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Case Studies

Exposures to Lead, Metals, and Wood Dust During
Stripping and Refinishing Furniture

Dawn Tharr, Column Editor

Reported by Ronald M. Hall

The National Institute for Occupa-
tional Safety and Health (NIOSH) re-
ceived a request for a Health Hazard
Evaluation (HHE) from a management
official at a furniture finishing company.
The request concerned worker exposures
to lead and other metals that may re-
sult from stripping and refinishing furni-
ture. A survey was conducted to evaluate
worker exposures in the furniture strip-
ping shop for lead, other metals, and
wood dust during typical wood stripping
and refinishing operations.

Background
The furniture stripping company em-

ployed two full-time men, including the
owner. During the time of the eval-
uation, the workers performed typical
operations in the shop such as wood
stripping, sanding, and refinishing op-
erations. The company performed the
wood stripping and refinishing opera-
tions in a leased space of an industrial
building.

Furniture stripping and refinishing
workers have been identified as a group
that may have potential for overexpo-
sures to lead.(1) Overexposure to lead
was identified in one study among de-
velopmentally disabled workers engaged
in furniture refinishing.(1) In this study,
it was determined that blood-lead lev-
els (BLLs) among sanders and helpers
averaged 60 micrograms per deciliter of
blood (µg/dl) at one location, and at an-
other location, six individuals had BLLs
greater than 25 µg/dl. Hand sanding of
chemically stripped wood that was pre-
viously coated with lead-based paint was

determined to be the exposure source.(1)

The Occupational Safety and Health Ad-
ministration (OSHA) has established a
Permissible Exposure Limit (PEL) for
lead in air of 50 micrograms per cu-
bic meter (µg/m3) as an 8-hour time-
weighted average (TWA), which is in-
tended to maintain worker BLLs below
40 µg/dL.(2,3)

Methods
Area air samples for elements (in-

cluding lead) and inhalable dust were
collected at two area locations (see
Figure 1): (1) the right side of the work
bench (Location A1), and (2) the left
side of the work bench (Location A2).
Personal breathing zone (PBZ) air sam-
ples were collected on both workers in
the shop for elements and total dust dur-
ing stripping, rinsing, sanding, and re-
finishing operations throughout the two-
day sampling period. Particle sizing data
were also collected at Location A1 with
an optical particle analyzer. In addition
to air samples, qualitative surface wipe
samples for lead and bulk samples for
elements were collected.

Elements
Air samples for elements were col-

lected on 37-mm-diameter (0.8-µm-
pore-size) cellulose ester membrane fil-
ters, using sampling pumps calibrated
at three liters per minute (Lpm). Air sam-
ples for elements were quantitatively
analyzed for silver, aluminum, arsenic,
beryllium, calcium, cadmium, cobalt,
chromium, copper, iron, lithium, mag-
nesium, manganese, molybdenum,
sodium, nickel, phosphorus, lead,
platinum, selenium, tellurium, thallium,
titanium, vanadium, yttrium, zinc, and
zirconium, using a Perkin Elmer Optima

3000 DV inductively coupled plasma
spectrometer according to NIOSH
Method 7300.(4)

Total Dust and Inhalable Dust
Air samples for total dust were

collected on a tared 37-mm-diameter
(5-µm-pore-size) polyvinyl chloride
(PVC) filter at a calibrated flow rate
of 2 Lpm. The filter was gravimetri-
cally analyzed (filter weight) according
to NIOSH Method 0500.(4) Air samples
for inhalable dust were collected with
a tared 25-mm-diameter 5-µm PVC fil-
ter in conjunction with an IOM inhal-
able sampler at a calibrated flow rate of
2 Lpm. The filters were gravimetrically
analyzed according to NIOSH Method
0500.(4)

Particle Size Analysis
Particle size data were collected with

a real-time light-scattering aerosol spec-
trometer (Grimm Model 1105 dust mon-
itor, Labortechnik GmbH & CoKG,
Ainring, Germany). The aerosol spec-
trometer measures the size distribution
of particles in eight different size ranges.
The 1105 model measures particles be-
tween 0.5 µm and 15 µm in diameter.
Particles are sized based on the amount
of light scattered by individual particles.
The aerosol spectrometer operates at a
flow rate of 1.2 Lpm.(5)

The data collected with the aerosol
spectrometer were downloaded to an
Excel spreadsheet (Microsoft©R Corpo-
ration, Redmond, Washington). Because
the calibration of the aerosol spectrom-
eter varies with aerosol properties, the
output of the instrument is viewed as a
measure of relative concentration. Sam-
ples for total particulate were collected
near the aerosol spectrometer sampling
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640 R. M. HALL

FIGURE 1
Diagram of shop layout.

probe. The samples were used for cali-
bration purposes. The calibration sample
and aerosol spectrometer data were used
to obtain a conversion factor. The con-
version factor was obtained by taking the
total particulate sample result and divid-
ing it by the integrated aerosol spectro-
meter concentration result. The conver-
sion factors were then used to adjust the
concentration values.

