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Disclaimer

This webinar was supported by the Cooperative Agreement Number, 
NU38OT000282, funded by the Centers for Disease Control and Prevention. Its 
contents are solely the responsibility of the authors and do not necessarily 
represent the official views of the American Academy of Pediatrics, Centers for 
Disease Control and Prevention or the Department of Health and Human 
Services.



Objectives 

1. Understand what the reference level means to the 
actions taken in children with elevated blood lead 
levels

2. Describe laboratory tests used to evaluate blood 
lead levels

3. Discuss limitations of various methods of blood lead 
testing and how it impacts decision making in 
pediatric practices



Reference Value



Reference Value  

Source: National Health and Nutrition Examination Survey (NHANES)

Presenter
Presentation Notes
There is no known safe level of blood lead levels in children. Chronic lead exposure may occur with no obvious symptoms, but it has been associated with developmental delay, sluggishness and fatigue, weight loss, irritability, and learning difficulties. In 2012, the CDC Advisory Committee on Childhood Lead Poisoning Prevention (ACCLPP) recommended, and the CDC concurred, that the term “blood lead level of concern” of 10 µg/dL, which was last revised in 1991, be eliminated and replaced with a new, population-based, reference value for BPb in children 1 to 5 years of age.  This reference level uses 97.5th percentile based on 2007-2010 NHANES data. The ACCLPP recommended that CDC update the reference value every 4 years, based on the most recent NHANES blood lead data for children 1 to 5 years old. Using available NHANES 2011 to 2014 data, we calculated the 97.5th percentile at 3.48 µg/dL (95% confidence interval, 2.65–4.29 µg/dL), ∼30% lower than the current reference value. This has implications from a public health standpoint, from actions taken in the clinical setting and interpretation challenges from the variability in measuring low blood lead levels.  



CDC Reference Value: What Does it Mean??

 It is a number based on a nationally representative 
population of children between 1-5 years of age 
who had lead levels done and 97.5% of children 
were below that number.

 It does NOT indicate lead “poisoning” or “toxicity”.  
It is just a reference point based on population 
data.

 It is NOT indicative of what the clinical laboratory 
can tell you about the individual child in your 
practice.



Recommended Actions Taken at 
Reference Value

Source: Centers for Disease Control and Prevention (CDC);
National Center for Environmental Health (NCEH)/Lead

Presenter
Presentation Notes
Until 2012, children were identified as having a blood lead “level of concern” if the test result is 10 or more micrograms per deciliter of lead in blood. CDC is no longer using the term “level of concern” and is instead using the reference value to identify children who have been exposed to lead and who require case management. In the past, blood lead level tests below 10 micrograms per deciliter of lead in blood may, or may not, have been reported to parents. The new lower value means that more children will likely be identified as having lead exposure allowing parents, doctors, public health officials, and communities to take action earlier to reduce the child’s future exposure to lead.Confirmed BLL: One venous blood test or two capillary blood lead tests drawn within 12 weeks of each other (see Recommended Schedule for Obtaining a Confirmatory Venous Sample below).** Environmental investigations at BLLs 10–19 μg/dL vary according to local conditions based on jurisdictional requirements and available resources



Recommended Actions Taken at 
Reference Value

Source: www.pehsu.net



Recommended Actions Taken at 
Reference Value

 Environmental investigations at BLLs 5 – 19 μg/dL 
vary according to local conditions based on 
jurisdictional requirements and available resources 

 Providers must know available resources and how to 
respond to lead level results



Laboratory Test Available to 
Evaluate Blood Lead Levels



Commonly Used Available Methods

 Anodic Stripping Voltammetry (ASV)
Disposable screen printed electrode technologies 
(LeadCare® II)

 Graphite furnace atomic absorption spectrometry 
(GFAAS)

Reference method

 Inductively coupled plasma mass spectrometry 
(ICP-MS)

