
 

 

The air that we breathe 

 

 

Respiratory and cardiovascular diseases, often resulting in hospital admissions and mortality  
are to some extent related to air pollution, including exposure to pollutants such as airborne 
particulate matter (APM) (World Health Organization, 2013). Air quality guidelines are 
normally based on outdoor APM concentrations, and used to estimate the potential health 
effects of air pollution. But since people spend a large part of their life indoors, the indoor air 
quality should not be underestimated with respect to its influence on health. 

No matter where we are, indoors at home, school, work, or even in fitness centers, or 
outdoors in the city, countryside, or by the coast, the air that we breathe carries APM from a 
variety of sources. Careful analysis of the APM granulometry and chemical composition can be 
used to "fingerprint" each source. 

Neutron Activation Analysis (NAA) and Particle Induced X-ray Emission (PIXE) are very often 
used in air quality studies, due to their high sensitivity to metals and many other elements of 
interest, from 0.1 ng/m3 (nanogram per cubic meter of air) in favorable cases to 1000 ng/m3, 
and due to their ease of use: APM collected on a medium such as filter paper can be analyzed 
together with its medium directly without further sample preparation. Their multi-elemental 
detection capability can be used in fingerprinting and apportionment of sources, because each 
source is characterized by a given set of elements. 

Dr. Marta Almeida (Instituto Superior Técnico, Portugal) and her collaborators in Portugal and 
in the Netherlands and other countries used NAA, PIXE and other techniques to study the air 
quality in a variety of environments. Their objective is to determine the exposure and inhaled 
dose of susceptible populations by chemical elements in the air they breathe. How much is it? 
Where do the elements come from? Are they different in different environments? 

http://www.euro.who.int/en/health-topics/environment-and-health/air-quality/publications/2013/health-effects-of-particulate-matter.-policy-implications-for-countries-in-eastern-europe,-caucasus-and-central-asia-2013


 

 

Indoor air quality: schools, fitness centers and elderly care centers 
 

Children and the elderly are 
particularly susceptible groups to air 
pollution. Children breathe a 
proportionally higher volume, and 
exposure to APM affects lung 
development. Age-associated decline 
in immunity is associated with 
respiratory infections. But people 
exercising in crowded fitness centers 
are more vulnerable if air quality is 
lower than required: heavy breathing 
through the mouth, bypassing the 
nasal filters, can lead to increased 
amount of inhaled pollutants. 

The air quality in schools, fitness 
centers and elderly care centers in Lisbon, Portugal, was studied (S.M. Almeida et al., 2013). 
Indoor air components such as APM and CO2 were studied with standard non-nuclear 
techniques, and the chemical composition of APM was measured with NAA. The same 
pollutants were also measured outdoors, just outside the sites studied. 

In the schools, which all had natural ventilation (windows and doors) the fine APM 
concentration was similar indoors and outdoors, but the coarse APM concentration was higher 
indoors than outdoors. This indicates the occurrence of an indoor source: apparently the 
physical activity of pupils contributes to a constant process of re-suspension of particles. But, 
what exactly were these particles coming from in the first place? Were they all the same? The 
chemical analysis showed that the classroom APM had two main sources: mineral dust, coming 
through the windows or via the soil on the pupil shoes, and chalk dust. Removing the shoes at 
schools and implementing mechanical ventilation with filter systems could improve the air 
quality. 

In elderly care centers and fitness centers, the APM concentrations were low. In care centers 
this is easy to understand, because there is less physical activity than in primary schools and 
therefore less re-suspension of particles. But why are the levels also low in fitness centers? 
Firstly, customers of these centers are required to change shoes and therefore less outdoor 
material is brought inside. In Portuguese schools this is not common. Then, the fitness centers 
had heating-ventilation and air condition systems, with filters catching many particles. There 
are also no chalk boards in the fitness centers, and other indoor sources of APM were not very 
significant. This was confirmed by the chemical analysis of the particles done with NAA: 
elements related to soil and to chalk had lower concentrations indoors than outdoors.  

