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Learning objectives

• Describe possible sources of lead exposure
• Discuss the health risks of lead exposure
• Understand the CDC guidelines for monitoring blood lead levels
• Discuss analytical methods for testing blood lead levels
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Lead

• Soft, malleable metal with a relatively low melting 
point and relatively inert to oxidation

» Has been mined since the iron age (1200-500 BC)
» Often present as ores (e.g. Lead Sulfide)

• Symbol is derived from the Latin word plumbum, 
which refers to water pipes

• Serves no physiological purpose in humans

Image credit: Wikipedia.org
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Lead: Exposure sources

• Drinking water 
• Food and food containers
• Lead paint 
• Leaded gasoline
• Environmental Exposures
• Occupational Exposures
 

Image credit: Wikipedia.org
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Drinking Water
• Drinking water

» Regulated under the Lead and Copper 
Rule
▪ Lead action level: 15 ppB in no more than 

10% of sampled consumer taps
▪ Provides recommendations for corrosion 

control to reduce lead leaching into 
treated drinking water

• Water fixtures
» Safe Drinking Water Act (SDWA) 

mandates use “lead free” fixtures
▪ Rule first introduced in 1986
▪ Revisions since then have revised the 

definition of “lead free”

LEAD EXPOSURE SOURCES

https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-
drinking-water
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Drinking Water

• Things you can do:
» Get your water tested
» Run the tap for 30-60 seconds before taking water for use
» Use cold water from the tap for cooking, preparing infant formula

LEAD EXPOSURE SOURCES

https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water
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Food and food containers

• Lead may enter food through several 
mechanisms:

» From the environment where it is grown
▪ Food contamination of lead containing soil
▪ Uptake of lead into plants from contaminated soil

» During processing 
▪ Use of drinking water with lead for beverages (e.g. 

infant formula)
▪ Lead added during processing for colour or to add 

weight (e.g. lead chromate and cinnamon)
▪ Natural medicines

LEAD EXPOSURE SOURCES

Wikipedia.org

https://www.usatoday.com/story/money/food/2025/12/1
2/ground-cinnamon-recall-fda/87738444007/
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Food and food containers

• Lead may enter food through several mechanisms:

» Leaching from a container it is placed in
▪ Lead glazed pottery that does not meet FDA criteria as lead 

safe
▪ Note: Since 1991, lead soldered cans no longer use in the 

US

LEAD EXPOSURE SOURCES

Image Credit: New York State Department of Health
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Lead Paint

• Banned in the US since 1978, but may be present 
under newer layers of paint in older homes

» Dust and paint chips containing lead may still be 
available to cause exposures

• Lead may be exposed/released during home 
maintenance or renovations

• https://www.epa.gov/lead/lead-abatement-
inspection-and-risk-assessment

LEAD EXPOSURE SOURCES

Image Credit: https://www.multco.us/health/lead-poisoning-prevention/lead-paint
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Leaded Gasoline

• Added to gasoline as an anti-knock agent in the 1920s
oPresent in the form of tetraethyllead (TEL) which is fat soluble and can 

easily cross the blood brain barrier

• Phased out of most fuels in most countries, but some exemptions 
remain
oClassic and racing cars
oPiston based aircraft 

o FAA EAGLE initiative is working towards eliminating leaded aviation fuels by 2030
oMarine engines
oFarm equipment

LEAD EXPOSURE SOURCES
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Environmental Exposure

• Use of lead can cause release into the 
environment, which can result in further 
exposures
oLead mining releases lead into the air 

and soil surrounding the mine site
oUse of leaded gasoline cause air and 

soil contamination around highways
oLead paint chips can enter the soil
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Hobbies that may have lead exposure risk

• Renovation and/or repair of homes built before 1978
• Mixing and applying lead containing glazes
• Casting
• Soldering
• Drinking home distilled liquids
• Shooting firearms during target practice
• Using cosmetics containing lead
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https://www.cdc.gov/nceh/lead/prevention/sources/jobs-hobbies-activities.htm
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Occupational Exposure

