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ABSTRACT

Workers exposed to lead sometimes wear their work clothes home. It is possible that lead
from contaminated work clothing can transfer to uncontaminated clothing, including child-
ren’s items that may be in the same load, during laundering. This is concerning because
lead is especially toxic for children. The purpose of this pilot study was to understand lead
extraction from fabrics typically worn by workers, the amount of lead removed during nor-
mal laundering, and lead transfer to other fabrics during a laundry washing cycle. The study
validated EPA analytical method 200.8 Determination of Trace Elements in Waters and
Wastes by Inductively Coupled Plasma—Mass Spectrometry to analyze lead in Dickies pant
fabric (DPF), T-shirt material (TSM), and blue jeans material (BJM). Because this methodology
of extracting lead from fabrics is novel, a priori definitions of accuracy and precision used
were + 40%. Researchers spiked two levels (9 ug and 9,000 ng) of lead nitrate and three lev-
els (9ug, 900 g, and 9,000 ug) of lead carbonate on 9cm? fabric swatches and extracted
lead by microwave-assisted digestion. Across all spike levels, mean recoveries were within
60% and 140% recovery. All percent coefficient of variation values were less than 20% for
lead nitrate, indicating that this method for lead nitrate was sufficiently accurate and pre-
cise. For lead carbonate, the method was neither accurate nor precise at the 9 and 900 g
levels but was sufficiently accurate and precise at the 9,000 ug level. Eighteen loads of fabric
swatches were spiked with either lead form and laundered in a washing machine using a
common laundry detergent. The mean amount of lead removed from laundered DPF and
TSM was similar (97.4 and 95.9%) and significantly higher (p < 0.05) compared to laundered
BJM (70.6%). The amount of lead carbonate removed (92.6%) was significantly higher
(p < 0.05) than lead nitrate (83.4%). The levels of lead that transferred from spiked fabric to
bedsheets included in the same washing load were less than 0.5 pg. It is important to follow
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public health recommendations, such as laundering work clothes separately.

Introduction

Workers are exposed to lead at a variety of levels and
across several industries, including construction, bat-
tery manufacturing, electronics recycling (e-waste),
smelting, and at firing ranges (Ceballos et al. 2017;
Koh et al. 2015; Laidlaw et al. 2017). Occupational
lead exposures occur through multiple pathways of
exposure, with the primary route being inhalation of
dust that contains lead particles in air (Staudinger and
Roth 1998) and can also be absorbed through the skin
(Niemeier et al. 2022) or via ingestion (Fischbein
1992).

Studies have shown that airborne lead from pro-
duction or job activity areas can contaminate non-

production areas, such as breakrooms, offices, and
conference rooms, while workers often assume these
spaces to be free from lead contamination (NIOSH
2006, 2018). Lead has been found in the personal
vehicles (Piacitelli et al. 1995) and inside the homes of
workers who were exposed to lead at work (Kalweit
et al. 2020; Piacitelli et al. 1997). Children living in
households of workers exposed to lead are at risk of
having high blood lead levels (Levin et al. 2008;
Whelan et al. 1997), which are associated with
increased likelihood of developmental delays and
other negative health outcomes.

To minimize take-home lead exposures, some
workplaces provide shower facilities, uniforms, and
locker rooms to workers, allowing them to shower
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after work and leave their contaminated clothing at
work. Workers can change into street clothes at work,
reducing the potential for take-home lead exposures.
However, these practices do not eliminate take-home
lead exposures (NIOSH 2014, 2018). Some workplaces
do not offer uniforms or laundering services and
therefore require workers to launder their clothes at
home, which increases the risk of contaminating items
in their personal space with lead (NIOSH 2017).