The mass gain, mass fraction (MF),
cumulative mass fraction (CMF), CMF
less than indicated size, concentration,
average respirable fraction, and res-
pirable MF were calculated for each size
range. The total percentage of particles in
the respirable size range was also calcu-
lated, as well as the total and respirable
concentration values. The aerodynamic
mass median diameter (AMMD) and
the geometric standard deviation (GSD)

were determined from a log-probability
plot of the particle size data. The par-
ticle size data were used to determine
if the majority of the particles gener-
ated during sanding operations were in
the large particle size range, which are
likely to impact the walls of the nasal
cavity.

Lead
Qualitative lead wipe samples (i.e.,

to determine the presence of lead,
not the amount) were collected using
LeadCheck©R swabs on various surfaces.
The LeadCheck©R swab turns pink or red
in color if lead is present in the dust on the
surfaces tested. LeadCheck swabs repro-
ducibly detect lead in paints at 0.5 per-
cent and may indicate lead in some paint
films as low as 0.2 percent.(6) Refer to
Figure 1 for wipe sample locations.

Bulk Samples
Bulk samples of stripping solution

from the stripping tank and samples
of wood dust (collected in the shop
near sanding operations) were analyzed
for elements using a Fisons ACCURIS
inductively coupled plasma emission
spectrometer controlled by a Micron
Millennia LXA personal computer in ac-
cordance with NIOSH Method 7300 for
bulk samples.(4)

Evaluation Criteria
Wood Dust

Wood dust exposure may cause eye
and skin irritation, respiratory effects,
and hardwood nasal cancer.(7) Loggers
and persons involved in initial wood
processing, who are exposed to irritant
chemicals typically found in the bark
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CASE STUDIES 641

or the sap in the outer part of the tree,
are most affected by primary irritant
dermatitis, which consists of erythema
and blistering.(7) Workers involved in
secondary wood processing (i.e., car-
penters, sawyers, and furniture makers)
are more often affected by chemicals
causing sensitization. Allergic dermati-
tis arising from exposure to wood sub-
stances is characterized by redness, scal-
ing, and itching, which may progress
to vesicular dermatitis after repeated
exposures.(7) The adverse health effects
that have been associated with exposure
to wood dust, upon which evaluation cri-
teria are based, include dermatitis, al-
lergic respiratory effects, mucosal and
non-allergenic respiratory effects, and
cancer.

NIOSH has recommended that wood
dust be considered a potential occu-
pational carcinogen and that exposures
be reduced to the lowest feasible level,
not to exceed the Recommended Ex-
posure Limit (REL) of 1 milligram
of wood dust per cubic meter of air
(mg/m3) for both soft and hard woods.(8)

The American Conference of Govern-
mental Industrial Hygienists (ACGIH©R )
currently has a Threshold Limit Value
(TLV©R ) of 1 mg/m3 for hard woods
such as beech and oak, and a TLV©R of
5 mg/m3 for soft woods.(9) The ACGIH©R

TLV©R of 1 mg/m3 for hard woods is
principally based on prevention of im-
paired nasal mucociliary function, re-
ported to be important in the develop-
ment of nasal adenocarcinoma in the
furniture industry because of the pro-
longed retention of wood dust in the
nasal cavity.(10)

The ACGIH©R also recommends a
Short-Term Exposure Limit (STEL) of
10 mg/m3 for soft wood averaged over
a 15-minute period, which should not be
exceeded at any time during the work-
day, even if the 8-hour TWA exposure
value is within the TLV©R.(9) There is cur-
rently no specific OSHA PEL for wood
dust. The OSHA PEL for total particu-
late not otherwise regulated (PNOR) is
15.0 mg/m3, and 5.0 mg/m3 for the res-
pirable fraction, determined as 8-hour
averages.(11)

Results
Elements

Bulk samples of dust material and
the bulk sample of stripping solution
indicated the presence of lead and
other elements (i.e., aluminum, calcium,
cadmium, cobalt, chromium, copper,
iron, lithium, magnesium, manganese,
molybdenum, sodium, nickel, phospho-
rus compounds, titanium, vanadium, yt-
trium, zinc, and zirconium). Area air
samples (obtained near the sanding op-
erations) and PBZ air samples (ob-
tained during stripping, rinsing, sand-
ing, and refinishing operations) collected
throughout the two-day sampling period
indicated that concentrations of lead and
other elements were well below applica-
ble occupational exposure criteria.

