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ABSTRACT

Foraminifera, corals and mollusks shells have been used as proxies for environmental, paleoenvironmental and
climatic change studies in marine system by using elemental and isotopic ratios as recorder of such events.
Nevertheless, there is little information available on the U and Th radionuclides decay series applied on those
fields. In this sense, the objective of this paper was to evaluate the activity concentrations of the U and Th
nuclide decay series in Crassostrea mangle shell samples as a function of the geographic location. Samples
from Sdo Paulo, Parana, Alagoas, Rio Grande do Norte and Pernambuco states were analyzed by Neutron
Activation Analysis and Gross Alpha and Beta Counting. Statistical analysis applied to the obtained results
allowed differencing samples coming from S&o Paulo from that coming from Parana.

1. INTRODUCTION

Several indicators have been employed as paleoenvironmental proxy, such as isotope ratio
analysis of C, O, N and S stable isotopes, pollen and phytolith in soil core samples [1-6],
sponge spicules, diatoms and foraminifera in sediment cores [7-13], tree growth ring in
dendrochronology [14-15], coral and limestone shells of mollusks [16-18], among others.

In paleoenvironmental studies, sclerochronology, the physical and chemical changes in the
growth of rigid structures study in the context of their formation may allow for environmental
reconstruction based on the study of the chemical composition of clam shells, since these
organisms build their carbonate parts from ions present in their environment [19]. Mollusk
shells grow in the benthic region of coastal areas and they are of particular interest since their
calcareous shells are influenced by environmental conditions of the surrounding water.

Foraminifera, corals and mollusks shells have been used as proxies for environmental,
paleoenvironmental and climatic change studies in marine system by using elemental and
isotopic ratios as recorder of such events. Nevertheless, there is little information available on
the U and Th radionuclides decay series applied on those fields. In this sense, the objective of
this work was to evaluate the activity concentrations of the U and Th nuclide decay series as
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a function of the geographic location of sample collection and verify if their activity
concentrations can be used as a proxy for environmental changes.

2. METHODOLOGY

2.1 Sampling

The shell samples from S&o Paulo state were obtained from a breeding oyster farm located in
the Cananéia City. The samples from the states of Rio Grande do Norte, Pernambuco, Parana
and Alagoas were obtained from the Zoology Museum of S&o Paulo University, were all the
samples were identified as Crassostrea mangle species.

2.2 Samples Preparation

All the samples were thoroughly washed with tap water, dried at 60°C in an oven and the
outer layer was mechanically removed until just the carbonate matrix was left. The samples
were immersed in a 4% hydrochloride acid for about 2 minutes and once more thoroughly
washed with ultrapure water, dried and sieved to a grain size of 0.150 mm.

2.3 Instrumental Neutron Activation Analysis - INAA

Approximately 100 mg of powdered samples were precisely weighted in polyethylene bags
and the irradiation time was set at 7 hours. The irradiation was performed at the IEA-R1
nuclear reactor under a neutron flux of 10* n cm™? s™. The decay time lasted 7 days for U
measurement and 14 days to Th measurement and the counting time was set at 2 hours.
Certified reference material Estuarine Sediment, SRM 1646a (ES) from National Institute of
Standards and Technology (NIST), Syenite, Table Mountain (STM) from United Sates
Geological Survey (USGS) and the standard solutions (SPEX Certiprep) pipetted on filter
paper were irradiated together with samples under the same conditions.

The gamma transition radiation measurement was performed by using an high pure
germanium detector EG & G ORTEC model GEM with 20% of efficiency and nominal
resolution of 1.9 keV for the 1332 keV gamma ray of ®°Co.

The concentrations were obtained comparing the photopeak area of the interest element in the
sample spectrum with the photopeak area of the reference material, using the following
expression (1):

Cai = (Asi M, Cyi) €47 (1)
Api Ma

Where:
C.i is the elemental concentration in the sample (in pg g™);
C,i is the elemental concentration in the standard (in pg gh);
A, is the activity from i element in the sample (in count per second);
Ani is the activity from i element in the standard (in count per second);
W, and wp, are the weights of the sample and standard (g), respectively;
A is the decay constant of the i element and,;
(ta- tp) difference of time between sample and standard counting.
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2.4 Determination of ?2Ra, ?°Ra, and %°Pb

Approximately 1.00 g of the sample, in duplicate, were dissolved in mineral acids in hot plate
with concentrated HNO; and submitted to a radiochemical procedure for the determination of
22°Ra, “®Ra and #°Pb. An initial precipitation of Ra and Pb with 3 mol L™ H,SO,, is
followed by dissolution with nitrile-tri-acetic acid at basic pH, precipitation of Ba(Ra)SO4
occurs with ammonium sulfate and precipitation of PbCrO4, with 30% sodium chromate [20].

