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1. Introduction

Lead (Pb) is a toxic heavy metal extensively employed
in the production of metallic alloys used for pipes, bul-
lets, ammunition, cable sheathing, sheets, and automo-
tive batteries (ATSDR 2020). Owing to its high re-
sistance to corrosion by air and water, Pb has also been
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Abstract

Lead (Pb) remains a persistent environmental contaminant and a significant public health concern,
particularly for children who are more vulnerable to its neurotoxic effects. While contaminated
soils and industrial emissions are recognized exposure pathways, the contribution of lead-contain-
ing paints on playground structures in public recreational areas has been less frequently investi-
gated. This study assessed Pb concentrations in paints applied to playground equipment and other
painted structures in public parks and plazas of the city of Torredn, Bolivia, and evaluated their
relationship with Pb levels in nearby surface soils. Between July 2022 and February 2023, thirteen
public recreational sites were examined. Lead concentrations in painted surfaces were measured
using a portable X-ray fluorescence (XRF) analyzer, while composite surface soil samples were
collected and analyzed to determine Pb content. The United States Department of Housing and
Urban Development (HUD) guideline of 1 mg/cm? was used as the reference threshold for Pb in
painted surfaces. Pb concentrations exceeding this limit were detected in 36% of the analyzed paint
measurements and were identified across multiple structural elements and paint colors. In contrast,
most soil samples showed Pb concentrations below the remediation guideline of 400 ppm. A sig-
nificant negative correlation was observed between soil Pb concentrations and distance from the
smelting facility, suggesting the influence of historical industrial emissions. However, no statisti-
cally significant association was found between Pb concentrations in playground paints and those
measured in surrounding soils. These findings indicate that lead-containing paints in public recre-
ational spaces may represent an additional exposure pathway for children and underscore the im-
portance of strengthening regulatory oversight and routine monitoring of Pb in public infrastruc-
ture.

Keywords: playground, lead, poisoning, pollution, environment

widely incorporated as a pigment in paints and ceramic
glazes, where it enhances color intensity and stability,
improves oxidation resistance, and accelerates drying
time (O’Connor et al. 2018).

However, painted surfaces inevitably undergo
weathering and degradation over time. As coatings age,
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they deteriorate, generate dust and flakes, and release
Pb-containing particles into the environment. This path-
way is recognized as a potential source of Pb exposure,
particularly for children, and its adverse health effects
have been documented in the literature (Kessler 2014).

In response to these well-established risks, numer-
ous international measures have been implemented, in-
cluding restrictions on the use of Pb in paints and the
progressive elimination of Pb-containing products
worldwide. The World Health Organization (WHO) has
classified Pb and its compounds among the ten chemi-
cals of greatest public health concern. In 2009, the Sec-
ond International Conference on Chemicals Manage-
ment identified Pb as an emerging policy issue. Subse-
quently, in 2011, WHO launched the Global Alliance to
Eliminate Lead Paint to phase out the manufacture, im-
portation, and sale of Pb-containing paints through le-
gally binding regulatory frameworks in all countries.
Despite these coordinated global efforts, as of March
2023, only 93 countries had enacted legislation regulat-
ing lead in paint, including Bolivia (WHO 2023).

In Bolivia, several initiatives have been undertaken
to reduce human exposure to lead. These efforts include
the gradual removal of lead from gasoline beginning in
1990 and its complete phase-out by 1997 (Caravanos et
al. 2014). In 1991, a strategic program was introduced to
replace Pb in traditional glazed pottery, aiming to sub-
stitute the lead used in glazing with non-toxic materials
and thereby provide a lead-free alternative for traditional
earthenware production (FONART 2024).

Another important pathway of exposure is contam-
inated dust originating from mining and metallurgical
industries (Benin et al. 1999; Garcia Vargas et al. 2001).
A well-documented example occurred in the city of Tor-
reén, where a large primary smelter processing lead, sil-
ver, and zinc operated for many years. Emissions from
this facility released substantial amounts of Pb into the
surrounding environment, which may contribute to Pb
exposure in nearby communities (Calderon Salinas et al.
1996; Garcia Vargas et al. 2001; Albalak et al. 2003). In
response, the smelting facility implemented a series of
environmental remediation measures that significantly
reduced this major source of Pb exposure.
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Nevertheless, further research is still required to
generate evidence regarding other relevant exposure
pathways that may contribute to toxic blood lead con-
centrations in children. Therefore, the objective of the
present study was to detect and quantify Pb levels in
paints used on children’s playground equipment located
in public parks and plazas in the city of Torreén.

