
METROLOGIA 2003 – Metrology for the Quality of Life 
Brazilian Society for Metrology (SBM) 

September 01−05, 2003, Recife, Pernambuco - BRAZIL 
 

CANDIDATE COFFEE REFERENCE MATERIAL FOR ELEMENT CONTENT: 
PRODUCTION AND CERTIFICATION SCHEME ADOPTED AT CENA/USP 

 
Fábio Sileno Tagliaferro1, Elisabete A. De Nadai Fernandes1, Peter Bode2,  

Márcio Arruda Bacchi1, Elvis Joacir de França1 

 
1Laboratório de Radioisótopos (LRi), Centro de Energia Nuclear na Agricultura (CENA),  

Universidade de São Paulo (USP) 
 

2Interfaculty Reactor Institute, Delft University of Technology (IRI/TUDelft) 
 
Abstract:  Certified reference materials (CRMs) play a 
fundamental role in analytical chemistry establishing the 
traceability of measurement results and assuring accuracy 
and reliability. In spite of the huge importance of 
measurements in the food sector, Brazil does not produce 
CRMs to supply the demand. Consequently the acquisition 
of CRMs depends on imports at high costs. The coffee 
sector needs CRMs, however there is no material that 
represents the coffee composition. Since 1998, the 
Laboratório de Radioisótopos (LRi) of CENA/USP has been 
involved in analysis of coffee. During this period, 
knowledge has been accumulated about several aspects of 
coffee, such as system of cultivation, elemental 
composition, homogeneity of the material, possible 
contaminants and physical properties of beans. 
Concomitantly, LRi has concentrated efforts in the field of 
metrology in chemistry, and now all this expertise is being 
used as the basis for the production of a coffee certified 
reference material (CRM) for inorganic element content. 
The scheme developed for the preparation and certification 
of coffee RM relies on the ISO Guides 34 and 35. The 
approaches for selection, collection and preparation of the 
material, moisture determination method, homogeneity 
testing, certification and long-term stability testing are 
discussed and a time frame for the expected 
accomplishments is provided. 
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1. INTRODUCTION 

The worldwide importance of the coffee sector is 
uncontestable. The global exports have fluctuated around 
USD 10 billion and the retail sales around USD 50 billion 
per year. Brazil has been the world’s leading coffee 
producer for more than a century with a market share of 
33%, which represents USD 1.4 billion. Besides the 
economical importance, coffee is consumed worldwide, 
which justifies studies related to food safety, including the 
control of levels of toxic and essential elements.  

A certified reference material allows establishing the 
traceability of measurement results and assuring accuracy 

and reliability, thereby its high importance for 
measurements in the food sector. However, Brazil does not 
produce biological CRMs to supply the demand. 
Consequently the acquisition depends on imports from 
producing countries at high costs. 

A coffee CRM is also highly demanded to investigate coffee 
authenticity. Coffee quotations vary according to species 
(Arabica or Robusta), origin (e.g. Hawaiian Kona, Jamaican 
Blue Mountain, Brazilian Café do Cerrado) and system of 
production (organic or conventional). Nevertheless, the 
correct identification of each sort of coffee is not an easy 
task and fraud may happen. Studies have demonstrated that 
the elemental composition of coffee beans can discriminate 
Arabica from Robusta [1], country of origin [2] and organic 
from conventional system of cultivation [3]. However, the 
CRMs available in the market are largely insufficient to 
cover the demands in terms of analyte-matrix 
combination [4]. In fact, there is no material for inorganic 
analysis that represents the coffee composition, emphasizing 
the need for the production of a coffee CRM. 

This article gives an overview on the preparation and 
certification scheme for the production of a coffee CRM for 
inorganic element content developed at CENA/USP. 