The “*Ra and **®Ra concentration were determined by gross alpha and beta counting of the
precipitate of Ba(Ra)SO, and the ?°Pb concentration through its decay product %°Bi, by
measuring the gross beta activity of the precipitate PbCrO,4. All the radionuclides were
measured in a low background gas flow proportional detector for 200 minutes.

3. RESULTS AND DISCUTION

Uranium and thorium concentrations were below the detection limits (DT) in all the analyzed
samples. The typical DT for the neutron activation analysis in the same conditions that these
samples were analyzed are 0.1 pg g™ for U and 0.06 pg g™ for Th. Although varying
according to the species and geographical location the U concentrations in bivalves were
reported in the range of 0.04 to 0.3 pg g™ [21] and from 0.02 to 0.09 pg g™ [22].

The carbonate phase of the mollusk shell generally contain insignificant amount of 2*°Th,
reflecting the very low thorium content in the seawater from which it grew. The ***Th
measured in marine biogenic carbonate is generally attributed to detrital contamination that
may contain significant amount of this nuclide [23].

Table 1 shows the activity concentrations of *°Ra, **®Ra, and #*°Pb measured in the samples.
The activity concentration of “°Ra varies from 5.6 to 11 Bq kg™, with a mean value of 8.2 +
2 Bq kg™; “®Ra varies from 134 to 187 Bq kg™, with a mean value of 156 + 15 Bq kg™ and
the activ{ty concentration of **°Pb varies from 7.5 to 25 Bq kg™, with a mean value of 16.5 +
5Bqkg™.

It also can be verified in Table 1 that °Pb are in excess related to “°Ra in all the samples.
The radionuclide 210Pb is highly particle reactive and its residence time is very short in the
coastal waters [24]. This excess may be related to the unsupported ?°Pb due to the
atmospheric ?*’Rn decay.

Radium-228 is 15 to 25 times higher than ?*°Ra in these samples. This enrichment has already
been reported for calcified structures, such as mollusk shells [25], suggesting that the ?®Ra in
such structures may be due to uptake of 2*Th. Nevertheless, the ?*2Th activities in the present
samples were below the detection limit indicating, that the environment were the C. mangle
grew up was possible rich in particulate matter containing high ?*Th amount. These features
fit into a marine environment that receives great influence of river discharges.

Divalent cations (mainly alkaline earths) such as Sr, Ba, and Ra are incorporated into the
carbonate matrix by isomorphic substitution [26]. As it can be observed in Fig. 1 it looks to
be the case of the °Ra and #®Ra incorporation. The good agreement in the correlation
coefficient indicates that these radionuclides are taken by the same processes. On the other
hand, a different process must govern the Crassostrea mangle *°Pb uptake.
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Table 1: Activity concentration of the determined radionuclides in Bq kg™, #°Pb/*°Ra,
and *’Ra/**Ra

Sample 226Ra 210Pb 228Ra ZlOPb/ZZGRa 228Ra/226Ra

RNO1 83 + 29 14 £+ 2 175 = 4 2.3 20
ALO1 70 £ 02 16 =+ 1 163 * 2.3 23
AL0O2 11 £+ 1 18 =+ 2 160 + 9 1.6 15
PEO1 6.0 = 16 16 + 2 145 + 10 3.2 19
SPO1 56 + 0587 + 08 141 =+ 3 3.4 22
SP02 76 + 01 17 £ 1 153 = 15 1.0 17
SP0O3 75+ 03 24 £+ 1 141 = 7 1.9 16
SP04 72 + 04 25 £+ 3 160 = 3 1.3 17
SPO5 77+ 0975+ 1 134 £ 6 1.9 17
PRO1 11 + 2 21 + 2 187 = 8 1.7 21
PRO2 90 + 06 11 £ 1 157 = 2 2.7 24
PRO3 9.7 + 04 18 £ 2 165 = 2 1.6 25

Cluster analysis applied to the samples, showed in Fig. 2, resulted in two groups. A good
differentiation can be seen between the Sdo Paulo and Parana samples. Nevertheless, the
northeast samples did not present a clear pattern, possibly because of the lower number of
samples.

4. CONCLUSIONS

Samples of C. mangle shell from different regions were analyzed by INAA and total alpha
and beta counting. The results showed that the samples present low U and Th concentrations,
below the detection limit, and low content of *°Ra. The observed excess of “*°Pb must be
related to the enrichment of this nuclide in the coastal water where these mollusks grow due
to ’Rn decay, as well as, the enrichment in ?’Ra must be related to the #*Th adsorbed in the
suspended particulate matter. Statistical analysis just permitted differentiates samples coming
from S&o Paulo of that coming from Parana. The results indicate that with further analysis of
a higher number of samples from the studied regions will possibly allow determining their
provenance with a better precision.

Parand and Sdo Paulo samples are characterized by higher #°Ra content and lower
219pp/22°Ra and *®Ra/**°Ra ratios.
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Figure 1: Correlation coefficient a) °Ra and ?*Ra and b) *°Ra and *°Pb.
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Figure 2: Cluster analysis applied to the samples.
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