Inhaled doses were calculated taking into account the concentration of the pollutant, 
inhalation rate, and body weight. Schoolchildren had the highest average inhaled dose, while 
the lowest was for the elderly when staying in their bedrooms. In fitness centers, the 
inhalation rate was higher for aerobic classes than for holistic classes such as yoga, almost as 
high as in schools. However, people stay only one to two hours in fitness centers, leading to 
lower total doses. 

 

 
Sampling airborne particulate matter in a class room. 

 

http://dx.doi.org/10.1007/s10967-015-4673-5


 

 

Other techniques 

Gas chromatography was applied for measurement of air components and pollutants such as 
CO2, CO, CH2O, VOC (volatile organic compounds) and O3. Occupational and intense physical 
activity can lead to build-up of CO2, with negative consequences to performance and well-
being. Cleaning of rooms often leads to VOC spikes. 

Comfort parameters such as temperature and humidity were also measured. 
 
  



 

Outdoor air quality: fugitive emissions 

Many human activities lead to unforeseen emission of pollutants. Harbor activities such as 
loading, unloading and transport of dusty materials generate APM.  

Recently, characterization by NAA and PIXE of dust material emitted during harbor activities in 
Portugal, showed that fugitive emissions contribute significantly to APM in surrounding areas, 
including urban areas several kilometers away (S.M. Almeida et al., 2014). 

Collection of samples was made during different unloading operations. Analysis of the 
chemical composition of APM showed a clear relationship between APM and the composition 
of the bulk materials unloaded. In cases where the bulk material presented relatively high 
concentrations of known toxic elements such as As, Cr, Ni, Pb, V and U, an increase of these 
elements was also observed in APM. However, this depended on the granulometry of the 
handled material: lower granulometries were associated to higher concentrations of 
suspended particles. 

 

Handling of material in a Portuguese harbor. Ratio between PM10 concentrations from all emission 
sources (fugitive, stacks and traffic) and PM10 concentrations from non-fugitive sources. 

The study suggested that handling operations should be conditioned by the wind speed, 
because emissions increased with the wind speed. Resuspension of dust was an important 
source of particles in the harbor, and therefore keeping the ground clean or wet is also 
important. 
  

http://dx.doi.org/10.1007/s10967-014-2980-x


 

Exposure to metals in industry 

Occupational exposure regulations impose air quality measures, such as for fumes and dust 
extractors, and maximum limits have been set to APM concentrations and other parameters. 
Nevertheless, workers in industrial environments are often exposed to high dust 
concentrations, and the chemical composition of the dust particles can include potentially 
toxic elements such as lead. 

The air quality was studied at two industries  processing lead with a combination of  NAA and 
PIXE and Inductively Coupled Plasma Mass Spectrometry (ICP-MS), to relate fine and coarse 
APM concentrations, and their chemical composition with the composition of exhaled breath 
condensate (EBC) of workers obtained from normal spontaneous breathing (P.M. Félix et al., 
2013). Industry-1 is a foundry recycling batteries; Industry-2 produces batteries, including 
cutting of lead plates and an assembly line. Both factories follow all applicable regulations on 
fumes and dust extractors and personal protection equipment. 

 

APM concentrations were much higher in Industry-1 than in Industry-1, which nevertheless 
also showed high values, although below legal limits in all cases. In Industry-1, lead is more 
represented in the fine APM, while the opposite occurs in Industry-2. This confirmed the 
expectation that smelting generates Pb-containing fine particle fumes (Wake et al., 2002). The 
machining, abrasion and cutting processes in Industry-2 lead to coarse particles (e.g. Hlavay et 
al., 1992). Concentrations of other elements also showed differences in the two factories: 
although both deal with lead, they leave a different "trace element fingerprint" in APM. 

