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Neutron Activation in Environment, Nutrition and Epidemiology 
 

Maria do Carmo Freitas 

 
 

The research is focused on development of 

methodologies in neutron activation analysis and their 

application to studies of atmospheric environment, 

nutrition and epidemiology. The investigation 

appeared as a natural application of the potentialities 

of k0-INAA (instrumental neutron activation analysis 

using the k0-method). The unit activities include the 

following scientific interests: 

Development of Methodologies, Quality Control, 

Automatization, Data Handling  

This line aims to optimize the analytical technique in 

order to facilitate the analysis of the samples of the 

different projects, to increase the speed of the 

calculations and to improve the handling of the data. It 

also aims to implement methodologies to improve the 

detection limits for important pollutant chemical 

elements as cadmium, arsenic, nickel, and to 

determine lead and the light elements. Steps are being 

given towards ISO 17025 in order to define protocols 

and standard procedures. Interlaboratory exercises are 

targets, aiming analytical quality control. 

Monitoring, Biomonitoring 

This line aims to characterise areas of Portugal using 

native vascular plants, mosses and lichens, exposed 

lichen transplants, air particulate matter collection, 

and (wet+dry) deposition. The data are analysed for 

factors aiming at identifying emission sources and the 

air mass trajectories, including local, regional and 

long-range transport. To assure the quality of the data, 

accuracy and precision studies are being performed, 

both in biomonitoring and monitoring scientific areas. 

Air particulate matter obtained by different air 

samplers is compared. So-called conventional 

analytical techniques are applied to complement the 

research unit’s results. New biomarkers are suggested 

and studied. Pb-210 is being determined to confirm 

terrestrial origin of aerosols.  

Epidemiological studies 

This line includes health related problems. The 

objective is to link biomonitoring and monitoring to 

epidemiological studies, at local, regional and world 

scale. Children respiratory problems, cardiovascular 

diseases and carcinogenic incidence in the Portuguese 

population are being studied in association to 

chemical elements, pollutant gases and meteorological 

data. New methodologies are suggested to smooth 

health and environment data. 

Element Uptake Processes 

Plant physiology is also one of the group aims, 

looking for effects on plants due to atmospheric 

chemical components. The underlying questions are 

related to the extent in which biomonitors may reflect 

the element contents of particulate matter. Lichen 

dynamics, this is, accumulation and release are being 

deeply studied, as well as lichen titration. 

Bioremediation at mining abandoned areas is being 

studied aiming to select strong accumulators of 

arsenic. 

Nutrition 

So far, selenium has been the target. It is an essential 

element to humans and in Portugal its contents in diet 

is deficient. Therefore, it is aimed to study its 

supplementation to cereals and to study its absorption 

(how, how much) in the cereal plant and the cereal 

grains, via soil and leaves. 

Training 
The research unit has a strong component in post 

graduation training (MSc, PhD, post-PhD). A training 

course was organised by ITN in collaboration with the 

IAEA, confirming the expertises of the group in 

aerosol source apportionment. The team is also 

attending courses to update the knowledge. 

Participation in intercomparison exercises 

Whenever offered, the group collaborates in 

intercomparison exercises, to improve its analytical 

quality. 

Services 
Analytical services are provided under request. 

Fluorine with a very short half life is being determined 

for a German company. Portuguese universities are 

frequently requesting analyses. 
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Hyperaccumulation of arsenic and other elements by plants in a mining 

area: accumulation mechanisms and phytoremediation 

(PTDC/AMB/65462/2006) 
 

M.C. Freitas, H.M. Anawar, N. Canha, I. Dionísio, A.M.G. Pacheco
1 

 

Objectives  

The former mining complex of São Domingos is 

located at the Lower Alentejo area of southern 

Portugal, in the heart of the Iberian pyrite belt 

(northern sector; 37º38'00-37º40'30N, 7º19'05W-

7º20'05W), see Fig. 1. The mine has never been 

properly decommissioned, and its effective abandon 

has caused a serious impact in local ecosystems, 

regional watershed and the environment at large. The 

study aims to determine toxic element levels in 

superficial soils and waters, and native plants in the 

mining area, to evaluate the potential of such plants 

for phytoremediation purposes, especially concerning 

phytostabilisation of similarly-affected soils.  

