods that will ensure comparability of data obtained from different locations and
times.

SURFACE SAMPLING TECHNIQUES FOR METALS, INCLUDING
BERYLLIUM

Some representative surfaces and substrates of interest that are applicable to
beryllium sampling include the following:

� Hard/smooth /nonporous surfaces
� Soft/rough/porous substrates
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� Fragile substrates
� Oily/grossly contaminated surfaces
� Dermal surfaces
� Bulk materials, e.g., soils, accumulated dust

For maximum collection efficiency (and excluding collec-
tion of bulk samples), “wet” sampling techniques using wipes
are generally preferred.(7,8) However, there are instances where
wet sampling of certain components and equipment are not
desirable and dry sampling techniques are required. As an
example, for technical reasons, surfaces of certain materials
and components must be protected against damage from the
action of wetting agents and/or sample collection; hence,
sampling methods that are less aggressive are sometimes
required.

For beryllium surface dust sampling, a hierarchy of sample
collection methods is recommended. At the outset, when it is
determined that surface samples must be obtained, wet wipe
sample collection methods should be considered as primary.
Such techniques are routinely applicable to smooth, hard,
nonporous surfaces and also to dermal sampling. OSHA(9)

and NIOSH(10) methods and ASTM International voluntary
consensus standards(11) have been published describing wet
wipe sample collection (Table I). The use of collection
wipes meeting the specifications of ASTM E1792,(11) while
written to sampling for lead, may be appropriate for beryllium
sampling. However, if the surface to be sampled is rough or

TABLE I. Standardized Sampling Procedures for Collection of Dust Samples from Surfaces

Method(s) Sampling Media/Device Substrate(s) Sampled Comments

OSHA ID-125G and ID-206 “Wet” or “dry” filter or wipe Smooth surfaces, dermal
samples

Alcohol wipes widely used

NIOSH 9100 and 9102 “Wet” wipe Smooth surfaces, dermal
samples

Individually packaged wipes
preferred

ASTM D6966 “Wet” wipe Smooth surfaces Preferred method in most
cases; various wetting
agents can be used

ASTM E1216 Adhesive tape Smooth surfaces Does not collect ultrafines;
may damage fragile
substrates

OSHA Technical Manual
(various)

Patch samples, hand rinsates Dermal samples Various protocols; may
sample clothing, gloves,
etc.

NIOSH 2600, 3601, 9202,
and 9205

Patch samples, hand rinsates Dermal samples Developed for application to
pesticides, metalworking
fluids, etc., can extend to
metals sampling

ASTM D5438 Modified upright vacuum
cleaner

Floors Sampling from carpets

ASTM D7144 Sampling cassette with
collection nozzle

Rough, porous, uneven
surfaces; fragile surfaces

“Microvacuum” dust
sampling for metals

ASTM D7296 “Dry” wipe Fragile surfaces Applicable to beryllium only;
special cases

porous, and wet wipe sampling is deemed to be impractical,
the use of vacuum collection methods should be considered
next.(12) Only in special cases where the surface to be sampled
is energized, fragile, or reactive, and beryllium is the only
analyte of interest, is dry wipe sampling an option.

Dermal sampling by use of patch samples or rinsates
has been described briefly in OSHA and NIOSH methods;
such techniques are presently under further development as
voluntary consensus standards within the ASTM International
subcommittee on workplace exposure monitoring.(13) A tape
stripping method (Table I) has also been promulgated by
ASTM International, and this technique may be applicable
in certain cases. Table I summarizes standardized procedures
for wet and dry sampling of metals that have been produced
by OSHA, NIOSH, and ASTM International.

PERFORMANCE DATA FROM COLLECTION OF
SURFACE SAMPLES

Some performance data have been published regarding col-
lection efficiencies of the various sample collection methods
mentioned above. Wet wipe sampling has been evaluated
for the collection of lead oxide dust from smooth, hard
surfaces where sample collection efficiencies exceeding 75%
were routinely attained.(14,15) A comparison of wet vs. dry
sampling was carried out on hard, smooth surfaces spiked with
beryllium.(16) It was found that wet wipe sampling ordinarily
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results in a much higher collection efficiency than does sample
collection using dry wipes.

