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detection of lead in dust using XRF

Ornella Joseph, a Vikrant Jandev, b Zhutian Zhang, c Darbie Kwon, b

Brighten Cho, b Devena Sammanasu,b Alyssa Wicks b and Marya Lieberman *b

A method for rapidly and quantitatively measuring lead (Pb) in dust has been developed. Different types of

wiping materials were tested. Due to its adhesive properties and flatness when folded, painter's tape

effectively picks up dust and, when coupled with portable X-ray fluorescence (XRF) provides a rapid and

sensitive measurement of Pb in dust. The tape can pick up approximately 0.095 g of dust, which is

comparable to the amount of dust present in one square foot of a house that is vacuumed once

a month (0.100 g). Dust in an area of 1 square foot was wiped up and a calibration curve was

constructed by analyzing the folded tape on XRF (in ppm) versus the amount of Pb on the wipe that was

determined by digestion and ICP-OES (in mg). Validation of this method revealed that when tested at

each of the current EPA action levels for Pb dust (5 mg for floors, 40 mg for windowsills and 100 mg for

window troughs), each of the false positive rates (FPR) was below 15% and each of the false negative

rates (FNR) was below 5%. Thus, at these lower Pb levels, Painter's tape with XRF measurement could

allow for spatially-resolved, rapid determination of Pb in dust on site, which has been a long-standing need.
Introduction

Pb-containing dust from deteriorated Pb-based paints and
contaminated soil is the primary contributor to Pb poisoning
among children.1,2 Studies have shown that even low blood Pb
levels can have signicant health impacts on children.3 In the
United States, parents are encouraged to have children's blood
Pb tested at 12 and 24 months, and if an elevated blood Pb level
(greater than 3.5 mg dL−1) is detected, the home receives a state-
funded Pb inspection and risk assessment (LIRA) conducted by
certied Pb risk assessors.4

Pb risk assessors visit the home with a portable X-ray uo-
rescence (XRF) analyzer to measure Pb in paint on-site. Since
each XRF run takes a maximum of 2 minutes, a large variety of
painted surfaces can be tested with XRF during a single home
visit. However, Pb in dust is not tested on-site, but rather, dust
from oors and windowsills is collected using the standardized
wipe method adopted by the U.S. Environmental Protection
Agency (EPA) and the U.S. Department of Housing and Urban
Development (HUD).5 This standardized wipe method uses the
entirety of a moist wipe to pick up the dust in an area of one
square foot (2). The sample is then sent to a lab where the wipe
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is digested, and Pb concentration is determined by Flame or
Graphite Furnace Atomic Absorption Spectroscopy (FAAS or GF-
AAS) or Inductively Coupled Optical Emission Spectroscopy
(ICP-OES).6

While the laboratory method is highly accurate in deter-
mining Pb in dust, it can be expensive and does not support
determining remedial action on site. This necessitates a second
visit by the Pb risk assessors or deferring remedial action to the
residents. Researchers have proposed XRF testing of sieved
vacuum cleaner dust for identifying the overall Pb hazard in the
home.7 However, there remains a need for an analytical method
that gives a spatially resolved and sensitive quantication of Pb
when present at lower mg levels in dust.

The current EPA Dust Lead Action Level (DLAL) for risk
assessment and Pb abatement work is 5 mg −2 for oors, 40 mg
−2 for windowsills, and 100 mg −2 for window troughs.
Moreover, the EPA also proposes a Dust Lead Reportable Level
(DLRL) for home residents, to be any value above zero mg −2,
recognizing that there is no safe dust Pb level for children.8,9

