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Abstract: Sequential extraction, based on the method developed by the European Community Bureau of Reference, was performed 
to determine the mobile fractions of trace elements in sediments from Admiralty Bay, Antarctica. Except for As that is not certi� ed, 
the quality of the data was found to be satisfactory for analysis as certi� ed reference material, BCR-701, with recovery values for Cu, 
Ni, Pb and Zn, ranging from 90-115%. Zn and Ni were mainly found in the residual fraction, re� ecting their natural contribution 
in the bay. As, Cu and Pb exhibited high potential mobility, above 60%, for most of the samples. Despite Pb contents being found 
mainly in the extractable fraction, its concentrations (ranging from 4.5 to 8.3 mg kg–1) were well below the � reshold E� ect Levels. 
In general, As and Cu mobile contents were higher than the sediment quality values, according to the Canadian Environmental 
Guidelines, which indicates that adverse biological e� ects to aquatic organisms can occur. However, since disturbances in Admiralty 
Bay are seldom observed, it can be inferred that As and Cu are preferably bound to the organic matter. Otherwise, this study 
presents the data set regarding sediments collected before the accident that happened in Ferraz Station in February of 2012. � at 
singular event may have caused a relevant increase of available contents of the trace elements in the local aquatic system. � us, 
valuable information is being provided for the future environmental monitoring, control and mitigation of arsenic and metal 
contamination in sediments from Antarctica.
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Introduction
Anthropogenic trace-element contamination in aquatic 
systems can affect the diversity of benthic organisms 
(Stark et al., 2003). � e intake body of contaminant includes 
three di� erent paths, such as pore water intake or, only, 
sediment intake (Simpson et al., 2005).

According to Sundaray  et  al. (2011), there is no 
correlation between the total concentration and the 
elemental toxicity. Otherwise, the chemical form and 
mobility are the principal parameters to assess the elemental 
toxicity in the environment. Hence, the ability to identify 
the chemical forms of elements in marine and freshwater 

sediments is very important to environmental monitoring 
studies.

� erea� er, sequential extraction techniques have been 
used as an alternative to evaluate the history of elemental 
input, digenetic transformation within the sediments and 
the reactivity of trace-element species of both natural and 
anthropogenic sources (Passos et al., 2010; Sundaray et al., 
2011).

Despite the importance of the Antarctic Continent 
to local and global environmental changes, the scienti� c 
studies regarding mobility of metals in sediments are 
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still scarce (Cosma  et  al., 1994; Dalla Riva  et  al., 2004; 
Ianni et al., 2010). In fact, literature concerning Antarctic 
marine sediments focus mostly on total metal content 
(Negri et al., 2006; Santos et al., 2007), pseudo total content, 
using a mixture of strong acids, such as aqua regia (1 HNO3 : 
3 HCl v/v), or on extractable content by dilute acid, in most 
cases to HCl (Cosma et al., 1994; Dalla Riva et al., 2004)

� e aim of this work is to contribute to the knowledge 
on Antarctic geochemistry regarding metals (Cu, Ni, Pb and 
Zn) and arsenic availability to interact to benthic organism 
in the aquatic systems. � us, a sequential extraction was 
performed according to the procedure recommended by 
the Standards, Measurements and Testing programme of 
the European Union, SM& T, so-called BCR, (Pueyo et al., 
2001) in sediments from four sampling sites in Admiralty 
Bay, Antarctica.

Materials and Methods

Sampling
Eight short sediment cores, with depth of 10 cm, were 
collected in Admiralty Bay, along the Martel (sampling 
sites: Ferraz, Botany Point and Ullman Point) and Mackellar 
Inlets (sampling site: Refúgio) during the 28th Brazilian 
Antarctic Expedition in the 2009/2010 austral summer. 
To obtain undisturbed samples, the cores were sliced in 
0-2, 2-6 and 6-10 cm, using a stainless steel spatula, and 
the sediment samples were freeze-dried, further, they were 
carefully homogenized in mortar and stored in polyethylene 
bags until chemical analysis at LaQIMar (Marine Inorganic 
Chemistry Laboratory), located at the Oceanographic 
Institute of the University of São Paulo (Brazil). 