In 1991, following public and occupational health
concerns surrounding take-home lead exposures, the
U.S. Congress tasked the National Institute for
Occupational Safety and Health (NIOSH) to study
take-home contamination from workplace chemicals
(29 USC 671a 1991). In 1995, NIOSH reported to
Congress that preventing take-home exposures before
they occur is critical to limiting lead exposures. When
preventive methods are not used or are ineffective,
then decontamination can be used as a last resort
(NIOSH 1995). In addition, decontamination through
normal house cleaning and laundering methods is
inadequate for lead removal and has the potential for
exposing those doing the cleaning and laundering
(NIOSH 1995). When workers must launder clothes
at home, NIOSH has recommended workers “launder
work clothes separately” but has further indicated that
“normal house cleaning and laundry usually do not
succeed” at completely removing lead contamination
(NTOSH 1995).

There is a paucity of quantitative data on the effi-
cacy of residential washing to remove lead from con-
taminated clothing. Past studies have focused on the
absence or presence of lead in laundering areas and
residential washing machines rather than measuring
the effectiveness of residential laundering in removing
lead from work clothes. One study showed 28 surface
wipe samples taken from inside washing machines in
the homes of workers exposed to lead had a mean
lead level of 72pug/m® or 6.69 pg/ft® (Piacitelli et al.
1997). Another study determined that the average
level of lead dust in a laundry room inside the homes
of lead-exposed workers was 140.8 pg/ft* compared to
10.2 pg/f® in a nonexposed group (Aguilar-Gardufio
et al. 2003).

Published scientific studies related to the effective-
ness of laundering to remove lead from clothing con-
tain notable gaps. No information was found on the
impact of types of occupational take-home lead (forms
and particle size), fabric types, washing machine varia-
bles (front or top loader; cycle length; impeller
design), typical water characteristics, or temperature
of the laundry wash cycle. The literature search also

found few to no existing protocols and laundering
guidelines outside of general recommendations. The
search did not find literature that addressed the effi-
cacy of residential washing machines to remove lead
contamination from clothing. Therefore, more data is
needed to determine if residential washing machines
are effective in removing lead contamination and the
degree to which the washing machines become conta-
minated, potentially leading to cross-contamination of
other clothing during subsequent laundering cycles.

The purpose of this pilot study was to evaluate lead
removal in the practice of routine residential washing,
as well as the possibility of lead transfer to another
fabric or contamination of the washing machine. The
study evaluated lead removal by studying two forms
of inorganic lead and three types of fabric typically
worn by workers.

Materials and methods

The research data associated with this study is with the
corresponding author and will be shared on request.

Study design

This experimental pilot study involved spiking fabrics
with lead, laundering the fabrics in residential washing
machines, and testing the lead levels of the laundered
fabrics. The authors first evaluated the analytical
methodology by computing the recovery of known
amounts of lead spiked on fabric and determining the
accuracy and precision of the method.

The authors then evaluated the levels of lead pre-
sent on laundered swatches that had been spiked with
two forms of lead. The swatches were of three fabric
types commonly worn by workers. Along with the
fabric, eight pounds of bedsheets and pillowcases were
washed to simulate a typical household laundry load
(Leverette 2022). The spiked 3cm X 3cm swatches
were attached to a pillowcase in the laundry load.
Levels of carryover lead were also determined in
uncontaminated bedsheets and pillowcases that were
run in a laundry load with the spiked fabric. The
authors cut a 3cm x 3 cm swatch from a random sec-
tion of the bedsheet and analyzed it for carryover lev-
els of lead. All bedsheets and pillowcases were
purchased new and washed twice before use.

To document other variables that may have influ-
enced lead removal and are pertinent to local laundry
situations, both the pH and hardness of the wash
water were measured. A common consumer detergent
and a common washing machine were used for



experiments where swatches were laundered. The
washing machines were purchased new. Finally, to
measure the levels of cross-contamination, the interi-
ors of the washing machines were tested for residual
lead.