Total Dust and Inhalable Dust
PBZ air samples for total dust were

collected on both workers at the facil-
ity during shop activities (i.e., stripping,
rinsing, sanding, and refinishing oper-
ations) over the two-day sampling pe-
riod. The shop typically works on hard
woods (i.e., oak, mahogany, walnut, and
beech). On Day 1 of the survey, sanding
operations were reported as being light
and lasted for approximately 2.5 hours.
The two full-shift PBZ samples collected
for total dust on this day indicated con-
centrations of 0.6 mg/m3 (Worker #1
listed in Table I) and 1.5 mg/m3 (Worker
#2 listed in Table I). On Day 2, full-
shift PBZ total dust samples on the two

TABLE I
Total dust and inhalable dust sample results

Sample
Total dust (TD) or Sample time concentration

Sample type Date inhalable (IOM) (min) (mg/m3)

PBZ worker #1 9/4/02 TD 422 0.6
PBZ worker #2 9/4/02 TD 423 1.5
PBZ worker #1 9/5/02 TD 455 0.4
PBZ worker #2 9/5/02 TD 475 1.5
Area A1 9/4/02 IOM 427 1
Area A2 9/4/02 IOM 392 1.4
Area A1 9/5/02 IOM 464 0.7
Area A2 9/5/02 IOM 366 1.5

workers in the shop indicated concen-
trations of 0.4 mg/m3(Worker #1) and
1.5 mg/m3 (Worker #2). Worker #2 per-
formed the majority of sanding opera-
tions and had the highest total dust ex-
posure on both sampling days.

Area air samples for inhalable dust
were collected at two locations: (1) the
right side of the work bench (Location
A1), and (2) the left side of the work
bench (which was closer to the ma-
jority of sanding operations [Location
A2]). On Day 1, the inhalable samples
collected at Locations A1 and A2 in-
dicated concentrations of 1 mg/m3 and
1.4 mg/m3, respectively (see Table I).
On Day 2, inhalable samples collected
at Locations A1 and A2 indicated con-
centrations of 0.7 mg/m3 and 1.5 mg/m3,
respectively (see Table I).

Particle Size Analysis
The results of the particle size data

indicated that the total and respirable
particle concentrations in an area near
the sanding operations (Location A1)
were 0.82 and 0.05 mg/m3, respectively.
The log-probability plot indicated an
AMMD of 14.9 µm and a GSD of 2.1.
The mass gain, MF, CMF, CMF less
than indicated size, concentration, av-
erage respirable fraction, and respirable
MF are presented in Table II.

Qualitative Lead Wipe Samples
Wipe samples collected on a chair

and in one location on the work table
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CASE STUDIES 643

(after stripping operations and prior to
sanding) indicated the presence of lead.
All other wipe samples did not indicate
the presence of lead compounds (above
the detection limits of the swabs [see
Figure 1]).

Discussion
During the time of our evaluation, air

sampling results (both PBZ and area) in-
dicated that concentrations of lead and
other elements were well below appli-
cable occupational exposure criteria and
did not indicate an airborne hazard. How-
ever, bulk sample results indicated the
presence of elements (including lead) in
the stripping solution and dust in the
shop. In addition, qualitative lead wipe
samples indicated the presence of lead
compounds on the work table and on
a chair that was being processed at the
facility. Because furniture stripping and
refinishing workers have been identi-
fied as a group that may have poten-
tial for overexposures to lead,(1) care
should be taken to improve hygiene prac-
tices within the shop, to reduce the pos-
sibility of ingestion or secondary ex-
posures during cleaning activities (see
Recommendations).

Workers in the shop primarily work
on hard wood furniture (i.e., oak,
beech, mahogany, and walnut). There-
fore, wood dust exposures are com-
pared to occupational criteria for hard
wood. Full-shift PBZ wood dust air sam-
ples indicated exposures exceeding the
NIOSH REL (1 mg/m3 for soft or hard
wood) and ACGIH©R TLV©R (1 mg/m3 for
hard wood). ACGIH©R has listed wood
dust criteria in its Notice of Intended
Changes section of the TLV©R book.(9)

The changes listed include evaluating
wood dust exposure with the inhalable
fraction and proposed TLVs©R of 2 mg/m3

for nonallergenic and noncarcinogenic
wood dust, 0.5 mg/m3 for western red
cedar wood dust and 1 mg/m3 for
other respiratory allergenic wood dust,
birch, mahogany, teak, walnut, oak, and
beech.(9) Area inhalable samples indi-
cated concentrations exceeding the wood
dust criteria in the Notice of Intended

Changes for hard wood dust. Sanding
operations at the time of our evaluation
were reported as being light. Operations
involving heavy sanding throughout the
workday are likely to result in higher
wood dust concentrations.