In earlier work, a comparison of wipe sampling methods
for beryllium was carried out where dry, wet, and alcohol
wipe methods were evaluated for their application in removing
beryllium-containing dust from painted surfaces.(17) This study
found alcohol to be most effective for removing beryllium dust
from oily surfaces, while dry wipes were least effective for this
purpose. These investigations have served to provide necessary
backup data in support of the standardized wipe sampling
methods for metals, including beryllium, e.g., ASTM D6966
and ASTM D7296.

The ASTM International high-volume vacuum collection
method (ASTM D5438) for worn carpeted surfaces has been
evaluated using reference material spikes, and good dust
collection efficiencies (∼ 80% and greater) have been reported
for various types of carpets.(18) Previous investigations of this
high-volume vacuum collection system on new carpets had
also reported effective collection of leaded dust from such
substrates.(19)

The newer ASTM International low-air volume “micro-
vacuum” collection method (ASTM D7144) was recently
evaluated,(20) and collection efficiencies from a variety of
representative substrates were reported based on gravimetric
analysis. Although recoveries were, overall, nonquantitative,
it was emphasized that standardization of the microvac-
uum sampling technique should ensure data comparability
through harmonization of the sampling device and collection
procedure.

However, capture of significant amounts of material within
the collection nozzles of the microvacuum samplers was
reported.(20) This realization will hopefully result in the design
and development of improved samplers, where the collection
inlet is incorporated into the body of the sampler.(12) While
removal of material from within the collection nozzles is a
possibility, in practice this is difficult to achieve.

Assessment of dermal wipe sampling using different sam-
pling media has been carried out using lead as an analyte.(21)

Most leaded dust is recovered after sample collection with one
wipe, and successive wiping increases overall dust removal
from workers’ hands. Unfortunately, to date, dermal sampling
procedures have not been well standardized, and this has led to
difficulties in evaluating and comparing data from a variety of
different studies.(22) Dermal sampling methods for beryllium
need to be harmonized, and this remains an important area for
further research and development efforts.

BULK SAMPLING

Methods for obtaining bulk samples are outside the
scope of this article, but they are briefly mentioned here.
An excellent source of information on bulk sampling of
soils, solid waste, water, field equipment, etc., is the U.S.
Environmental Protection Agency (EPA), which has published

an exhaustive tome(23) that covers issues such as: (a) sampling
strategies and design; (b) sampling techniques, media, and
equipment; (c) standardized sampling procedures developed
through voluntary consensus (notably ASTM standards); (d)
data quality considerations pertaining to sample collection,
sample handling, and transport; and (e) numerous related
subjects.

A great many relevant ASTM standards on collecting
bulk samples have also appeared in ASTM publications on
environmental sampling.(24,25) Further study is also needed
regarding when it is more appropriate to use bulk sampling
as opposed to surface sampling for beryllium. Guidelines and
performance data are limited in this area.

SUMMARY

T his column highlights available standardized methods
that are applicable to surface samples for subsequent

metals measurement, notably beryllium. Within the arena
of beryllium surface sampling, our goal is to encourage the
development of voluntary consensus standards in areas of
interest for which such standards are presently unavailable.
Methods for beryllium sampling from smooth, hard surfaces
are now reasonably well standardized, as evidenced by the
availability of relevant ASTM International standards.

Additionally, vacuum sampling methods for collecting
dust from rough, porous (and other) surfaces have also been
standardized in the form of ASTM International procedures.
Bulk sampling methods are also well standardized, and the
use of voluntary consensus standards is encouraged. However,
dermal sampling methods for metals such as beryllium require
better harmonization and evaluation. Efforts are currently
under way to fill these gaps.
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