Reference method



LeadCare® II

 Point of Care testing
Physician’s offices
Local health departments
Hospitals

 CLIA waived
 Capillary blood samples only

Confirmation testing should be venous blood by a 
different method

 Reportable range is 3.3 – 65 µg/dL 
 State health department reporting is the same as for 

lab-based tests 

Presenter
Presentation Notes
To receive a certificate of waiver under CLIA, a lab must only perform tests like the glucose meter test which the Food and Drug Administration (FDA) and the Centers for Disease Control and Prevention (CDC) have determined to be so simple that there is little risk of error.
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Sequential blood lead measurements on LeadCare II

Source: National Center for Environmental Health (NCEH)/ATSDR Board 
of Scientific Counselors, Semi-Annual Meeting, January 2017

 Simulation of sequential blood lead level measurements for 
person with constant, true blood lead of 5.0 µg/dL

Sequential Blood Lead Measurement on LeadCare II



Graphite Furnace Atomic Absorption Spectrometry

 Hospital or reference lab settings
 CLIA: High complexity
 Capillary or venous samples
Can be used for venous confirmation on different blood 

sample

 Reportable range: capable of accurately measuring to 
1 µg/dL

Presenter
Presentation Notes
Nonwaived testing is subject to inspection, and must meet the CLIA quality system standards, such as those for proficiency testing, quality control and assessment, and personnel requirements. The standards for moderate and high complexity testing differ only in the personnel requirements.



Inductively Coupled Plasma – Mass Spectrometry

 Hospital or reference lab settings
 CLIA: High complexity
 Capillary or venous samples
Can be used for venous confirmation on different blood 

sample

 Reportable range: capable of accurately measuring 
below 1 µg/dL with better precision compared to 
GFAAS



Best Estimates of Precision of Blood Lead 
Measurements at 5 ug/dL

95% confidence interval 
(µg/dL)

N

LeadCare II ± 1.8 1469

GFAAS ± 1.5 908

ICP-MS ± 0.97 769

Source: National Center on Environmental Health (NCEH)/ATSDR Board of 
Scientific Counselors, Semi-Annual Meeting, January 2017



Limitations of Laboratory 
Instruments in Blood Lead Results 

Based on Reference Value



Procedures for Collecting Samples for Lead 
Determination 

 Capillary blood samples

Acceptable only for screening purposes
False positives can be frequent but inform the provider 

on environment



Procedures for Collecting Samples for Lead 
Determination

 Filter paper collection

Varied opinions on reliability and technique
Potential for contamination and variable volume
Guidelines for methods of measuring lead from filter 

paper 



Procedures for Collecting Samples for Lead 
Determination 

 Instrument precision
ICP-MS and GFAAS can be reproducible to + 0.2 µg/dL at low 

levels
Reporting at low levels as clinical value is open to 

interpretation
Quantitation limits
Current CLIA regulations within the United States require 

that the acceptability limits be no larger than ± 4 µg/dL (0.19 
µmol/L) below 40 µg/dL (1.93 µmol/L), or ± 10% of the 
target value above that concentration
Repeat testing

