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ABSTRACT

Background: Despite existing regulations mandating exposure control, training, and monitoring, many worksites continue to
inadequately protect workers from lead exposure. The Environmental Protection Agency (EPA) requires facilities to report lead
emissions to the Toxics Release Inventory (TRI), presenting a potential tool for identifying at-risk worksites. Research has
demonstrated that facilities responsible for high levels of environmental pollution often have poor occupational hygiene
controls.

Methods: We linked EPA's TRI, the Illinois Adult Blood Lead Registry and business employer data. Using generalized
estimating equation (GEE) models, we evaluated the relationship between lead emissions and blood lead testing to estimate the
number of potentially exposed workers at sites without medical surveillance of lead exposures between 2016 and 2023.
Results: Of 477 Illinois facilities reporting lead emissions, 8.2% (n = 39) were above-threshold polluters. Only 3.98% (n =19)
reported blood lead testing for 2 or more workers between 2016 and 2023. Average annual on-site emissions were 86 pounds for
below-threshold polluters, 2601 pounds for facilities providing medical surveillance, and 16,917 pounds among above-threshold
polluters without medical surveillance. Among the 39 above-threshold worksites without medical surveillance, the GEE model
estimates that (range low-to-high) 7 to 684 workers annually had positive blood lead levels, and 10 to 256 workers had levels
> 25 ug/dL. The models indicate that the majority of estimated exposed workers would be employed at 15 worksites.
Conclusions: Among facilities reporting above-threshold lead releases, workers rarely received blood lead testing. EPA's TRI
data can identify facilities where compliance with the OSHA lead standards is inadequate and can help prioritize worksites
for outreach.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original
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1 | Introduction

It has been broadly shown that lead exposure is associated with
cardiovascular disease, renal disease, and cognitive impairment
in adults [1, 2]. Occupational exposure contributed to 93.7% of
lead exposure in adults [3] in the United States and remains a
significant public health issue. Data from the Adult Blood Lead
Epidemiology and Surveillance (ABLES) program also found
that 20.4 adults per 100,000 employed population had elevated
blood lead levels, defined as >10 ug/dL [3]. Select industries,
including battery manufacturing, construction, remediation/
recycling services, and mining, have reported higher rates of
employees with elevated blood lead [1, 3]. Previous work also
suggests that major environmental polluters may expose their
workforces and nearby communities through inadequate
administrative and engineering controls [4, 5]. The Occupa-
tional Safety and Health Administration (OSHA) lead standard
mandates medical surveillance, including blood lead testing, for
workers who may be exposed to airborne lead concentrations
equal to or exceeding the action level (30 ug/m3 as an 8-h time-
weighted average) for more than 30 days. [6]

Collaborations between OSHA and ABLES programs enable
targeted workplace inspections and consultations in response to
reported elevated blood lead levels among workers [3]. How-
ever, despite OSHA regulations, some employers in at-risk
industries do not provide blood lead testing or medical sur-
veillance to lead-exposed workers, resulting in these cases being
unreported to the ABLES database and potentially leaving
workers with unmanaged exposures. To complicate matters, in
many states, there are hundreds of worksites that may expose
their workers to lead. Because state ABLES programs and en-
forcement agencies have limited resources, it is difficult to
systematically determine if worksites are complying with the
OSH Act and are providing exposed workers with mandatory
medical surveillance for lead exposures.

Increasingly, it is understood that linking surveillance databases
mitigates limitations of using a single database and can provide
additional information for occupational health research and
surveillance. The Environmental Protection Agency's Toxics
Release Inventory (EPA's TRI) is used to monitor facility-level
environmental emissions of hazardous substances in the United
States, including lead [7]. Given that the ABLES database pro-
vides medical surveillance information on adult blood lead
testing at the state level [3, 8], linking it with EPA's TRI and
employment data can enhance our understanding of whether
reported levels of lead emissions and workforce numbers in a
facility correspond to blood lead testing among exposed work-
ers. This is critical for risk assessment and can help identify
worksites with potentially exposed workers who are not being
provided with medical surveillance.

