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ABSTRACT

The objective of the present study was to evalusgnesium and manganese concentratior®eima perna
mussels by applying instrumental neutron activaaoalysis (INAA). The mussels were collected sealbpn
from September 2008 to July 2009 at Cocanha Beachei city of Caraguatatuba (clean region), antivat
sites in Santos Bay (Ponta de ltaipu and Palmand}l The mussel samples were cleaned, grinded,
homogeneized, lyophilized and then analyzed by INAAe INAA procedure consisted in the irradiatidrihe
samples and synthetic elemental standards for iider a thermal neutron flux of 6.6 x*1® cm? s* in the
nuclear research reactor of IPEN-CNEN/SP. The measents of the gamma radioactivity of the sampiesb a
standards were carried out using a hyperpure sahimor Ge detector, coupled to Digital Spectraalgmper.
The elemental concentrations were calculated byctimaparative method. For quality control of ana&igti
results, certified reference materials NIST SRMab®yster Tissue and NRC DORM-2 Dogfish Muscle were
analyzed and their results indicated good accurahg. element concentrations in mussels on dry rhass
varied from 2734 + 205 to 5138 + 507 mg'kigr Mg and from 7.35 + 0.57 to 29.06 + 3.35 mg‘Kgr Mn. The
results obtained in mussel analysis indicated ttiatsamples collected in Itaipu in the winter segsesented
higher accumulation of Mg than the other sites. Wbr, the highest concentrations were obtained ffier t
mussels collected in Palmas in summer time.

1. INTRODUCTION

Marine ecosystems are considered as fragile antekalble environments, since they have
been suffering impacts from human activities suxlfasewage release from urban areas and
runoff from many organic and inorganic productsvirmmdustrial and agricultural activities.
Besides, maritime ship transport can be also hespansible for accidental releases of
petroleum and its derivatives, fuels and othergpanted products [1]. Consequently, the
aguatic ecosystems can lose their natural chaistatsrand their biological diversity.



Within this context, one of the approaches to as#®s concentrations of toxic substances in
seawater is the biomonitoring by using differené@ps of bivalves, such as the mussels
recognized as being as good biomonitors by sevesakrchers [2-4].

Mussels are common marine mollusks found in moast areas and estuaries in a wide
range of latitudes. They have been used as semtigahisms for measuring contaminants
and comparing concentrations of radionuclides, heaetals and organic contaminants in
marine environments [5].

In this study, the concentrations of Mg and Mn wevaluated irPerna pernamussels from
the coast of the S&o Paulo State and this specatei of the most consumed by the Brazilian
population [6] due to its abundance and wide diastion throughout Brazilian coast.
Moreover this species has proven to be very effed¢tor assessment of pollution [7].

The method of passive biomonitoring adopted in wWosk, consists of collecting the mussels
from their natural habitat of Santos Estuarine &wstin order to evaluate the element
accumulation in their tissues. Nowadays, the SaBgigarine System is considered one of
the most critical areas in the Sdo Paulo Stateglation to the degradation level of the

different compartments [8] as a resulting of higinsity of human population, of industrial

development and the intense dock activities [9].

The present study aims to evaluate magnesium anganase concentrationsRerna perna
mussels collected in the four seasons of the yetra region of the marine coast of the State
of S&o Paulo by applying instrumental neutron atibn analysis (INAA).

2. EXPERIMENTAL
2.1. Study area
The study area is located in the region of the tcofshe State of Sdo Paulo within the

geographical coordinates, B8’ — 2339’ S and 4830’ — 4525’ W. Figure 1 presents the
map of the studied region with the sampling siteSacanha Beach, Itaipu and Palmas.
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Figure 1. Study area located at coast of the Staté S&o Paulo.
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In this map, the Cocanha Beach located in Caragumtas considered as a reference site and
two sites of Ponta de Itaipu and Palmas Islandant@& Bay that is close to the areas of
industrial emission, ships and boat circulation dachestic discharges.

2.2. Collection and preparation of samples dPerna perna mussel

The mussels were collected seasonally from Septe2df¥ to July 2009 in the coast of the
State of Sado Paulo in the sites: Cocanha Beacbrérmefe site), Ponta de Itaipu and Palmas
Island. The collection was performed in close dmilation with the Oceanographic Institute
of Sdo Paulo University, I0-USP. The organisms wefefor about three hours in tanks
containing seawater and with aeration, for themowery [10]. In the sample preparation for
the analyses, the mussel tissues were detachedtf®mhells and afterwards ground and
homogenized in a blender with titanium blades. Afktee homogenization, the samples were
placed in plastic containers, weighed and thenemoZor further freeze-drying in a Thermo
Electron Corporation lyophilizer, Model Modulyo D145, during a period of 48 hours, at
temperature of -5Z and pressure of 74 pbar. The dried samples wexend in an agate
mortar and sieved through a 100 mesh polyesteeslkénally, the samples in powder form
were stored in plastic containers, identified amgbtkin a freezer until the analyses. The
residual moistures of these lyophilized mussel dasnpere also determined, by drying an
aliquot of each sample in an oven, for 24 hou5aC. The mean percentages of water loss,
after lyophilization and drying in the oven weretloé order of 80% and 7.3%, respectively.

