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Disclosure

I have no relevant financial relationships with 
the manufacturer(s) of any commercial 
product(s) and/or provider(s) of commercial 
services discussed in this CME activity. I do 
not intend to discuss an 
unapproved/investigative use of a commercial 
product/device in my presentation.



Objectives

Discuss the absorption and storage of lead

Discuss the major health effects in childhood and 
pregnancy

Use cases to illustrate toxic health effects of lead in 
children

Discuss testing and treatment



Your work 
makes a 

difference!
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https://nchealthyhomes.com/file
s/2019/09/2019-Clinical-Manual-
Text-and-Appendices-FINAL-Sept-
2019.pdf

Reference: NC Childhood Lead Testing and 
Follow-Up Manual

https://nchealthyhomes.com/files/2019/09/2019-Clinical-Manual-Text-and-Appendices-FINAL-Sept-2019.pdf


How does lead get into the body?
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Lead: Primary routes of 
exposure

• Skin



Children are more susceptible to 
lead poisoning than adults

Hand to mouth /developmental behavior
Absorption 5-10 times greater 

Take in more food and water per body mass
Developing organs are more sensitive to toxins
Incomplete development of blood-brain barrier up to       

36 months of age increases exposure of brain tissue





Effects on Reproductive 
Health and 
Pregnancy

• Lead crosses the placenta, exposing the fetus     



Once it enters the 
body, where does lead 
go?
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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%)



Once absorbed, what are the health 
effects of lead for children?
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Adverse effects on multiple 
systems

1. Brain and peripheral nervous system
2. Hematologic--red blood cells, heme 

synthesis
3. Renal - nephrotoxicity,chronic

interstitial nephritis, gout
• Metabolic: Iron, Vitamin D, calcium
• GI – colic, nausea, abdominal pain

Photo courtesy of the UNC Institute for the 
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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

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







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)

{Past exposure may have been higher than the blood level}



Central Nervous System Toxicity



Central Nervous System Toxicity



Central Nervous System Toxicity



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



2012 CDC Publication

Low Level Lead Exposure 
Harms Children: A Renewed 
Call for Primary Prevention 

Report of the 
Advisory Committee on 

Childhood Lead Poisoning 
Prevention 

of the Centers for Disease 
Control and Prevention 

January 4, 2012 

Key recommendations:
1. Stop use of phrase “level of 
concern” 
2. Use reference level that is 
97.5% of population blood lead 
level in children aged 1-5 years 
from NHANES data 
Reference level = 5 mcg/dL



Some assumptions of earlier 
research





Cognitive Effects at Low Lead 
Levels



What to do next?





Case 2: North Carolina, 2018

BLL of 65.9 µg/dL





• Referred for hospital admission
• Abdominal xray--no foreign body 
• Labs: mildly decreased hemoglobin = anemia
• Admitted for chelation with succimer (DMSA)
• History obtained of spending increasing amounts of time in a shooting 

range owned by a family member

• Older sibling also confirmed to have lead poisoning (test other kids!)

Case patient BLLs: January = 66  chelation
June = 47
August = 42 

Slow decrease in blood lead level… why??

Case 2:  Management



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%)



Bone-to-Blood Lead Transfer

Bone lead maintains blood lead levels long after 
exposure occurs

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





How lead causes anemia



Case 3: New Hampshire, 2000

7.6g/dL

Positive

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



Case 3: New Hampshire, 2000



Case 3: New Hampshire, 2000
391 µg/dL





Fatal pediatric lead poisoning 
Wisconsin, 1990





Acute lead encephalopathy



Lead Effects on the Brain 



Chelation Therapy

Intramuscular/Intravenous Oral



When is chelation indicated?

µg/dL / no symptoms ?

X BLL 20-44 µg/dL /no symptoms

X BLL 10-19 µg/dL 



Critical steps in treatment



Why don’t we chelate all cases?