While some studies have described characteristics of workers
receiving blood lead testing using data from the ABLES pro-
gram [2, 8-11], very few linkage studies have been conducted to
better characterize whether reporting of blood lead testing to the
ABLES program is consistent with both facility-level lead emis-
sions and the number of on-site employees. Moreover, previous
research suggests significant underreporting to medical surveil-
lance databases in the United States [12], although this has not

been well studied in relation to occupational lead exposure. Pre-
vious work also suggests geographical disparities in blood lead
levels [13, 14]. Gaps, however, remain in the current literature
describing these disparities in relation to environmental lead
emissions, which can inform enforcement efforts. In the present
study, we linked EPA's TRI, the Illinois Adult Blood Lead Registry
(ABLR) and employer data from the Dun & Bradstreet Hoovers
Database to evaluate the relationship between lead emissions
across various media and blood lead testing to estimate the
number of potentially exposed workers at sites without medical
surveillance between 2016 and 2023. We sought to identify a
truncated list of worksites with potential exposures in their
workforce to better inform public health prevention, enforcement,
and consultation efforts in a resource-limited environment.

2 | Materials and Methods

2.1 | Environmental Protection Agency's Toxics
Release Inventory

The US EPA's TRI is publicly available and provides informa-
tion on facility-level emissions across various industries such as
manufacturing, mining, hazardous waste management, and
electric power generation [15]. With the exception of stainless
steel, brass, and bronze alloy manufacturing, the EPA requires
facilities that manufacture, process, or use lead and lead com-
pounds to report emissions if they are equal to or exceed
100 pounds per year (reporting threshold) due to lead's per-
sistent, toxic, and bioaccumulative properties [7]. Facilities are
required to report lead releases into environmental media such
as air, water, and soil, as well as any transfers to off-site loca-
tions for treatment or disposal. Lead releases include elemental
lead and lead compounds, defined as distinct chemical sub-
stances in which lead is an integral part of the molecular
structure (e.g., lead acetate, tetramethyl lead, etc.) [7]. Some
facilities report environmental lead emissions even if they emit
less than the 100 pounds reporting threshold. The TRI database
includes information on lead emissions in pounds by release
media, name of facility reporting emission, North American
Industry Classification System (NAICS) codes for facility,
reporting year, street address, city, county, ZIP code, and state.

2.2 | Illinois Adult Blood Lead Registry

The Illinois ABLR database is an active state-based surveillance
system [8], which provides data to the national ABLES pro-
gram. Under the Illinois Health and Hazardous Substances
Registry Act [16], Clinical Laboratory Improvement Amend-
ments (CLIA)-regulated Illinois laboratories must report all
blood lead test results to the State Health Department for re-
sidents 16 years of age and older [17, 18]. Blood lead tests
regardless of concentration are required to be reported to the
State Health Department and are captured in the registry [17].
Limits of detection for lead measurement range between 0.2
and 1.0 ug/dL [19]. In addition, blood lead levels above or equal
to 25 ug/dL are reported directly to OSHA, which can trigger
inspections [17]. For each calendar year, we deduplicated blood
lead samples reported to ABLR between 2016 and 2023 since

689 of 725

858017 SUOWILLIOD 8A 18810 3(edldde aup Aq pauiencb aJe Sajolie YO ‘8sN JO S9INJ 0§ Akeiq18ulUO A8]IA U (SUORIPUOO-PUe-SWBIW0D A8 |Im AeIq 1 U1 |UO//SdNY) SUORIPUOD pUe SWiB | 8L 88S *[9202/70/90] Lo Ariqiaulluo AB|IM *[0J1u0D asess| Jod sieueD Aq 8e2£2 Wife/z00T 0T/I0p/wo A8 | 1M AeIq Ul |uoy/Sdny Wouy pepeojumod ‘8 ‘SZ0Z ‘220260T



workers can undergo multiple tests in a given year. ABLR data for
the present analysis included annual counts by facility of all pos-
itive blood lead tests (elevated or not) and blood lead levels above
or equal to 25 ug/dL (OSHA action level for initiating inspections).
The University of Illinois Chicago Institutional Review Board
granted an exemption determination for this project, as it did not
meet the definition of human subjects research. This determina-
tion was based on the use of publicly available data from the EPA
Toxics Release Inventory and deidentified records from the Illinois
Adult Blood Lead Registry.

