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Ledrning 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




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
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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




LEAD EXPOSURE SOURCES

Drinking Water
SEPA

CONCERNED ABOUT LEAD IN YOUR DRINKING WATER?

Sources of LEAD
In Drinking Water

Faucets: Fixtures

or installed before 1986

contained high lead levels. :
L]
.
L]
[}
L]
LR ]

Lead Service Line: The service &4
line is the pipe that runs from

the water main to the home's
internal plumbing. Lead service

water, causing

Goose necks and

the lead service
line to the main.

lines can be a major source of
lead contamination in water.

MAIN WATER LINE

Lead particles can

...... inside your home
[ may contain lead.
. ’
L]
Copper Pipe with .
Lead Solder: Solder made  § Galvanized Pipe:
L]

attach to the surface of
galvanized pipes. Over

time, the particles can

enter your drinking

elevated lead levels.

Lead Goose Necks:

pigtails are shorter
pipes that connect

 Drinking water
» Regulated under the Lead and Copper
Rule

= | ead 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

https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-
drinking-water
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LEAD EXPOSURE SOURCES

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

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




LEAD EXPOSURE SOURCES

Food and food containers

L ead may enter food through several
mechanisms:

» From the environment where it Is grown
= Food contamination of lead containing soll
= Uptake of lead into plants from contaminated soill

» D U rl n g p rOCeSS| n g FOOD U.S. Food and Drug Administration

= Use of drinking water with lead for beverages (e Ground cinnamon recalled in 14
. 9 J 9 states over lead risk. See where.
infant formula)

Fernando Cervantes Jr.
= Lead added during processing for colour or to add © ==

Dec. 12, 2025, 4:58 p.m. ET

weight (e.g. lead chromate and cinnamon) 6 X = A
u Natural med|C|neS Wikipedia.org

https://www.usatoday.com/story/money/food/2025/12/1
2/ground-cinnamon-recall-fda/87738444007/
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LEAD EXPOSURE SOURCES

Food and food containers

« Lead may enter food through several mechanisms:

» Leaching from a container it is placed in

= | ead glazed pottery that does not meet FDA criteria as lead
safe

= Note: Since 1991, lead soldered cans no longer use In the
US

Image Credit: New York State Department of Health




LEAD EXPOSURE SOURCES

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
avallable to cause exposures

 Lead may be exposed/released during home
maintenance or renovations

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




LEAD EXPOSURE SOURCES (

Leaded Gasoline \\/Pb\/

« Added to gasoline as an anti-knock agent in the 1920s

o Present in the form of tetraethyllead (TEL) which is fat soluble and can
easlly cross the blood brain barrier

« Phased out of most fuels in most countries, but some exemptions
remain

o Classic and racing cars

o Piston based aircraft
o FAA EAGLE initiative is working towards eliminating leaded aviation fuels by 2030

o Marine engines
o Farm equipment




Environmental Exposure

240 |- Lead in gasoline
» Use of lead can cause release into the o
environment, which can resultin further &5 Loapan pgmens
exposures e
o Lead mining releases lead into the air i Fé R /V\.
and soil surrounding the mine site il \\’[ \ ,\ f'
o Use of leaded gasoline cause air and f o] ‘ l\/“\/&\ ¥ K
soil contamination around highways 68 - A‘{’\ N
o Lead paint chips can enter the soll 31; \: o
Ll e v

1910 1920 1338 1040 1950 1960 1970 1968 1390




obbies 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

https://www.cdc.gov/nceh/lead/prevention/sources/jobs-hobbies-activities.htm




Occupational Exposure

e 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

https://www.cdc.gov/nceh/lead/prevention/sources/jobs-hobbies-activities.htm




B Effects of Lead Exposure




Lead Exposure: Symptoms

« Symptoms are often non-specific and
may not show up iImmediately

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

e Children are most affected, even at low
levels

» Removal from source and treatment
does not reverse the damage

Symptoms of
Lead poisoning
Central nervous

Vision |
- Blindness of ALY system
parts of visual field - Insomnia

- Hallucinations - Loss of appetite
. - Decreased libido
Hearing loss - Depression
gl | - Irritability
Mouth S ARA - Cognitive deficits
i B =
Eid/ *"‘;, |
vy

