
Abstract
Dangerously high levels of lead (Pb), arsenic (As), mercury (Hg), chromium (Cr), cadmium (Cd) and 

other toxic metals can be found in the domicile and play areas of peoples in developing countries where the 
knowledge of their danger are not yet known or where regulations are simply not yet feasible. World health 
advocacy groups are using handheld XRF analyzers to quickly ascertain the presence and quantity of 
these contaminants. This helps them determine a course of corrective action to help developing countries 
prosper with local resources and with safe working practices and living conditions. Examples of success 
stories and on-going projects using handheld XRF for rapid in-field determination of these toxic metals in 
developing countries will be presented.

Introduction
Developed countries have regulations concerning allowable levels of toxic metals for household objects and 

human domicile and play areas. Although regulations vary by location, legally regulated limits are based on well 
established health hazards of Pb, As, Hg, Cr, Cd and other toxic metals, particularly in regards to their dangers to 
growing children. People in developing countries are frequently unaware of the presence or danger of these metals; 
and, even when they are, it is not always feasible to rectify the situation easily. World health advocacy groups work 
on identifying dangerous situations and on determining simple and inexpensive corrective action plans with local 
resources. A critical tool used to screen soil, water sources and surface areas for dangerously high levels of toxic 
metals is handheld XRF. Results can be seen as “Pass/Fail” or “Positive/Negative” based on preset thresholds, as 
concentrations in surface area or volume, as metal concentration contour maps, or as spectral plots.

Handheld XRF Technology
Handheld XRF is a well documented and valuable tool for regulatory driven analysis of toxic metals. 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”.1 For household objects, both the ASTM F21617-
08 “Standard Test Method for Identification and Quantification of Cr, Br, Cd, Hg and Pb in Polymeric Material using 
EDXRF”2 and the US CPSC-CH-E1002-08 “SOP for Determining Total Pb in Non-metal Children’s Products”3 
require silicon drift detectors (SDD) for XRF testing. These SOPs and others are used by regulators, advocacy 
groups, and other analysts for performing in-situ handheld XRF measurements.

Tube-based handheld XRF analyzers configured with SiPin detectors and equipped with appropriate data 
analysis calibrations and algorithms are adequate for the majority of heavy metals in soil analysis applications; 
however, more advanced tube-based handheld XRF analyzers with SDD detectors may be necessary for other 
applications. With the advent of highly efficient large area SDD detectors, newly selectable anode materials, high 
4W powered 50kV tubes, advanced miniature electronics and processing units, sophisticated algorithms and 
analysis software, handheld XRF analyzers can now perform even faster measurements, provide better detection 
limits, and allow lighter element detection. The combination of these features combined with tighter optical 
geometries makes the latest advancements in handheld XRF ideal for rapid assessments of dangerous levels of 
toxic metals on object surfaces as well as in soils and water sources in domicile and play areas.

Element
of

Interest

LODs for DELTA Handheld XRF Configurationsa

40 kV Rh Tube, SDD 40kV Ta/Au Tube, SDD 40 kV Au Tube, SiPiN

Selectable 3- & 2-Beams Selectable 3-Beams Selectable 3-Beams

Cr 5 - 10 5 - 10 10 - 30

Ni 10 - 20 10 - 20 20 - 40

Cu 5 - 7 5 - 7 15 - 30

Zn 3 - 5 3 - 5 10 - 15

As 1 - 3 1 - 3 4 - 8

Cdb 12 - 15 6 - 8 20 - 30

Hg 2 - 4 2 - 4 10 - 15

Pb 2 - 4 1 - 3 5 - 10

Notes —  a: LODs reported are in PPM unless otherwise noted and are optimal. Measurements were taken in air for 120 seconds per beam. Standards 
used were in a clean, homogenous SiO2 matrix without interfering elements.
b: DELTA 50kV, Ta/Au Tube, SDD, Selectable 3-Beam LOD for Cd is 2-3 PPM.

Screening For Dangerously High Levels of Toxic Metals
The primary source of dangerously high levels of toxic metals outdoors is from anthropogenic activity, 

typically in the form of transportation and industry. As, Hg, copper (Cu), Cd, Cr, zinc (Zn) and Pb, are common 
emissions from metallurgy, electroplating, and steel making industries as well as recycling facilities, petrochemical 
refineries, foundries, ammunition plants and shipbuilding facilities. Along with the trans-boundary movement of 
waste, as opposed to mitigation or remediation, the drive for developing countries to industrialize is compounding 
the problem of dangerously high levels of toxic metals in domicile areas. The primary source of dangerously high 
levels of toxic metals indoors is from common household goods made from materials containing them. 