2. BACKGROUND 

Since 1998 the LRi/CENA/USP has been analysing and 
studying coffee. Preliminary evaluations using instrumental 
neutron activation analysis (INAA) focused on the 
quantification of Br, Ca, Co, Cs, Fe, K, Na, Rb, Sc and Zn in 
commercial Brazilian roasted and ground coffees [5]. The 
next step aimed at the evaluation of green coffee, which is 
the way the commodity is chiefly exported. An assessment 
of the homogeneity of the material and a study of sampling 
representativeness were carried out [6] for the same 
elements previously quantified. Organically cultivated 
coffees were compared to conventional ones with respect to 
Al, Ba, Br, Ca, Cl, Co, Cs, Cu, Fe, K, Mg, Mn, Na, Rb, S, 
Sc and Zn. The statistical techniques data mining and 
knowledge data discovery (KDD) were applied in an 
attempt to establish fingerprints of organically grown 
coffees. Although the research included coffees from only 



one site and harvest, the results indicated a positive 
perspective for the use of elemental composition for the 
discrimination of organic from conventional coffees [3,7].  

Several coffee samples showed enhanced levels of the 
terrigenous elements Al, Fe, Eu, La, Sc, Sm, Th and V. A 
thorough investigation allowed to conclude that, depending 
on the type of harvest employed, the coffee beans could be 
contaminated with soil. The amount of soil was then 
quantified on basis of Sc content and loadings of up to 12 g 
of soil per kg of coffee beans were found [7]. This amount 
of soil can carry, for instance, more than 95% of the total Al, 
Fe, Sc and V content in a contaminated sample. The 
presence of soil in a coffee reference material is strongly 
undesirable, since it may cause problems of homogeneity 
and dissolution of samples. 

Increasing knowledge has been gained about other aspects 
of coffee, like system of cultivation, possible contaminants 
and physical properties of beans. It was also compiled a data 
bank including several coffee producers willing to 
contribute with coffee material from controlled origin. 

Last, but not least, the LRi implemented a quality system in 
compliance with NBR ISO/IEC 17025 for its INAA and 
gamma-ray spectroscopic measurements. In 2001 the 
laboratory received the recognition of the International 
Atomic Energy Agency (IAEA) for complying with 87% of 
management and 94% of technical requirements of 
ISO/IEC 17025. 

3. PRODUCTION AND CERTIFICATION DESIGN 

All the steps planned for the production and certification of 
the coffee reference material followed the ISO Guides 34 
and 35, and were developed considering the expertise of the 
LRi in the field of coffee analysis, as mentioned in section 2. 
The approaches for selection, preparation and bottling, 
moisture determination, homogeneity assessment, 
certification, stability tests and expected time frame are 
described as follow. 

3.1. Selection, preparation and bottling 

The site selected for the collection of the material is located 
in Minas Gerais state, Brazil, and has been cultivated by the 
organic system according to the International Federation of 
Organic Agriculture Movements (IFOAM) guidelines. In 
this cultivation system it is not allowed the use of 
agrochemicals, like pesticides and fertilizers, which 
minimizes the contamination with heavy metals and organic 
compounds. The coffee beans were already collected and 
came from only one field and harvest time. The harvested 
cherries were dried and processed following usual 
agricultural procedures adopted in the Brazilian farming [8].  

Afterwards the coffee beans obtained will be oven dried at 
60ºC in order to facilitate the grinding, to be performed in an 
iron-free Rotor-Mill coupled to a particle size classifier. The 
final particle size is intended to be smaller than 80 µm. The 
homogenisation of the material will be carried out in a 
polyethylene drum, which will be rotated in three directions 
for three days. Prior to bottling a preliminary homogeneity 

testing will be carried out collecting 10 subsamples of 
approximately 500 mg of the coffee powder and analysing 
by INAA. If the test indicates heterogeneity then the 
homogenisation process must be performed again until the 
test reveals that the material is sufficiently homogeneous. 
The bottling will be accomplished filling brown coloured 
glass containers with 100 g (future CRM) and 15 g 
(certification) alternately. After closing the containers with a 
polyethylene insert and a screw-on cap, the material will be 
irradiated with gamma ray of 60Co (about 25 kGy) in order 
to eliminate the presence of microorganisms and provide 
long-term stability. It is expected to obtain about 500 bottles 
for each size (100 g and 15g).  