2.3 | Dun & Bradstreet Hoovers Database

The Dun & Bradstreet Hoovers database provides comprehen-
sive business and analytics data, including details on facility
name, location (street address, city, county, ZIP code, and state),
single site and global employee size, and NAICS codes [20].
Information on employment size at a single site was utilized to
estimate the average annual number of workers employed at a
facility (based on address).

2.4 | Statistical Analysis

We linked the EPA's TRI, Illinois ABLR, and Dun & Bradstreet
Hoovers databases using facility name, address, city, county,
ZIP code, state, or NAICS codes. Figure 1 describes the classi-
fication criteria for facilities engaged in medical surveillance

and those with no medical surveillance above or below EPA on-
site lead emissions threshold. Facilities with medical surveil-
lance were defined as those reporting lead emissions to EPA's
TRI and 2 or more positive lead cases to ABLR through CLIA
laboratories for 4 or more years over the 8-year study period.
Among facilities with no medical surveillance, above threshold
polluters were defined as those reporting >100 pounds of on-
site lead emissions (EPA reporting threshold) for 4 or
more years over the 8-year study period. Otherwise, facilities
were classified as below threshold polluters (Figure 1).

We evaluated mean and median [25th and 75th percentiles] lead
emissions by release media and year stratified by whether facil-
ities were (1) below threshold polluters without medical sur-
veillance, (2) above threshold polluters without medical
surveillance, and (3) facilities in the Illinois ABLR medical sur-
veillance data set that had provided blood lead tests to workers.
We also present environmental lead releases across OSHA en-
forcement area offices to demonstrate disparities of environ-
mental emissions by region in Illinois. OSHA enforcement area
offices were assessed based on ZIP Code and county name as
follows: Chicago North, Chicago South, Fairview Heights, Na-
perville area, and Peoria area. Reflecting Illinois manufacturing,
we broadly defined industry type using NAICS codes as battery
manufacturers, foundries and metal manufacturers, fossil fuel
and electric power generation, or other industries.

Of the 19 facilities that ever had medical surveillance cases
reported to ABLR, only six companies had consecutive years

EPA’s Toxics Release Inventory, lllinois Adult Blood Lead Registry, and Dun & Bradstreet

Hoovers database

linked using facility name, address, city, county, ZIP code, state, and/or NAICS codes

L

Y
477 facilities
**Medical surveillance: facilities
reporting 2 or more cases to ABLR for 4
or more years over 8-year study period
19 facilities with medical 458 facilities with no EPA reporting threshold: 100
surveillance** medical surveillance pounds of on-site lead emissions
39 above threshold 419 below threshold
polluters polluters

FIGURE1 |

Classification of facilities by medical surveillance and EPA on-site lead emissions threshold.
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with workers tested for elevated blood lead levels. Many
worksites will have workers with elevated lead levels in 1 year,
then have no workers tested the following year, only to have
testing resume in a later year. The erratic testing would obscure
any relationship between the ABLR and TRI data. For this
reason, we restricted the modeling to facilities having medical
surveillance with consecutive years of workers tested.

We used multivariable generalized estimating equation (GEE)
models with a Poisson distribution to assess relationships
between environmental lead emissions across media in pounds
(TRI data) and blood lead testing (ABLR data; dependent var-
iable) adjusting for year of testing and emissions report to the
EPA and within-facility variation. GEE models are used to
generate regression estimates when analyzing variables that
were collected across multiple timepoints for the same subject/
worksite [21]. This is particularly important since values of
variables collected at multiple timepoints may be correlated and
will violate the independence assumptions required by tradi-
tional regression procedures [21]. For the dependent variable,
we developed two separate sets of models using (1) total counts
of any positive blood lead tests (deduplicated at the worker
level) and (2) counts of unique workers at a facility with blood
lead levels equal to or above 25 ug/dL (OSHA action level for
initiating inspections). For the independent variable, we sepa-
rately modeled three parameters of TRI releases (in pounds):
total on-site releases, total on-site and off-site releases, and total
air releases.