Results 

We collected vascular plants (see Fig. 2) and mine soil 

in January 2009, performed screening of the plant 

community and determined toxic elements (As, Hg, 

Sb), essential (Fe, K, Na, Se, Zn), rare earth (Ce, Hf, 

La, Rb, Sc), radioactive elements (Th), among others. 

The concentrations of As, Sb, Fe, and Zn were very 

high in soil samples (respectively 0.1-0.4%, 0.02-

0.1%, 8-19%, and 0.02-0.4%), and stem plant samples 

(respectively, in mg/kg, 0.4-6.6, 0.1-3.5, 50-500, and 

20-500), exceeding the regional background level. 

This reflects the high magnitude of contamination in 

and around the mining area: the highest levels were 

recorded close to tailings pile sites and decreased with 

distance to it. The results showed that lichen and moss 

are important biomonitors of terrestrial and 

atmospheric pollution in mining affected areas [1,2]. 

We performed different types of experiments to 

understand hyperaccumulation and detoxification 

mechanisms of different tolerant plant species. We 

analysed the plant, lichen, moss and mine soil and 

tailings samples by both instrumental neutron 

activation analysis (INAA) and micro-PIXE.  

In May 2009, we collected again samples; this time 

we added lichens and leachate water samples. The 

latter were analyzed by INAA after freeze drying and 

reducing the liquid to a powder. The enrichment of the 

water samples relative to soil are shown in Fig. 3. Two 

poisoning and carcinogenic elements – As and Cd – 

were found at high levels in the studied waters, and 

Cr6+ is also likely to be present. Speciation of these 

waters is necessary and intended to be performed in a 

near future, in order to understand the mechanisms of 

transfer soil/water. The potential harmful effect of 

these waters over underground waters must be studied 

to infer potential health risks for the population 

resident in the area [3]. 

 

 

 

Recently, we performed revegetation experiments in 

the field to assess the phytostabilisation of As and Sb 

in São Domingos mining soils. This strategy will 

investigate whether the specific selection of metalloid 

and metal-tolerant native plant species in conjunction 

with use of organic compost and mineral amendment 

can result in a permanent reduction in soil toxicity. 

 
Fig.1 Localization of São Domingos mining area. 

 
Fig.2 Some collected plants (from left to right): Erica andevalensis, 

Juncus acutus and Agrostis castellana. 
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Fig.3 Average of the enrichment factors of the superficial waters at 

the 6 sites relative to the average soil composition. 
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Use of k0-INAA and PIXE in the chemical analysis of filters sampled in an industry with high loadings of 

metals, PTDC/AMB/65828/2006 

S.M. Almeida, T. Pinheiro*, M.C. Freitas, P. Félix*, C. Franco*, J. Sousa*, L.C. Alves*, S. Garcia
1
  

 

Workers exposure in a lead processing industry was assessed using Gent Samplers and the combination of the 

techniques k0-INAA and PIXE for chemical analysis. These techniques were advantageously used, and when 

combined they provided information about 19 elements. The high loadings of elements put some analytical 

difficulties in the analyses of the filters by k0-INAA. The huge amount of Sb in the filters elevated the spectrum 

baseline, increasing the background, and consequently hindering the identification of weak photopeaks. A 

Compton suppression system was used in order to reduce the background of the gamma-ray spectrum and, 

consequently, to lower the detection limits for radionuclides characteristic of the main single gamma-ray 

emission. Elements which occurred with higher concentrations (> 10000 ng/m3) in the workplace were Pb, Sb, 

Fe, Sn, Na, and Cl. Significant higher element concentrations were measured inside the industry comparing with 

outdoor environment levels (10000 times higher for Pb and Sb, 1000 times higher for As and Na and 100 times 

higher for Br, Cl, Fe, and Ni). It was verified that Pb levels exceeded the limit value established by the 

Portuguese NP1796 for occupational exposure to chemical agents. 

