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THE BRAZILIAN AMS RADIOCARBON LABORATORY (LAC-UFF) AND THE 
INTERCOMPARISON OF RESULTS WITH CENA AND UGAMS

K D Macario1,2 • P R S Gomes1 • R M Anjos1 • C Carvalho3 • R Linares1 • E Q Alves1 • 
F M Oliveira1 • M D Castro1,4 • I S Chanca1 • M F M Silveira1 • L C R Pessenda5 • L M B Moraes5 • 
T B Campos5 • A Cherkinsky6

ABSTRACT. After 22 yr of the low-level liquid scintillation counting 14C laboratory at the Center for Nuclear Energy in
Agriculture (CENA) at São Paulo University (USP), Piracicaba, Brazil, and several collaborative projects with Brazilian and
international researchers from distinct scientific areas, the first 14C accelerator mass spectrometry (AMS) laboratory in Latin
America was installed at the Physics Institute of the Universidade Federal Fluminense (UFF), Niterói, Brazil. A 250kV single
stage accelerator produced by National Electrostatics Corporation began its operation in 2012. In this work, we compare mea-
surements performed at the AMS Radiocarbon Laboratory at UFF (LAC-UFF) with those performed at CENA and the Uni-
versity of Georgia (UGAMS), Georgia, USA. All the results obtained from distinct inorganic and organic samples were in
very good agreement.

INTRODUCTION

Since the early 1970s, the Brazilian Quaternary community has progressively increased its interest
in distinct scientific areas such as archaeology, botany, geography, geology, oceanography, etc., in
order to reconstruct the paleoenvironment associated with vegetation, sea-level, and climate dynam-
ics during at least the last 50,000 yr. In addition, we are interested in characterizing climatic changes
and anthropogenic activity during the Holocene. However, the lack of radiocarbon laboratories with
a stable and lasting routine and the high costs of sample measurement at foreign laboratories pro-
voked a “scientific delay” of 1 to 2 decades for Late Quaternary environmental studies. To provide
analytical support for Brazilian scientists, a 14C laboratory was installed in 1990 at the Center for
Nuclear Energy in Agriculture (CENA), University of São Paulo, São Paulo State, Southeastern
region, using a benzene liquid scintillation counting (LSC) system. This system was tested through
2 successful intercomparisons with laboratories in Canada and USA (Pessenda et al. 1991) and with
68 other participants in the international program coordinated by the IAEA (Rozanski 1991; Pes-
senda et al. 1993).

Multidisciplinary work has been performed in the fields of archaeology, marine biology, and geo-
sciences (Santos et al. 2000, 2001; Gomes et al. 2000, 2004; Lima et al. 2002, 2003, 2004; Barbosa
JA et al. 2004; Barbosa M et al. 2004; Macario et al. 2004, 2009; Ferraz et al. 2004; Anjos et al.
2010). Previous studies have addressed the chronology of prehistoric settlements of the central-
south Brazilian coast (Lima et al. 2002, 2003, 2004; Barbosa M et al. 2004; Macario et al. 2009;
Anjos et al. 2010). In this region, there is a high density of shellmounds, intentionally built by pre-
historic populations, dated in general between 6 and 2 ka BP. The material culture recovered at these
sites includes artifacts made from shells and bones, and charcoal from hearths. In the region of Cabo

1Instituto de Física, Universidade Federal Fluminense. Av. Gal. Milton Tavares de Souza, S/N, Niterói 24210-346 RJ, Brazil.
2Corresponding author. Email: kita@if.uff.br.
3Departamento de Ciências da Natureza, Universidade do Estado do Rio de Janeiro. Rua Santa Alexandrina, 288, Rio de Jan-
eiro 20261-232 RJ, Brazil.

4Instituto Superior de Tecnologías y Ciencias Aplicadas, InSTEC, Quinta de los Molinos, Ave. Salvador Allende y Luaces,
Plaza de la Revolución, Havana, Cuba.

5CENA- USP, Avenida Centenário, 303, Piracicaba 13416-000 SP, Brazil.
6UGAMS, Center for Applied Isotope Studies, CAIS, University of Georgia, 120 Riverbend Rd., Athens, Georgia 30602,
USA.