Presenter
Presentation Notes
- ICP-MS and GFAAS can be reproducible to + 0.2 mcg/dL at low levels- Reporting at low levels as clinical value is open to interpretation- Quantitation limits. Limit of quantitation (LoQ) is the minimal measure and amount that can be measured with defined accuracy. Many laboratories define a low-level reporting threshold that is above the method limit of detection (LoD), but below the former 10 µg/dL (0.48 µmol/L) interest threshold. This reporting threshold, often 5 µg/dL (0.24 µmol/L), is established for convenience, and to reduce possible misinterpretation of small differences in serial results as actual trends in the degree of lead exposure. In light of the new BPb reference value of 5 µg/dL (0.24 µmol/L), the laboratories that report at a threshold of 5 µg/dL (0.24 µmol/L) may need to lower their BPb reporting threshold consistent with their LoD.  This cannot be done in all laboratories thus results are not consistent between labs.  - Current CLIA regulations within the United States require that the acceptability limits be no larger than ± 4 µg/dL (0.19 µmol/L) below 40 µg/dL (1.93 µmol/L), or ± 10% of the target value above that concentration. However, below 40 µg/dL (1.93 µmol/L) it is both possible and prudent for the laboratory to set narrower internal limits so the results are more accurate, especially at the key BPb thresholds of 5 µg/dL (0.24 µmol/L) and 20 µg/dL (0.97 µmol/L).  AAP and CLSI (Clinical and Laboratory Science Institute) recommends that the limits be be ± 2 µg/dL (0.10 µmol/L) below 20 µg/dL (0.97 µmol/L) and ± 10% of the target value above that concentration. Because these QC limits must accommodate the imprecision of the method, they should be three times the SD of the method. This implies that the imprecision of the method should be less than 0.7 µg/dL (0.034 µmol/L) at low concentrations and that the method LoD should be less than 2 µg/dL (0.10 µmol/L).  The limits have not changed since the reference level was established.  - Repeat testing: With the introduction of a new recommended definition of an elevated BPb level based on the 97.5th percentile from the NHANES, the question of a change in the BPb threshold for repeat testing arises. Currently, there is no clear consensus on this issue. To avoid false-positive results and unnecessary clinical intervention, some have advocated for repeat testing for all venous BPb results ≥ 5 µg/dL, but others have argued against the necessity. Some suggest that this QA issue should be left to each individual laboratory to define based on local circumstances. Clearly, the benefits of improved quality of BPb test results around the reference value (5 µg/dL) and greater must be balanced by the additional cost and effort required by the laboratory, as well as medical or public health interventions that may be taken based on those results



Laboratory Reporting

 Prior to reporting patient test results, the laboratory 
must provide performance specifications

Accuracy
Precision
Reportable Range
Reference Intervals



Laboratory Reporting

 Limit of Detection
Lowest concentration of analyte that the test can 

detect or distinguish from a blank

 Limit of Quantification
Lowest quantity that can be accurately measured



Imprecision Increases Non-Linearly Near the Limit of 
Detection
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Laboratory Reference Interval for Lead

 Different than CDC Reference Value (different 
meaning)

 Based on LOD and LOQ of instrumentation and what 
can most accurately be reported

 Current agreement is that precision for 
measurements made at 3.5 µg/dL will not be better 
than the current estimates at 5 µg/dL

 CDC changes in reference value will not change 
laboratory reference levels until better precision can 
be made



Impact on Patient Care



Interpretation of Results

 There is no known safe level of blood lead for 
children

 Depending on method used, the actual result should 
be within +2 SD knowing the precision is poorer at 
lower concentrations.
For example, a blood lead level of 4.9 µg/dL from 

LeadCare II could be in a range of 2.9 – 6.9 µg/dL 
(roughly)



Recommendations for “Action”

 There is no known safe blood lead level
 Local and state regulations guide involvement of health 

department for case management and home 
assessments (e.g., blood lead level of 4.9 µg/dL)

 Health care providers must supply education and be 
involved when the health departments cannot (e.g., 
blood lead level of 4.9 µg/dL)
CDC and Pediatric Environmental Health Specialty Unit 

(PEHSU) guidance
Virtual home assessments
Lead questionnaire to help determine source



Additional Testing 

 Confirmatory testing
Capillary “screening” would be considered the first test to 

determine if the child has an elevated blood lead level.
 If above 5 µg/dL, this should be repeated with a venous sample by 

a different method.
 If venous is below LOR, consider lead may still be in environment 

and education on sources is still needed for primary prevention

 Repeat testing
 If child has had EBLL confirmed by venous testing, all further 

testing should be by venous sampling.

 Follow testing schedule recommended by CDC 
and/or PEHSU



Summary

 CDC Lead Reference Value (5 µg/dL)
Based on data obtained from a representative 

population of children in the U.S.  
This number will change based on the work we do to 

prevent lead poisoning

 Laboratory Lead Reference Value (5 µg/dL)
Based on precision testing of methods by laboratories 

to determine accurate results from LOD and LOQ
This number may change as precision in methods 

improves



Summary

 CDC and Laboratory Reference Values may not 
always be the same.

 Public health management is based on local and 
state jurisdictions and availability of resources.  They 
may not be able to provide services at CDC Reference 
Value.

 Health care providers should understand limitations 
of methods for lead quantitation and provide 
appropriate education to families.
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