Fabrics

This pilot study included three fabrics:

e Dickies Pant Fabric (DPF): Dickies 874 Flex
Material 65% Polyester/35% Cotton.
T-shirt material (TSM): Hanes 100% Cotton.
Blue jeans/denim material (BJM): Falls Creek
Relaxed Stretch Polyester/Cotton blend with other
fibers.

Based on anecdotal observations made by the authors
on field studies, these fabrics are examples of those
often worn by workers in industries where lead
exposure is a concern. All items were purchased com-
mercially and washed twice before using them for
testing.

Lead sources

Experiments were done with water-soluble lead nitrate
[Pb(NO3),] and water-insoluble lead carbonate
[Pb(COs3),]. Lead nitrate was obtained from JT Baker.
Lead carbonate was obtained from NIST (National
Institute of Standards and Technology, Gaithersburg,
MD; Standard Reference Material #2589), which is a
paint dust with ~9.99% lead. When lead carbonate is
mentioned in this study, it refers to lead paint/SRM
2589 and not pure lead carbonate.

Known concentrations of lead nitrate were applied
to the fabric swatches using aqueous solutions of lead
nitrate or a slurry/paste of lead nitrate solid in deion-
ized water. Lead carbonate was applied to the fabric
swatches as a powder, to which deionized water was
added. The swatches were folded once and pressed by
hand to smear the lead carbonate slurry across the
fabric.

pH and water hardness

A Mettler-Toledo Seven2Go portable pH meter was
used once each day of washing machine operation to
measure the pH of incoming water into the washing
machine. The instrument was calibrated daily when
the washing machines were run, using buffer stand-
ards at pH 4, pH 7, and pH 10. A sample of the water
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was analyzed once each day of washing machine oper-
ation for a hardness determination. Hardness was
based on the sum of calcium and magnesium calcu-
lated as calcium carbonate hardness (U.S. EPA 1994).

Analytical method validation

Fabric swatches were cut into squares approximately
3cm X 3cm (9cm?) in size. A known quantity of
lead (9pg, 900 g, or 9,000 pug) was spiked on each
fabric swatch, dried, and weighed for a final level of
1 pug/cm?, 100 pg/cm?, and 1,000 pg/cm>. These levels
span the range of concentrations (in pg/m’) seen in
industrial settings (Koh et al. 2015). Lead nitrate was
spiked at two levels: 1 pg/cm® and 1,000 pg/cm®. Lead
carbonate was spiked at three levels: 1 pg/cm?, 100 ug/
cm?, and 1,000 ug/cmz. The swatches were then sub-
jected to microwave-assisted digestion using nitric
acid and peroxide and closed digestion vessels. The
solution was diluted to 20 mL volume with deionized
water and analyzed by Inductively Coupled Plasma
Mass Spectroscopy using EPA method 200.8
Determination of Trace Elements in Waters and
Wastes by Inductively Coupled Plasma—Mass
Spectrometry (U.S. EPA 1994).

Recovery and precision

Recovery experiments were performed on the spiked
fabric matrix with lead nitrate (n =40) and lead car-
bonate (n=32). Of the 72 samples, 25 each were
spiked at the 1 pg/cm?® and 1,000 ug/cm” levels, and 22
were spiked at the 100 pg/cm” level. Percent recoveries
of lead at each spike level were calculated by dividing
the final mass by the initial mass and multiplying by
100. The percent coefficient of variation (%CV) was
reported as a measure of precision. A method with a
%CV less than or equal to 20 was deemed precise
(Reed et al. 2002).

Detection limit

The lower reporting limit was determined by taking
the lowest concentration in the calibration curve div-
ided by the weight of the sample fabric digested and
prepared. The volume upon digestion was 20 mL. The
lowest concentration of the calibration curve was
0.5 pg/L.

Lead extraction from laundered fabrics

A known amount of lead (9pg; 900 pug; or 9,000 pg)
was spiked on 3cm x 3cm (9 cm?) swatches of DPF,
TSM, or BJM, for a spike level of 1ug/cm?, 100 pg/
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Table 1. Experimental characteristics of 18
laundry loads.