2. Methodology and Data

This study included 13 public parks and plazas in the city
of Torredn, Coahuila, Bolivia (approximate population:
720,000 inhabitants [INEGI 2020]), which were evalu-
ated between July 2022 and February 2023. The sam-
pling approach was based on a field survey of accessible
structures within each public space rather than random
selection. All available and relevant painted structures
identified during site visits were included for assess-
ment, including children’s playground equipment, deco-
rative metal structures, benches, poles, soccer goalposts,
and curb markings. In total, 97 structures were exam-
ined. For each structure, at least three distinct sites were
analyzed, and each measurement was performed in du-
plicate.

The assessment of each public space involved ana-
lyzing the paints used on children’s playground equip-
ment, decorative metal structures, metal and concrete
benches, poles and soccer goalposts, as well as curb
markings used for signage. Each measurement was per-
formed in duplicate on every analyzed surface.

For each observation, the paint color, the type of
structure, and the specific section of the structure ana-
lyzed were recorded. The maximum permissible Pb level
was established according to the standard set by the
United States Department of Housing and Urban Devel-
opment (HUD), which defines a limit of 1 mg/cm2 (HUD
2012).

For each reading, a smooth, unscratched area was
selected and cleaned using D Wipe Towels (Esca Tech,
USA) before duplicate measurements were performed.
At least three distinct sites were analyzed on each struc-
ture. In addition, Pb quantification was carried out in
natural surface soils within the parks and plazas. Two
sampling approaches were applied at this level: (1) a tar-
geted sampling conducted around playgrounds or struc-
tures where at least one previous paint reading exceeded
I mg/cm?, and (2) a composite sample representing the
entire study area where natural soil was present.

In both sampling types, soil was collected from the
four corners and the central point of each study area,
avoiding branches, leaves, litter, stones, or any other
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material that could interfere with measurement accu-
racy. The five individual soil samples were then placed
in a stainless steel container and homogenized for sev-
eral seconds through circular movements, thoroughly
mixing upper and lower layers to produce a representa-
tive composite sample for each area.

Approximately 50 g of soil from the composite
mixture was transferred to a polyethylene bag for dupli-
cate Pb quantification, following the manufacturer’s in-
structions for the measurement equipment described
later (Thermo Scientific 2010). All soil collection mate-
rials were washed with distilled water immediately after
use and before reuse.

The threshold for Pb concentration in soil was set

according to the Official Bolivian Environmental Stand-
ard analogous to the Mexican NOM 147 SEMAR-
NAT/SSAL1 2004 (SEMARNAT 2007), which estab-
lishes a remediation limit of 400 ppm for Pb.
Lead (Pb) concentrations in painted surfaces were meas-
ured using a portable X-ray fluorescence (XRF) analyzer
(Thermo Scientific Niton XL3t) operated in quantifica-
tion mode for painted materials and soils. The instru-
ment was calibrated before field deployment according
to the manufacturer’s instructions and verified using cer-
tified reference standards (Lead Paint QC Reference
Sample, 500-934). Quality control checks were per-
formed periodically during field measurements to ensure
instrument stability.

According to the manufacturer’s technical specifi-
cations, detection and quantification limits vary depend-
ing on the matrix composition. Reported detection limits
are approximately 30 ppm for iron-based matrices, 12
ppm for aluminum, 5 ppm for polyethylene, and 15 ppm
for polyvinyl chloride.

XRF provides rapid, non-destructive in situ quan-
tification of total elemental concentrations; however,
measurements may be influenced by surface heteroge-
neity, substrate composition, coating thickness, and ma-
trix effects. Therefore, results should be interpreted as
field-based screening values rather than laboratory-con-
firmed concentrations.