• Demolition
• Repair, renovation, abatement and cleanup of buildings and 

environmental sites
• Use of firearms or working at a firing range
• Recycling materials
• Painting or sanding of industrial equipment and structures
• Manufacture or processing of products containing lead
• Use of lead containing glaze
• Soldering, welding
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https://www.cdc.gov/nceh/lead/prevention/sources/jobs-hobbies-activities.htm
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Effects of Lead Exposure
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Lead Exposure: Symptoms

• Symptoms are often non-specific and 
may not show up immediately

» Depend on age of exposure, size and 
duration of exposure

• Children are most affected, even at low 
levels

» Removal from source and treatment 
does not reverse the damage

Wikipedia.org
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Why are children more affected by lead? 

1. Neurotoxicity more pronounced on the developing brain

2. More hand to mouth action, increasing exposure to lead residues or 
paint chips

3. Children absorb 4-5X more lead in the GI tract than adults

4. Children eat, breathe and drink more per unit body weight than adults

UNICEF. The Toxic Truth: Children’s Exposure to Lead Pollution Undermines a Generation of Future Potential
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Lead Toxicity

• Neurotoxicity

• Impact on red blood cells and heme production

• Deposition in bone
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Lead: Neurotoxicity

• Lead neurotoxicity mediated by neuronal 
death and changes in neurotransmitter 
release and changes in neurotransmitter 
receptors

• Lead exposure has serious effects on the 
developing brain

» Children exposed to lead can have slowed 
growth and development, learning and 
behavior issues, lowered intellectual scores, 
hearing and speech problems

» Prevention is critical

Wikipedia.org



Private Information

Lead: Effect on heme synthesis

• Heme is the component of hemoglobin that carries oxygen

• It is produced by a complicated multistep process. Lead interferes 
with this process causing

» Anemia
» Production of zinc protoporphyrin (ZPP)

Image credit: Wikipedia.org. 
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Lead: Effects on red blood cells

• Lead inhibits enzymes crucial for energy supply 
in red blood cells

» This causes weak red blood cell membranes 
which can lead to hemolytic anemia

» Also reduces the ability to remove intracellular 
RNA clumps leading to basophilic stippling

Bain 2005 NEJM 353:498-507
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Lead: Bone deposition

• Lead can substitute for calcium in bone 
remodeling

• Forms ‘lead line” in the growth plates of 
long bones

• Bone represents the major body burden 
of lead with a long half life (years to 
decades)

Image credit: https://www.atsdr.cdc.gov/csem/leadtoxicity/diagnostic_testing.html
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Testing for Lead Exposure
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CDC Blood Lead Reference Values

• A blood lead level (BLL) is the best test for lead exposure

• CDC Blood Lead Reference Values (effective 2021) is <=3.5 µg/dL

• Public Health guidance indicates there is no safe level of lead 
exposure
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https://www.cdc.gov/nceh/lead/prevention/blood-lead-levels.htm
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Derivation of population blood lead levels

• NHANES: National Health and Nutrition Examination Survey
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» Samples collected year from a selection of 
the US population to assess various health 
and nutrition parameters
▪ Blood lead has been monitored since 1976

» In 2012, NHANES data was used to adopt 
the blood lead reference value (97.5th 
percentile of estimated blood lead 
distribution)

https://www.cdc.gov/nceh/lead/data/nhanes.htm
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Swaringen et al 2022 Envir. Res. 204B: 112025
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Testing recommendations

• CDC recommendations children should be tested if they:
▪ Live or spend time in a house or building built before 1978
▪ Are from low-income households
▪ Are immigrants, refugees or recent adopted from less developed countries
▪ Live or spend time with someone who works with lead or has hobbies that expose 

them to lead
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Venous Results are Definitive

All elevated Capillary collected 
results must be confirmed with a 
venous collection
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Importance of confirming with a venous 
blood sample

• Due to the low lead concentrations being measured, even small 
amounts of lead contamination can falsely elevate the result