We used model estimates to calculate the annual number of
workers potentially exposed to lead at any level, as well as at
levels 25 pug/dL or more, among 39 polluting facilities above
threshold without medical surveillance that have never re-
ported a blood lead test to the ABLR program. Although
worksites varied in employee size, we were unable to estimate
the number of employees across facilities for rate calculations
over the study period because accurate annual worksite counts
of employees were unavailable despite linking employer data
from Dun & Bradstreet Hoovers database. We, however, provide
estimates of employee size and number of employees with blood
lead levels equal to or above 25ug/dL among facilities with
medical surveillance to help contextualize estimates of poten-
tially exposed workers from the GEE models. SAS software
(v 9.4; Cary, NC) was used for the statistical analyses.

3 | Results

3.1 | Distribution of Lead Emissions Reported by
Illinois Facilities, 2016-2023

Table 1 presents lead emissions reported by Illinois facilities
between 2016 and 2023. Lead emissions are presented by release
medium and stratified by EPA reporting threshold and medical
surveillance. Only 19 (3.98%) of the 477 Illinois facilities report-
ing lead emissions also submitted blood lead tests for two or
more workers during four of the 8 years studied. Among these
worksites, seven were identified as above threshold polluters, five
in foundries and metal manufacturing, one in battery manu-
facturing, and one in small arms, ordnance, and ordnance
accessories manufacturing. Worksites with active medical

Mean, median (25th and 75th percentiles) of lead emissions by release medium and year, stratified by (1) facilities with medical surveillance programs reporting blood lead testing to the

TABLE 1

Illinois Adult Blood Lead Registry (ABLR), (2) above-threshold polluting facilities without medical surveillance, and (3) below-threshold polluting facilities without medical surveillance.

Above threshold polluters without Below threshold polluters without

Facilities in ABLR medical

ABLR medical surveillance®

ABLR medical surveillance®

N=39
Mean, median
(P25th, P75th)
27308.1, 3208.2 (711.1,

surveillance

N=19
Mean, median

=419

N
Mean, median

(P25th, P75th)
1775.4, 0.89 (0.01, 11.1)

p-value

p-value

(P25th, P75th)
5074.9, 99.5 (1.00,

0.181° <0.0001°

Total on-site and off-site

releases

10380.6)
16917.1, 438.0 (184.0, 2785.0)

3132.9)
2600.6, 5.40 (0.08, 115.2)

86.3, 0.02 (0.00, 0.67)
5.25, 0.01 (0.00, 0.40)
0.78, 0.00 (0.00, 0.00)
80.3, 0.00 (0.00, 0.00)

<0.0001°
<0.0001°
<0.0001°
<0.0001°

0.054°
<0.0001°
<0.0001°

Total on-site releases

210.2, 110.8 (16.8, 276.0)

95.8, 4.23 (0.04, 65.3)
34.9, 0.00 (0.00, 0.00)
2470.0, 0.00 (0.00, 0.00)

Total air releases

15.0, 0.00 (0.00, 14.0)
16691.9, 0.00 (0.00, 2581.0)

Total water releases

0.067°

Total land releases

#Above-threshold polluters are facilities reporting lead on-site effluent concentrations of 100 pounds or above in 4 or more years of the study period while below-threshold polluters reported lead on-site effluent concentrations below

100 pounds in 4 or more years of the study period between 2016 and 2023.
°p value comparing average annual lead emission concentration for facilities in ABLR medical surveillance program to below threshold polluting facilities.

p value comparing average annual lead emission concentration for above-threshold polluting facilities to below-threshold polluting facilities.
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medical surveillance

medical surveillance

FIGURE 2 | Lead emissions by release medium and ABLR medical surveillance program status.

surveillance of their workforces reported a total of
458,942 pounds of on-site lead emissions over the 8 years studied,
with an average annual release of 2601 pounds per facility
(Table 1 and Figure 2). Of the 458 facilities who reported one or
fewer samples during the 8-year period, eight facilities reported
at least one sample per year in less than 4 years during the
8 years studied or participated in medical surveillance for 1 year,
while 450 facilities reported no samples to the ABLR medical
surveillance system. Among these facilities, 39 (8.2%) were
classified as above-threshold polluters, releasing a total of
4,889,041 pounds of lead on-site, with an average annual release
of 16,917 pounds per facility (Table 1 and Figure 2) or nearly 7
times higher emissions per year than companies with medical
surveillance programs.