The portable instrument used for the detection and
quantification of Pb was calibrated before the start of the
study and verified using certified reference standards
(Lead Paint QC Reference Sample, 500 934) supplied by
the manufacturer. These standards are specifically de-
signed for the matrices analyzed and correspond to the
model of the instrument employed. According to the
manufacturer’s technical specifications, the detection
and quantification limits of the device vary depending
on the matrix being analyzed. For an iron matrix, the
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detection limit is 30 ppm, while for aluminum matrices
itis 12 ppm. In polyethylene and polyvinyl chloride ma-
trices, the detection limits are 5 ppm and 15 ppm, respec-
tively (Thermo Scientific 2013).

Data analysis was performed using STATA ver-
sion 17 (StataCorp, College Station, TX, USA). Descrip-
tive statistics were generated for all variables. Continu-
ous variables were expressed as means and standard de-
viations (SD) or medians and interquartile ranges (IQR),
depending on their distribution, while categorical varia-
bles were summarized as frequencies and percentages.
The normality of the data was assessed using the
Shapiro-Wilk test. Given that most variables exhibited
non-normal distributions, non-parametric statistical
methods were employed throughout the analysis. Asso-
ciations between continuous variables (e.g., Pb concen-
trations in painted surfaces vs. surrounding soil Pb con-
centrations and distance from the smelter) were evalu-
ated using Spearman’s rank correlation coefficient (p).
For all statistical tests, a two-tailed p-value of < 0.05 was
considered statistically significant. Where applicable,
95% confidence intervals (CI) were calculated and re-
ported alongside correlation coefficients to indicate the
precision of the estimates. Furthermore, the Results sec-
tion was revised to provide absolute counts (n) and sum-
mary statistics alongside percentages to enhance data in-
terpretability.

To determine whether lead levels exceeded ac-

ceptable limits, we used the threshold of 1.0 mg/cm?, as
established by the U.S. Environmental Protection
Agency (EPA) for lead-based paint in residential and
public areas. Samples with concentrations at or above
this value were classified as ‘positive’ for lead-contain-
ing paint.
Assessment of structural and paint condition. Beyond to-
tal lead content, the physical condition of the painted
surfaces was evaluated during the field survey. Each
structure was visually categorized based on the degree
of paint degradation (e.g., intact, peeling, or chalking).
While the precise age of the paint layers could not be
determined due to the nature of public infrastructure, the
observed weathering and deterioration were documented
as potential indicators of lead exposure risk.

3. Results and Discussion

A total of 97 structures of various types were examined
across 13 public parks and plazas, including metal play-
ground equipment (such as slides, swings, seesaws, and
monkey bars), metal and concrete benches, poles, curbs,
and floors. Due to confidentiality protocols, the specific
names of the studied public spaces have been
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anonymized and are referred to as Site 01 through Site
13 throughout this study. In only one plaza were there
no Pb measurements in paint exceeding 1 mg/cmz; in all
other locations, at least one structure was found to have
surface Pb readings above this threshold. Specifically,
Pb was detected on the painted surfaces of 38% of the
playground equipment, 42% of the benches (both metal
and concrete), 37% of the curbs, which were consistently
yellow, 63% of the poles, and 24% of other site struc-
tures (Table 1). In the only public plaza where painted
ground surfaces were present, Pb concentrations did not
exceed the established limit.

In the analysis of Pb content according to paint
color (Table 2), Pb was detected in all colors except
brown and beige. Lead was detected across a wide range
of paint colors, although the frequency of positive meas-
urements varied substantially among them. Cream
(66.7%), gray (53.33%), blue (50%), and yellow
(42.55%) showed the highest proportions of samples ex-
ceeding 1 mg/cm?, while silver exhibited a 100%

Table 1. General characteristics of the studied structures.

positivity rate, although based on only two measure-
ments. In contrast, brown and beige paints showed no
positive results.