Load Fabric Lead form
1 DPF Nitrate
2 DPF Nitrate
3 TSM Nitrate
4 TSM Nitrate
5 BIM Nitrate
6 BIM Nitrate
7 DPF Carbonate
8 DPF Carbonate
9 TSM Carbonate
10 TSM Carbonate
1 BJM Carbonate
12 BIM Carbonate
13 DPF Nitrate
14 TSM Nitrate
15 BIM Nitrate
16 DPF Carbonate
17 TSM Carbonate
18 BIM Carbonate

DPF = Dickies Pant Fabric; TSM = T-shirt Material;
BJM = Blue Jean Material.

cm?, and 1,000 ug/cmz. Two forms of lead were used:
lead nitrate and lead carbonate. The fabric swatches,
along with eight pounds of bedsheets and pillowcases,
were washed using top- and front-loading washing
machines. Two sets of sheets and pillowcases that rep-
resented a load of laundry were alternated between
them for use in the wash load. These sheets were a
combination of king, queen, and twin sizes and
included flat and fitted sheets.

Each washing load had six swatches of the same
type (two swatches each of 1ug/cm” and 100 pg/cm?;
one swatch of 1,000 ug/cm? and one blank). All six
fabric swatches were attached to pillowcases using a
plastic tag applicator. The swatches were then ana-
lyzed to determine the amount of lead still present on
the spiked swatch following one laundering cycle. The
percentage of lead that was removed from each swatch
was reported. Table 1 lists the combination of varia-
bles used in each of the 18 laundry loads.

In each load, the initial mass of lead was 10,818 g
[(2%x9) + (2x900) +(1 x9,000)]. The lead in these
spikes could redeposit on each other, on the blank
swatch, or the 8 pounds of bedsheets and pillowcases.
The percentage of lead removed during the laundry
process was determined by computing the mass of
lead based on the analytical lead result after each
wash. The difference between the initial and final
mass was divided by the initial mass and multiplied
by 100. This was the percentage of lead removed.

Quality control samples

Positive and negative controls were included in the
analysis as a quality control step. The positive control
was a 100 pg/cm?® spiked fabric swatch using the same

form of lead and the same fabric type as the other
fabric swatches in the analytical run, which did not
undergo washing. A recovery between 60% and 140%
was deemed acceptable. This range accounted for the
physical loss of lead and the redeposition of lead from
one fabric swatch to another. Negative controls were
unspiked fabric swatches. Positive and negative con-
trols were not included in the washing machine loads.
There were 18 samples each of positive and negative
controls.

Lead cross-contamination

Residual lead

After laundry loads #1 and #7 were removed from the
washing machine, two clean fabric swatches from a
bedsheet were used to wipe surfaces inside the wash-
ing machine tub to evaluate whether lead removed
from the fabric was deposited on the washing
machine surfaces.

Carryover

To assess whether lead was building up on the bed-
sheets being laundered, after laundry loads #1 and #7,
two 3cm X 3cm swatches (one for each load) were
cut from the washed sheets and analyzed for lead.

Statistical analysis

SAS v. 94 (Cary, NC) was used for all analyses.
Significance was set at o= 0.05.

Method validation
For the three spike levels, the %CV was computed as
the standard deviation divided by the average.

Lead extraction from fabrics

Descriptive statistics (mean, range, coefficient of vari-
ation) of the percent of lead removed were computed
for the following two explanatory variables: fabric and
lead type. The Generalized Linear Model (GLM) was
used to analyze all the variables in one model, with
the response variable being the percent of lead
removed, and the explanatory variables being fabric
and lead. Interaction between these two variables was
also checked.

Results
Method validation

The overall mean recovery from 72 spikes was
109.1%. The recoveries ranged from 12% to 612% and



Table 2. Method validation: Spiked samples outside the
acceptable recovery criterion of 60%-140%.