3.2. Moisture determination 

An inappropriate drying method may account for errors of a 
few percent in the final value, which means that the method 
should be well defined and easily achievable in every 
laboratory [9]. It is important to take into account the 
kinetics of water desorption, since the moisture content in a 
given sample depends on the environmental humidity, 
which can vary with geographic region, season, room 
conditions, etc. Therefore, the ideal procedure for moisture 
determination will be obtained establishing desorption 
curves for several temperatures (80, 85, 90, 100 and 105ºC), 
with and without stabilization in desiccators. The 
temperature vs time combination will be the one that shows 
a plateau in the mass loss without signs of material 
decomposition. 

3.3. Homogeneity assessment 

The homogeneity, defined as the degree to which a property 
or substance is randomly distributed throughout a material 
[10], is one of the main requirements of CRMs. Natural 
matrices are usually microscopically inhomogeneous, 
making necessary grinding, sieving and mixing steps so that 
each subsample has a sufficient number of individual 
particles to represent the whole batch [9]. With this in mind, 
the minimum mass required to assure the homogeneity will 
be established. The elements Br, Ca, Co, Cs, Fe, K, Na, Rb, 
Sc and Zn will be determined by INAA. This analytical 
technique is indicated for studies of homogeneity 
assessment due to its high repeatability and good detection 
limits, besides minimum or absence of blank interference 
[11,12]. The between-bottle homogeneity test will be carried 
out randomly selecting 20 bottles. Out of these 20 bottles, 
three will be selected for the within-bottle homogeneity test, 
withdrawing 10 subsamples each. The analytical portions 
will start at 100 mg, being used greater masses if the results 
point out an inhomogeneous material. The decision about 
the homogeneity of the material will be made on basis of the 
variances of the determinations, which should be compared 
by Fisher’s test (F-test).  

3.4. Certification 

The certification step can be defined as the assignment of 
elemental content values, which approximates as close as 
possible to the “true value”, together with uncertainty limits. 
Generally, two approaches can be followed for the 



characterization of a RM: statistical and measurement. The 
statistical approach focus on statistical calculations applied 
to analytical results from diverse exercises, frequently 
scattered and disagreeing. The measurement approach, on 
the other hand, emphasizes the analytical measurement 
capability, dealing more in detail with different analytical 
possibilities in order to produce a consistent dataset before 
employing the necessary statistical calculations [13]. The 
measurement-based approach is adopted at LRi, which 
follows the philosophy that, although very important, the 
statistical treatment should never predominate over chemical 
knowledge and judgment. The chosen procedure relies on 
the ISO Guide 35 and can be classified as “measurement by 
a network of qualified laboratories using one or more 
methods of demonstrated accuracy”. At least three 
independent reference and/or validated methods must be 
used from invited laboratories, carefully selected on basis of 
demonstrated capability for production of accurate results. 
Table 1 shows the possible methods to be used for the 
certification and the elements that can be determined. 

3.5. Stability tests 

Stability is an essential requirement for CRMs, which makes 
the stability test crucial for the certification process. It is 
expected that CRMs have a long shelf life, resisting against 
degradation. For this reason, stability tests should cover a 

long period, assessing samples stored at several 
temperatures and pre-determined intervals. Two tests will be 
carried out: 

a) short duration, high temperature: the goal of this test is 
to evaluate the stability of the material in transportation 
conditions. Ten bottles will be randomly chosen and 
submitted to a temperature of 37ºC and relative humidity 
close to 100% during 6 weeks. After this period samples 
will be withdrawn from the bottles and analysed by INAA. 
The results will be compared to values obtained during the 
certification process. 

b) long-term, storage temperature: this test must be 
performed in order to monitor the material stability under 
storage conditions. For the year after bottling, 5 bottles will 
be sampled at intervals of three months. After the second 
year, the same procedure should be applied at intervals of 
six months until the validity of the CRM is considered 
expired. Analysis results will be evaluated using control 
charts and trends (if occur) by regression analysis. 

3.6. Time frame 

A planned time frame for the production of the coffee 
reference material is presented in Figure 1. As can be seen, 
the site selection and the collection of the material were 
already concluded and the preparation steps are on the way. 
 