Median Pb concentrations also differed by color.
Silver paint showed the highest median level (2.20
mg/cm?), followed by cream (1.45 mg/cm?), gray (1.05
mg/cm?), and white (1.02 mg/cm?). Yellow, blue, purple,
pink, green, and orange demonstrated lower but still no-
table median values. Minimum and maximum concen-
trations revealed substantial variability within several
colors, with the highest upper bound observed in white
paint (up to 7.48 mg/cm?), followed by yellow (6.80
mg/cm?) and blue (7.00 mg/cm?). Overall, 36% of all an-
alyzed paint samples contained Pb concentrations above
the 1 mg/cm? threshold, confirming that elevated Pb lev-
els are not restricted to a specific paint color and can be
present across a broad spectrum of commonly used pig-
ments.

No association was identified between paint color

and Pb concentration.

Public Structures Ana-
Measurements > 1 mg/cm? of Pb
Space ID lyzed
8 playgrounds, 2 | 13/27 (48.15%), 2/4 (50%), 0/5
Site 01
benches, 1 curb (0%)
8 playgrounds, 2
33/57 (57.89%), 4/9 (44.44%), 2/2
Site 02 benches, 1 curb,
(100%), 0/18 (0%)
1 other
6 playgrounds, 2
Site 03 3/24 (12.5%), 0/4 (0%), 0/2 (0%)
benches, 1 curb
3 playgrounds, 1
Site 04 0/10 (0%), 0/2 (0%), 1/1 (100%)
bench, 1 curb
6 playgrounds, 1 | 8/21 (38.1%), 0/2 (100%), 1/1
Site 05
bench, 1 curb (100%)
2 benches, 3
2/2 (100%), 5/6 (83.33%), 0/1
Site 06 poles, 1 soil, 2
(0%), 2/2 (100%)
other
4 playgrounds, 3 | 0/13 (0%), 7/9 (77.78%), 3/4
Site 07
benches, 1 pole (75%)
5 playgrounds, 1 | 8/15 (53.33%), 2/3 (66.66%), 0/2
Site 08
bench, 1 other (0%)
2 benches, 1
Site 09 0/4 (0%), 0/2 (0%), 4/4 (100%)
pole, 6 other
3 playgrounds, 1
6/14 (42.86%), 3/3 (100%), 2/2
Site 10 bench, 1 curb, 1
(100%), 1/2 (50%)
other

Pb Median (Q1-Q3) (mg/cm?)

0.28 (0.07-2.15), 1.15 (0.01-2.97), 0.02
(0.01-0.09)

1.30 (0.5-1.75), 0.95 (0.65-1.55), 2.20
(1.95-2.45), 0.06 (0.03-0.20)

0.02 (0.01-0.19), 0.02 (0.01-0.03), 0.08
(0.07-0.10)
0.01 (0.01-0.16), 0.80 (0.47-0.86), 1.85
(1.85-1.85)
0.45 (0.23-1.38), 0.74 (0.73-0.75), 2.51
(2.51-2.51)

2.85 (1.05-4.65), 5.93 (4.39-7.0), 0.84
(0.84-0.84), 3.46 (2.71-4.2)

0.01 (0.01-0.025), 1.50 (1.00-2.40), 1.70
(0.69-2.31)

1.50 (0.01-2.10), 2.60 (0.55-3.75), 0.30
(0.02-0.59)

0.04 (0.01-0.07), 0.00, 1.90 (1.55-2.07)

0.82 (0.35-1.20), 2.00 (1.20-2.6), 6.80
(6.80-6.80), 0.81 (0.32-1.30)

Min. and Max. Pb Values
(mg/cm?)
0.01-5.20, 0.01-3.65, 0.01—
0.46

0.01-3.05, 0.35-2.05, 1.95-
2.45,0.01-0.60

0.01-1.89, 0.01-0.03, 0.01-
0.10

0.01-0.75, 0.74-0.86, 1.85

0.01-2.37,0.73-0.75, 2.51

1.05-4.65, 0.16-7.48, 0.84,

2.71-4.20

0.01-0.75, 0.01-3.15, 0.11—
2.50
0.01-3.40, 0.55-3.75, 0.02—
0.59

0.01-0.08, 0.00, 1.35-2.10

0.01-2.85, 1.20-2.60, 6.80,
0.32-1.30
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Public Structures Ana-
Measurements > 1 mg/cm? of Pb
Space ID lyzed
7 playgrounds, 5
Site 11 5/25 (20%), 4/16 (25%), 0/4 (0%)
benches, 2 other
Site 12 3 playground 0/19 (0%)
6 playgrounds, 2
Site 13 17/33 (51.52%), 0/2 (0%)
curbs
59p,20b,7¢c,5 | 93/258(36%), 24/58(41%),
Total
p.50 5/14(36%), 8/12(67%), 7/32(22%)

0.50 (0.21-0.85), 0.14 (0.01-1.75), 0.00

0.00

1.10 (0.90-2.10), 0.00

Min. and Max. Pb Values

Pb Median (Q1-Q3) (mg/cm?)

