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Objectives
Discuss the absorption and distribution of 

lead in the body

Provide some historical perspective of our 
understanding of lead toxicity

Use cases to illustrate toxic health effects 
of lead in children

Discuss treatment, including chelation



Your work 
makes a 

difference!
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Lead is a toxic (poisonous) metal.

•Lead exposure: When a child comes 
in contact with lead by swallowing or 
breathing in lead or lead dust. 

•Even low levels of lead can adversely 
affect the health of children. 



How much lead is too much?

1960s ≥ 60 µg/dL

1971 ≥ 40 µg/dL

1975 ≥ 30 µg/dL

1985 ≥ 25 µg/dL

1991 ≥ 10  µg/dL

2012 ≥  5  µg/dL
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1970s: 88% of children had a BLL >10 ug/dLHard to conduct research comparing <10 and >10 when majority were >10Improved diagnostic testing; not longer looking for increased erythrocyte protoporphyrins, etcRef: Bellinger, David C and Bellinger, Andrew M. Childhood lead poisoning: the tortuous path from science to policy, JCI Vol 116; 4. April 2006



The amount of lead in blood is referred to as blood lead level 
(BLL), which is measured in micrograms of lead per deciliter 
of blood (μg/dL).
CDC uses a blood reference value of 5 μg/dL to identify 
children with BLLs that are higher than most children.

This level is based on the U.S. population of children ages 
1-5 years who are in the highest 2.5% of children when 
tested for lead in their blood based on the National Health 
and Nutrition Environmental Survey (NHANES).
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Lead-based paint in homes and 
buildings built before 1978
Contaminated soil from exterior lead-
based paint, car exhaust, and factories 
that use lead
Contaminated drinking water delivered 
through lead plumbing materials
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The vast majority (95%) of over exposure to lead occurs at work. There are many recreational activities and hobbies that can expose people which we will give more detail about later.  Adult lead exposure can adversely impact the health of children and families due to lead being inadvertently brought home from work.  This is often referred to as “take-home” lead exposure.  







Assumptions of earlier research
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Encephalopathy can occur at BLL 70+ but usually >100Initial sxs nonspecific ; this patient presented with fever and vomiting; not uncommon for a preschool aged child



Effects on Reproductive 
Health and 
Pregnancy

• Lead crosses the placenta, exposing the fetus     



Lead in the blood during pregnancy can

Increase risk for miscarriage
Cause the baby to be born prematurely or too 
small
Harm the baby’s brain, kidneys, and nervous 
system
Cause the child to have learning or behavior 
problems



Lead: Primary routes of 
exposure in children
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Reference: Goldfrank’s Toxicologic Emergencies , Ninth Ed. , 2011 McGraw-HillImportance of trace elements in inhibiting lead absorption thought due to competitive absorptionGenetic variability also influences individual susceptibility



Why children are more susceptible 
to lead poisoning than adults



Distribution and Persistence of Absorbed Lead

Bone
[3 months-
20 years]

Blood
[10 months]

Soft tissues
(kidney, liver, brain)

[40 days]

Placenta

Urine
(65%) Bile (35%)
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Reference: Goldfrank’s Toxicologic Emergencies, Ninth EdLead readily crosses the placenta and is absorbed until birthTrace amounts of lead are excreted in breast milkLead storage in bone varies : trabecular /labile bone ~ 3mos vs cortical/stable bone 10-20 yearsExcretion: primarily urine. Miniscule amount excreted via sweat, hair , nails <1%



Bone-to-Blood Lead Transfer

Bone lead maintains blood lead levels    long 
after exposure occurs

Increased transfer from bone to blood with 
pregnancy, lactation, menopause, physiologic 
stress, chronic disease, hyperthyroidism, kidney 
disease, broken bones, advanced age, and 
calcium deficiency



2 mo, “lead lines”, Pb = 200 mcg/dL.









