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Lead Exposure has a Dose-Response Relationship with 
Health Effects
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There is no safe level of lead exposure



What Systems Does Lead Affect?

Fe2+
• Hemoglobin 

production
• Production of 

metabolic enzymes

Ca2+
• Structural integrity 

of bones
• Nerve conduction
• Muscle contraction

Zn2+ • Immune system 
function

• DNA synthesis
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Pb2+



Can an Epidemiologist Say “Caused”?
The Bradford Hill Viewpoints

Specificity Temporality Strength of 
Association Consistency

Dose-
Response Experiment Analogy Plausibility

Coherence
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Common Data Sources

• Population-based studies
• National Health and Nutrition Examination Survey (NHANES)

• Nationally representative survey of about 5,000 people per year, including children and adults

• Combines interviews and physical examinations, including blood lead tests

• Normative Aging Study (NAS)

• Longitudinal cohort study established by the United States Department of Veterans Affairs in 1963

• Participants were men free of chronic disease at the time of recruitment

• Participants provided information on medical history, lifestyle and demographic factors and underwent 
a physical examination and laboratory tests every 3−5 years

• Cohorts of Lead Workers
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Health Effects: 
Mortality



Selected Studies and Mortality

• Bertke et al., 2016

• Analyzed mortality and exposure data for 1,990 people who worked in a lead smelter during 
1940–1965. Highly exposed workers worked in departments with air lead over 200 µg/m3

• Excess deaths occurred from cardiovascular disease and cerebrovascular disease, and kidney 
disease

• Excess deaths from lung cancer more closely linked with smoking status

• Lanphear at al., 2018 used NHANES data

• An increase in the concentration of lead in blood from 1.0 μg/dL to 6.7 μg/dL was associated with:

• All-cause mortality hazard ratio of 1.37

• Cardiovascular disease mortality hazard ration of 1.70

• Ischemic heart disease mortality hazard ratio of 2.08



Health Effects: 
Cardiovascular 

Effects



Hypertension is Inter-Connected with Other Systems

Hyper-
tension

Heart 
Attack

Heart 
Failure

Kidney 
Disease/ 
Failure

Stroke

Sexual 
Dys-

function

Vision 
Loss



Selected Studies of Cardiovascular Effects

• Vaziri, 2008

• Multiple studies show links between chronic lead exposure and hypertension

• Lead can also increase the risk of arteriosclerosis, thrombosis, and cardiovascular disease through 
a variety of mechanisms, including:

• Increasing inflammation

• Disturbing smooth muscle Ca2+ signaling

• Injuring the lining of blood vessels

• Navas-Acien et al., 2004 used NHANES data

• After adjusting for smoking, age, sex, race, education, BMI, alcohol intake, and other related 
medical conditions, adults with BLL >2.9 µg/dL had 2.8 times the odds of having peripheral artery 
disease compared with adults with BLL <1.4 µg/dL 

2/3/2025 health.state.mn.us 18



Health Effects: 
Neurological Effects



Neurocognitive Domains
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Perceptual-
motor 

function

Visual 
perception

Visuoconstru
ctional 

reasoning

Perceptual-
motor 

coordination

Executive 
function

Planning

Decision-
making

Working 
memory

Responding 
to feedback

Inhibition

Flexibility

Complex 
attention

Sustained 
attention

Divided 
attention

Selective 
attention

Processing 
speed

Language

Object 
naming

Word finding

Fluency

Grammar 
and syntax

Receptive 
language

Learning 
and memory

Free recall

Cued recall

Recognition 
memory

Long-term 
memory

Implicit 
learning

Social 
cognition

Recognition 
of emotions

Theory of 
mind

Insight

Adapted from: Sachdev, P et al., Classifying neurocognitive disorders: The DSM-5 
approach. Nature Reviews Neurology. 2014.



Neurological Effects of Lead

• Negative effects from lead have been measured across all neurocognitive 
domains

• Studies may look at a sub-category of a neurocognitive domain or use tests 
that look across multiple domains

• Many studies have looked at cumulative lead exposure using bone lead 
measurements with K-XRF, rather than blood lead levels

• There can be both acute and chronic neurological effects from lead
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Selected Studies and Neurologic Effects

• Krieg et al., 2005
• Compared neurobehavioral tests in NHANES to neurobehavioral tests in multiple studies of 

occupationally exposed adults

• Study unable to detect significant difference in neurobehavioral test results for adults with BLL <25 
mcg/dL

• Worse performance on neurobehavioral tests detected for adults with blood lead levels 25−41 
mcg/dL

• Shih et al., 2007
• Review of studies of lead exposure and neurocognitive tests

• Used Bradford Hill criteria to conclude causal association between lead and cognitive decline in 
adults

• Significant effects found even in analysis of NAS, with mean BLL 4.5 mcg/dL
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Health Effects: 
Other



Renal Effects

• Ekong et al., 2006 conducted a review of lead-related nephrotoxicity. 

