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ABSTRACT

The neutron activation technique – using several methods - has been applied in 80% of the analytical demand of 
Division for Reactor and Analytical Techniques at CDTN/CNEN, Belo Horizonte, Minas Gerais. This scenario 
emphasizes the responsibility of the Laboratory to provide and assure the quality of the measurements. The first 
step  to  assure  the  results  quality  is  the  preparation  of  the  samples.  Therefore,  this  paper  describes  the 
experimental  procedures  adopted  at  CDTN/CNEN in  order  to  uniform conditions  of  analysis  and to  avoid 
contaminations by elements present everywhere. Some of the procedures are based on methods described in the 
literature; others are based on many years of experience preparing samples from many kinds of matrices. The 
procedures  described  are  related  to  geological  material  -  soil,  sediment,  rock,  gems,  clay,  archaeological 
ceramics and ore – biological materials – hair, fish, plants, food – water, etc. Analytical results in sediment 
samples are shown as n example pointing out the efficiency of the experimental procedure. 

1. INTRODUCTION

Neutron Activation [1, 2] is a nuclear technique that performs qualitative and quantitatively 
multi-element analysis in a large range of concentration (major, minor, and trace elements) in 
almost  every  kind  of  materials.  As  every  analytical  technique,  the  step  concerning 
pretreatment before the analysis is crucial [3]. Then, this paper is related to the pretreatment 
submitted the samples from several kinds of matrix routinely analyzed at the Laboratory for 
Neutron  Activation  Analysis,  in  the  Centro  de  Desenvolvimento  da  Tecnologia 
Nuclear/Comissão  Nacional  de  Energia  Nuclear,  CDTN/CNEN,  Belo  Horizonte,  Minas 
Gerais. The demand of the Laboratory for Neutron Activation Analysis corresponds to 80% 
of the analytical demand of Division for Reactor and Analytical Techniques. 

The idea to write this paper was to summarize the main procedures applied to the samples 
received by the Laboratory to  determine several  elements,  because the  Laboratory meets 
needs  from  industry,  research  centres,  universities,  other  governmental  institutions  and 
private clients all over the country. In addition, this demand covers the research programme 
developed by CDTN/CNEN, including the Laboratory for Neutron Activation Analysis.
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2. EXPERIMENTAL

2.1 Procedures

The  activities  of  the  Laboratory  for  Neutron  Activation  Analysis involve  the  Delayed 
Neutron Activation Analysis, Conventional (instrumental and radiochemical), k0 method and 
Gamma Spectrometry. Over the years the work has been linked to the goals of the country 
and  the  institutions.  At  the  beginning  the  major  application  was  related  to  the  field  of 
geochemistry and mineral  exploration.  Nowadays the major application is  in the field  of 
medical and environmental measurements, determining several elements in a large range of 
concentration  in  several  matrixes  as  geological  (soil,  sediment,  ore,  rock,  clay),  water, 
biological (muscle of fish, human hair, plants, vegetables) and archaeological ceramic. 

The  pretreatment  of  geological  samples  (soil,  sediment,  ore,  rock,  clay,  archaeological 
ceramic) in general consists in grinding, dividing bulk sample to obtain proper size sample, 
and  sieving.  In  soil,  sediment,  rock,  the  minerals  are  distributed  widely:  quartz  is  often 
concentrated in the coarse particle fractions and the clay minerals are accumulated in the fine 
particle fractions. Usually the organic and inorganic constituents are present in the form of 
aggregates  and  this  aggregation  tends  to  contribute  greatly  to  heterogeneity  within  the 
fraction. Therefore, in order to identify the geological sample property accurately the whole 
mixture must be prepared and subsampled for analysis. For it, the the procedure consists of 
crushing and grinding to particles of uniform size, it means that, large aggregates are reduced 
by crushers and then, the crushed sample is reduced by grinding. 

After being reduced, the sample is sieved and the fraction with a granulometry <2 mm is used 
for analysis however, when one more rigorous treatment of the sampling of inhomogeneous 
geochemical  materials  is  required,  a  finely  ground  soil  (<150  µm  or  <0.06  mm)  is 
recommended [4]. Next step is the quartering, which is the process of reducing a representative soil or 
sediment  sample to a convenient size or of dividing a sample into two or more smaller samples for 
testing. When there are subsamples, it is always required a homogenisation step to guarantee that all 
subsamples  have  the  same  composition  and  properties  [5].  Concerning  water  and  biological 
material, the objective of the pre-treatment is to concentrate the analytes in the sample.