Currently, the EPA has approved 2 color tests for the detec-
tion of Pb paint;10 the Leadcheck™ test kit which is based on
the formation of pink Pb rhodizonate, now produced and
distributed by Luxfer Magtech (previously manufactured by
3M); and D-lead which is based on the formation of brown/gray/
black Pb sulde. However, no color test has been approved for
the detection of Pb in dust. Additionally, the approved color
tests for Pb in paint have a signicantly higher detection limit of
1 mg cm−2 (approximately 930 000 mg −2) which prevents the
color tests from being applicable to the detection of Pb in dust.
Anal. Methods, 2026, 18, 1201–1208 | 1201
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Other commercially available rhodizonate color tests (Lead
Check Swabs) have proved to be ineffective to reliably ag dust
containing Pb below 1000 mg −2 (false negative rate is greater
than 10%).11 This leaves a gap in testing methods for residents,
or renovators who could benet from a rapid and reliable home
test for Pb in dust. Furthermore, in instances like occupational
exposure sites, the main route of Pb poisoning is through
ingestion of dust.12 Therefore, to take precautionary steps in the
absence of an XRF, it would be benecial, at minimum, to have
a color test that reliably detects Pb below 1000 mg −2.

In November 2023, a novel perovskite color test for Pb was
reported.13 In this color test, a Pb-containing substrate, when
sprayed with methylammonium bromide, instantly forms Pb
halide perovskite crystals, which when exposed to 365 nm UV
light, display green uorescence. The reagent can be sprayed
onto a surface, making it well suited for eld screening,
particularly in homes or environments where rapid Pb detection
is needed.

Helmbrecht et al.13 reported a limit of detection for Pb at 1 ng
mm−2 (approximately 93 mg −2) in spiked diatomaceous earth.
A second recent study using the same reagent, reports a limit of
detection of 500 ppm for Pb in paint.14 However, this test has
not been directly tested on Pb-containing house dust. In this
paper, we examine the utility of this test by spraying the Pb dust
containing tape and detecting green uorescence by eye as well
as by using a phone image.

Other studies have used wet wipes with XRF detection as
a screening test for Pb in dust.15–17 However, the sensitivity of
the data was limited due to the absorption of excitation X-rays
and scattering of uorescent X-rays by water18 and the preci-
sion was affected by the heterogeneous distribution of Pb on the
wipe.19 This required drying of the wipe and the testing of
multiple spots.20–22 Moreover, since the penetration depth of X-
rays is limited to a few millimeters, Pb wipes that have been
folded thin, with XRF testing of a single spot, have been
proposed.23 This paper explores the use of adhesive wipes
(Painter's tape) to pick up dust. The tape is subsequently folded
thin to facilitate a single XRF measurement spot.
Materials

For lab-generated dust, certied reference material (CRM) 0.1%
Pb in paint chips (High-Purity Standards), silica (ICN Biomed-
icals GmbH), and sieved vacuum cleaner dust samples (250 mm
sieve), were used. In addition, unsieved vacuum cleaner dust
was obtained from 3 households. The wipes tested were sourced
from a national grocery chain and online retailers. The Painter's
tape used in this study was of the brands STIKK and ULine and
consisted of blue crepe paper tape with a medium-tack adhesive
which ensured that it only picked up dust and did not remove
paint. The manufacturer reports a performance temperature
range of 10–90 °C with outdoor exposure of up to a week.

The perovskite color test kit was purchased from Lumetallix
b.v., a company based in the Netherlands (product stock
keeping unit number: L-01). The test reagent is reported to have
a shelf-life of 6–24 months.24
1202 | Anal. Methods, 2026, 18, 1201–1208
Instrumentation

To digest wipes for ICP-OES analysis, concentrated trace metal
grade nitric acid (VWR, 67% w/w) and a microwave digester
(CEM Mars 6, North Carolina, USA) were used. ICP-OES data
were gathered using a PerkinElmer Optima 8000 (Connecticut,
USA) instrument (measurement mode: radial; Pb emission
wavelength: 220.353 nm; internal standard: 1 ppm yttrium;
matrix: 5% w/w trace metal grade nitric acid). X-Ray Fluores-
cence (XRF) Spectroscopy was performed using a handheld
SciAps X-100 (Massachusetts, USA) XRF analyzer (excitation
source: 40 kV electron tube with rhodium anode; acquisition
time: 20 seconds with the “beam 2” setting; detector: 20 mm2

silicon dri detector; calibration mode: soil, Pb emission line:
Lb at 12.61 keV).
Methods
XRF attenuation distance of uorescent X-rays from the
sample