• 9/11 studies of the general population found associations between lead and various 
renal outcomes, even at mean blood lead levels < 5 µg/dL

• People with hypertension and diabetes may be particularly susceptible

• Bone lead had stronger association with kidney disease than blood lead

• Studies of occupationally exposed populations show association between higher lead 
levels and worse kidney function

• Some studies show a paradoxical effect, with lower creatinine at higher exposure levels
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Reproductive Effects

• Wirth at el., 2010 summarized multiple studies:

• Men with average BLL 37 µg/dL have worse sperm density, sperm count, and sperm motility than men with average 
BLL 10 µg/dL 

• Changes in sperm shape and speed were associated with blood lead levels in studies with median blood lead levels 
of 4.9–5.7 µg/dL 

• Lead accumulates in sperm and sperm lead levels are associated with worse sperm motility, shape, viability, and 
concentration

• Several small studies did not detect associations between lead and sperm measurements

• Boucher et al., 2014 examined characteristics of children born to women in a cohort study:

• Higher cord blood levels associated with slower processing speeds among infants. Study had median cord lead levels 
of 3.5 µg/dL (highest level 17.8 µg/dL)

• Hertz-Picciotto, 2000 examined data from a cohort in Mexico City

• The odds ratio for spontaneous abortion was 1.8 for every 5 μg/dL increase in BLL
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Demographics and 
Health Effects



“Work not only is an important determinant of exposure to hazards, but 
also a source of income, a significant component of the psychosocial 
environment, and, in the United States, the primary source of health 

insurance and access to health services. Work therefore has significant 
effects on the health of workers, families, and communities.”

-Lipscomb et al.. A Conceptual Model of Work and Health Disparities in the United 
States. 2006.



Demographics and Lead Exposure

• Among adults, older adults tend to have higher BLLs than younger adults, 
reflecting greater lifetime cumulative exposure and lead release from bones

• Men tend to have higher BLLs than women

• People with lower levels of education tend to have higher BLLs

• People with lower income tend to have higher BLLs

• Non-Hispanic Black people tend to have higher BLLs than other groups. 
Mexican Americans are also sometimes identified as having higher BLLS.
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MDH Surveillance 
Data



MDH Surveillance System

• Facilities that perform blood lead testing must send all blood lead test results 
for persons living in Minnesota to MDH

• Reasons adults may receive blood lead tests

• Occupational surveillance

• Prenatal screening

• Symptoms consistent with lead exposure (e.g., neurologic symptoms)

• Known or suspected lead exposure (e.g., retained bullet fragments or child with non-
housing lead exposure)



Occupational Data Collection

• Standard laboratory reports do not contain employment information

• Blood lead tests drawn as part of occupational surveillance may have employer listed 
as ordering provider

• MDH proactively contacts the ordering provider to obtain additional information for:

• Women of child-bearing age with blood lead levels ≥5 mcg/dL

• Adults with blood lead levels ≥25 mcg/dL

• Adults with blood lead levels 5−25 mcg/dL, as resources allow

• Clinics vary in occupational detail they collect and whether they know patient’s 
pregnancy status
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Adult Blood Lead Levels by Year
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Adult Blood Lead Levels ≥ 25 mcg/dL by Industry
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Adult Blood Lead Levels ≥15 mcg/dL by Industry
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Take-Home Lead 
Exposure
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MDH Surveillance System

• Facilities that perform blood lead testing must send all blood lead test results 
for persons living in Minnesota to MDH

• Reasons kids may receive blood lead tests

• Routine well-child surveillance

• Symptoms consistent with lead exposure (e.g., neurologic symptoms)

• Known or suspected lead exposure (e.g., swallowed object or household member with 
elevated blood lead level)

• Children <18 years with venous blood lead levels ≥5 µg/dL receive a risk 
assessment



Risk Assessment Jurisdictions



Lead Risk Assessments

XRF of deteriorated paint

Soil samples

Dust wipe samples

Water and other product 
samples
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Risk Assessment Procedures

• When questionnaire identifies take-home 
lead as possible factor, risk assessors take 
additional dust wipe samples:

• Work shoes

• Work clothes

• Driver side floor, driver side seat

• Child car seat

• Entry way into home
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Example Risk Assessment Findings

• Home built in 1980’s

• XRF readings of walls, doors, etc. 
negative

• Vehicle floor mat 203 mcg/ft2

• Vehicle car seat 84 mcg/ft2

• Worker’s shoe sole 24,100 mcg/ft2

• Garage floor 63 mcg/ft2

• Dust wipes for other floors and 
windows below standards
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422/3/2025