Summarizing, the procedures applied are:
i) Soil, sediment, clay, ore
The sample  is  air-dried  if  the  objective  is  to  determine volatile  elements  as  arsenic  and 
mercury,  if  not,  the  sample  can  be  oven  dried.  After  that,  the  sample  is  sieved  to  five 
granulometric  fractions  and  the  finest-grained  fraction  <0.06  mm  is  homogenised  by 
quartering and is kept in a cleaned plastic container.

ii) Rock
The sample is grinded in order to divide bulk sample to obtain proper size sample. After, the 
sample is treated as soil.

iii) Gems
In this case, the sample is only grinded and weighed. 
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iv) Water
To add concentrated nitric acid p.a. to the aliquot to be analysed, in order to have final acid 
concentration of 1%. To concentrate in a hot plate at 70°C, and transfer to a polyethylene vial 
for irradiation.

v) Biological material (human hair, plants, vegetables)
Muscle of fish, plants, vegetables and fruits the pre-treatment is consisted of lyophilizing the 
samples, a process that eliminates the water of the sample by freeze drying. Human hair is 
washed as suggested by IAEA [6]. The procedure consists of washing each sample in a clean 
beaker with mechanical agitation and with 25 mL portions of, successively, water, acetone, 
water,  water,  acetone,  water,  decanting  the  wash  liquid  after  a  10-minute  wash.  After 
washing, the samples are dried at 40°C and weighed in the irradiation container.

vi) Archaeological ceramic
The  powdered  aliquots  of  each  sherd  are  sampled  using  a  motorized  hand  drill  laid 
horizontally on a flat surface and secured with a device. First the section of the fragment to be 
drilled  had  the  surface  cleaned aiming at  taking away the impurities  deposited;  then the 
aliquot was extracted from several perforations along the cleaned sections with a tungsten 
carbide drill; the powder was collected in a sheet of clean paper [7].

2.2 Neutron Activation Methods

Once  prepared,  the  samples  are  submitted  to  the  following  methods,  depending  on  the 
objective:

2.2.1. Instrumental neutron activation analysis

This  method is  the application  of the neutron activation technique without  requiring any 
chemical process neither during preparation nor during the analysis [8]. 

2.2.1.1. Comparative instrumental neutron activation analysis

In this method, standards of the element or elements to be analysed are included in each 
group of samples  to be studied and the elemental  concentrations  are calculated  by linear 
regression, based on standard measurements [8]. 

2.2.1.2. Parametric methods - k0-instrumental neutron activation analysis

One version of the k0-method, which is named k0-monostandard method [9] is used at CDTN. 
This method is an alternative method used when one is introduced to the method because it is 
more didactic for beginners or when the geometry of the samples is not punctual. 

This method uses sodium as comparator, the values for  f and  α are average values for the 
Carousel Facility, each sample is irradiated in one irradiation channel and all samples and 
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comparators are irradiated simultaneously. Excel is used because the calculations are made 
applying the basic equation of the k0-method. 

Concerning the k0-standardisation method [2, 10], it is applied irradiating the samples are 
piled in the irradiation vial and intercalated by neutron flux monitor Al-Au (0.1%) IRMM-
530RA foil cut into 5 mm diameter and 0.1 mm thick. The irradiation is performed in an 
irradiation channel in which the values for f and α are determined in this specific channel. For 
the spectra analysis  - peak area evaluation - the HyperLab program [11] is used.  For the 
calculation of elemental concentrations a software package called KayWin [12] is applied.

2.2.2. Delayed fission neutrons analysis

The  Delayed  Fission  Neutron  Activation  method  [13]  applied  is  a  specific  method  for 
uranium  analysis  when  the  samples  are  irradiated  with  thermal  neutrons.  A  pneumatic 
transfer system used for irradiation is located outside the core where the contribution of the 
thermal neutron flux to the total  neutron flux is  higher than in the carousel  facility.  The 
system  irradiates,  measures  and  calculates  the  results  automatically.  The  final  result  is 
calculated by linear regression.

2.2.3. Chemical Neutron Activation Analysis

The application of this method involves the chemical separation of the element studied from 
the original matrix or the separation of the interference elements [8]. 

2.2.4. Radiochemical Neutron Activation Analysis

In  this  case,  the  separation  of  the  element  under  study  from the  original  matrix  or  the 
separation of the interference elements is carried out after the sample irradiated. In this case 
only a comparative method is used [8]. 

2.2.5. Radiochemical and Chemical Neutron Activation Analysis

This analysis [8] involves the chemical separation of the element studied or the interferences, 
irradiation of the phase where the element is and radiochemical separation of the radionuclide 
or interferences.

3. RESULTS AND DISCUSSION 

Table 1 shows the results obtained for sediment samples, duplicate, prepared as explained 
above.  It  is  possible  to  observe  the  agreement  between  the  duplicates  analysed  by  k0-
standardization method [8].
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Table 1. Elemental concentration for sediment – duplicated samples

Sediment
Sample 1 Sample 2
mg kg-1 mg kg-1

As 15 ± 1 15 ± 1
Ce 197 ± 7 192 ± 8
Co 16 ± 1 15 ± 1
Cr 145 ± 6 140 ± 9
Cs 2.9 ± 0.2 2.9 ± 0.1
Dy 14 ± 1 14 ± 1