Table 1. Methods frequently used for the certification of RMs for element content 

Analytical method Elements determined 
Atomic Absorption Spectrometry (AAS)  

Flame AAS (FAAS) Al, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sr, V, Zn 

Electrothermal AAS (ETAAS) Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, Pb, Mo, Sb, Se, V, Zn 

Hydride generation AAS (HGAAS) As, Sb, Se 

  

Atomic Emission Spectrometry (AES)  

Flame AES (FAES) Ca, K, Na, Rb, Sr 

Inductively coupled plasma AES (ICP-AES) Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Se, Si, 
Sr, Ti, V, Y, Zn, Zr 

Hydride generation ICP-AES (HGICPAES) As, Hg, Sb, Se 

  

Atomic Fluorescence Spectrometry (AFS)  

Cold vapor AFS (CVAFS) Hg 

  

Mass Spectrometry (MS)  

Isotope dilution MS (IDMS) Ag, Ba, Ca, Cd, Cr, Cu, Fe, Hg, K, Pb, Mg, Mn, Na, Ni, Pb, Rb, S, Se, Tl, Zn 

Inductively coupled plasma MS (ICP-MS) Al, As, B, Ba, Ca, Cd, Cl, Co, Cr, Cu, Fe, Hg, I, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Se, Sr, Zn 

  

Neutron Activation Analysis (NAA)  

Instrumental NAA (INAA) - thermal, epithermal 
and prompt γ techniques 

Al, As, Au, B, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Eu, Fe, Ge, Hf, Hg, I, In, K, la, Lu, Mg, 
Mn, Mo, Na, Ni, P, Rb, Sb, Sc, Se, Sm, Sr, Ta, Tb, Th, Ti, U, V, W, Yb, Zn, Zr 

NAA with radiochemical separation (RNAA) As, Cd, Cl, Co, Cr, Cu, Fe, Hg, I, Mn, Mo, P, Sb, Se, V, Zn 

  

X-ray emission  

X-ray fluorescence (XRF) As, Br, Ca, Cd, Cu, Fe, K, Mn, Mo, Ni, Pb, Rb, Se, Sr, Ti, Zn 
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Fig. 1. Timetable of the activities for the production of the coffee CRM  
 

4. CONCLUSION 

In last years the LRi/CENA/USP has dedicated efforts to the 
field of metrology in analytical chemistry, which allowed 
developing knowledge and competence. Now, this expertise 
is being used to produce a Brazilian coffee CRM filling an 
important gap observed in the country for biological matrix 
CRMs. The coffee CRM for inorganic element content is 
expected to be delivered by the end of 2005. 

ACKNOWLEDGEMENTS 

The authors wish to thank the financial support supplied by 
CNPq, FAPESP and FNDCT/Verde Amarelo. 

REFERENCES 
[1] V. Krivan, P. Barth, A.F. Morales, “Multielement analysis of 

green coffee and its possible use for the determination of 
origin”, Mikrochim. Acta, vol. 110, pp. 217-236, 1993. 

[2] M.J. Martín, F. Pablos, A.G. González, “Characterization of 
green coffee varieties according to their metal content”, Anal. 
Chim. Acta, vol 358, pp. 177-183, 1998. 

[3] E.A.N. Fernandes, F.S. Tagliaferro, A. Azevedo-Filho, P. 
Bode, “Organic coffee discrimination with INAA and data 
mining/KDD techniques: new perspectives for coffee trade”, 
Accred. Qual. Assur., vol. 7, pp. 378-387, 2002. 

[4] S. Caroli, G. Forte, M. Alessandrelli, R. Cresti, M. Spagnoli, 
S. D’Ilio, J. Pauwels, G. N. Kramer, “A pilot study for the 
production of a certified reference material for trace elements 
in honey”, Microchem. J., vol 67, pp. 227-233, 2000. 

[5] F.S. Tagliaferro, E.A.N. Fernandes, E.J. Franca, “Elemental 
composition of commercial Brazilian coffee using neutron 
activation analysis”, in: Proceedings of the 3rd International 
Conference on Isotopes, Vancouver, pp. 277-279, 2000. 