A nely ground and homogeneous powder containing approxi-
mately 500 ppm Pb was placed in an XRF sample cup and placed
directly on the XRF reading window and the reading was recorded.
To determine the attenuation distance for the uorescent X-rays
from the sample to reach the detector, cut sheets of printing
paper (0.10 mm each in thickness) were placed one at a time,
between the XRF and the sample to gradually increase the distance
until the XRF reading was below the detection level of 3 ppm.
Initial screening of dust wipes

Types of wipes tested. Different types of wipes that were low
cost (less than $1 per wipe) and could be folded at (less than 2
mm) were chosen for this study. For testing the wipes, a mass of
0.10 g of house dust was used. This mass was based on a study
where the total mass of dust that accumulated in a house with
280m2 (3014 2) area over 3months was 899 g.25Now, assuming
that vacuum cleaning is done once a month, we estimate that
0.1 g of dust corresponds to the mass of dust in a 1 2 area.

Mass of dust picked up by each wipe (considering a dust
amount of 0.1 g −2). Unsieved vacuum cleaner dust was
prepared by hand-sorting to remove hair, pet fur and other large
debris. For both dry and adhesive wipes, 0.100 g of the hand-
sorted vacuum cleaner dust was distributed on a 1 2 area
(marked off by tape), and the mass of dust picked up was
determined from the difference in the mass of the wipe before
and aer wiping.

However, for moistened (water or alcohol-containing) wipes,
the mass of dust picked up was determined from the difference
in themass of themoist wipe on a weigh boat originally, and the
mass of the weigh boat aer wiping and allowing the moisture
to evaporate.

XRF reading of each wipe (considering a Pb level of 10 mg
−2). In a separate experiment, 100 ppm Pb dust was prepared
by grinding together the CRM of 0.1% Pb in paint chips (1.000 g)
with powdered silica (9.000 g). To determine the XRF reading of
each wipe, 0.100 g of the prepared 100 ppm Pb dust (containing
This journal is © The Royal Society of Chemistry 2026
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10 mg Pb) was weighed out and dispersed on a surface area of 1
2. Then the respective wipe was used to pick up the dust as
outlined previously, and the wipe was measured with XRF. A
total of 3 wiping trials was conducted for each type of wipe. The
results are summarized in SI Fig. S1.

XRF reading of different sizes of Painter's tape (considering
a Pb level of 10 mg −2). For determining the optimum size of
Painter's tape to be used, Painter's tape portions of different sizes
(3.0× 3 in2, 3.0× 1.5 in2, and 2.0× 1.5 in2) were used. A mass of
0.100 g of the prepared 100 ppm Pb dust (containing 10 mg Pb)
was weighed out and dispersed on a surface area of 1 2. Each
size of Painter's tape was used in turn to pick up the dust. The
dust-containing wipe was folded to be as at as possible while
ensuring that most of the wipe was in the XRF reading window.
Each wipe was bagged and both sides weremeasured with XRF. A
total of 3 trials was conducted for each size of Painter's tape. The
higher of the two XRF readings was considered and the XRF
readings of the 3 trials were averaged to obtain a representative
XRF reading from each size of wipe. The results are shown in SI
Fig. S2.