2021 Changes to 
Lead Poisoning 
Prevention Act



Enforcement Procedure

Enforced under Minnesota’s Health Enforcement Consolidation Act

1. Requests for Information

2. Correction Orders

3. Forgivable or Non-Forgivable Administrative Penalty Orders up to $10,000
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2023–2024 Lead Exposure Sources

Take-Home Lead
4%

Paint/Dust
59%

Exposure Outside 
Minnesota

17%

Food/Spices
5%

Other
7%

Undetermined
8%
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2023–2024 Industries Represented

• Ammunition Manufacturing
• Battery Manufacturing
• Commercial and Industrial Machinery and 

Equipment Repair and Maintenance
• Firearms Training
• Mechanic
• Nonferrous Metal Die-Casting Foundries
• Personal and Household Goods Repair and 

Maintenance
• Radiator Repair
• Residential Remodelers/Construction
• Roofing Contractors
• Specialized Automotive Repair
• Stained Glass Manufacturing
• Weights and Measures
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Recommendations
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American College of Occupational and Environmental 
Medicine (ACOEM) Recommendations

• Medical Removal at a single BLL ≥30 μg/dL or for two successive BLL ≥20 μg/dL measured at a 4-
week interval

• Return-to-work at 15 μg/dL, plus medical approval and addressing conditions that caused exposure

• Physician-ordered medical removal at lower levels based on individual risk

• Workplace management goals to keep workers' BLL less than 10 or 5 μg/dL (or <3.5 μg/dL in the 
case of women who are or may become pregnant)

• Reduction in the action level (AL) and the permissible exposure level (PEL) for lead in workplace 
air to 2 and 10 μg/m3, respectively, as 8-hour time-weighted averages (TWAs)

• Medical surveillance requirements of a revised lead standard should also apply to employees who 
perform a trigger amount of lead work based on the duration that they are engaged in altering or 
disturbing materials that contain lead at a concentration ≥0.5% by weight



Prevention of Lead Exposure in Adults (PLEA) Workgroup of the 
Lead Exposure and Prevention Advisory Committee (LEPAC) 

Recommendations

• OSHA should mirror the changes made by California

• Lower the threshold for medical removal protection to a single BLL > 30 μg/dL or two consecutive BLLs > 20 
μg/dL

• Lower the Permissible Exposure Level and the corresponding Action Level for lead in workplace air to 10 
μg/m3 and 2 μg/m3 respectively, (as 8-hour time-weighted averages).

• Instead of relying exclusively on air lead monitoring to assess whether the lead standard for general industry 
may be applicable to a workplace and necessitate medical surveillance, use the concept of “presumed 
significant lead work.” This includes any work that alters or disturbs material containing lead ≥ 0.5% by 
weight.

• Increase the frequency of blood lead testing for workers when any BLL exceeds 10 μg/dL.

• Add requirements for direct communication between physicians or other licensed health care professionals 
and workers regarding BLL test results and follow-up recommendations.

• Expand training, hygiene, and housekeeping requirements for those who work with lead
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Basis for Recommendations

• 2024 Session Law Chapter 127. Article 9. Sec. 6. The commissioner of labor and industry, in consultation with the 
commissioner of health, shall adopt rules to:

• (1) lower the acceptable blood lead levels above which require mandatory removal of workers from the lead exposure; and

• (2) lower the blood lead levels required before a worker is allowed to return to work. 

• The thresholds established must be based on the most recent public health information on the safety of lead exposure.

AND

• MS 182.655 Subd. 4: The commissioner, in adopting standards dealing with hazardous substances or harmful physical 
agents under this section, shall set the standard which most adequately assures, to the extent feasible, on the basis of the 
best available evidence, that no employee will suffer material impairment of health or functional capacity even if the 
employee has regular exposure to the hazard dealt with by the standard for the period of the employee's working life. 
Development of standards under this subdivision shall be based upon research, demonstrations, experiments, and other 
information as may be appropriate. In addition to the attainment of the highest degree of health and safety protection for 
the employee, other considerations shall be the latest available scientific data in the field, the feasibility of the standards, 
and experience gained under this and other health and safety laws. Whenever practicable, the standard adopted shall be 
expressed in the terms of objective criteria and of the performance desired.
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MDH Recommendations

• While MDH authority can address take-home lead exposure when exposed 
children are identified, MDH recommends that DLI lower triggers for requiring 
employer-provided PPE that stays on site and emphasize need for 
housekeeping to prevent take-home lead.

• MDH recommends removal from work and return to work blood lead levels 
approximately mirror recommendations from ACOEM and PLEA

• MDH recommends lowering triggers for initiating medical surveillance, by 
lowering the AL and/or triggering medical surveillance based on presumed 
significant lead work
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Thank You!

Stephanie Yendell
Stephanie.yendell@state.mn.us

651-201-4894
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