- Unusual taste - Memory loss

- Slurred speech - Headache

- Blue line along
the gum

- Personality changes
- Delirium
- Coma

Kidney failure Anemia

Neuro- Abdomen
muscular - Pain
- Tremor - Nausea
- Pain - Diarrhea or
- Delayed constipation
reaction
times
- Loss of Extremities
coordination - Wrist and foot drop
- Convulsions - Pain
- Weakness - Tingling
- Seizures
General
Reproductive - Malaise
- Sperm dysfunction - Fatigue
(males) - Weight loss
- Pregnancy ; .
compications /7 Skin
(females) - Ea!lqr and/or
lividity

Wikipedia.org




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 Iin the Gl 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




Lead Toxicity

« Neurotoxicity

* Impact on red blood cells and heme production

* Deposition In bone




Lead: Neurotoxicity

Presynaptic neuron

* | ead neurotoxicity mediated by neuronal \m‘%%& - -
death and changes in neurotransmitter —cree,
release and changes in neurotransmitter . +*
receptors 7%&% k %Synaptc
 Lead exposure has serious effects on the \ e ® @
developing brain gz AN A§/
» Children exposed to lead can have slowed B
growth and development, learning and Postsynaicneuron

behavior issues, lowered intellectual scores,
hearing and speech problems

» Prevention iIs critical

Wikipedia.org




Lead: Effect on heme synthesis

H,

« Heme Is the component of hemoglobin that carries oxygen

* |t is produced by a complicated multistep process. Lead interferes
with this process causing

» Anemia
» Production of zinc protoporphyrin (ZPP)

Image credit: Wikipedia.org.




Lead: Effects on red blood cells

 Lead Iinhibits 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




Lead: Bone deposition

e L ead 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)




B Testing for Lead Exposure




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 pug/dL

 Public Health quidance indicates there is no safe level of lead
exposure

https://www.cdc.gov/nceh/lead/prevention/blood-lead-levels.htm




Derivation of population blood lead levels

 NHANES: National Health and Nutrition Examination Survey

» Samples collected year from a selection of
Sompng e tage the US population to assess various health
N and nutrition parameters
o Hossehokd = Blood lead has been monitored since 1976

B

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

s X1 L distribution)

https://www.cdc.gov/nceh/lead/data/nhanes.htm




Policies Leading to a Reduction in Blood Lead Levels of Children in U.S. 1971-2011

Lead-based Paint Poisoning
Preventon Act 1971

35 - -
Lead in plumbing
Leaded Gasoline benupd 1é0
L Phase-out 1973
! Lead Contamination Control Act
30 | Virtual elimination of lead in gasoline
’ 1988
\
\
< Lead and Copper
- Safe Water Act Rule 1991
25 F 1974 Total Lead in Children's
- \ Residential Lead-Based Paint Products limited to 100
A \ Hazard Reduction Act 1992 ppm 2011
=) !
= \
ch N
250 L . - Ban onLead Solder in food cans 1995
A Residential Lead Limit in
% i residential and decorative
= | pambs gn.clildrens Lead Safe Housing rule
= products: 600 ppm 1978 1999 ~
3 \
15
§ - Lead Limit in non-industrial
m - 3 pamt and applied to children's
I products: reduced to 90 ppm
I 2009
10 |
I Renovation, Repair and \
i Painting Rule 2008
~
-~ |
s | s
-~ --—-
L ) * ¢ ommm { o
(l A A A A A A A 1 A A A A A " " [l A A A A A A A A A A A A A ' " J
1971 1976 1981 1986 1991 1996 2001 2006 2011

Year
= Geometric Mean BLLs in Children = =95th Percentile BLLS in Children == Median BLLs in Children
Swaringen et al 2022 Envir. Res. 204B: 112025
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Testing recommendations

« CDC recommendations children should be tested if they:
= |ive 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




v

Venous Results are Definitive

—

_§ L All elevated Capillary collected
“o) results must be confirmed with a
N | venous collection

v

j A
ARﬁPLABoRATcmEs é H EA LT H
af UNIVERSITY OF UTAH



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




Capillary blood lead sample contamination

100 +
90

Venous Blood Lead Level (pg/dL)

80
70 4
60 -

50 A

« Retroactive analysis of Data
from the Maine Childhood Lead
Poisoning Survelllance System
between 2002 and 2003

» 2.2% of all capillary samples

found to have been
e contaminated with lead

o Falss Posiives » Accounted for 73% of all
Perfect correlation elevated |ead Screeﬂ”’]g teStS

8] A I}
10 O mom oo o 0o o 8}

30 40 50 60 70 80 90 100
Capillary Blood Lead Level (ug/dL)

Anderson et al. 2007. Matern Child Health J 11: 603-610.