Adhesive Painter's tape as the wipe of choice

Painter's tape (from a 3.0-inch-wide roll) was mounted on
a transparent lm and cut such that the dimensions of the tape
were 3.0 × 1.5 in2. The tape was then carefully peeled off the
transparent lm backing and used to pick up dust in a 1 2 area
(Fig. 1A) by repeatedly sticking the tape to collect the dust on the
surface. When the tape was covered in dust, it was folded three
times (until a 0.75 in2 square shape was obtained) and bagged
(Fig. 1B). Each bagged wipe was taped on the XRF analyzer and
both sides of the bagged wipe were measured with the XRF
analyzer facing upwards (Fig. 1C). The higher of the two XRF
readings was recorded due to the intensity of uorescent X-rays
decreasing with increasing distance of the Pb-containing
sample from the XRF detector (SI Fig. S3).

In a separate experiment, two Painter's tapes containing 10
mg and 40 mg of Pb respectively, were measured with XRF for
a total of 12 times on each side, by sequentially moving loca-
tions of the folded and bagged tape over the central section of
the XRF reading window. The data are given in the SI Excel le.

Painter's tape XRF calibration curve and validation study

For the construction of a calibration curve and subsequent
validation study, lab-generated (N = 9) and pre-existing eld
Fig. 1 Using the Painter's tape to pick up dust (A), folding the tape three t
bagged tape over the XRF reading window (C).

This journal is © The Royal Society of Chemistry 2026
dust samples (N = 118) were wiped by 15 different users. For
lab-generated dust, a mass of 0.100 g each of sieved vacuum-
cleaner dust samples was weighed out and manually
dispersed on areas of 1 2. For collection of dust from eld sites,
a variety of wooden, concrete and tiled oor and windowsill
surfaces were sampled from two homes (built before 1978 and
containing Pb paint, N = 61) and three churches (with stained
glass windows containing Pb came, N = 57). At each surface, an
area of approximately 1 2 was sampled using Painter's tape
and both sides of the tape were measured using XRF with the
higher of the two XRF readings recorded. The actual amount of
Pb on the tape was thereaer determined by microwave diges-
tion followed by ICP-OES. Data from half of the samples (N =

64) were used to generate a calibration curve and the other half
of samples (N = 63) were used to validate the method.

The exact amount of Pb on the wipe was thereaer deter-
mined by ICP-OES where the tape was rst digested with 10 mL
of concentrated nitric acid in a microwave digester (200 °C for
15 minutes). The digestate was then diluted to 50.0 mL, ltered
(Whatman Grade 1 qualitative lter paper), and analyzed with
ICP-OES. Blank corrections were applied to the value obtained
from ICP-OES to account for any Pb contamination from the
Painter's tape, microwave digestion vessels, and reagents. ICP-
OES Pb values between 0.4 and 0.9 mg were replaced with 0.9
mg which is the limit of detection for this analysis method on
ICP-OES. The calibration and validation data are provided in the
SI Excel le.
Statistical analysis

For the calibration data, a plot of the logarithm of the XRF
reading versus the logarithm of the actual amount of Pb con-
tained on the tape (obtained via digestion of tape followed by
ICP-OES, and blank and LOD correction) was constructed and
used as the calibration curve (Fig. 2). For the calibration line,
the 95% condence and prediction intervals were calculated.26

For the validation data, a plot of predicted Pb versus actual
Pb was constructed (Fig. 3). The current EPA action levels (5 mg
−2 for oors, 40 mg −2 for windowsills, and 100 mg −2 for
window troughs) were each considered as thresholds, and the
FPR and FNR at each threshold were calculated. Additionally,
a truth table was constructed to evaluate what types of errors in
classication were made. For example, how oen samples that
are in one class might be erroneously classied as being from
the neighboring class.
imes to localize the dust in a small area (B), and securing the folded and

Anal. Methods, 2026, 18, 1201–1208 | 1203
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Fig. 2 Calibration curve (N = 64) plotted with the logarithm of
the ppm XRF reading on the y-axis vs. the logarithm of the mg Pb
amount on the x-axis. The solid line represents the line of best fit and
the dashed lines represent the 95% confidence interval (narrower), and
the 95% prediction interval (wider).
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Perovskite color test for Pb detection