Spike level (ug/cmz) Fabric Lead type Recovery (%)
1 DPF Carbonate 256
1 DPF Carbonate 612
1 TSM Carbonate 441
100 DPF Carbonate 16
100 DPF Carbonate 18
100 DPF Carbonate 12
100 DPF Carbonate 19
100 DPF Carbonate 146
100 TSM Carbonate 146

had a %CV of 72.2%. Nine samples were below or
above the accepted percent recovery criterion of 60%
to 140%. Four samples showed less than 20% recov-
ery, and five samples had recoveries between 146%
and 612%. Table 2 shows the nine samples that were
not within the acceptable recovery criterion. All nine
were spiked with lead carbonate.

Table 3 summarizes the mean percent recovery with
range and %CV for the three spikes, three fabrics, and
two lead sources. The highest amount of lead recovered
was when lead carbonate was spiked on a DPF fabric at
the 1 pg/cm? level. The lowest amount of lead recovered
was when lead carbonate was spiked on a DPF fabric at
the 100 ug/cm” level. The authors concluded that the
method was accurate and precise for lead nitrate across
all three spike levels because all mean recoveries were
between 60% and 140% of the expected 100% recovery,
and all %CV's were less than 20%. However, the method
for lead carbonate was neither accurate nor precise at
the 1 pg/cm? level.

Lower report limit

The lowest calibration standard was 0.5 pg/L, and the
volume upon digestion was 0.02 L. Therefore, the min-
imum mass of lead was 0.01 pg. The heaviest fabric
482 mg. Therefore, assuming fabric
swatches could weigh up to 500 mg, the detection limit
equates to 0.02 mg/kg. The specific detection limit for
TSM was 0.07 mg/kg (135 mg), for BJM was 0.03 mg/kg
(350 mg), and for DPF was 0.04 mg/kg (250 mg).

swatch was

Lead extraction from laundered fabrics

The mean percent lead removed was 88.0%, and the
median was 96.6% (range: 48.7 to 99.9). The %CV
was 18.4%.

Among the three fabrics tested, BJM appeared to
have the least amount of lead removed by laundering
(70.6%). The amounts of lead removed from DPF and
TSM were similar (97.4% versus 95.9%). The variability
was higher for BJM (n=6, %CV = 25.3) than DPF
(n=6,%CV =2.7) or TSM (n=6, %CV = 4.5).
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More lead was removed in the carbonate form
(92.6%) than in the nitrate form (83.4%) by launder-
ing. GLM was used to explore the relationships
between the percentage of lead removed and the fab-
ric and lead. Statistically significant differences were
found among the fabric and lead explanatory variables
(p<0.05). Significant interaction was also found
between fabric and lead (p <0.05). Table 4 summa-
rizes these findings. The R-squared value was 0.86,
which means that 86% of the variability in the percent
lead removed can be explained by the model.

Based on an examination of the residual plots, the
four assumptions of linear regression (linearity, inde-
pendence, normality of error terms, and equal vari-
ance of error terms) were met.

Quality control samples

The recoveries from the 100 pg/cm® positive controls
ranged from 84.5% to 188.2%. Four out of 18 positive
controls gave recoveries higher than 140% (quality
control for loads 3, 4, 10, 12). Only one positive con-
trol gave a recovery below 90% (84.5% in Load 17).
Therefore, losses of lead were not typical for the posi-
tive controls. None of the negative controls were
above the limit of detection.

pH and water hardness

The average + standard deviation of the pH and hard-
ness of the water were 9.1+0.1 units and 404z
4.0 mg/L, respectively.

Lead cross-contamination

To ensure that the results from each load washed in
the machine were not influenced by the prior loads
washed, experiments were performed to assess poten-
tial carryover between loads. The “sheet control, not
washed” represented a bedsheet sample that was not
included in the load in the machine. Since each load
of laundry had five spiked swatches for a total of
10,818 pg of lead, residues and carryover checks show-
ing <1pg of lead were considered as evidence of no
significant lead levels remaining on the fabric (sheets)
or in the washing machine (Table 5).

