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ABSTRACT 

 
The characterization of edible tissues of fishes consumed by humans is very important for determination of sev-

eral toxic and potentially toxic elements, ensuring the food safety. The Instrumental Neutron Activation Analysis 

(INAA) comparative method allows the determination of several of these elements, as well as others, for example 

of nutritional character. This study is part of an International Atomic Energy Agency (IAEA) technical coopera-

tion project of Latin America and Caribbean countries to ensure the quality of food and biomonitoring of con-

taminants in shellfish and fishes. Ten specimens of 4 of the most consumed fish in São Paulo city: whitemouth 

croaker (Micropogonias Furnieri), smooth weakfish (Cynoscion learchus), common snook (Centropomus undeci-

malis) and Brazilian sardine (Sardinella brasiliensis) were analyzed. Complete procedures for analysis, which 

includes purchase in the largest warehouse in Latin America, transport to the laboratory, storage, freeze-drying, 

milling, weighting and others preparations of the subsamples, and the short irradiation parameters for the de-

termination of Br, Cl, K, Mg, Mn and Na are reported. Results obtained under the same irradiation conditions 

for reference materials (oyster and mussel tissues) for macro and microelements are presented and are in 

agreement with their certificates, which indicate that the performed analyses were appropriate. Regarding to the 

mass fraction values obtained for the fish samples, they were in agreement with the literature. 
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1. INTRODUCTION 

 

Fish consumption is important for human health due to its benefits [1] as content of high-quality 

protein, vitamins, essential nutrients, and two kinds of omega-3: eicosapentaenoic acid (EPA) and 

docosahexanoic acid (HPA) [2]. 

Despite the benefits of fish consumption and Brazil having an extensive coastline, the Brazilian 

population only reached the consumption recommended by World Health Organization (WHO) of 

12 kg/year person, according the Ministry of Fisheries and Agriculture in 2013 [3]. 

Inorganic contaminants are present in the aquatic environment, coming from natural and anthropo-

genic sources. The problematic of these contaminants occurs by the following steps: inorganic con-

taminants are present in the sediment, which provides habitat and food for benthos and fish, bioac-

cumulation and biomagnification may exist from food web relationships [4, 5] and humans can be 

exposed to the inorganic contaminants by feeding on fishes [6]. 

Considering the risks and benefits, researchers [7, 8] have produced studies in this area of fish eval-

uation. 

This paper describes procedures for analysis of micro, macro and toxic elements in fish by the com-

parative INAA technique, in the framework of a Technical Cooperation Project of the International 

Atomic Energy Agency (IAEA) for Latin American and Caribbean countries in assurance of food 

quality and biomonitoring of contaminants in shellfish and fish (Project Number RLA/5/054, AR-

CAL CIII) [9]. 

 

2. MATERIALS AND METHODS 
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This study reports from the purchase of fishes to the subsample preparation for irradiation, and the 

parameters for the determined elements by INAA. 

 

2.1 Fish Sampling 

 

Ten individuals of the species most commercialized at São Paulo city: whitemouth croaker (Mi-

cropogonias Furnieri), smooth weakfish (Cynoscion learchus), common snook (Centropomus un-

decimalis) and Brazilian sardine (Sardinella brasiliensis), were purchase in the largest warehouse of 

Latin America, being transported between layers of ice to the Neutron Activation Analysis Labora-

tory (IPEN - CNEN/SP). The fish remained in refrigerators until the time of their preparation. 

 

2.2 Sample preparation 

 

After the samples were purchased, they were weighed, washed with purified water (Milli-Q), the 

tissues commonly edible by Brazilians were freeze-dried (Thermo Savant Modulyo D, Thermo 

Electron Corporation), milled in blender adapted with titanium blades, homogenized and stored in 

decontaminated flasks. The residual humidity content was measured before the analysis by the oven 

drying method until constant mass was obtained. 

 

2.2 Instrumental Neutron Activation Analysis (INAA) 

 

Approximately 200 mg of the powdered samples were weighted in analytical balance (Shimadzu 

AEM-5200) in previously decontaminated 1.8 x 1.8 cm polyethylene bag (24 h in 10% v/v Merck 

HNO3) and sealed (Selapack). A similar procedure was performed for two certified reference mate-

rials (CRM) Perna perna mussel [10] and NIST SRM 1566b, Oyster Tissue [11]. 