Painter's tape that had been used to pick up dust was sprayed
with the Lumetallix test reagent (1% w/w methyl ammonium
bromide in isopropyl alcohol)13 and allowed to air-dry for 15
minutes. If Pb was present, the Pb methylammonium bromide
perovskite formed would uoresce in green when exposed to UV
light (365 nm). Painter's tape was illuminated with the UV
ashlight provided in the manufacturer's kit, and images were
captured in a lightbox using a mobile phone camera (iPhone 14
Pro).
Results and discussion
Painter's tape as the wipe of choice

Among the wipes tested (SI Fig. S1A), Painter's tape was among
the wipes that picked up the highest amount of house dust (SI
Fig. S1B) while giving a measurable XRF reading for 10 mg −2

Pb with a lower standard deviation (SI Fig. S1C). The signicant
XRF reading can be attributed to the dryness of the adhesive
wipe and the atness due to which it can be folded to match the
XRF reading window of a 1 cm2 surface area and 1.2 mm depth.
Fig. 3 Log–log plot of Pb levels determined using the calibration
curve of the proposedmethod (“predicted Pb”) versus blank-corrected
Pb levels from digests of the tape measured by ICP-OES (“actual Pb”)
(N = 63).

1204 | Anal. Methods, 2026, 18, 1201–1208
Beyond an attenuation depth of 1.2 mm of stacked paper, the
intensity of the XRF reading from a Pb-containing sample is
reduced to 1/e, where e z 2.718. Thus, at a distance beyond 1.2
mm, the XRF reading from the sample would be less than 37%
of its original value (SI Fig. S3).

Further experiments tested the efficiency of different
dimensions of Painter's tape for picking up dust (SI Fig. S2). Of
the dimensions tested, the dimension of 3.0 × 1.5 in2 proved to
be the most effective given that the XRF reading was high
(indicating high sensitivity) and triplicate measurements had
a lower deviation (indicating less variability). The experiment
for sequentially analyzing different locations on both sides of
folded Painter's tape conrms that one side consistently gave
higher Pb readings with a lower relative standard deviation,
conrming the choice of measuring each side once, and then
using the higher of the two XRF readings (SI Excel le).
Painter's tape XRF calibration curve and validation study

From the calibration curve (Fig. 2), the equation of the tted line
was y= (0.80± 0.05)x + (1.24± 0.09), where y is the logarithm of
the XRF reading and x is the logarithm of the ICP-OES corrected
value of the digested tape. Considering that the prediction
intervals are signicantly wide, this method is not suitable for
quantitation, but rather for screening.

The limit of detection (LOD) was calculated using the
formula LOD = 3.143 × SD,27 where 3.143 corresponds to the
single-tailed 99th percentile t-statistic for 6 degrees of freedom,
and SD corresponds to the standard deviation of 7 replicate
determinations of low concentration Pb-containing tape
samples (approximately 0.7 mg −2). The calculated LOD was 4.3
mg −2. To conrm detection at low Pb levels, a raw XRF spec-
trum for a tape with 10 mg Pb and a raw XRF spectrum for
a blank tape were obtained (SI Fig. S4). At the Pb emission
energy of 12.61 keV, it is evident that a signicantly higher XRF
signal intensity was obtained from the tape with 10 mg Pb
compared to the blank tape.

For the validation study 63 dust samples were randomly
selected. The equation of the calibration curve (from Fig. 2) was
used to convert the XRF reading to a blank-corrected ICP-OES
reading (predicted Pb) and then plotted against the specic
sample's actual blank-corrected ICP-OES reading (actual Pb)
(Fig. 3).