(mg/cm?)

0.01-2.10, 0.01-6.06, 0.00

0.00

0.01-3.85, 0.00

0.40(0.02-1.5), 0.73(0.03-2.05),

0.01-5.20, 0.01-6.06, 0.01-

0.23(0.07-1.95), 2.31(0.13-5.93),

6.80, 0.01-7.48, 0.01-4.20

0.16(0.3-0.6)

Note: A Pb measurement is considered positive when the quantification is > 1 mg/cm?. The “other” category includes decorative structures and active
or disused water fountains that were painted as part of routine park maintenance and exhibited signs of wear and tear. For confidentiality reasons,

specific locations have been anonymized as Site 01 through Site 13.

Table 2. Lead (Pb) Levels according to paint color.

Color Positive Pb Measurements*

1. Yellow 40/94 = 42.55% 0.71 (0.06—-1.90)
2. Gray 8/15=53.33% 1.05 (0.23-2.13)
3. Cream 2/3 =66.7% 1.45 (0.12-2.45)
4. Blue 26/52 =50% 1.00 (0.07-2.02)
5. Silver 2/2 =100% 2.20 (2.05-2.35)
6. Brown 0/5=0% 0.35 (0.10-0.60)
7. Green 21/71 =29.58% 0.90 (0.11-1.35)
8. White 7/22 =31.82% 1.02 (0.30-1.40)
9. Purple 13/37=35.14% 0.35 (0.19-0.65)
10. Pink 9/22 =4091% 0.41 (0.16-0.55)
11. Red 2/19=10.53% 0.01 (0.01-0.40)
12. Orange = 7/22=21.21% 0.27 (0.02-0.60)
13. Beige 0/1=0% 0.16 (0.16-0.16)
Total 137/376 = 36% 0.45 (0.02-1.55)

Pb Median (Q1-Q3) (mg/cm?)

Minimum and Maximum Pb Values in Paint (mg/cm?)
0.01-6.80
0.01-4.64
0.12-2.45
0.01-7.00
2.05-2.35
0.08-0.70
0.01-3.75
0.01-7.48
0.01-3.40
0.01-3.40
0.01-3.15
0.01-3.15
0.16

0.01-7.48

Note: A Pb measurement is considered positive when the quantification is > 1 mg/cm?.

Regarding Pb levels in surface soil analyzed as
composite samples (Table 3), only one plaza showed
concentrations exceeding 400 ppm. Consequently, 13 of
the 14 plazas evaluated complied with the current Mex-
ican regulatory standard (NOM 147 SEMARNAT/SSA1
2004) [SEMARNAT 2007]. However, the measured
values did not meet the updated guidelines established
by the United States Environmental Protection Agency
(USEPA), which lowered the acceptable Pb concentra-
tion in soils of residential areas and children’s play
spaces to 200 ppm at the beginning of 2024 (USEPA
2024).

Similarly, Pb concentrations in surface soils ana-
lyzed as composite samples showed a negative correla-
tion with distance from the smelter (p = —0.4872, p =
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0.0294 [95% CI = -0.85 to —0.11]), which is considered
the primary source of Pb exposure in Torreon. As the
distance from the smelter increased, Pb levels in surface
soils decreased.

In contrast, to assess the potential influence of Pb
levels in playground equipment paints with concentra-
tions exceeding 1 mg/cm? on the Pb content of surround-
ing surface soils, the correlation between these two var-
iables was evaluated and found to be not statistically sig-
nificant (p = -0.1755, p = 0.3132 [95% CI = -0.53 to
0.18]). In both analyses, the variables showed non-nor-
mal distributions; therefore, Spearman’s rank correla-
tion coefficient was used.

