
The problem of potential health hazards associated with lead (Pb) in pre-1978 structures containing lead-
based paint (LBP) is well established. The presence of bioavailable Pb in flaking paint, dust, and the nearby soil 
of these structures are of utmost concern when they are occupied by young children. Other areas with probable 
Pb contamination are the environs of community buildings and recreational areas in the vicinity of Pb-producing 
activity, such as heavy traffic, land fills, munitions sites, or industries that use and/or emit Pb. 

Legally regulated limits of Pb on these sites vary from country to country and even city to city. Laboratories 
are well equipped with techniques and instrumentation to measure Pb to confirm legal regulatory compliance. 
However, lab analyses are not immediate and tend to be expensive and time-consuming. Consequently, there is 
a need for more timely determinations of potentially dangerous levels of Pb in suspected areas.

A resolution to this challenge is the use of handheld XRF, a field tool that can immediately detect Pb, as well 
as mercury (Hg), arsenic (As), cadmium (Cd), chromium (Cr) and other hazardous metals. In addition to screen-
ing for the presence of these hazards, handheld XRF can also be used to quantify the amount present in units of 
PPM, % weight, or mg/cm2 levels without damaging or compromising the property. Should supplementary lab 
analyses be required, handheld XRF can be use to optimize the sampling of paint chips, dust, and soils at the 
property in an effort to minimize laboratory analysis costs.

Lead In Residential, Commercial, and Industrial Paint

Handheld XRF analyzers provide an optimal way to identify the presence of LBP on multiple surfaces prior 
to repair, restoration or painting. Software-based proximity sensors enable easy measurements on uneven sur-
faces. With no radioactive sources, these modern tube-based handheld XRF analyzers eliminate isotope loss of 
speed, high replacement costs, and post-9/11 regulatory restrictions. In addition, these analyzers are equipped 
with the latest in silicon drift detector (SDD) technology and floating point processors to detect low levels of Pb 
within seconds. Preset threshold limits can be preprogrammed for positive/negative or pass/fail Pb tests based 
on PPM, % weight, or mg/cm2 requirements. Handheld XRF can be used to perform these measurements direct-
ly on the painted surface or on paint chips, dust wipes, airborne filters, and even directly on the soil.

Lead In Consumer Products

Handheld XRF is used for rapid screening of Pb in imported toys, jewelry, clothing, food and supplement 
products, as well as in consumer electronics and other commodities to gauge compliance with HR404, CPSIA, 
EN71-3, and other consumer safety regulations. Data can be viewed as spectra, chemical composition, pass/fail 
or positive/negative for Pb. Handheld XRFs can be configured with a small spot collimator and camera for highly 
focused sample analysis. An integrated full VGA camera can take live video image of the sample tested to super-
impose a spot location for precise test positioning.

Lead In Soil and Sediments

Simple in-situ tests are made with handheld XRF to determine the amount of Pb and other metals in soil or 
sediments within seconds. XRF data integrated with field GPS-GIS data can provide metal concentration maps, 
essentially instant metal mapping. This combination allows for high-density, high volume comprehensive site 
characterizations. The Pb concentration metal map above is of a 20m x 20m public park sports field in Galway 
built atop a landfill.1 Data in this visual format is critical to determine and communicate where a problem exists, 
where one does not, and where further testing may be necessary. The potential cost savings for remediation of 
Pb-contaminated sites with handheld XRF is evident, particularly the ability to assess quickly and to minimize 
costs for lab testing. 

Elevated levels of As, Hg, Cd, Cr, and Pb can also be found in the soil or irrigation water of peri-urban farms 
or gardens in areas adjacent to industrial and other pollutant generating urban facilities.2 Additionally, urban 
sprawl into areas once heavily farmed with unregulated pesticides can be screened for As and Pb prior to use as 
private or community gardens.3 The efficacy of handheld XRF for rapid screening of the soil and water is obvious. 
In developing countries, where cottage industries that use Pb materials are not regulated, family compounds or 
play area for children have been found to be contaminated with dangerously high levels of Pb. World health ad-
vocacy groups, like Blacksmith Institute, use handheld XRF to quickly ascertain the presence and quantity of 
metal contaminants, including Pb, to determine a course of corrective action within the community’s means and 
available resources.4 US EPA Method 6200, published in 2007, is an environmental measurement SOP entitled, 
“Field Portable XRF for the Determination of Elemental Concentrations in Soil & Sediment”.5 It is a guide used by 
regulators and other analysts for performing in-situ and intrusive portable XRF field measurements.

Detection Limits, Accuracy and Precision of Handheld XRf
Handheld XRF is the optimal tool for measuring Pb in a myriad of materials and in a variety of circumstances. 

Many regulations for Pb are in the 100 to mid-100 PPM level; while dangerous levels are frequently found in the 
high % level. With minimal to no sample preparation, handheld XRF is ideal with its broad range of detection 
capabilities as low as 2-4 PPM and as high as 100%. Precision and accuracy are also important factors to 
consider with this analysis technique. Precision indicates how reproducible the measured results are. Accuracy 
indicates how well the measured results agree with the certified values. These data illustrate the precision and 
accuracy achievable for Pb measurements of spiked and NIST Soil Standards using handheld XRF.

A reference sample spiked 
with approximately 500 
PPM Pb (OIX Sample 408) 
was used for precision  
measurements. Each read-
ing was analyzed for 60  
seconds. +/– Error shown is 
2-sigma, 95% confidence.

NIST standards were used 
for accuracy measurements. 
Each sample was measured 
for 60 seconds. Results 
shown are in PPM.  
+/– Error shown is 2-sigma, 
95% confidence.

A joint study by the FDA and San Francisco State University provides 
discussion on the use of handheld XRF for rapid screening of toxic 
elements in food and medicinal products. Data collected in that study 
highlighted accuracy, including the determination of Pb in yogurt with 
an R2 value of 0.9999. Similar accuracies were found for Hg, Se, and 
As in the yogurt.6

Sample Run Pb PPM Value +/–

1 511 7

2 512 7

3 514 7

4 521 7

5 514 7

Average 514 7

NIST  
Standard Pb Value Pb Value  

Measured
+/-  

Measured

SiO2 Blank 0 <2  -

NIST 2702 132.8 135 4

NIST 2709 18.9 20.2 1.9

NIST 2710 5525 5587 39

NIST 2711 1162 1158 11

Conclusion Regarding the Use of Handheld XRf for  
Immediate, On-Site Determinations of the Presence of Lead (Pb)

In conclusion, a resolution to the challenging and on-going need for immediate, on-site determinations of 
the presence of Pb in paint, consumer products, and soil is a simple one, the use of handheld XRF. In seconds, 
this non-destructive field tool can measure the presence of Pb, as well as Hg, As, Cd, Cr and other hazardous 
metals on-the-spot without damaging or compromising the property or object. Results can be viewed at PPM, 
% weight, mg/cm2, positive/negative, pass/fail, as a “metal map”, or even with an accompanying photograph. 
Should supplementary lab analysis be required, handheld XRF can be used to optimize the sampling at a given 
property to minimize lab costs.
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