Fe (%) 2.1 ± 0.1 2.0 ± 0.1
Ga 17 ± 19 19 ± 1
Hf 15 ± 1 14 ± 1
Ho 4.3 ± 0.2 3 ± 1

K (%) 1.9 ± 0.07 1.9 ± 0.07
La 98 ± 4 91 ± 3
Mn 1342 ± 51 1398 ± 49
Na 2096 ± 83 2196 ± 99
Rb 96 ± 11 90 ± 7
Sb 8.9 ± 0.4 8.0 ± 0.4
Sc 18 ± 1 18 ± 1
Sm 11.5 ± 0.5 10.7 ± 0.4
Ta 2.5 ± 0.1 2.5 ±0.1
Tb 2.5 ± 0.1 2.4 ± 0.1
Th 33 ± 1 32 ± 1
U 5 ± 1 4.5 ± 0.2
Yb 8.1 ± 0.5 8.8 ± 0.3
Zn 64 ± 7 57 ± 5

To assure the effectiveness of the k0-standardization method, several reference materials are 
usually analysed.  Table 2 shows the results obtained experimentally and the certified and 
proposed values, for GBW 07604 [14], poplar leaves, and GBW 07411 [15], soil.

Table 1. Elemental concentration (mg kg-1) in Certified Reference Materials
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Element

GBW 07604
(GSV-3, poplar leaves)

GBW 07411
(soil)

Experimental
Value

Certified
Value

Experimental
Value

Certified
Value

Ag < 0.6 (0.013) 6.4 ± 0.5 5.4 ± 2.0
As 0.4 ± 0.1 0.37 ± 0.06 202 ± 8 205 ± 23
Au < 0.0001 NR < 0.02 NR
Ba < 30 26 ± 2 489 ± 51 550 ± 77
Br 7.2 ± 0.3 7.2 ±1.1 < 3 (3.1)
Ca 19000 ± 1000 18100 ± 700 < 10000 NR
Cd < 3 0.32 ± 0.05 25 ± 4 28.2 ± 2.8
Ce 0.5 ± 0.1 0.49 ± 0.05 67 ± 2 66.3 ± 4.0
Co 0.60 ± 0.04 0.42 ± 0.03 16 ± 1 11.6 ± 2.9
Cr < 0.7 0.55 ± 0.05 64 ± 3 59.6 ± 10.1
Cs < 0.1 0.053 ± 0.003 8.0 ± 0.3 9.3 ± 1.7
Cu < 20 9.3 ± 0.5 < 100 65.4 ± 9.8
Dy < 1 (0.036) < 17 (4.4)
Eu 0.010 ± 0.001 0.009 ± 0.002 1.3 ± 0.2 1.1 ± 0.2
Fe 308 ± 27 274 ± 11 58000 ± 2000 55790 ± 5021
Ga < 0.3 NR < 30 17.3 ± 6.4
Hf < 0.1 (0.026) 5.6 ± 0.2 NR
Hg < 0.5 0.026 ± 0.003 < 2 0.150 ± 0.017
Ho < 0.2 NR < 1 (0.88)
K 16000 ± 400 13800 ± 400 15700 ± 800 13982 ± 1258
La 0.28 ± 0.02 0.26 ± 0.01 32 ± 1 32.8 ± 5.3
Mn 45 ± 2 45 ± 2 8300 ± 300 9700 ± 1261
Mo < 2 0.18 ± 0.01 < 30 1.5 ± 0.6
Na 214 ± 12 200 ± 10 7774 ± 279 8162 ± 898
Nd < 5 (0.22) 29 ± 4 27.4 ± 6.0
Rb 8 ± 2 7.6 ± 0.6 122 ± 8 111 ± 19
Sb < 0.1 0.045 ± 0.005 9.5 ± 0.4 9.2 ± 2.8
Sc 0.10 ± 0.01 0.069 ± 0.005 11.5 ± 0.4 11.0 ± 2.2
Se < 1 0.14 ± 0.01 < 3 0.51 ± 0.26
Sm 0.037 ± 0.003 0.038 ± 0.004 4 ± 1 5.4 ± 0.43
Sr 173 ± 17 154 ± 5 < 238 130 ± 26
Ta < 0.1 NR 0.9 ± 0.1 NR
Tb < 0.0 NR 0.70 ± 0.04 0.70 ± 0.27
Th < 0.1 0.070 ± 0.008 10.0 ± 0.4 12.6 ± 5.4
U < 2 (0.028) 3.0 ± 0.2 3.3 ± 0.8
V < 0.9 (0.64) < 90 88.5 ± 14.2
W < 0.4 NR 8 ± 1 6.9 ± 0.41
Yb < 0.05 0.018 ± 0.003 2.7 ± 0.2 2.5 ± 0.2
Zn 51 ± 3 37 ± 1 4189 ± 100 3800 ± 600
Zr < 80 NR < 280 192 ± 10
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4. CONCLUSIONS

This  paper  describes  the  routine  pretreatment  procedures  applied to samples that  will  be 
analyzed by neutron activation analysis. These procedures, based on the procedures described 
in the literature, have been suitable for the elemental determinations. The results obtained in 
reference  materials  were in  good agreement  with  certified  values.  It  points  out  the  good 
accuracy of the technique.
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