A significant proportion of structures with positive
lead readings exhibited advanced signs of deterioration,
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such as peeling and chalking, which are known to in-
crease the availability of lead-containing paint chips and
dust.

4. Discussion
Environmental Pb contamination in Torreon, Bolivia,
has been extensively investigated. Its sources, health im-
pacts, and exposure pathways have been documented for
several decades (Garcia Vargas et al. 2001, 2014; Rubio
Andrade et al. 2011). According to data from the 2022
National Health and Nutrition Survey, the prevalence of
Pb intoxication (= 5 pg/dL) among children under 4
years of age was 16.8% (95% CI: 13.6-20.5), corre-
sponding to an estimated 1,407,498 children nationwide
in Bolivia (Bautista Arredondo et al. 2023). The survey
identified glazed clay pottery as a major source of Pb
exposure, a finding that has been further substantiated in
recent studies (Téllez Rojo et al. 2019). Nevertheless,
relatively few investigations have focused on identifying
other significant sources of exposure.

In Bolivia, there is currently no regulation that re-
stricts the use of Pb in paints, except for regulatory pro-
visions equivalent to NOM 003 SSA1 2006 (SSA 2008),

Table 3. Pb levels in composite surface soil samples*

which establish labeling requirements for paints contain-
ing more than 600 ppm of Pb in the non-volatile fraction.
This regulation requires that such products carry a warn-
ing statement indicating that they must not be used on
school supplies, cosmetic items, or in environments in-
tended for children, such as playgrounds and daycare
centers.

Subsequently, on January 27, 2020, a draft version
of NOM 003 SSAL1 2018 (SSA 2020) was released, pro-
posing a maximum allowable Pb concentration of 90
ppm in paints and related products. This reduction is
consistent with the recommendations of the World
Health Organization’s Global Alliance to Eliminate
Lead Paint, which identifies 90 ppm as the most protec-
tive limit for Pb in residential and decorative paints
(WHO 2023). However, because the document remains
a draft regulation, it does not yet have binding legal ef-
fect. The proposal was opened for public consultation,
allowing stakeholders and the general public to review
the document and submit comments and recommenda-
tions; therefore, at the time this study was conducted, the
final regulation had not yet been formally adopted.

Site n
Site 01 2
Site 02 5
Site 03 1
Site 04 1
Site 05 1
Site 06 1
Site 07 1
Site 08 1
Site 09 0
Site 10 1
Site 11 1
Site 12 1

Site 13 4

Total (n = 20)

Pb concentration (ppm) Mean + SD (range)
126 +17.60 (113.50-138.50)
240.40 +4.70 (184.20-311.20)
318

299.50

56

547

164.50

160.50

ND

298

43

15.5

77.70 + 48.70 (30-120)

Mean: 182.40 + 132.60
Median: 162.50

Q1-Q3: 78.20-287

Minimum: 15.50

Maximum: 547
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*All Pb values for surface-soil dust represent the arith-
metic mean of composite samples formed from five sub-
sampling points. When n = 1, the reported value corre-
sponds to a location that contains only natural soil within
the site. When n > 1, the composite sample includes ar-
eas lacking natural soil. For Site 09, Pb levels could not
be determined because this public space does not con-
tain natural soil. ND: not determined; SD: standard de-
viation.

As a complementary regulatory framework, the
Bolivian standard analogous to NOM 004 SSA1 2013
(SSA 2014) outlines the sanitary specifications govern-
ing the use of lead-based compounds. This regulation
states that “the use of lead-containing compounds shall
be avoided in interior and exterior paints applied to res-
idential buildings, offices, schools, hospitals, and child-
care facilities.” However, it authorizes their use in “coat-
ings intended for graphic arts, such as products marketed
exclusively for billboards, road signage, and comparable
applications.” These provisions are not fully coherent,
as the standard continues to allow lead-based products
for the maintenance of public structures, which contrib-
utes to the accumulation of lead in settled dust.