Analytical procedures
Inductively coupled plasma atomic emission spectrometer 
(ICP OES) was the analytical technique used to measure 
the levels of arsenic and metals in the sediment samples. 
� e methodology for determining the fractionation of 
trace elements was the three step protocol proposed by the 
Standards, Measurements and Testing programme (SM & 
T, formerly BCR) of the European Community Bureau of 
Reference . BCR procedure consists of the following stages, 
respectively: STEP 1 (S1) – exchangeable and bound to 
carbonate (acid-labile fraction); STEP 2 (S2) – bound to 

Fe and Mn oxides and hydroxides (reducible fraction); 
STEP 3 (S3) – bound to organic and matter sulphides 
(oxidizable fraction). � e content of residual stage (STEP 
4 – S4) was obtained from the di� erence between the total 
concentration of the elements, which was obtained by aqua 
regia digestion and the sum of stages 1, 2 and 3. Pueyo et al. 
(2001) describe the details of the BCR procedure. 

Results 
Except for As that is not certi� ed, accuracy of the method 
was checked by analysis of six replicates of certi� ed sediment 
reference material (BCR-701, European Community Bureau 
of Reference). For each extraction step, the experimental 
concentration of each metal was compared with the 
reference value, and the recovery calculated as the ratio (%) 
between measured and certi� ed values. � e quality data 
was found to be satisfactory with recovery values for Cu, 
Ni, Pb and Zn ranging from 93-113%, 109-113%, 93-111% 
and 90-115%, respectively.

Figures 1 and 2 show the mobile fractions (%) and the 
concentrations (mg kg–1) for the sum of the steps (∑ S1; S2; 
S3). � e elements presented the same behavior, i.e. their 
mobile fractions were in same order of magnitude, in each 
sampling site. � erefore, only the results for Ferraz and 
Refúgio are shown (Figures 1 and 2). 

Ni and Zn extraction were constant (their mobile levels, 
for the most sediment samples, were lower than 70 and 40%, 
respectively). � e mobile fraction of As was higher than 
70% and Cu was above 60%. � e highest Pb total content 
was 8.3 mg kg–1.

Discussion
According to the Canadian Sediment Quality Guidelines 
(CCME, 1999), Zn total contents were well lower than the 
� reshold E� ect Levels (TEL), indicating its lithogenic 
origins and limited potential bioavailabilities.

The Canadian guidelines suggest two sediment 
quality assessments to de� ne three ranges of chemical 
concentrations, those that are rarely, occasionally, and 
frequently associated with adverse biological effects. 
TEL is the upper limit of the range of sediment chemical 
concentrations that is dominated by no-e� ect data entries 
and PEL (Probable E� ect Level) is the range above which 
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adverse biological e� ects are usually observed. Accordingly, 
for As, Cu, Pb and Zn the respectively target values, 
in mg kg-1 were established: TEL – 5.9; 35.7; 35 e 123 and 
PEL – 17; 197; 91.3 e 315.

Pb availability was mainly found in S2, suggesting the 
metal is bound to Fe-Mn oxides and can be released under 
anaerobic conditions. However, likewise Zn, Pb levels 

in sediments do not o� er a negative risk to the aquatic 
organism in Admiralty Bay. Indeed, As and Cu levels were 
between TEL and PEL targets, indicating that adverse 
biological e� ects to aquatic organisms can be observed. 
Otherwise, As and Cu were mainly bound to the oxidizable 
fraction that is not considered to be mobile and bioavailable, 
but may be made mobilized by decomposition processes 
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Figure 1. Trace element mobile fractions, (a) in (%) and (b) in mg kg–1, for Ferraz Station.
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may have caused a significant antropoghenic input of 
chemical compounds into Admiralty Bay. Accordingly, the 
present study will provide substantial information to the 
future recovery works in the Antarctic landscape.
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Figure 2. Trace element mobile fractions, in (a) in (%) and (b) in mg kg–1, for Refúgio.
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