K D Macario

326

Frio, Rio de Janeiro State, we have participated in projects in the fields of oceanography and marine
ecology, investigating the isotopic signature of waters from coastal upwelling by measuring sea-
weed samples (Ferraz et al. 2004; Gomes et al. 2004) and sedimentation rates in the offshore by dat-
ing foraminifera shells (Macario et al. 2004). In the Amazon region, charcoal from old fires in the
rainforest of the central Amazon were studied (Gomes et al. 2000; Santos et al. 2000) as well as the
correlation between mercury and carbon fluxes with fires by using samples from sediment cores
taken from a remote lake in northern Amazonia at the Pico da Neblina National Park (Santos et al.
2001; Barbosa JA et al. 2004; Gomes et al. 2004).

With the continuous expansion of paleoenvironmental interdisciplinary studies of Pleistocene and
Holocene vegetation, climate changes, and sea-level dynamics in distinct Brazilian regions (Angulo
et al. 1999; Freitas et al. 2001; Pessenda et al. 2001, 2004a,b, 2005, 2009, 2010, 2012; Sifeddine et
al. 2001; Gouveia et al. 2002; Cruz et al. 2006; Ledru et al. 2006; Saia et al. 2008; Rossetti et al.
2010; Buso et al. 2012; Cohen et al. 2012; Guimarães et al. 2012), as well as the significant presence
of a new generation of paleoresearchers, the need for additional analyses has increased. Conse-
quently, the installation of another laboratory was very important to the Brazilian Quaternary com-
munity. The first Brazilian 14C sample preparation laboratory for the AMS technique was installed
in 2009 at the Physics Institute of Universidade Federal Fluminense (Anjos et al. 2013). A single-
stage accelerator mass spectrometry (SSAMS) system produced by National Electrostatic Corpora-
tion began its operation at the Physics Institute in March 2012, completing the infrastructure of the
Radiocarbon Laboratory of UFF (LAC-UFF). The aim of this paper is to present the first results pro-
duced at the AMS 14C facility of UFF, in an intercomparison test with the laboratories of CENA and
the AMS facility at the University of Georgia’s Center for Applied Isotope Studies (CAIS)

MATERIALS AND METHODS

For the intercomparison of results, 10 different samples collected for the FAPESP (São Paulo Foun-
dation for Research Support) Thematic Project, “Paleoenviromental interdisciplinary studies in the
coastal region of Espírito Santo State,” were pretreated at CENA and divided into 2 groups. In the
first set, 5 samples of different matrices (see Table 1) were physically pretreated to remove impuri-
ties such as roots, seeds, etc. Then, organic samples were chemically treated with HCl 2–4% at 60–
80 C for 4–5 hr, washed with distilled water until pH ~5, and dried at 60 C. The shell sample was
physically and chemically (HCl 2%) treated to remove organic compounds and the secondary car-
bonate, respectively, and dried at 60 C. Each sample was replicated and measured at CENA, by
using the benzene synthesis liquid scintillation counting method (Pessenda and Camargo 1991), and
at LAC-UFF by 14C AMS. At LAC-UFF, all samples were converted to carbon dioxide. Organic
samples were combusted in quartz tubes at 900 C for 3 hr and the shell sample was hydrolyzed in
phosphoric acid.

In the second group, 5 pretreated lake sediment samples (see Table 2) were converted to CO2 at
CENA and divided into 2 tubes to be sent to both the 14C AMS Laboratory at CAIS, University of
Georgia, USA, and to LAC-UFF for graphitization and measurements.

For the third study, IAEA reference materials (C2, C5, and C6) were prepared for quality control.
The C5 wood sample was ABA (1.0M HCl and 1.0M NaOH) pretreated at 90 °C for at least 2 hr
each. The C6 sucrose samples, oxalic acid (NBS 4990c), and graphite blanks were directly com-
busted at 900 °C. For calcite blanks and C2 carbonate reference material, samples were reacted with
0.5M HCl (at 90 °C). After carbon dioxide conversion, all gas samples were cryogenically purified
in a stainless steel sample preparation line and kept under vacuum at 1.0 mTorr. Graphitization was
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performed using 30–35 mg zinc and 10–15 mg titanium hydrate, with 3–5 mg iron catalyst into
Pyrex® tubes and reacted at 520 °C for 7 hr (Xu et al. 2007). Graphite targets were measured in the
AMS (NEC 250kV SSAMS) compact system using the 1+ charge state. Typical currents were 50 A
12C1 measured at the low-energy Faraday cup. The isotopic fractionation is corrected by measuring
the 13C on-line in the accelerator. Graphite and calcite blanks yielded average 14C/13C ratios of 1.3 ×
1012 and 1.1 × 1012, respectively. Average machine background (14C/13C) was 1013 and average
precision was 0.8%. Results are expressed as radiocarbon ages (14C yr BP) normalized to a 13C of
25‰ PDB, denoted as VPDB, or percentage of modern carbon (pMC) (Stuiver and Polach 1977). 