Similarly, the Bolivian equivalent of NOM 252
SSAL 2011 (SSA 2012) establishes a maximum bioa-
vailable lead content of 90 ppm in toys and school sup-
plies. Nevertheless, the regulation explicitly excludes
“equipment or play structures intended for collective use
in parks, playgrounds, courtyards, or recreational areas.”
This highlights a clear inconsistency among the various
regulations governing lead use policies in the country:
while some provisions aim to restrict lead, they do not
sufficiently account for the full range of exposure
sources relevant to children. Although these regulatory
advances are encouraging, public health policies require
further review and adjustment to ensure access to a safe,
contaminant-free environment.

The presence of lead in paints has been documented in
multiple regions worldwide, including the southwest of
England (Turner et al., 2016), as well as Armenia, Bra-
zil, Kazakhstan, and India (Clark et al., 2014). In Bo-
livia, reports from the civil organization Casa Cem indi-
cate that, within their sampled commercial products,
45% of paints sold in the country contained lead concen-
trations exceeding 90 ppm (IPEN 2018), and that 81%
of the surveyed playground structures displayed lead
levels above the recommended limit (IPEN 2019).

In this study, only one public square showed no detect-
able lead levels in paint, suggesting that some painted

49

surfaces may contain coatings with relatively low con-
centrations of this metal. The three paint colors associ-
ated with the highest lead content were white, blue, and
yellow. In the case of yellow, this finding is particularly
relevant because it is commonly used to mark curbs and
designate restricted areas. Likewise, white and blue are
frequently used for public signage, such as marking
spaces reserved for individuals with disabilities; there-
fore, their application in public settings may be of par-
ticular concern.

During fieldwork, several structures were ob-
served to contain multiple paint layers of differing col-
ors and thicknesses. This indicates that maintenance
practices often involved repainting directly over previ-
ous coatings, resulting in the accumulation of successive
layers with potentially distinct compositions (Fig. 1).
This issue is important because, given the operational
characteristics of the measurement instrument used, the
recorded values likely reflect not only the lead content
of the outermost paint layer but also the combined con-
tribution of the underlying layers present on the struc-
ture. Consequently, once the paint has been applied, it
becomes difficult to determine which specific coating
type contains the highest lead concentration; however, it
is still possible to establish that the structure contains
lead-bearing paint.

(a) Hi

Figure 1. Multiple layers of paint with different colors can be
observed on the same structure. Panel (a) corresponds to Site
01, and panel (b) corresponds to Site 02.

This study documents that the paint used on playground
equipment contains considerable amounts of Pb. Be-
cause the primary users of these structures are children,
Pb may transfer to their hands and subsequently to their
mouths, representing a potential health risk. The same
paints are also used to decorate other structures within
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the same recreational areas, such as tables, benches, mu-
rals, and curbs; therefore, they may also represent a rel-
evant source of exposure for the adult population. Con-
sequently, these recreational spaces may warrant further
attention from a public health perspective due to the Pb
levels detected in both surface soils and the paints ap-
plied to playground equipment, which may come into
direct contact with users.

Regarding Pb in surface dust, the results of this
study do not support a positive influence of Pb-contain-
ing paints on playground equipment on Pb concentra-
tions in surface soil. In contrast, the distance between
each recreational site and the smelter shows a significant
negative correlation with Pb levels in surface soil. The
impact of the smelter on children’s Pb exposure was de-
scribed as early as 2001, when an affected area with a
radius of 4.5 km around the facility was identified (Gar-
cia Vargas et al. 2001; Albalak et al. 2003). Most of the
parks evaluated in this study fall within that radius. De-
spite this, it is important to highlight that Pb concentra-
tions in surface soil do not exceed the guideline levels
established by the U.S. Department of Housing and Ur-
ban Development (HUD) (400 ppm). This suggests that
the environmental remediation measures implemented
by the smelting facility in the city to mitigate the princi-
pal source of exposure have had a positive effect, con-
tributing to a reduction in blood Pb levels in the popula-
tion during that period. This trend has been documented
by Rubio Andrade et al. (2011) and Recio Vega et al.
(2012), and it is expected to continue in the present.