Elemental standard solutions (Spex CertiPrep) were pipetted into filter papers strips (Whatman 40) 

using Eppendorf pipettes with previously checked nominal volumes. For some elements, it was 

necessary to dilute the standard solutions in a 10 mL volumetric flask before pipetting them. The 
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papers strips were dried at room temperature in a laminar flow hood then were folded and placed in 

polyethylene bags of the same sample size.  

Each irradiation batch consisted of a sample or CRM and elemental standards. They were irradiated 

in the IEA-R1 Nuclear Reactor (IPEN – CNEN/SP) by the pneumatic station for 

20 s under thermal neutron flux of approximately 1.9 x 1012 cm-2 s-1. 

After irradiation, the elements Br, Cl, K, Mg, Mn and Na were determined by gamma spectrometry 

of radionuclides of these elements, performed in a CANBERRA HPGe detector (model GC2018) 

coupled to CANBERRA DSA 1000 digital spectral analyzer. Further information about the pipetted 

standards and radionuclides used for the element determinations is show in Table 1. 

 

Table 1: Parameters of radionuclides and pipetted standards used in comparative INAA [12]. 

Element Radionuclide 
Energy used for 

calculations, keV 
Half-Life 

Element mass in pi-

petted standard, µga 

Bromine 80Br 616.3 17.68 min 4.878 ± 0.087 

Chlorine 38Cl 1642.7 37.24 min 247 ± 11 

Potassium 42K 1524.6 12.360 h 995 ± 12 

Magnesium 27Mg 843.3 9.458 min 993 ± 12 

Manganese 56Mn 846.8 2.5785 h 4.902 ± 0.087 

Sodium 24Na 1368.6 14.9590 h 195.2 ± 3.4 
aExpanded uncertainty, k = 2 

Regarding the measuring conditions, standards of the radionuclide 27Mg were measured for a period 

of 300 s, followed by 80Br, 38Cl, 42K, 56Mn and 24Na standards for 1,800 s. Subsamples were meas-

ured twice, just after leaving the reactor for a period of 300 s, and after 2,700 s decay for 3,600 s. 

The calculation of mass fractions was performed using Microsoft Excel. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Quality Control 
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Results obtained experimentally by the comparative method of INAA for the Perna perna mussel 

and Oyster Tissue 1556b CRMs, their certified values and calculation of z-scores are presented in 

Table 2. The z-score was obtained using the modified Horvitz equation [13]. The Oyster Tissue has 

no certified and reference value for Br. 

 

Table 2: Mass fractions obtained by comparative INAA (mean values and expanded uncertainties, 

k = 2, dry weight, n = 5) and the certified values of reference materials. 

Element 

CRM 

Perna Perna Mussel Oyster Tissue 1556b 

Obtained value 

(certified value) 
z-score 

Obtained value 

(certified value) 
z-score 

Br (mg kg-1) 
245 ± 28 

(248 ± 42)i 
-0.16 52.2 ± 5.4 - 

Cl (%) 
3.822 ± 0.076 

(3.69 ± 0.57) 
1.0 

0.523 ± 0.013 

(0.514 ± 0.010) 
0.35 

K (%) 
0.866 ± 0.088 

(0.82 ± 0.13) 
1.3 

0.585 ± 0.032 

(0.652 ± 0.009) 
-2.5 

Mg (%) 
0.405 ± 0.031 

(0.373 ± 0.056) 
1,6 

0.1083 ± 0.0092 

(0.1085 ± 0.0023) 
-0.02 

Mn (mg kg-1) 
22,91  ± 0,50 

(23.4 ± 3.1) 
0,08 

16.27 ± 0.36 

(18.5 ± 0.2) 
-1.2 

Na (%) 
2.243 ± 0.029 

(2.28 ± 0.36) 
-0.45 

0.2840 ± 0.0040 

(0.3297 ± 0.0053) 
-3.2 

iinformative value 

 

It is considered criteria to approval values |z| < 3, which means that the CRM should be in the ap-

proximately 99% confidence interval of the certified value [14]. Values of z-score varied between 

± 3, except for Na in the SRM 1556b, which indicates good accuracy for determination of the mass 

fraction of Br, Cl, K, Mg and Mn in the simple fish under the same analysis conditions. 
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3.2. Mass Fraction Determination in Fish Samples 

 

Table 3 shows the mean mass fraction of Br, Cl, K, Mg, Mn and Na of ten specimens of each spe-

cies. It was decided to reports the results with the standard deviation, as the natural variation of the 

specimens is higher than the imprecision associated with the respective input quantities into account 

in this study. 