What to do with an elevated blood lead

level?

- If original sample was a capillary sample, it needs to be confirmed with a

venous collection.

« CDC recommended concentrations and timelines for follow up

Blood Lead Level (pg/dL)
23.5-9
10-19

20-44

=45

Time to Confirmation Testing**
Within 3 months
Within 1 month

Within 2 weeks

Within 48 hours

« State Departments of Health may have different criteria for timelines and

concentrations

https://www.cdc.gov/nceh/lead/advisory/acclpp/actions-blls.htm




What to do with an elevated blood lead
level?

« CDC recommended follow up on an elevated venous blood sample:
Venous blood lead levels | Early follow up testing (2-4 tests after initial test above Later follow up testing after BLL
(pg/dL) specific venous BLLs) declining
=3.5-9 3 months* 6-9 months
10-19 1-3 months* 3-6 months
20-44 2 weeks-1 month 1-3 months
>45 As soon as possible As soon as possible

https://www.cdc.gov/nceh/lead/advisory/acclpp/actions-blls.htm




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




Occupational Testing

« OSHA has regulations for employees exposed to lead as part of their
Jjob
» Requirements include testing for Blood Lead Level and a Zinc
Protoporphyrin
= /PP 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.




B Analytical methods




Common analytical methods for blood
lead festing

Near Patient testing devices
* Anodic Stripping Voltammetry

ﬁ Clinical Laboratory Testing




Anodic Stripping Voltammetry

¢ (3
© pp= Qpbzo ©
0.9 %0 e |
Blood s PR g B5 B » °|=b?pb° prz 3
Sample ' £3. 23920303 B S e 9 e 3 S

Reduction step Oxidation (stripping) step - A ,_

Image credit: LeadCare Il Users Manual




Common analytical methods for blood
lead festing

Near Patient testing devices
* Anodic Stripping Voltammetry

« Atomic Absorption Spectroscopy
« Atomic Emission Spectroscopy
 Inductively Coupled Plasma-Mass Spectrometry

ﬂ Clinical Laboratory Testing




Atomic absorption spectroscopy (AAS)

) Higher-energy

t orelt * Electrons can jump to a higher
photon /| /\/|/\/\/\> & orbital if given energy (e.qg. absorb
ight)
Lower-energy

orbit

Continuous Spectrum

* The wavelength absorbed is
characteristic of each element

Absorption Spectrum

Image credit: ,
Howard University General Chemistry



http://www.agilent.com/

Atomic Absorption Spectroscopy

Readout device

Amplifier

—_—

Recorder

Fuel gas Oxidizing gas

Sample
Absorption Spectrum inlet
S
Instrumentation and working of & cgigprir
. . c
Atomic Absorption Spectroscopy (AAS) EJ |

Image credit: psiberg.com,
https://www.pas.rochester.edu/~blackman/ast104/absorption.ht
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Atomic Emission Spectroscopy (AES)

Higher-energy Higher-energy
? orbit orbit ?
e N> photr
Photon —/\/\/\/\/\/\—> 6 é 1
—
\ALRAALLL

Lower-energy

Lower-energy orbit

orbit

* 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

Image credit: Howard University General Chemistry, Wikipedia.org




Atomic Emission Spectroscopy

N
J/

"/  — Continuous Spectrum

Mirror ens Slit Filter Photodetector

Aerosol Emission Spectrum
enters flame

Fuel——
Air from ij,

compressor — )

Sample

Twyman Encyclopedia of Analytical Science 2005: 190-198
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Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS)

<)
sample
< . .
introduction
ICP torch

mass
transducer  analyzer interface

A E L
- - —\\ .

/ _Ier:es_:(

||
pumps




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




Conclusions

 Lead exposure I1s 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

e A blood lead level Is the best test for Initial assessment of lead
exposure
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