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Elemental Analysis

PIXE (Proton Induced X-ray Emission spectroscopy) is a 
powerful method for multi-elemental (including heavy 
metals) analysis of solid samples.

PIXE was invented in the early 70'es when the need for 
trace element analyses of environmental samples coincided 
with available capacity on low energy accelerators, 
originally designed for nuclear physics studies, and the 
development of high-resolution semiconductor detectors, 
which enabled separation of the characteristic X-rays from 
elements with Z≥13 (Aluminium). Used routinely for 
simple bulk analysis PIXE is a fast, reliable and – compared 
to other techniques – very cost efficient analysing method.

At the Danish National Environmental Research Institute 
the protons are produced by a tandem Van de Graaff 
accelerator. The samples are bombarded with protons, and 
solid-state detectors record the X-rays that are produced by 
the collision between protons and the sample atoms. With 
this type of detectors a total X-ray spectrum may be 
collected in one measurement, which typical takes about 10 
minutes. In these spectra the amount of the single elements 
are determined on the basis of the areas of the 
corresponding peaks.
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PIXE allows in principle a simultaneous detection of all elements heavier than aluminium. Solid samples can be analysed 
without any pre-treatment. Detection limits below 1 ppm can be achieved for many elements. Amounts down to 10-13 g of 
single elements can be detected in small samples. 
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Further information

Trend in urban air pollution

Daily measurements of air pollution have been perfor-
med continuously in Danish cities since 1982. One of the 
most striking features during this period has been the re-
sult of the removal of lead from petrol. The concentration 
measured at busy streets was about 1 µg/m3 Pb in 1982, 
i.e. twice the guideline value recommended by WHO. 
Only 1-2 % remains today where Pb is no longer added to 
petrol. The present urban level is less than twice the level 
in rural areas. This means that a major part of the Pb even 
at busy streets comes from sources outside the city.

APPLICATIONS

Air pollution in Northeast Greenland

During 11 years weekly measurements have been perfor-
med at Station Nord in the far northeastern corner of 
Greenland. Receptor model calculations, including 15 ele-
ments determined by PIXE, have been performed for the 
whole period. The model calculations show that a large 
amount of anthropogenic-derived pollution is transpor-
ted from Asia and Europe across the North Pole during 
the winter season. Thus creating peek values of pollution 
at this very remote place at the same level as the average 
pollution in the northern part of Central Europe.

At the National Environmental Research Institute we ha-
ve analysed many different types of samples ranging 
from meteorites, dinosaur eggs, commercial plastics, vari-
ous biological samples to sediments and fly ash. But the 
main application at the PIXE facility of the National Envi-
ronmental Research institute is aerosol analysis. The PIXE 
measurements are an integrated part in the air quality 
monitoring programs in Denmark. The analyses are ac-
credited according to the ISO 17025 standard. At present 
around 7000 samples per year are analysed in three natio-
nal net-works – a background network, an urban net-
work in several cities and an urban network in the Grea-
ter Copenhagen Area.
 
PIXE analyses are also performed in the arctic measuring 
programmes in Greenland. Aerosols have been collected 
both in the far Northeast and on the ice cap. The many 
numbers enables a reliable statistical interpretation of 
trends and source contributions by means of time series 
analysis and multivariate statistics. Some examples, 
which illustrate the different types of results, are discus-
sed in the following.

Effects on air pollution of the 
structural changes in Eastern Europe 

Two Danish measuring stations have been collecting dai-
ly samples since 1979 as a part of an European monito-
ring network for assessment of the long-range transport 
of air pollutants. Based on calculations of back trajectory 
the measurements are divided in eight groups correspon-
ding to transport from North, Northeast, East etc. Source 
apportionment – based on receptor modelling for long-
range transport – has been calculated using simultaneous 
results from several measuring stations. There has been a 
steady decrease from Western Europe as a consequence of 
better emission control, while the East European contri-
bution was increasing up to and shortly after the structu-
ral changes around 1990 and decreasing in the following 
years.

The figure shows the trend for the Pb concentration measured at busy 
streets in two Danish cities.
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