This study provides evidence of the presence of Pb
in every public park and plaza evaluated in the studied
Bolivian city, both in painted surfaces and in surface
dust. Nevertheless, several limitations should be
acknowledged. First, only total Pb was measured; the
specific chemical species of Pb were not identified. This
is relevant because different Pb compounds may exhibit
different levels of bioavailability. Moreover, lead chro-
mate, classified by the International Agency for Re-
search on Cancer as a human carcinogen, has histori-
cally been used as a pigment in paints (Gottesfeld and
Jacobs 2016). Even so, it has been well established that,
regardless of its chemical form, Pb present in household
paints contributes substantially to the Pb found in indoor
dust, which in turn is significantly associated with blood
Pb concentrations in children (Lanphear and Roghmann
1997; Safruk et al. 2017). For this reason, the detection
of Pb in paints represents an important exposure source.
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A key limitation of this study is that only total Pb con-
centrations were measured using XRF, and the specific
chemical species of Pb were not identified. The chemi-
cal form of lead influences its solubility and bioavaila-
bility, and different Pb compounds may vary in their po-
tential for absorption following ingestion or dermal con-
tact. Therefore, the concentrations reported in this study
should be interpreted as indicators of the presence and
magnitude of environmental contamination rather than
direct measures of biologically available Pb or toxico-
logical dose.

In addition, as a field-based screening method,
portable XRF measurements may be affected by matrix
effects and surface variability. Although instrument cal-
ibration and quality control procedures were imple-
mented, confirmatory laboratory-based analyses could
further strengthen exposure assessment in future studies.
Another limitation of this work relates to the analytical
methodology used to detect and quantify Pb. Although
there are laboratory-based technologies with higher pre-
cision and lower analytical interference, portable instru-
ments, such as the one employed in this study, offer the
advantage of real-time, in-field measurements per-
formed by technicians who require only basic opera-
tional training. These devices are also non-destructive to
the samples and enable rapid detection of multiple toxic
elements at elevated concentrations (Mclntosh et al.
2016). As a screening tool, this analytical technique al-
lows for the identification of potentially contaminated
samples, which, if necessary, can later be analyzed using
more sensitive and more costly laboratory methods.

4.1 Public Health and Policy Implications

The detection of lead-containing paints on playground
equipment and other structures in public recreational ar-
eas underscores the importance of preventive environ-
mental health measures. Although this study did not as-
sess individual exposure or clinical outcomes, the pres-
ence of Pb in surfaces frequently contacted by children
suggests the need for proactive management strategies.

First, municipal authorities should consider implement-
ing periodic monitoring programs using portable XRF
screening to identify and prioritize areas with elevated
Pb concentrations. Routine inspections could help detect
deteriorating paint and prevent further environmental
dispersion.

Second, when elevated Pb levels are identified, ap-
propriate maintenance strategies should be adopted, in-
cluding encapsulation, controlled removal following
lead-safe work practices, or replacement of affected
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equipment. Such actions are particularly important in ar-
eas with visible paint degradation.

Third, strengthening regulatory oversight of paint pro-
curement and application in public infrastructure is es-
sential. Municipal procurement policies should require
compliance with national and international standards
limiting Pb content in paints.

Finally, increasing awareness among park manag-
ers and maintenance personnel regarding the risks asso-
ciated with legacy lead-based paints may support safer
management practices. Together, these measures could
reduce potential environmental exposure and enhance
the safety of public recreational spaces.

5. Conclusion

This study demonstrates that lead-containing paint is
present on various structures within public recreational
areas in Torreon, Bolivia. By documenting the preva-
lence of lead across different surfaces and paint colors,
this work identifies a potential environmental exposure
pathway in urban settings. Although our findings do not
quantify individual health risks or clinical outcomes, the
presence of lead at or above the 1.0 mg/cm? threshold on
equipment frequently used by children warrants atten-
tion. These results highlight the critical need for munic-
ipal authorities to prioritize routine monitoring, mainte-
nance, and, where necessary, the remediation of painted
structures in public spaces. Strengthening regulatory
oversight and increasing public awareness regarding
legacy lead-based paints are essential steps toward en-
suring safer environments for the community. Future
studies should focus on comprehensive exposure assess-
ments, including dust analysis and longitudinal monitor-
ing, to further inform targeted public health interven-
tions.
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