In contrast, below-threshold polluters (n =419) who reported
one or fewer samples released 215,812 pounds of lead on-site
with an average annual release of 86 pounds per facility
(Table 1). Overall, average cumulative emissions were higher
across various media and year when comparing above- to
below-threshold polluters or facilities reporting to the ABLR
medical surveillance program, except for emissions to water
(Table 1). We also observed declining emissions of total lead
compounds and lead-specific emissions released on-site and off-
site between 2016 and 2023 (Figure 2). Cumulative pounds of
lead compounds emitted declined by 240,557 pounds per year
(95% confidence interval [CI]: —314,759, —166,356; p < 0.0001)
while lead-specific emissions declined by 2605 pounds per year
(95% CI: —50,637, 45,426; p = 0.904).

3.2 | Geographic Disparities in the Distribution
of Lead Emissions

There were stark disparities in environmental lead releases
across regions corresponding to OSHA area offices. The highest

average cumulative lead emissions released on-site and to land
were observed in facilities within the jurisdiction of the Fair-
view Heights district OSHA office, followed by those in the
Chicago South and Peoria area offices (Table 2). Facilities
within the jurisdiction of the Fairview Heights also reported the
highest emissions to air and water. In contrast, facilities within
the jurisdiction of the OSHA Chicago North office had the
lowest average cumulative lead emissions across various release
mediums (Table 2). For example, while average cumulative on-
site lead emissions were 78.5 pounds among facilities in the
Chicago North OSHA area office; facilities in the Fairview
Heights and Peoria OSHA area offices reported average
cumulative on-site lead emissions of 16,549 pounds and
7673 pounds, respectively (Table 2).

3.3 | Estimated Number of Potentially Exposed
Workers at Worksites Without Medical
Surveillance

Based on the GEE model estimates, approximately 7 to 684
workers may have positive blood lead levels, and 10 to 256
workers at levels of 25 pug/dL or higher per year at worksites
without medical surveillance (Table 3). As a benchmark, an
estimated 623 workers were employed in 2023 among facilities
with medical surveillance, and these facilities had an annual
average of 15 workers with blood lead levels at or above
25 ug/dL (not shown in tables).

4 | Discussion

In the present analysis, we linked the Illinois Adult Blood Lead
Registry, EPA's Toxics Release Inventory database, and work-
force data from Dun & Bradstreet Hoovers to examine lead
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Mean, median (25th and 75th percentiles) of lead emissions as reported to the EPA Toxic Release Inventory by release medium stratified by Occupational Safety and Health Administration

(OSHA) enforcement area offices (N

TABLE 2

477) in Illinois.

N=84

Peoria area office
Mean, median (P25th,

N=134

Naperville area office
Mean, median (P25th,

=53

N
Mean, median (P25th,

Fairview heights office

=98

N
Mean, median (P25th,

Chicago south office

N=108

Chicago north office
Mean, median (P25th,

P75th)
7672.9, 1.43 (0.01, 211.1)

P75th) P75th) P75th)
16549.1, 176.5 (1.87, 4530.6) 1075.1, 0.84 (0.00, 15.4)

3919.6, 1.40 (0.04, 57.4)

P75th)
78.5, 1.84 (0.07, 19.4)

Total on-site and off-site

releases

221.1, 0.15 (0.00, 6.00)
41.6, 0.06 (0.00, 5.00)
3.58, 0.00 (0.00, 0.00)
175.9, 0.00 (0.00, 0.00)

12144.3, 8.82 (0.02, 419.0) 78.4, 0.03 (0.00, 1.00)

1832.9, 0.03 (0.00, 1.00)
27.8, 0.02 (0.00, 1.00)
2.23, 0.00 (0.00, 0.00)

1802.9, 0.00 (0.00, 0.00)

6.15, 0.02 (0.00, 1.00)
6.12, 0.01 (0.00, 1.00)
0.02, 0.00 (0.00, 0.00)
0.01, 0.00 (0.00, 0.00)