Treatment Outcomes



Nutritional supplements as part 
of treatment

Iron

 Biological plausibility – the 
divalent metal transporter 
(DMT1) is used for gut 
absorption of iron and lead

 Yeast cells incubated with lead 
increased absorption of lead 
with low iron

 RCTs of iron supplementation 
for children with BLL ≥ 10 µg/dL: 
decrease in BLLs, with most 
benefit in those with moderate-
severe iron deficiency

Vitamin C

 Ascorbic acid increases 
absorption of non-heme iron by 
converting it from ferric to 
ferrous (DMT1)

 Animal studies suggest that 
ascorbic acid supplementation 
decreases blood lead; need 
human studies

 NHANES: children with highest 
serum ascorbic acid had lower 
likelihood of elevated BLL; not a 
linear relationship



Nutritional supplements as part of 
treatment

Calcium

Biological plausibility –
calcium and lead compete 
for intestinal absorption. The 
calcium transport protein has 
high affinity for lead
Mixed evidence of no effect 

to benefit in studies
 Study of calcium 

supplementation for Nigerian 
children with elevated 
BLLs=no effect compared to 
placebo after one year

Zinc

 Also a metal, but does not 
appear to compete with lead for 
absorption

 Rat studies have shown lower 
lead levels with higher doses of 
zinc, but doses used possibly 
toxic for humans

 Cross-sectional study of 
Mexican children: no significant 
difference in blood lead levels 
between zinc-deficient and zinc-
sufficient in 2-year-olds



Role of nutrition

• Good evidence for iron supplementation if iron deficient

• Non-heme (plant-based) iron or heme (meat-based) iron 
with ascorbic acid

• Evidence not as strong for supplementing with calcium, 
Vitamin C or Zinc—not routinely recommended

• Many reasons for children to have sufficient food with 
high-quality calories

• Prevention includes :
• Growing food with lead-free soil and water
• Using lead-free cookware and dishes
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Summary: Health Effects



Who should get screened?

Health Check (Medicaid), Health Choice and WIC recipients: Required

Other patients: 



Special Populations

Refugees 

Internationally adopted children 

Immigrant children 



Pregnancy: Testing and Management



Lactation: Testing and Management



Types of Preventive Activities



Screening Recommendations

NC CLPPP – universal screening at age 12 and 24 months

CDC 

USPSTF

AAP 

AAFP

ACOG



NC DHHS Risk Assessment 
Questionnaire 

(nchealthyhomes.com/lead)



Fewer children are tested at age 2 compared to 
age 1, but the risk of lead poisoning is highest at 
age 2





Data source: NCLEAD Surveillance System
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Screening : Key Points





Legally required reporting in NC



County-specific data from NC LEAD

• Percent of 1 and 2‐year‐olds in North Carolina Tested for 
Lead in 2017: 54.6%

• Percent of 1 and 2‐year‐olds in MECKLENBURG County 
Tested for Lead in 2017: 32.7%

• This county is BELOW the NC Testing Rate for Lead in 
2017 (Rank: 98 out of 100 counties).

100 counties in North Carolina: screening rates from %‐% in 
2017



Clinical Resources

• Your local health department

• http://nchealthyhomes.com/lead-poisoning/

• https://ehs.ncpublichealth.com/hhccehb/cehu/lead/

• https://www.cdc.gov/nceh/lead/

• https://www.pehsu.net/region4.html (AAP/PEHSU 
collaboration)

http://nchealthyhomes.com/lead-poisoning/
http://nchealthyhomes.com/lead-poisoning/
https://ehs.ncpublichealth.com/hhccehb/cehu/lead/
https://www.cdc.gov/nceh/lead/
https://www.pehsu.net/region4.html


NC Childhood Lead Poisoning Prevention 
Program (NC CLPPP): Contact Information

• https://ehs.ncpublichealth.com/hhccehb/cehu/lead/

• ann.chelminski@dhhs.nc.gov

https://ehs.ncpublichealth.com/hhccehb/cehu/lead/
mailto:ann.chelminski@dhhs.nc.gov


Thank you

Questions???

Photo courtesy of the UNC Institute for 
the Environment
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