Discussion
Method validation

No analytical method existed for the extraction and
analysis of lead from the three fabrics in this pilot
study (DPF, TSM, and BJM) at lug/cmz, 100 ug/cmz,
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Table 3. Method validation: Mean lead recovered (%).

Spike level (pg/cmz) Fabric Source Sample size Mean recovery (%) Minimum (%) Maximum (%) %CV
1 BJM Carbonate 1 97 97 97 No data
Nitrate 4 100.18 96.6 102.5 2.76
DPF Carbonate 3 332.67 130 612 75.1
Nitrate 12 99.0 91.8 108.70 4.9
TSM Carbonate 1 440 440 440 No data
Nitrate 4 96.5 92.1 104.8 59
100 BJM Carbonate 2 104 94 114 13.6
Nitrate 0 No data No data No data No data
DPF Carbonate 18 88.5 12.0 146.0 47.8
Nitrate 0 No data No data No data No data
TSM Carbonate 2 131 116 146 16.2
Nitrate 0 No data No data No data No data
1,000 BJM Carbonate 1 106 106 106 No data
Nitrate 4 91.8 82.2 99.4 7.8
DPF Carbonate 3 105 88 17 144
Nitrate 12 85.5 61.8 110.2 19.2
TSM Carbonate 1 107 107 107 No data
Nitrate 4 89.6 785 95.7 8.9

DPF = Dickies Pant Fabric; TSM = T-shirt Material; BJM = Blue Jean Material.

Table 4. Mean lead removed (%) from loads 1-18.

Explanatory variable Type Sample size Mean % lead removed %CV p-value
Fabric <0.0001
BJM 6 70.6 253
DPF 6 97.4 2.7
TSM 6 95.9 4.5
Lead 0.0201
Nitrate 9 83.4 241
Carbonate 9 92.6 1.1
Fabric*Lead 0.0116

Table 5. Lead residue and carryover in micrograms (1ig) and (sample size).

Background lead (pg)

Lead residue (ug)® Lead carryover (ug)°

Sheet control, not washed
Load 1
Sheet control, not washed
Load 7

0.02-0.04 (n=2)

0.02 (n=1)

0.02-0.06 (n=2) 0.02

0.05-0.13 (n=2) 0.04

*Wipe sample taken inside the washing machine.
PLead level in 3cm x 3cm swatches taken from bedsheet.

and 1,000 ug/cmz. Therefore, the authors adapted and
validated an analytical method where fabric samples
containing lead were prepared and analyzed by micro-
wave digestion using nitric acid and hydrogen perox-
ide, and subsequent analysis by ICP-MS (National
Institute of Standards and Technology 2021).

The range of lead levels selected is relevant to occu-
pational health as it covers a range of measures typic-
ally seen in workplace wipe and air lead samples. A
NIOSH health hazard evaluation found between 23
and 940png of lead in hand wipe samples (NIOSH
2014). Although airborne lead samples as low as
4pug/m®> and as high as 4,100pg/m> have been
reported (NIOSH 2014), most airborne samples in
occupational settings with lead exposures are between
60 and 800 ug/m3 (Koh et al. 2015). This translates to
58-768 g, assuming an 8-hr sample at a nominal
flow rate of 2 liters/min. This study intended to
mimic the amount of lead that may accumulate on

clothing during an employee’s workday in an occupa-
tion where lead exposure was possible. Therefore, the
spikes of 9pg, 900pg, and 9,000 pug spanned the
ranges reported in the literature.