Total on-site releases

32.7, 0.02 (0.00, 0.68)
2.35, 0.00 (0.00, 0.00)
43.4, 0.00 (0.00, 0.00)

61.1, 1.35 (0.01, 66.6)
20.7, 0.00 (0.00, 0.85)
12062.5, 0.00 (0.00, 0.01)

Total air releases

Total water releases

Total land releases

Note: Facility-level information on Zip Code and county name were utilized to categorize facilities into OSHA enforcement area offices.

emissions across various media, pollution levels, and rates of
blood lead testing in facilities with and without active medical
surveillance. Our findings indicated that lead emissions in Illi-
nois were consistently higher across various media and years in
facilities with active medical surveillance, compared to facilities
reporting environmental lead emissions that were classified as
below the EPA lead reporting threshold. However, we identified
39 facilities without active medical surveillance of their work-
forces that had environmental releases that were nearly 7 times
higher than the companies with active medical surveillance
programs. We also systematically identified area offices with
worksites emitting high levels of lead and highlighted geo-
graphic disparities that may contribute to differential worker
exposure. Our findings are important for informing OSHA
outreach and guiding targeted enforcement strategies. More-
over, we offer a model that could be replicated in other states
with a high concentration of lead-exposing industries to support
broader occupational surveillance efforts. In addition, the GEE
models showed a positive association between environmental
lead emissions and the number of workers tested annually and
the number with blood lead levels above the OSHA action level.
In the facilities without medical surveillance for lead exposure,
we estimate there are (range low to high estimates) 7 to 684
workers with positive blood lead levels and 10 to 256 workers
with levels 25 pg/dL or higher per year at these facilities. The
models indicated that nearly all of these estimated exposed
workers are employed at 15 worksites.

Previous studies show that the predominant cause of lead ex-
posure in adults is occupational [2, 3]. Lead concentrations
reported in the workplace far exceed those in nearby residential
areas and the general population [2, 21]. Likewise, communities
with elevated environmental lead exposure often correlate with
worksites that have high environmental lead emissions and
expose workers [2, 10, 22-25]. Cumulative lead exposure at low
to moderate levels ranging from 10 to 20 ug/dL, frequently
found in lead-exposed workers, is associated with significant
negative health effects such as adverse pregnancy outcomes,
and cardiovascular and renal disease [1, 2]. While public health
measures like removing lead in paints, gasoline, and consumer
products have decreased population levels of lead, occupational
exposure remains a significant problem. Our findings suggest
that most worksites emitting lead to the environment above
threshold reporting levels are not engaged in active medical
surveillance and are potentially exposing their workers. In
Illinois, 949 workers had blood lead levels > 10 pug/dL in 2015,
declining to 734 in 2023, excluding facilities that were not en-
gaged in active medical surveillance [25, 26]. In Illinois, there
has been a noticeable decline in work-related lead testing,
despite overall laboratory testing remaining stable. In contrast
to declining testing, employment in at-risk industries remained
relatively constant, and lead emissions either increased or
stayed the same. Part of this decline is suspected to involve
reduced or cessation of medical surveillance programs by em-
ployers following disruptions during the COVID pandemic.

Blood lead measurements derived from active medical surveil-
lance of workers provides information on ongoing lead ex-
posure in the workplace and can inform whether hygiene
practices are effective. Our data show that some facilities have
had zero workers tested for lead levels in recent years, despite
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consistent testing in previous years. This occurred despite the
TRI data showing that lead emissions across various media
remained high, above threshold or unchanged for these facili-
ties. The Illinois ABLER program receives test results even if
they are below the limit of detection, and indicates that there
are worksites that have never had a worker tested by a CLIA
lab. Linking TRI and active medical surveillance databases can,
therefore, help identify employers that have stopped testing or
never tested their workforce. Importantly, there is an urgent
need to understand whether OSHA and other regulatory
agencies have adequate resources to ensure effective compli-
ance with lead standard requirements. The strategy described in
this manuscript identified 39 worksites out of 477 known
facilities using lead in their processes that have high environ-
mental emissions with potentially exposed workers. The GEE
models further reduced the list to 15 worksites where nearly all
of the estimated exposed workers are employed. Our ABLES
program plans to use this information to initiate proactive
surveillance and outreach to these worksites by providing free
blood lead testing to workers and contacting management at
these sites about establishing voluntary medical surveillance
programs. If voluntary testing identifies workers with elevated
blood lead levels of > 25 pg/dL, referrals will be made to OSHA,
who can require medical surveillance and hygiene controls to
better protect these workers.