Let’s look at some real cases…
Case 1: North Carolina, 2017

• 13 month-old child with developmental delay

• A confirmed blood lead level was 22 µg/dL (lead 
poisoning)

• The child’s home was built after 1978 and no lead paint 
hazards were found

• Family of SE Asian/Indian origin



Balguti kesaria

• An Ayurvedic medicine, 
Balguti kesaria, that the 
parents had been giving 
the child was found to 
contain 220mg/kg lead

• NC reported to the FDA  
August 2017 Safety Alert

https://www.fda.gov/drugs/drugsafety/ucm57
0237.htm







Effect on Growth



Health Effects at Low Levels of 
Exposure

“There is evidence that at low levels of lead exposure, 
biomarkers of cumulative lead exposure, such as lead in 
bone, may be associated with an adverse impact on 
neurocognitive function that is not reflected by 
measurement of lead in blood.”

(Shih et al., 2007; Bandeen-Roche et al., 2009; Weuve et al., 2009)
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A systematic search of electronic databases resulted in 21 environmental and occupational studies from 1996 to 2006 that examined and compared associations of recent (in blood) and cumulative (in bone) lead doses with neurobehavioral outcomes. At exposure levels encountered after environmental exposure, associations with biomarkers of cumulative dose (mainly lead in tibia) were stronger and more consistent than associations with blood lead levels. Similarly, in studies of former workers with past occupational lead exposure, associations were also stronger and more consistent with cumulative dose than with recent dose (in blood). In contrast, studies of currently exposed workers generally found associations that were more apparent with blood lead levels; the researchers speculate that the acute effects of high, recent dose may mask the chronic effects of cumulative dose. There is moderate evidence for an association between psychiatric symptoms and lead dose but only at high levels of current occupational lead exposure or with cumulative dose in environmentally exposed adults (>40 μg/dL). The current population of older Americans has accumulated substantial lifetime lead doses, which raises concern about the possibility of adverse cognitive outcomes. In order to evaluate whether cumulative lead dose from environmental exposures is associated with cognitive function and decline, and whether such effects are persistent, reversible, or progressive, longitudinal linear modeling was used to evaluate associations of tibia lead concentration with cognitive function and decline in sociodemographically diverse, community-dwelling adults aged 50-70 years who were randomly selected from neighborhoods in Baltimore. The study presents the strongest evidence to date of the effects of cumulative lead dose on adult cognitive function independent of SES (The mean tibia lead level was 18.8 μ/g).  The recent research results also suggest that cumulative exposure to lead, even at low levels experienced in community settings, may have adverse consequences for women's cognition in older age. 



Lead toxicity – central nervous 
system





Cognitive Effects at Low Lead 
Levels





Case  2: North Carolina 



Case 3: North Carolina, 2018

BLL of 65.9 µg/dL

decreased hemoglobin=anemia



Case 3:  source of exposure

June = 47
August = 42 

???  Why isn’t the blood lead level dropping more quickly  ???



Most absorbed lead is stored in bone

Bone
[3 months-
20 years]

Blood
[10 months]

Soft tissues
(kidney, liver, brain)

[40 days]

Placenta

Urine 
(65%) Bile (35%)
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Case 4: New Hampshire, 2000

7.6g/dL

Positive

https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5022a1.htm



Lead disrupts heme synthesis

https://www.nasa.gov/multimedia/imagegallery
enzyme or proteinLead/ligand



How lead causes anemia (low 
hemoglobin)
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Case 4: New Hampshire, 2000



Case 4: New Hampshire, 2000



Demographic information



Environmental Investigation
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Environmental sampling was done in Egypt as well at their previous residence



Acute lead encephalopathy



Lead Effects on the Brain 





A blood test is the easiest way to determine if a child has 
been exposed to lead. 

Most children with any lead in their blood show no 
symptoms. 
Two types of tests may be used: finger prick (capillary 
test) or venous blood draw. 



Critical steps in treatment





Chelation Therapy

Intramuscular/Intravenous Oral

Presenter
Presentation Notes
Mechanism = chelating agent binds lead. Chelate is excreted in urine and/or fecesSources: Goldfrank’s toxicology



When is chelation indicated?

µg/dL / no symptoms ?

X BLL 20-44 µg/dL /no symptoms

X BLL 10-19 µg/dL 



Study of Treatment Outcomes



Study of Treatment Outcomes



THE BEST MEDICINE = PREVENTION



Keep up the Good Work!
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