Recycling Car Batteries in Haina, Dominican Republic4 
The principal mission of Blacksmith Institute is to solve life-threatening pollution problems in the developing 

world, focusing on sites where children are most at risk. They are an international non-profit organization working 
with numerous partners, including the United Nations and the World Health Organization. Since 2008, they have 
been using handheld XRFs to facilitate their global efforts of identifying contaminated areas and determining the 
next course of action to establish and maintain the safety and well-being of communities. One of their projects 
concerns one of the worst pollution problems in the developing world, the identification of improper recycling of 
used car batteries. As the consumer demand for cars increases, this problem continues to grow. The Institute has 
worked on several projects in India, Senegal, The Philippines, Panama, El Salvador, Guatemala and the Dominican 
Republic. Haina, in the Dominican Republic, has been referred to as the “Dominican Chernobyl”. It is a community 
near an abandoned lead-acid battery recycling smelter with nearly the entire population showing signs of Pb 
poisoning. Blacksmith’s technical experts surveyed the site and developed a remediation plan for the safe removal 
of contaminated soils and materials. 2006 Pb levels in soil ranged from 11,400 to 463,970 PPM; in 2009, after 
remediation, levels were down to 10-300PPM.

Small-scale Community Mining Operations in Villages in 
Zamfara, Nigeria5

Another Blacksmith project concerns an effort to save families dying from Pb poisoning in remote Nigerian 
villages. Over 150 people died, mostly children, from this poisoning. The increased global demand for gold 
enticed poor local farmers to start small-scale mining operations. Since women and children were charged with 
processing the ore, but women were not allowed to leave the family compound, gold ores with high levels of Pb 
were brought into the villages for processing. This resulted in excessively high levels, with maximum Pb levels > 
100,000 PPM in the soil where they work, eat, and play. For reference, US regulations are set at 400 ppm Pb in 
residential soils. Ponds for drinking and cleaning were used to process the ores and had lead levels exceeding 
5,000 PPM, with some as high as 50,000 PPM Pb and 2000 PPM Hg. The high level of contaminants resulted in 
human exposure through soil and dust and the ingestion of contaminated food and water. Remediation efforts 
included the removal of contaminated soil and the draining and excavation of ponds.

Elbesan Metallurgy Complex near Shkumbini River in Albania
Poor Balkan countries have suffered from exposure to excessive heavy metals from economically motivated 

increases in industrial processes including mining, foundries, smelters, and waste incinerators, as well as from 
the combustion of fossil fuels and gasoline. It’s of particular concern when metals contaminate agricultural soil 
with low pH as plants are believed to absorb toxic metals more efficiently in those conditions leading to serious 
problems in the food chain.6

A research team including the Department of Geology and Earth Science at the University of Wisconsin, 
La Crosse, the Agriculture University of Tirana, and the Albania Ministry of Environment recently used handheld 
XRF and GPS to assess heavy metal soil pollution in these agriculture fields. They collected over 2500 handheld 
GPS-XRF data points within an industrial metallurgy complex, a significant source of contamination in the wider 
watershed Shkumbini River at Elbesan and its nearby agricultural areas. They found elevated levels of nickel (Ni), 
Cr and Pb. Although the industrial complex is important economically, they are hoping to find ways to contain the 
spread of the metals.7 

Elbasan Metallurgy Plant, Handheld XRF Survey, Albania

CONCLUSION
In conclusion, handheld XRF analyzers have been found to be critical for screening soil and water sources 

as well as household objects by researchers and world health advocacy groups working on identifying dangerous 
situations in developing countries and determining simple and inexpensive corrective action plans with local 
resources. Simple in-situ tests with handheld XRF determine the amount of toxic metals present within seconds. 
XRF data integrated with field GPS-GIS data provides metal concentration maps allowing for high-density, high 
volume comprehensive site characterizations for immediate and effective action. Non-destructive handheld 
XRF analysis with its quick analysis time and high quality measurement capability help the effort to improve the 
everyday quality of life in developed and developing countries.
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