Many workers are not solely exposed to lead, but to multiple
hazardous substances. Workers at these facilities are exposed
through inhalation and ingestion of contaminated air and dust, or
through dermal contact with contaminated surfaces [1, 6]. Co-
exposure to chemical mixtures may interact in synergistic patterns
increasing the risk of adverse health outcomes in workers [27, 28].
Worksites with high environmental emissions may also be ex-
posing workers to other toxic chemicals without adequate regu-
latory protection [29]. While some industries have established
standards for specific metals and chemicals [1, 6], medical sur-
veillance and the impact of co-exposure to chemical mixtures in
workers at levels that exceed the population average are currently
understudied and not fully understood. As an example, in this
analysis, many of the above threshold polluters are power gener-
ation facilities that are known to release other heavy metals and
toxics (e.g., mercury). Thus, the medium of lead emission informs
risk management and exposure pathways for workers and nearby
residential areas. Active medical surveillance of the workforce,
regulatory programming, and employer-based workplace inter-
ventions are critical for effectively reducing lead exposure and
protecting workers in industries that release lead, irrespective of
the exposure medium. Furthermore, medical surveillance and
regulatory measures aimed at reducing lead levels in the work-
place could also reduce co-exposure to chemical mixtures in the
workplace and benefit surrounding communities [30].

The present study is subject to some limitations. First, individual-
level factors such as job title, health insurance status, and place
of residence which can influence workplace lead testing and
blood lead levels were not included in the analysis, as the study
focused on facility-level lead emissions and testing. Second, the
EPA's TRI does not collect information on lead emissions for all
facilities as previously described [7]. Facilities included in the
present analysis must manufacture, process, use, and release into
the environment certain chemicals above established thresholds,

or be classified under NAICS codes specified by the TRI inclusion
criteria, and/or have 10 or more full-time employees [7]. Third,
the lack of detailed facility-level information, including work-
force size, hygiene practices, and administrative controls, all of
which may influence lead exposure and the likelihood of lead
testing or participation in active medical surveillance. Similarly,
the TRI database can miss many facilities where lead exposure
occurs, particularly those involved in construction and demoli-
tion, as these sectors are not required to report lead emissions to
the EPA. Fourth, while we utilized the Dun & Bradstreet Hoo-
vers database [20] to estimate the number of workers at sites
engaged in medical surveillance, employment figures can fluc-
tuate over time and may not accurately reflect true worksite
employment numbers. The Dun & Bradstreet Hoovers database
was also designed for business analytics rather than tracking
employment changes across time at individual facilities. Regula-
tory agencies could address this critical gap in surveillance by
mandating information on workforce size. Fifth, we could not use
data on lead testing in all facilities since the majority of facilities
were not involved in active medical surveillance of their workforce
or had erratic testing (gaps in years with no one tested), which
affected the inclusion criteria for the modeling. Future studies
should leverage data from multiple states or the national ABLES
program to better define the relationship between environmental
releases and blood lead testing in workers.

5 | Conclusion

Our findings suggest that many worksites that emit lead into
the environment, including some exceeding EPA reporting
thresholds, do not appear to conduct blood lead testing among
their workers. Our state ABLR program has very limited
funding. The strategy employed in this analysis identified 15
worksites for outreach, which is manageable given available
resources. Beyond local outreach efforts, new approaches are
necessary to ensure that workers are better protected from
occupational lead exposure. For instance, national medical
surveillance policies could be reformed to integrate publicly
available lead emissions data, enabling more targeted mon-
itoring of worksites and industries with high potential for
worker exposure to lead. A proactive medical surveillance
strategy will ensure that workers in high-risk settings are reg-
ularly monitored, enabling early detection of elevated blood
lead levels and timely interventions to protect worker health.
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