EBC is a liquid, and not very suitable for analysis by NAA and PIXE. ICP-MS was applied for the 
analysis. The lead concentration in EBC (EBC-Pb) had marked differences between distinct 
levels of exposure: more lead was found in the EBC of workers from Industry-1, where APM 
concentrations as well as their lead content were highest. The lead levels in EBC of workers 
from Industry-2 were also significantly higher than in office workers. The correlation was 
stronger between EBC-Pb and the coarse APM. The aerosols that constitute the EBC are 
formed preferentially in the central area of the lungs, and it is known that finer APM penetrate 
deeper in the lungs. 

The study demonstrates the ability of non-invasive, quick and reliable analysis of EBC as a 
biomarker to reflect exposure to metals, and also the importance of measuring and 
characterizing different fractions of APM for a correct assessment and human biomonitoring: 
studies with ECB should be preceded by determining the "trace element fingerprint" of the 
site. 

 

 

http://dx.doi.org/10.1016/j.ijheh.2012.03.003
http://dx.doi.org/10.1016/j.ijheh.2012.03.003
http://dx.doi.org/10.1093/annhyg/46.suppl_1.235
http://dx.doi.org/10.1007/BF00321840
http://dx.doi.org/10.1007/BF00321840


 

 

 

 

Particles and EBC sampling in industrial environments. Total mass concentration and chemical 
composition of PM2.5 and PM2.5-10 collected in Industry, offices and outdoor environment.  
Figure credit: Adapted from P.M. Félix et al., International Journal of Hygiene and Environmental Health 
216 (2013) 17– 24. 

 

Other techniques 

The workers’ exposure is usually assessed by measuring lead in the blood. However, the blood 
lead concentration is influenced by factors other than air pollution, including diet and health 
conditions, and for inhaled lead, absorption routes into the blood depend on APM size. Also, 
exposure leads to a maximum in the blood concentration 24 hours afterwards. 
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What is airborne particulate matter (APM)? 
 
APM is an air pollutant, consisting of small particles suspended in the air. Fine APM are 
particles with a diameter of less than 2.5 µm (PM2.5). Coarse APM are particles with a 
diameter higher than 2.5 µm and less than 10 µm (PM2.5-10). PM10 has adverse effects on 
respiratory health. PM2.5 is associated with increased mortality. An estimated 3% of 
cardiopulmonary and 5% of lung cancer deaths are attributable to APM globally, according 
to the WHO that classified APM as carcinogenic, even at very low levels of exposure. APM 
has both natural and anthropogenic origin: a desert storm will create a dust cloud that can 
reach even far away cities and inhabited regions, but human activity also generates large 
amounts of APM. The chemical composition of APM can be as important as its mass or size, 
but is poorly studied indoors. 

What is Neutron Activation Analysis? 
 
Neutron Activation Analysis (NAA) is a nuclear analytical technique capable of determining 
even minute concentrations of elements. A sample is bombarded with neutrons, becoming 
radioactive: radioactive isotopes may be formed when an element present in the sample 
absorbs one neutron. The radiation they emit is detected, and can be used to identify the 
elements and quantify their concentration. 
Not all elements can be detected, but many can - more than 70. Depending on the element 
and on the sample, concentrations as low as (typically) 1 nanogram to 1 microgram per 
gram of sample can be measured. 
There are different types of NAA, each best suited to particular case, but all rely on one 
essential point: a source of neutrons. This is very often a nuclear research reactor but other 
neutron sources can also be used. 



 

 

 

 

 

What is Particle Induced X-ray Emission? 

Particle Induced X-ray Emission (PIXE), like NAA, is a nuclear analytical technique. It is 
sensitive to elements from Si to U in concentrations at ppm level (part per million). PIXE 
belongs to the group of techniques known as Ion Beam Analysis. An energetic beam of ions, 
normally protons, excites the atoms of a sample, leading to the emission of X-rays which 
are characteristic of each element. By measuring the intensity of each X-ray line observed, 
the concentration of each element in the sample can be determined. 