[6] F.S. Tagliaferro, E.A.N. Fernandes, P. Bode, “Sample size 
optimization for multielemental analysis of Brazilian green 
coffe”, in: Proceedings of the 2nd Interamerican Congress on 
Metrology in Chemistry, São Paulo, pp. 655-662, 2000. 

[7] F.S. Tagliaferro, “Metrologia em Química: estudo da 
qualidade de cafés brasileiros”, PhD Thesis, Piracicaba SP, 
2003. 

[8] J.B. Mattiello, R. Santinato, A.W.R. Gracia, S.R. Almeida, 
D.R. Fernandes, “Cultura de café no Brasil”, 
MAPA/PROCAFÉ, Rio de Janeiro, 2002. 

[9] R. Dybczyński, “Preparation and use of reference materials 
for quality assurance in inorganic trace analysis”, Food Addit. 
Contam., vol.19, no. 10, pp. 928-938, 2002. 

[10] B. Kratochvil, D. Wallace, J.K. Taylor, “Sampling for 
chemical analysis”, Anal. Chem., vol. 56, pp. 113R-129R, 
1984. 

[11] T. Weizhi, N. Bangfa, W. Pingsheng, N. Huiling, “Suitability 
of NAA for certification of reference materials for 
multielements”, J. Radioanal. Nucl. Chem., vol. 245, pp. 51-
56, 2000. 

[12] P. De Regge, K. Burns, M. Campbell, M. Makarewicz, A. 
Markowicz, M. Mattiuzzi, A. Tajani, A. Toervenyi, E. Zeiller, 
“The Complementary use of radioanalytical methods and trace 
analysis methods for the characterisation of environmental 
IAEA reference materials”, J. Radioanal. Nucl. Chem., vol. 
248, pp. 217-225, 2001. 

[13] M. Stoeppler, W.R. Wolf, P.J. Jenks, “Reference materials for 
chemical analysis”, Wiley-VCH, Weinheim, 2001. 

Authors:  

Dr. Fábio Sileno Tagliaferro. Laboratório de Radioisótopos, Centro 
de Energia Nuclear na Agricultura, Universidade de São Paulo. Av. 
Centenário, 303, PO Box 96, 13400-970, Piracicaba-SP, Brazil. 
Phone +55 (19) 3429 4658, Fax +55 (19) 3429 4654, e-mail: 
fabiotag@cena.usp.br. 

Prof. Dr. Elisabete A. De Nadai Fernandes. Laboratório de 
Radioisótopos, Centro de Energia Nuclear na Agricultura, 
Universidade de São Paulo. Av. Centenário, 303, PO Box 96, 
13400-970, Piracicaba-SP, Brazil. Phone +55 (19) 3429 4655, Fax 
+55 (19) 3429 4654, e-mail: lis@cena.usp.br. 

Prof. Dr. Peter Bode. Interfaculty Reactor Institute, Delft 
University of Technology, Mekelweg 15, 2629JB, Delft, The 
Netherlands. Phone +31 15 278 3530, Fax +31 15 278 3906, 
e-mail: P.Bode@iri.tudelft.nl. 

Dr. Márcio Arruda Bacchi. Laboratório de Radioisótopos, Centro 
de Energia Nuclear na Agricultura, Universidade de São Paulo. Av. 
Centenário, 303, PO Box 96, 13400-970, Piracicaba-SP, Brazil. 
Phone +55 (19) 3429 4658, Fax +55 (19) 3429 4654, e-mail: 
mabacchi@cena.usp.br. 

PhD. Student Elvis Joacir de França. Laboratório de Radioisótopos, 
Centro de Energia Nuclear na Agricultura, Universidade de São 
Paulo. Av. Centenário, 303, PO Box 96, 13400-970, Piracicaba-SP, 
Brazil. Phone +55 (19) 3429 4658, Fax +55 (19) 3429 4654, 
e-mail: ejfranca@cena.usp.br. 

1st SEM 2nd SEM 1st SEM 2nd SEM 1st SEM 2nd SEM 

Site selection                    

Collection of material                   

Preparation and bottling                   

Preliminary homogeneity testing                   

Moisture determination                   

Principal homogeneity testing                   

Final characterization / certification                   

Stability tests                   

 