______________ 
* ITN – UFA; 1ISQ/DS 
 

Impact of atmospheric indoor aerosol in human health, PTDC/SAU-ESA/65597/2006 

N. Canha, M.C. Freitas, S.M. Almeida, H.M. Dung, M.A. Trancoso
1 

 

The aim of the project is to investigate the relationship between the indoor air quality of classrooms and the 

health impact and educational performance of children attending primary schools in Lisbon city. This project has 

the cooperation of University of Aveiro, INSA-Health National Institute, and LNEG-National Laboratory on 

Energy and Geology. A set of 14 primary schools in Lisbon area were randomly selected and indoor air quality 

parameters, such as air particulate matter (APM), bioaerosols (fungi, bacteria and pollens) and natural 

radioactivity, were sampled or measured  through passive methods at two classrooms per school. Until now, 

three campaigns were done (preliminary, Aummer and Autumn) to obtain a seasonal variation of the studied 

parameters. APM collected passively is analyzed to determine the elemental composition (by k0-INAA), soluble 

ions (by HPLC, atomic absorption and UV spectroscopy) and natural radioactivity (gamma measurement). The 

figures show the passive collection scheme at the schools. 

_______ 
1LNEG 
 

Selenium distribution in cereals and Portuguese cultivation soils. Interactions between selenium and 

iodine uptake by cereals - A case study, PTDC/QUI/65618/2006 

C. Galinha
1
, A.M.G. Pacheco

2
, M.C. Freitas, H.M. Anawar, H.M. Dung 

 

This project is a joint initiative of ITN and IST. This project comprises two stages, each one with different 

objectives. The objective of the first stage is to determine the regional distribution of selenium in Portugal’s most 

cultivated cereals together with selenium content on cultivation soils, while the second stage's objective is to 

study the uptake of selenium in different cereals. Samples of various cereals (soft wheat, durum wheat, barley, 

oat, rye, rice and maize) were collected from the same area of soil samples during harvest time. Selenium in soil 

and cereal samples are being analyzed by k0-INAA on the fast pneumatic system (SIPRA). The short-lived 

nuclide 77mSe that features a half-life time of 17.5 s is used to determine the selenium content. Soft wheat, durum 

wheat and barley were seeded with the collaboration of INRB/INIA – Elvas. These crops are used to study the 

biofortification of selenium, we use different modes of selenium supplementation, foliar addition at different 

stages of plant growing and the addition to soil together with a fertilizer. Within this project a Waring Blender 

was acquired to reduce samples to a fine powder, as well as a DSPEC PRO unit to compensate for decaying of 

short-lived nuclides during short measurements. The figure shows the crops and SIPRA system. 

 
__________________ 
1DEQ/IST; 2CERENA/IST 
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The figures show, from left to right, the SIPRA, RPI’s core arrangement showing 

irradiation positions (Cells 55, 56 and 26-SIPRA), CSS and ASC systems. 

Development and application of k0-NAA methodologies (across on-going projects)  
H.M. Dung, M.C. Freitas, I. Dionisio, D.G. Beasley, S.M. Almeida, N. Canha, C. Galinha, J. Marques 

The k0-based Neutron Activation Analysis (k0-NAA) 

at RPI has been developed and optimized to facilitate 

the analysis of diferent sample types for on-going 

projects, i.e. air filters (Teflon and quartz), plant, 

bark, lichen, soil, sediment, clay, water, zeolite, fiber, 

etc. The chemical elements of interest are Al, As, Br, Ca, Cd, Cl, Co, Cr, Cu, F, Fe, Hf, I, K, La, Mg, Mn, Mo, Na, Ni, Sb, Sc, Se, 