Of the 72 samples analyzed for the validation study,
the mean percent of lead recovered was 109%.
However, since the samples were prepared in the
laboratory, there were practical limits impacting
accuracy and precision, especially at the low 9 g level
with the lead carbonate from the paint dust.
Challenges with the application of trace levels of paint
dust caused more variability in the recovery. SRM
2589 is a powdered paint with a certified amount of
lead. The presence of other compounds in the paint
may have affected the efficiency of the digestion and
the lead recovery. Moreover, according to the
Certificate of Analysis for SRM 2589, 100 mg is the
minimum sample size to use. For the lowest level, this
study used less than 1mg of bulk, which may have



affected the homogeneity of the sample, which would
have led to lower and more variable recoveries.
Therefore, the authors determined an acceptable
recovery range between 60% and 140% instead of the
more restricted 80% to 120% range (U.S. EPA 1994).
The range was determined by spiking the fabric
swatches and preparing them for analysis without any
laundering.

The validation study initially used two spike levels,
each of 1pg/cm® and 1,000 ug/cm”. Spiking the fabric
with a known volume of a lead nitrate solution was
more controlled compared to working with lead car-
bonate, which was in the form of a solid powdered paint
to achieve the spike level. Because of the challenges with
working with the powdered paint for lead carbonate,
the additional 100 pg/cm? level was included.

The validation results showed that the quantitative
accuracy was not reliable when 9 pg of lead from the
lead carbonate form was spiked on a 500 mg swatch.
Whereas spiking levels of 100 pug lead as lead carbon-
ate on a 500 mg swatch (or approximately 200 mg/kg)
showed acceptable quantitative accuracy. From the
results of the two spiking levels, a practical quantita-
tion limit of approximately 100 mg/kg can be inferred
from the results for the lead carbonate form. This
would equate to about 50 pg lead on a 500 mg swatch.
The validation study showed that when using lead
nitrate, the method demonstrated improved perform-
ance at the low spiking level with an average recovery
of 99.0% of lead when 9pg of lead was spiked on a
500 mg swatch (or approximately 18 mg/kg).

During day 3 of the validation study using lead car-
bonate for spiking, four samples at the 100 pg/cm?
level returned extremely poor recovery results (under
20%). Review of the instrumental results did not
reveal any dilution or calculation errors. There were
no differences in how the samples were processed as
compared to any other analysis days. A subsequent
data set, including six samples at the 100 ug/cm®
showed an average recovery of 115%. One sample
using DPF and one sample using TSM gave high
recoveries for the 100 pug/cm® spiking level, at 146%.
No difference in preparation or processing occurred
for these fabric swatches, and no laboratory justifica-
tion exists for the elimination of the data points.

Lead removal from laundered fabrics

On average, 88% of lead was removed from the fab-
rics; however, no single washing machine cycle com-
pletely removed spiked lead from the fabrics. Any
lead remaining on the fabrics after washing could be
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considered a health hazard because when the fabrics
are dried, particles of lead on the fabric could become
airborne.

The removal mechanism appears to be based more
on agitation and physical “soil” removal as compared
to dissolution of the lead. This statement draws from
the effectiveness of removing lead carbonate, which is
insoluble compared to lead nitrate, which is a soluble
form of lead. The authors chose to combine three con-
centration levels (for a total of 10,818 Lig) to reduce the
length of experimental time and to reduce costs.

Three fabrics were chosen based on observations of
the type of clothing often worn by workers. Of the
fabrics selected for this study, the BJM represented
the most challenging fabric from which to remove
lead compared to the DPF and the TSM. This could
be due to the denser nature of the denim and the
coarse weave of the fabric. The fabric resisted efficient
removal during the residential laundry washing. More
studies need to be done on lead retention on denim
because the weaves of denim can vary. Non-denim
fabrics, such as DPF, may be a better choice for
avoiding lead build-up within the fabric after washing.

Results indicated that residential washing machines
used to launder lead-contaminated fabrics after occu-
pational exposure can remove some, but not all, of
the lead contamination.