When a threshold Pb level in dust was set at 5 mg −2 (current
EPA action level for oors), a false positive rate (FPR) of 13% (8/
63) and no false negatives were obtained. For a threshold of 40
mg −2 (current EPA action level for windowsills), an FPR of 3%
(2/63) and no false negatives were obtained. For a threshold of
100 mg −2 (current EPA action level for window troughs), an
FPR of 5% (3/63) and a FNR of 2% (1/63) were obtained. This
data has been summarized in a truth table (Fig. 4) to assess the
degree of correct and incorrect classication based on bins.
Examining the bin that the samples were misclassied into
shows that samples misclassied at a threshold of 5 mg −2 were
classied as being between 5 and 10 mg −2, indicating that the
classication was only slightly off. Examining the truth table for
the other bins also reveals that the misclassied samples fell
This journal is © The Royal Society of Chemistry 2026

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5ay01275a


Fig. 4 Truth table showing samples classified into various bins. The
“true bin” is based on the actual Pb level (in mg ft−2) from blank-cor-
rected ICP-OES digests of the tape, and the “classified bin” is based on
the predicted Pb level (in mg ft−2) determined using the calibration
curve of the proposed method. The number of samples correctly
classified (gray cells) and misclassified at various thresholds (white
cells) are given. Notably, the misclassified samples were always clas-
sified into a bin adjoining the true bin indicating that the error from
misclassification was small.
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into neighboring bins and not far off bins, indicating that the
misclassication was only slightly off.

A reporting limit of at least 80% of the current 5 mg −2 EPA
action level for oors (4 mg −2) is required of laboratories
certied under the US National Lead Laboratory Accreditation
Program (NLLAP).28 When a threshold Pb level in dust was set at
4 mg −2 with this method, a false positive rate (FPR) of 8% (5/
63) and no false negatives were obtained.

The main strengths of the Painter's tape coupled with XRF
method are that it is rapid, can be performed on site, has good
robustness (across different surface types, dust types, sample
collectors, and XRF analysts), and provides spatially resolved
results. However, the dust content on different surfaces can be
variable and can exceed the maximum amount that can be
Fig. 5 Subset of tapes that show low and high levels of green fluoresce
sprayed with methylammonium bromide. After 15 minutes, the tape was p
14 Pro camera. The images were analyzed using ImageJ as outlined prev
digested and the actual Pb contained was determined by ICP-OES.

This journal is © The Royal Society of Chemistry 2026
picked up by the wipe (approximately 0.095 g). Furthermore, the
mass of dust that can be picked up by the wipe could be variable
depending on the volume of dust. Thus, surfaces with large
volumes of dust could give false negative results. Additionally,
the XRF's active reading window captures only a fraction of the
folded tape, and depending on the area tested, could give
variable readings, resulting in a greater condence interval for
each value.

The ability to test a sample in under a minute is a consider-
able improvement in testing time over ICP-OES and FAAS which
can take days to yield results. Furthermore, other XRF test
methods require either drying and sieving of vacuum cleaner
dust or drying of the Ghost Wipe containing the dust, whereas
the Painter's tape allows for direct measurement. A comparison
of the proposed XRF method with existing methods for testing
Pb in dust is given in the SI (Table S1).

Given these strengths and weaknesses, the XRF method is
proposed as a screening test, rather than a quantitative analysis
method. This method shows promise for Pb abatement use
cases as a screening method preceding clearance. However,
further eld work will be needed in homes undergoing abate-
ment operations to validate this hypothesis.
Perovskite color test for Pb detection

The perovskite color reagent, purchased from Lumetallix Inc.
was sprayed on Painter's tape that contained dust and visual-
ized under UV light. Researchers have previously reported on
the selectivity and suitability of the perovskite color test for the
detection of Pb in a variety of samples including diatomaceous
earth,13 paint14 and gunshot residue.29

Images of the tape obtained under UV light were analyzed
with ImageJ image analysis soware. Each image's color was
split into red, green, and blue channels and the green channel
intensity was selected using the threshold range of 152 to 255.
Then, a circle with a constant area (circle diameter = 1000 px)
nce. The tapes were used to pick up dust in an area of 1 ft2 and then
laced inside a lightbox, and the images were captured using an iPhone
iously, and the % green area value was obtained. The tapes were later