» Blood collection tubes that are not trace element free are sometimes 
contaminated with lead

» Skin could be contaminated with trace amounts of lead
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Capillary blood lead sample contamination

• Retroactive analysis of Data 
from the Maine Childhood Lead 
Poisoning Surveillance System 
between 2002 and 2003 

» 2.2% of all capillary samples 
found to have been 
contaminated with lead

» Accounted for 73% of all 
elevated lead screening tests
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Anderson et al. 2007. Matern Child Health J 11: 603-610.
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• If original sample was a capillary sample, it needs to be confirmed with a 
venous collection. 

• CDC recommended concentrations and timelines for follow up

• State Departments of Health may have different criteria for timelines and 
concentrations

What to do with an elevated blood lead 
level? 

30

https://www.cdc.gov/nceh/lead/advisory/acclpp/actions-blls.htm
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What to do with an elevated blood lead 
level? 

• CDC recommended follow up on an elevated venous blood sample:

31

https://www.cdc.gov/nceh/lead/advisory/acclpp/actions-blls.htm
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Impacts of elevated blood lead

• Reported to ordering physician AND State Departments of Health

• Departments of Health follow up to identify sources of lead exposure, 
provide education, identify mitigation strategies
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Occupational Testing

• OSHA has regulations for employees exposed to lead as part of their 
job

» Requirements include testing for Blood Lead Level and a Zinc 
Protoporphyrin
▪ ZPP levels start to rise at blood lead levels of 20-30 ug/dL. Significant increases 

observed over 40 ug/dL. 
▪ Once produced, stay in red blood cells until they are destroyed (~ 90 days) so may 

provide an estimate of lead exposure over that time period

Zinc Protoporphyrin (ZPP) is not sensitive enough to screen children 
for lead exposure. A blood lead level (BLL) is the best test for suspected 

lead exposure. 
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Analytical methods
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Common analytical methods for blood 
lead testing
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Near Patient testing devices
• Anodic Stripping Voltammetry

Clinical Laboratory Testing
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Anodic Stripping Voltammetry

36

Blood 
Sample

Image credit: LeadCare II Users Manual
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Common analytical methods for blood 
lead testing
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Near Patient testing devices
• Anodic Stripping Voltammetry

Clinical Laboratory Testing
• Atomic Absorption Spectroscopy
• Atomic Emission Spectroscopy
• Inductively Coupled Plasma-Mass Spectrometry
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Atomic absorption spectroscopy (AAS)

• Electrons can jump to a higher 
orbital if given energy (e.g. absorb 
light)

• The wavelength absorbed is 
characteristic of each element

38

Image credit: www.agilent.com,
Howard University General Chemistry

http://www.agilent.com/
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Atomic Absorption Spectroscopy

39

Image credit: psiberg.com, 
https://www.pas.rochester.edu/~blackman/ast104/absorption.ht
ml 
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• Electrons that have been excited using a photon at some 
point, need to return to their unexcited state

» When they do this, they release energy they emit light at a 
wavelength characteristic of the element

40

Image credit: Howard University General Chemistry, Wikipedia.org

Atomic Emission Spectroscopy (AES)
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Atomic Emission Spectroscopy

41

Twyman Encyclopedia of Analytical Science 2005: 190-198 
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Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS)
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Image credit: Wikipedia.org, chem.libretexts.org
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Laboratory Testing

• Clinical laboratories include several steps to ensure quality and 
accuracy of results

» Methods undergo extensive validation prior to being used to test patient 
samples

» Quality Controls are always run with patient samples and must meet 
certain criteria before patient results can be reported

» Labs participate in proficiency surveys to ensure accuracy of results 
with other labs
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Conclusions

• Lead exposure is an ongoing public health issue

• Children are most affected by lead exposure

• Lead exposure can come from many sources 
» The blood lead levels in the US have consistently decreased over the 

past 50 years due to removal of lead in consumer products

• A blood lead level is the best test for initial assessment of lead 
exposure
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