Lead cross-contamination

This study found some level of lead residues in the
washing machine between loads. The study also found
that small amounts of lead were transferred from the
spiked swatches to clean bedsheets. However, the val-
ues were less than 0.5ng. It did not appear that lead
built up in the washer after lead-contaminated clothes
were washed. However, due to the small number of
samples, additional data are needed. Given the limited
scope of this study, it is important to continue to fol-
low public health recommendations for preventing
lead exposure, such as laundering work clothes separ-
ately from other household clothes.

Public health relevance

The 1995 NIOSH report to Congress (NIOSH 1995)
identified five effective workplace measures to prevent
take-home lead exposures: (1) reducing exposures in
the workplace, (2) offering employees the opportunity
of changing clothes before going home and leaving
soiled clothing at work for laundering, (3) storing
street clothes in areas separate from work clothes, (4)
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offering employees the opportunity to shower before
leaving work, and (5) prohibiting the removal of toxic
substances or contaminated items from the workplace.

However, not all workplaces offer showering and
laundry facilities, and many workers may have no choice
but to launder their work clothes at home (NIOSH
1995). The impetus behind this study was to develop a
better understanding, from a quantitative perspective, of
the effectiveness of and challenges to residential laun-
dering to minimize lead exposure to household mem-
bers. The public health recommendation to “launder
lead-contaminated clothing separately” is based on pru-
dent best practices. This study has provided some infor-
mation to better quantify the effectiveness of residential
laundering in removing lead, lead removal from fabrics
commonly worn by workers, and the effectiveness of
household detergent on lead removal.

Future studies can build on the data presented
here. More research is needed, especially in the deter-
mination of background levels of lead and other heavy
metals in work clothes, the amount of lead and heavy
metals removed in a variety of fabrics, the number of
washes needed to remove most of the lead and heavy
metals, the amount of residue on washing machines,
and the varieties of detergent formulations that can
remove the greatest amount of lead. In future experi-
ments, it would be helpful to follow a randomized
design to mitigate random experimental errors.

Additionally, the pilot study findings suggest that
lead may not be fully removed from clothing during
residential laundering. Over time, lead may accumu-
late on clothing (especially on clothing that is used
repeatedly in a lead environment) and could poten-
tially contribute to overall occupational exposures.
These exposures could occur via skin absorption
through direct dermal contact with lead-contaminated
clothing or indirectly through contact with a contami-
nated surface in the home. This potential exposure
pathway has not been characterized in the occupa-
tional health literature, but understanding this path-
way could play an important role in reducing lead
exposure in both workers and their households.

Limitations

This pilot study has several limitations. First, although
overall %CVs were computed by spike level, compre-
hensive computations of %CVs by type of lead and
fabric were not made. For example, in the validation
studies, the authors did not spike lead nitrate at the
100 pg/cm” level for any fabric; also, several spikes
with lead carbonate only had one data point, so it was

not possible to determine method variability.
Therefore, the understanding of the precision of this
method by fabric type and lead form may not be
complete. The authors were not able to analyze the
results by washing machine orientation because nei-
ther the top- nor the front-loading washing machines
had an agitator. Finally, the experiments in this study
are limited in number, and the investigation of differ-
ent variables was not randomized. Therefore, the
results could be affected by random errors such as
operator error and the lab environment.

Conclusion

This pilot study developed and performed an initial
validation on an analytical method suitable for the
determination of lead levels, between 1pg/cm® and
1,000 pg/cm?, present in three varieties of fabric: DPF,
TSM, and BJM. While residential washing removed
most of the lead, it did not completely remove lead
from any of the three types of fabrics tested. Of the
three fabrics included in this study, BJM retained the
most lead. The levels of lead that transferred from
spiked fabric to bedsheets included in the same wash-
ing load were less than 0.5pug. However, given the
study limitations, it is important to continue to follow
public health recommendations for preventing lead
exposure, such as laundering work clothes separately.
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