Sm, Sn, Th, Ti, U, V, W and Zn. The calculation and handling of the data is based on the k0-IAEA and SIPRA 

programs and acquisition software (ORTEC GammaVision V6.0 and CANBERRA Genie-2000). Quality control 

(QC) and performance evaluations of k0-NAA at RPI were performed. The management of the laboratory has 

followed ISO/IEC-17025 guide-line in order to define protocols and standard operating procedures as well as 

non-conformances. The achievements were as follows: (1) Characterized the irradiation facilities used for k0-

NAA after the RPI was converted to LEU fuel. The neutron spectrum parameters were determined at Cell 55: 

Φth=(8.41±0.09)×1012 n/cm2.s, α=-0.040±0.016, f=82±9 and Tn(K)=330±16; at Cell 56: Φth=(2.36±0.15)×1012 

n/cm2.s, α=0.040±0.018, f=105±11 and Tn(K)=318±10; and at Cell 26 (SIPRA without Cd): 

Φth=(2.68±0.25)×1012 n/cm2.s, α=0.025±0.015, f=113±12 and Tn(K)=297±10; (2) Calibrated periodically all 

gamma-ray spectroscopy systems, i.e. Compton suppression system (CSS) with and without anti-Compton mode 

enabled, fast pneumatic transfer system (SIPRA) and automatic sample changers (ASCs); Upgraded SIPRA with 

a new ORTEC DSPEC-PRO instrument to correct for high dead-times for very short-lived radionuclides; (3) 

Assessed and improved the quality of k0-NAA at RPI, achieving bias for most elements as compared to the 

certified values at less than 10% and u-scores less than 1.96; Evaluated the reproducibility of the k0-NAA with 

the obtained results and were regarded as stable over 14 months; (4) Documented the protocols and several 

standard operating procedures as well as non-conformances following the ISO/IEC-17025 guidelines; (5) 

Developed and applied the k0-based Cyclic Neutron Activation Analysis (k0-CNAA) on SIPRA for determination 

of Fluorine (20F, half-life: 11.4 seconds) for fiber material requested by the SemiSol Analytik GmbH, Germany; 

Analyzed the Zeolite material to optimize the Zeolite production process in a co-operation research with the 

National Institute for Engineering, Technology and Innovation (INETI). 

Characterizing seasonal variations in elemental particulate matter concentrations in European urban and 

rural areas under different climatic conditions, IAEA RER/2/005 

N. Canha, M.C. Freitas. S.M. Almeida, H.M. Dung, I. Dionisio 

The aim of this project is to characterize air particulate matter (APM) pollution using nuclear and related 

analytical techniques in order to identify the pollution sources and to prepare guidelines/recommendations to 

reduce APM; to assess the impact of APM on human health and the environment. It involves Albany, Bosnia-

Herzegovina, Croatia, Greece, Hungary, Montenegro, Poland, Portugal, and Serbia. The participating countries 

provide staff and resources for the monitoring campaigns and coordinate the activities of all the relevant national 

stakeholders involved in air quality. IAEA provided training and facilitated the creation of the network through 

training courses and meetings. The project provides information about concentrations of hazardous particle 

elements, many of which are regulated today by the World Health Organization and the European Union, and are 

included in US Environmental Protection Agency list of hazardous air pollutants (HAPS). Our group organized 

the training course on source apportionment for the project participants, and a meeting was held in Krakow, 

Poland, to define strategies. The Partisol sequential air sampler was put in Foros de Arrão, Ponte Sor (39°10'39 

N; 8°14'25 W) on middle of December 2009. The site is surrounded by homes burning wood for heating and 

cooking and no other anthropogenic source is known in the area except for small village traffic. The air sampler 

runs for 3 months, covering the Portuguese colder winter months. IAEA supplied the Teflon filters, and the air 

sampler contains a meteorological station to register humidity, temperature and pressure. The sampler has 

autonomy for 2 weeks, therefore every 2 weeks the filters are changed. The urban site is Lisbon where Partisol 

was running the whole year in 2007; the emission sources relate traffic, industry, soil resuspension, sea spray. 