The ACGIH©R TLV©R for hard woods
is principally based on prevention of
impaired nasal mucociliary function, re-
ported to be important in the develop-
ment of nasal adenocarcinoma in the fur-
niture industry because of the prolonged
retention of wood dust in the nasal
cavity.(10) Particulate size is the main
factor that influences deposition in the
respiratory system. Large particulate
(>5 µm in diameter) are likely to impact
the walls of the nasal cavity or pharynx
during inspiration; medium particles (1
to 5 µm in diameter) are likely to settle
out in the trachea, bronchi, or bronchi-
oles as the air velocity decreases in the
smaller passage ways; and small parti-
cles (<1 µm in diameter) typically move
by diffusion into the alveoli.(12) The par-
ticle size data collected with a real-time
light-scattering aerosol spectrometer in-
dicated an AMMD of 14.9 µm. These
data indicate that the majority of the par-
ticles generated in the shop during sand-
ing activities are in the large particulate
size range (>5 µm in diameter) and are
likely to impact the walls of the nasal
cavity or pharynx.

Engineering controls should be used
to reduce worker exposures to wood
dust. Administrative controls and per-
sonal protective equipment (PPE) (i.e.,
respirators) are designed to protect work-
ers from airborne exposures while engi-
neering controls are being implemented
or when engineering controls are not fea-
sible or effective in reducing air contam-
inants to acceptable levels.

Respirators may be used to reduce
worker exposures to wood dust until en-
gineering controls are implemented and
shown to be effective in reducing expo-
sures to acceptable levels. For respirators
to be worn by employees, an appropri-
ate respiratory protection program must
be utilized by the company in accor-
dance with OSHA regulation 29 CFR
1910.134.(13)

NIOSH respirator recommendations
are governed by the following selection
criterion:

Assigned protection factor (APF)

> (workplace airborne

concentration/NIOSH REL)

This selection criterion applies only
to respirators used in a proper respi-
rator program under the supervision of
a properly trained respirator program
administrator. Respirators used without
such a program with all its essential el-
ements cannot be relied upon to protect
workers.(14)

Each worker required to wear a res-
pirator must be medically evaluated and
cleared by a physician to wear the spe-
cific respirator before performing as-
signed tasks. For respirators to be effec-
tive and protect workers from harmful
exposures, they must be selected, in-
spected, and maintained properly. Respi-
rators should be inspected by the worker
prior to and after each use for any de-
fects. Respiratory protective equipment
should also be cleaned and disinfected
after each use. Respiratory protective de-
vices should never be worn when a sat-
isfactory face seal cannot be obtained.
Many conditions may prevent a good seal
between the worker’s face and the respi-
rator. Some of these conditions include
facial hair, glasses, or an unusually struc-
tured face.

All workers required to wear a res-
pirator must be properly trained on the
selection, use, limitations, and main-
tenance of the respirator and also be
fit-tested to assure a proper seal be-
tween the face and the respirator prior
to performing work tasks in a contam-
inated area. A recent article by Camp-
bell et al. recommended purchasing
only respirators with good fitting char-
acteristics (h ≥ 0.95), and then care-
fully conducting fit tests on individual
workers.(15) All workers should receive
annual fit-testing with a quantitative test-
ing device. When not in use, respira-
tors must be stored in a clean environ-
ment located away from any source of
contamination.
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644 R. M. HALL

Conclusions
Engineering controls should be used

to reduce worker exposures to wood dust.
Personal protective equipment (PPE)
(i.e., respirators) is designed to pro-
tect workers from airborne exposures
while engineering controls are being im-
plemented or when engineering con-
trols are not feasible or effective in re-
ducing air contaminants to acceptable
levels.