Anal. Methods, 2026, 18, 1201–1208 | 1205
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Fig. 6 ImageJ green area % vs. ICP-OES Pb results for 32 samples. Green and gray points are those where all 3 analysts unanimously agreed
about the presence and absence of green fluorescence, respectively. Yellow points are where one analyst among the three disagreed on the
presence or absence of green fluorescence. The round data points are the samples collected from houses built before 1978 that are likely to
contain Pb paint (N = 17) and the box-with-cross data points are the samples collected from churches with stained-glass windows that are likely
to contain Pb came (N = 15).
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was drawn on the image for analysis. A circular region was
chosen because the UV ashlight used had a circular head and
produced even illumination across a circular area. Images of the
tape, along with the % green area values and the corresponding
actual Pb contained on the tape for a subset of the sprayed
samples, are shown in Fig. 5.

In the absence of image analysis soware, naked eye reading
can be performed. While the perovskite color test does not give
false positives for most elements, dust can contain bers,
chemicals such as laundry brighteners, and minerals with
native uorescence.30 Although the colors are oen different,
this native uorescence can confuse observers who are not
familiar with the expected color. Therefore, in this study, when
the tape containing dust was observed with the naked eye,
except for thread-like structures showing green uorescence, all
other observable green areas were considered positive for Pb. Of
the 20 samples with Pb levels below 100 mg −2, there were four
instances in which the three analysts disagreed on the visibility
of green uorescence.

However, for Pb levels above 100 mg, all analysts unani-
mously agreed that green uorescence was clearly visible in all
samples. At Pb levels above 100 mg, green uorescence was
consistently visible either due to the presence of large and
clearly visible paint chip(s) or signicant amounts of ne Pb
dust from oxidized Pb came in stained glass windows31 (Fig. 6).

Therefore, the perovskite color test consistently indicates Pb
when present as paint chips or large amounts of ne particles
(>100 mg −2) in dust. Thus, when an XRF analyzer is unavail-
able, and especially when simplicity and portability are priori-
ties, the perovskite color test provides a convenient method for
visualizing high Pb levels.

Currently available Pb dust analyses such as ICP-OES, FAAS
or even XRF involve high initial (instrument) cost and require
formal training before use, limiting their accessibility. On the
other hand, currently available at-home tests involve minimum
1206 | Anal. Methods, 2026, 18, 1201–1208
cost, but suffer from high rates of false positive and false
negative results with LOD at 1000 mg −2. A comparison of the
proposed perovskite color test with existing methods for testing
Pb in dust has been given in the SI (Table 1).

The perovskite color test, although in the early stages of
exploration for Pb dust, is presented with the goal of sharing
preliminary data. In future work, optimizing factors such as (1)
reagent formulation and application method, (2) the reaction
time before imaging, (3) the use of adhesive wipes that are of
a different color and/or have lower background uorescence, (4)
the use of different wiping motions for efficient dust dispersion
on the wipe and (5) the use of a more intense UV light for
viewing with higher sensitivity, will be investigated.

Conclusion

Adhesive tape was an effective tool to pick up dust. Using XRF
and an appropriate calibration curve, the method has a LOD of
4.3 mg −2 and a false positive rate of 11% at a threshold of 5 mg
−2. Additionally, dust collected on Painter's tape sprayed with
methylammonium bromide and visualized under UV light
provides a reliable visual identication when Pb is present in
dust above 100 mg −2.

Thus, XRF detection can serve as an on-site screening
method, while the perovskite color detection could be used to
visualize gross contamination of dust with Pb (greater than 100
mg −2), especially when simplicity and accessibility are priori-
ties. These tests could also increase the impact of a LIRA since
the risk assessor would be able to carry out on-site testing and
point out remedial action while in the resident's home, which
has been a long-standing need in Pb hazard mitigation.
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