2.3. Analysis of certified reference materials

In order to evaluate the quality of the analyticedults, the reference materials NIST SRM
1566b Oyster Tissue and NRC DORM-2 Dogfish Muscbgenanalyzed [11-12]. To express
the results in a dry weight basis, the humiditysl@gs determined, by drying an aliquot of
the material at 85C for 24 hours. In this determination, the hunyiditsses were of 3.9% for
NIST SRM 1566b Oyster Tissue and 8.3% for NRC DORMegfish Muscle.

2.4. Preparation of the synthetic standards of Mgnd Mn

For the preparation of the synthetic standards gf and Mn, standard solutions of these
elements, certified bppex CertiPrep EUAvere used. For the preparation of the synthetic
standard of Mn, a diluted solution of this elemefith a concentration of 79.84 nug mlwas
prepared from the stock solution. One hundred pthefsolution of Mg (9979 mg1) and
fifty uL of the diluted solution of Mn were pipetteseparately onto sheets of Whatm&d®
filter paper, which were left inside a desiccator drying, at room temperature. Afterwards,
these sheets were folded and placed in polyethybags. The polyethylene used to obtain
the bags was previously washed with a diluted swmiuof nitric acid p.a. and them with
deionized water. The masses of Mg and Mn in theéhgyic standards were of 997.9 ug and
3.992 ug, respectively.

2.5. Procedure for instrumental neutron activationanalysis (INAA)

The procedure for INAA consisted of irradiating abd80 mg of each mussel sample and
the reference material together with the synthgtitmdards of Mg and Mn in the IEA - R1
nuclear research reactor through pneumatic trarsfstem. The samples and respective
standards were submitted to a short irradiatiothénreactor, under a thermal neutron flux of
6.6 x 13° n cm? s*, during a period of 10 s. After two different dgqaeriods, of 5 and 90
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minutes, the measurements of the gamma radiogctivéire carried out, using a model
GC2018 semiconductor hyperpure Ge detector coupbedSA-1000 Digital Spectral
Analyzer, both from Canberra. For spectral dataustiipn and processing, the Genie 2000
software from Canberra was used. For spectralataaisition and processing, were used the
Genie 2000 version 3.1 software from Canberra. €kperimental conditions for the
measurements are presented in Table 1. The eleventnd Mn in mussel samples and
reference materials were calculated by the comiparatethod [13].

Table 1. Experimental conditions used for counting|.

Decay Time | Counting Time | Radioisotope , Gamma Ray

Elements (min) (s) Measured Half Life Energy (keV)
Mg 2 300 *"Mg 9.46 min | 843.8;1014.4
Mn 90 600 >Mn 258h | 846.8;1810.7

2.5. Statistical analysis
The seasonal and spatial variations of the Mg anccéhcentrations obtained were evaluated
by one-way analysis of variance (ANOVA) and Tukegtt[14] using Origin software
version 7.5.

3. RESULTS AND DISCUSSION
3.1. Analysis of certified reference materials
Table 2 presents the results of Mg and Mn conceotrs, obtained in the analyses of

certified reference materials NIST SRM 1566b Oy3tssue and NRC DORM - 2 Dogfish
Muscle together with the certified values for comgen.

Table 2. Concentrations of Mg and Mn (in mg k&) obtained in the analysis of certified
reference materials.

Elements NIST SRM 1566b Oyster Tissue _
Mean + SO (n°) | RSDF, % | EFf, % | Z—score Certified Value
Mg 1068.5 £+ 62.3 (5 5.83 1.52 -0.25 1085.0 = 23.0
Mn 17.7 £ 0.9 (5) 5.33 4.59 -0.88 185+0.2
Element NRC DORM-2 Dogfish Muscle
Mean + SO (n°) | RSDF, % | EF, % | Z - score Certified Value
Mn 3.33+£0.32 (4) 9.61 9.02 -0.71 3.66 £0.34

2 arithmetic mean and standard deviattbnumber of determinationSyelative standard
deviation;d relative error.
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Results of Table 2 indicate a good agreement of @sults with certified values
demonstrating that the INAA procedure applied iscadhte for Mg and Mn determinations.
The percentages of relative errors were below 9.0%e results also showed good
reproducibility with relative standard deviatiorssver than 9.6%. The results of certified
reference materials were also subjected to stalstieatment calculating the z - score value
or standardized difference [15]. These values abthwere | z-score | <1 indicating that the
results obtained are within the ranges of certifialies at the confidence level of 68%.