RESULTS AND DISCUSSION

Table 1 shows the results for the first set of samples measured at CENA and LAC-UFF. Considering
the error of ±2 for all analyzed material, one can observe the very good agreement of results
obtained for all samples.

The second comparison performed was for a set of 5 CO2 samples from lake sediment prepared at
CENA and measured at UGAMS and LAC-UFF. Results are shown in Table 2. Once again, very
good agreement was achieved for all the results. This set of samples was not measured at CENA due
to the small sample quantities (<1 g C), which were not enough for liquid scintillation counting.

The third comparison was a study of IAEA reference materials at LAC-UFF. Table 3 shows the
results. Considering the error of ±2 for all analyzed material, the data obtained for the IAEA C2,
C5, and C6 samples are in agreement with the mean of results recorded by the intercomparison pro-
gram involving 69 laboratories coordinated by the IAEA (Rozanski 1991). Table 3 also shows the
values for the IAEA standards calculated at CENA and referenced to the oxalic acid SRM 4990C
since 1992. All results are in agreement with the mean values of the international intercomparison
program. The values for the UGAMS Laboratory are not presented because these standards are not
being used for the regular measurements. The laboratory is using secondary standard materials

Table 1 Results of the first set of samples.

Lab code
CEN-

CENA age
(14C yr BP) Material

LAC-UFF age
(14C yr BP)

Lab code
LACUFF-

1126 6240 ± 90 Shells 6145 ± 32 12001
1142 24,200 ± 400 Organic soil 23,625 ± 233 12002
1150 3040 ± 70 Vegetable fragments 2912 ± 26 12003
1161 5540 ± 90 Charcoal 5280 ± 42 12004
1167 30,060 ± 700 Peat 29,875 ± 261 12005

Table 2 CO2 from sediment samples produced at CENA and sent to UGAMS 
and LAC-UFF to be graphitized and measured.

LAC-UFF #
LAC-UFF age
(14C yr BP)

CAIS (UGAMS) age
(14C yr BP) UGAMS #

12006 884 ± 34 890 ± 20 11689
12007 99.59 ± 0.62a

ain pMC (percent of modern carbon).

100.09 ± 0.33a 11687
12008 1816 ± 34 1760 ± 20 11686
12009 25,755 ± 99 26,110 ± 70 11691
12010 25,579 ± 98 26,150 ± 60 11690
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NIST oxalic acid SRM 4990-C and wood FIRI (D, F). These standards have been measured rou-
tinely at the University of Georgia AMS facility since 2001. All calculations were referenced to
NIST oxalic acid SRM 4990B as the primary standard (Cherkinsky et al. 2010).

These results indicate that the AMS LAC-UFF presented very good analytical accuracy in this inter-
comparison exercise. It is therefore ready to begin routine analysis (despite improvements that will
be made in its precision) and with research programs, mainly with Brazilian and Latin American
groups in several areas of science, including geosciences, oceanography, and archaeology. 

CONCLUSIONS 

The new facility at the Universidade Federal Fluminense (LAC-UFF), Niteroi, Brazil, is the first 14C
AMS laboratory in Latin America. A 250kV single stage accelerator (SSAMS) system produced by
NEC was installed and began operation in 2012. An intercomparison of results of 10 inorganic/
organic samples between the LAC-UFF and the conventional low-level liquid scintillation counting
at CENA/USP and the AMS Laboratory (UGAMS) from the Center for Applied Isotopes Studies
(CAIS), University of Georgia, USA, show very good agreement for all data sets. IAEA reference
materials C2, C5, and C6 measured at LAC-UFF also showed agreement with the mean of results
obtained for the analyzed materials. Efforts are underway to improve the background and precision
of measurements in our SSAMS system.
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