Enhancing the sustainability of Research Reactors and their safe operation through regional cooperation, 

networking and coalition. IAEA RER/4/032 

M.C. Freitas, N. Canha, H.M. Dung, S.M. Almeida, D.G. Beasley, J. Marques 

At ITN, this project aims at implementing prompt-gamma neutron activation analysis (PGNAA) at the RPI, 

using an existing facility with an adequate geometry and neutron beam. The work done sofar concerns mainly 

training of the team in order to start the procedures for analytical applications. In that sense, two scientific visits 

of 2 weeks and week were done at KFKI, Budapest, Hungary, one scientific visit of 1 week at IPEN, Lima, Peru, 

and, in January/February 2010, two fellowship trainings for 1 month and 2 weeks again at KFKI. The trainings 

are being fully supported by IAEA. The facility at RPI is not ideal and some adaptations must be done, more 

similar to the ones of IPEN. The ideal conditions of KFKI will never be reached because it is not possible to 

extend the neutron beam to larger distance from the reactor and the space where the sample will be irradiated 

online cannot be reduced. Our difficulty at the moment is the need of reparation of the existing old hyperpure 

germanium detector or, better, the acquisition of a new one. As soon as the detector is available, the training 

done sofar is enough to start the analytical procedures, aiming the determination of boron and the chemical 

elements with low atomic number in environmental and nutrition samples. 
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Association between monthly-reported rhinitis by children from basic schools and monthly-averaged air 

pollutants, at Lisbon, PTDC/AMB//2004 
M.C. Freitas, C. Repolho, I. Dionisio, S.M. Almeida, H.M. Dung, A.M.G. Pacheco

1
, C.A. Pio

2
, C.A. Alves

2
, A. Caseiro

2 

 

Children are particularly sensitive to the effects of air pollutants, and association with particulates and gaseous 

pollutants has been demonstrated: in France, increasing levels of outdoor PM10, O3, and SO2, were associated 

with significantly higher rates of asthma and rhinitis in children; in Portugal, an association was found between 

rhinitis and traffic intensity for 1175 studied children living in Lisbon; hospital admissions in Lisbon due to 

respiratory conditions were associated with PM10, SO2, NO2 and O3. 1175 children attending basic schools in 

Lisbon and living in the urban area were invited to respond a questionnaire, for which the answers relevant to 

this work concerned on positive or negative rhinitis. In case of positive rhinitis, the children reported the month 

or months with higher frequency of crisis. Their answers were combined with concentrations of outdoor air 

pollutants in Lisbon. The results showed that traffic related signal was found in three factors, two related to soil 

resuspension and one to vehicle motors and their associated species (like ozone). The rhinitis component is 

distributed through the factors. This study suggests different contributors to rhinitis cases, and enhances the role 

of iridium. Catalytic converters of new cars make use of active compounds, such as the noble metals of the Pt 

group (mainly Pd, Pt, Rh, and Ir), leading to an increase of such  elements in the atmosphere. A study in the 

Marquês de Pombal tunnel in Lisbon showed clearly the high emissions of Ir and other pollutants during the 

traffic hours. The figures below show 1) the location of the schools where the questioned students were, 2) the 

number of children who reported having rhinitis 

by month, in a total population of 1175 

children, 3) the particulate concentrations in the 

tunnel for PM10-2.5, PM2.5-1, PM1-0,5, and PM0.5 

for October work days at rush hours and for 

Saturdays, and 4) the ratio between Lisbon 

pollutants in air outdoor and air inside the 

tunnel, for PM2.5.   
_______________________________ 
1CERENA/IST;  2CESAM/Univ. Aveiro 

 