 

Table 3: Element mass fraction in wet weight in fish samples (mean ± SD and range in parenthe-

sis). 

Element 

Fish species 

Cynoscion lei-

archus 

Centropomus 

undecimalis 

Micropogonias 

furnieri 

Sardinella 

brasiliensis 

Br, 

mg kg-1 

7.2 ± 2.1 

(4.1 – 12.0) 

4.9 ± 1.2 

(3.0 – 6.9) 

4.17 ± 0.62 

(3.11 – 5.14) 

4.09 ± 0.63 

(3.17 – 4.90) 

Cl, 

g kg-1 

1.63 ± 0.39 

(0.96 – 2.39) 

0.80 ± 0.17 

(0.59 – 1.05) 

0.943 ± 0.070 

(0.831 – 1.052) 

0.945 ± 0.097 

(0.817 – 1.122) 

K, 

g kg-1 

3.28 ± 0.58 

(2.72 – 4.73) 

3.62 ± 0.26 

(3.08 – 3.92) 

3.52 ± 0.46 

(2.93 – 4.48) 

5.1 ± 1.5 

(3.9 – 8.9) 

Mg, 

g kg-1 

0.258 ± 0.036 

(0.207 ± 0.307) 

0.277 ± 0.037 

(0.191 – 0.321) 

0.244 ± 0.027 

(0.181 – 0.273) 

0.394 ± 0.056 

(0.296 – 0.463) 

Mn, 

mg kg-1 

0.096 ± 0.025 

(0.060 – 0.145) 

0.065 ± 0.017 

(0.037 – 0.084) 

0.100 ± 0.038 

(0.045 – 0.183) 

0.67 ± 0.43 

(0.36 – 1.77) 

Na, 

g kg-1 

1.10 ± 0.32 

(0.82 – 1.60) 

0.615 ± 0.058 

(0.504 – 0.689) 

0.686 ± 0.089 

(0.579 – 0.834) 

0.642 ± 0.071 

(0.549 – 0.775) 

 

Similar results were obtained for the Br, K and Na elements in Cynoscion leiarchus, Centropomus 

undecimalis, Micropogonias furnieri and Sardinella brasiliensis analyzed by INAA in other study 

[15]. In both cases, K mass fractions were the highest for the analyzed elements. 

This paper is part of a study that is based on the analysis of toxic elements, and therefore on food 

safety. Results for micro and macro elements are presented because the technique used has multi-

elemental character in addition to being useful database for possible futures discussions. Long irra-
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diations of this samples were carried out in a previous study [15] which allowed the comparison of 

the toxic elements As, Se and Zn mass fractions with the national and international legislations [16, 

17]. 

For these samples, it is still interest in the food safety scope, perform As speciation to verify the 

inorganic species amount, that will be performed by Graphite Furnace Atomic Absorption Spec-

trometry (GF AAS). 

Based in this methodology, which seem appropriate for the fish analysis by INAA, another 20 spec-

imens of 2 species of fish: bluefish (Pomatomus saltatrix) and lebranche mullet (Mugil brasiliensis) 

will be prepared for the long and short irradiation analysis. 

 

4. CONCLUSION 

 

The procedure for the characterization of edible fish tissues by INAA was adequate, with 

satisfactory z-score results for the used CRMs under the same irradiation condition. Obtained 

results for Br, Cl, K, Mg, Mn and Na in Micropogonias Furnieri, Cynoscion learchus, 

Centropomus undecimalis and Sardinella brasiliensis, four of the most consumed fish species in 

São Paulo city, are in accordance with previous studies and will also be applied to the analysis of 

tissues of other two edible fishes (Pomatomus saltatrix and Mugil brasiliensis). Although food 

safety has been discussed in this paper, conclusions in this direction require further analyses, such 

arsenic speciation, which will be carried out in a near future. 
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