3.2. Analysis of mussel samples

The results obtained in the analysis of mussel®o®eg in different seasons are shown in
Figures 2 and 3 for Mg and Mn, respectively.
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Figure 2. Concentrations of Mg, in mg kg (dry weight basis), in mussel samples
collected in the coast of the State of S&o Paulotime four seasons of year.
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Figure 3. Concentrations of Mn, in mg kg (dry weight basis), in mussel samples
collected in the coast of the State of S&o Paulotime four seasons of year.
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As shown in Figure 2, the Mg concentrations in melsssanged from 2734 + 205 to 5138 +
507 mg kg and the mussels collected in Ponta de Itaipu dusiimter season accumulated
more Mg than those from the other sites of coltecti

In Figure 3 are Mn concentrations found in mussdigh ranged from 7.35 = 0.57 to 29.06
+ 3.35 mg kg. These Mn results show that mussels collectedam®&s Island during
summer season presented higher concentrationshtbs@ from the other sites of collection.

3.3. Comparison between the sites

Results of the spatial and seasonal variationee@Mg and Mn are presented in Table 3 and
4, respectively, for mussels collected in the sitesanha Beach, Ponta de Itaipu and Palmas
a coastal marine region of the State of S&o Paulo.

Table 3. Concentrations of Mg, in mg kg (dry weight basis), in the mussels from the
coast of the State of S&o Paulo in the four seasaofsyear.

Periods of Exposure
Sampling Sites Spring Summer Autumn Winter
Mean + SD Mean + SD Mean + SD Mean + SD

Cocanha Beach a3420+354 A a2965+217A a4344+341B a409326 A
Ponta de Itaipu| a 3996 + 321 A| a3011+407B a3961+430A b5i387B

Palmas Island| a 3303 +422 A|] a2734+205B b3576+377A a39288B
Mean + SD = arithmetic mean and standard deviatfdour determinations in each sample.
Mean values with same lower letter in a columndath that the results of samples from Cocanha Beiaich
not differ with those obtained for the other samglsites (p<0.05).
Mean values with same capital letter in the sameindicate that the results of mussels from Cocdweach

did not differ in seasonal analysis (p<0.05).

Table 4. Concentrations of Mn, in mg kg (dry weight basis), in the mussel from the
coast of the State of S&o Paulo in the four seasaofsyear.

Periods of Exposure
Sampling Sites Spring Summer Autumn Winter
Mean + SD Mean + SD Mean + SD Mean + SD

Cocanha Beach a12.1+0.7A| al35+11A al0.2+05B a®®bhlA
Ponta de ltaipu| b84+09A | al0.7+12B al08+x12B b73&A

Palmasisland | a13.4+06A| b29.1+33B bl1l46+18A aldiB6A
Mean * SD = arithmetic mean and standard deviatfdour determinations in each sample.
Mean values with same lower letter in a columndath that the results of samples from Cocanha Beach
did not differ with those obtained for the othemgding sites (p<0.05).
Mean values with same capital letter in the same imalicate that the results of mussels from Cocanha
beach did not differ in seasonal analysis (p<0.05).
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As shown in Table 3, Mg concentrations found in sels collected in Cocanha Beach in
each season did not showed significant differemde=n compared with those other two sites
(p<0.05) except in the case of samples collected tanan and winter season. In autumn
mussels from Cocanha Beach presented higher Mgeotmations than those from Palmas
Island, while in winter the highest Mg concentratiwas for samples collected in Ponta de
Itaipu.

The results of Mn concentrations obtained for thessels collected in spring and winter
seasons in Cocanha Beach (reference point) showgeifiant differences when compared
with those found for samples from Ponta de Itakpar. the collection carried out in summer
and autumn seasons, significant differences wenaddetween the mussels collected in
Cocanha Beach and Palmas Island.

3.4. Seasonal variations

As can be seen in Table 3 in the seasonal anatiigisnussels collected at Cocanha Beach,
Ponta de ltaipu and Palmas Island showed significiferences of Mg concentrations
among the seasons. In Ponta de Itaipu and Paltaasl e highest Mg concentrations were
obtained in the samples collected during the wiatet the lowest in summer.

In the case of Mn (Table 4), the mussels colleete@ocanha Beach in the autumn season
showed a significant decrease when compared witbetlobtained in other seasons. In Ponta
de ltaipu, the highest Mn concentrations were folamdnussels collected during the summer

and autumn. In mussels from Palmas Island sigmifid#&ference of results was observed for

summer period of collection.

4. CONCLUSIONS

From the results obtained in the analysis of dedifeference materials NIST SRM 1566b
Oyster Tissue and DORM NRC - 2 Dogfish Muscle we c@nclude that the INAA

procedure applied for Mg and Mn determinations vedld to obtain results with good
accuracy.

The analyses of the mussel tissues showed thatcthenulation of Mg and Mn depends on
the season of the year and site of collection.

These findings indicate the possibility of using Berna pernamussel a biomonitor for Mg
and Mn. The high concentrations found for Mg intectlne mussels as a source this essential
element for humans.
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