During the two days of our evalua-
tion, it was observed that the majority
of wood dust exposures occurred dur-
ing sanding activities with a 6-inch ran-
dom orbital sander. The sander was not
equipped with any control devices to
limit the amount of wood dust gener-
ated. NIOSH researchers have designed
and tested a new control system for hand
sanders that significantly reduces dust
emissions.(16) During this research study,
a dust control plenum with a series of
exhaust slots along the edges was de-
signed to fit between the sanding pad and
the sander body. An exhaust connection
on the top of the sander pad connects
the plenum with a vacuum source. Lab-
oratory tests indicated that the plenum
reduced wood dust emissions by approx-
imately 90 percent.(16)

Carlton et al. recently published an
article on the effectiveness of hand-
held ventilated sanders.(17) This study
evaluated two sanders (a DCM sander
[DCM Clean-Air Products, Inc., Fort
Worth, Texas], and a Dynabrade sander
[Dynabrade, Clarence, NY]) in a labo-
ratory glove box.(17) Within the experi-
mental guidelines of this evaluation, both
sanders were found to be effective in con-
trolling inhalable dust generated during
simulated aircraft surface abrasion, with
the DCM sander reducing mass concen-
trations by 93 percent and the Dynabrade
sander reducing mass concentrations by
98 percent.(17)

Another option for controlling wood
dust exposures in the shop is a local ex-
haust ventilation system such as a down-
draft table. If a downdraft table is uti-
lized, good work practices are essential
when working with the ventilation sys-
tem. Care must be taken to manipulate

the piece of wood (i.e., furniture) in a
manner to avoid blocking the air flow
into the hood (e.g., placing the piece of
furniture on its side on top of the down-
draft table to allow the air and particulate
to flow freely into the hood versus laying
it flat on the downdraft table and block-
ing the air flow).

If a local exhaust ventilation sys-
tem is utilized, it should be designed
to have a capture velocity (minimum
hood-induced air velocity necessary to
capture and convey the contaminant into
the hood) of approximately 200 feet per
minute (fpm), and a duct velocity of
approximately 3,500 to 4,000 fpm (rec-
ommended duct velocities for average
industrial dust) to avoid plugging the
duct-work with material.(18) The system
must also be designed to meet fire, safety,
or environmental codes that apply to this
facility and its operations.

Recommendations
1. Engineering controls should be im-

plemented to control wood dust ex-
posures during sanding operations.
The engineering control system for
orbital hand sanders, described in
the Conclusion section of this re-
port, may reduce dust emissions
to acceptable levels during sand-
ing operations. Other engineering
controls, such as a downdraft table,
could also be utilized to reduce dust
emissions. After engineering con-
trols have been installed, worker
exposures should be re-evaluated
to determine if controls are effec-
tively reducing wood dust expo-
sures below NIOSH and ACGIH©R

occupational criteria.
2. During sanding operations, the

workers did not have respiratory
protection. NIOSH investigators
recommend that the workers uti-
lize respirators during sanding op-
erations until engineering controls
can be implemented and shown
to be effective in reducing wood
dust exposures to concentrations
below NIOSH and ACGIH©R crite-
ria. Properly fitting half-mask res-
pirators (with good fitting charac-

teristics [h ≥ 0.95](15)) equipped
with N-95 filters should be suffi-
cient to protect the workers dur-
ing sanding operations. In envi-
ronments where oil aerosols may
be present, an R-95 or P-95 filter
should be used with the selected
respirator.(19) An appropriate res-
piratory protection program must
be utilized by the company and be
in accordance with OSHA regula-
tion 29 CFR 1910.134.(13) Wood
dust may also cause eye irrita-
tion. Therefore, goggles or other
appropriate eye protection should
be worn to avoid wood dust irritat-
ing the eyes. Eye protection may
be difficult with half-mask respira-
tors. If this becomes a problem, an-
other option may be full-face res-
pirators. Full-face respirators will
protect the eyes and respiratory
system.

3. Eating, drinking, or smok-
ing should not be allowed in work
areas. These activities should be re-
stricted to designated areas away
from contaminants in the shop.
In the shop, workers wore street
clothes (e.g., blue jeans and tee-
shirts). Workers should change out
of contaminated clothing and wash
thoroughly to remove any contam-
inants prior to eating, drinking,
smoking, or leaving work (to pre-
vent any possible contamination of
vehicles or homes).

4. Housekeeping practices should be
improved to reduce any sec-
ondary exposures to wood dust or
other possible contaminants. Dry-
sweeping in the shop should be
prohibited to prevent dust from be-
coming airborne, which would in-
crease workers’ exposures. Only
wet cleanup methods (i.e., mop-
ping) or vacuuming with an ap-
proved high-efficiency particulate
air (HEPA) filter vacuum should
be allowed during cleanup activi-
ties. Wet cleanup methods should
not be used in any area where they
may cause a potential electrical or
safety hazard.
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