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ABSTRACT 
 
Even with the most advanced analytical techniques, achieving the true values of a given analyte in a sample 

cannot be an easy task. Energy Dispersive X-Ray Fluorescence (EDXRF) and Flame Atomic Absorption 

Spectrometry (FAAS) have been widely used for analysis of the chemical composition of biological matrices in 

environmental studies. However, depending on the sample matrix, a combination of techniques could be needed 

for the correct determination of the analyte. Zinc distribution in Littoraria angulifera and Melampus coffea is 

quite dependent on the environment, so that, diverse methods could be necessary to evaluate the chemical 

composition of these mollusks. This study aimed at the comparison between EDXRF and FAAS techniques for 

determining Zn in the soft tissues of terrestrial mollusks. The animals were collected in three mangroves in the 

State of Pernambuco, Brazil. After shell removal, tissues were lyophilized and milled in a mortar. Test portions 

of 500 mg were analyzed by EDXRF, followed by chemical treatment for FAAS analysis. For the quality of the 

analytical procedure, the standard reference material SRM 2976 Mussel Tissue was analyzed together with the 

samples. The results for the analysis of the certified reference material SRM 2976 indicated the quality of the 

analytical procedure for both techniques. Adjusted-R
2
 between EDXRF and FAAS results was 0.95, indicating a 

good equivalence of Zn determination by both techniques. However, some improvement of EDXRF 

determination could be necessary because of the tendency of lower results compared to FAAS, probably related 

to spectral interferences during the analysis.  

 

 

1. INTRODUCTION 
 

Flame Atomic Absorption Spectrometry (FAAS) is an important analytical technique for 

determination of chemical elements in environmental analyses. This technique is sensitive 

enough to quantify trace elements (concentrations lower than 100 mg kg
-1

) in some biological 

matrices. The use of FAAS for Zn determination is of great interest for materials containing 

low concentrations of Zn. Nevertheless, chemical treatment of samples, specially for complex 

matrices, is a time consuming step [1-3]. 
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Otherwise, EDXRF is a relatively recent technique for determining chemical elements in 

biological matrices. The scarcity of chemical studies on terrestrial mollusks makes EDXRF 

so attractive since it is considered a technique of simple operation, requiring minimal sample 

treatment and no chemical treatment. The use of this technique for Zn determination becomes 

even more attractive due the possibility of the quantification of other chemical elements 

simultaneously. However, technical limitations of EDXRF, particularly those related to the 

detection limit and matrix effects, corroborate the need of studies aiming at the 

standardization of the protocols for corroborating the applicability of this technique for 

quantification of chemical elements in environmental samples [4-6]. 

 

Zinc is the second most abundant trace element in the aquatic environment, affecting the 

transformation of bicarbonate in carbon dioxide in phytoplankton photosynthetic process [6]. 

Despite being essential for the survival of living beings, zinc may accumulate in tissues and 

produce toxic effects for metabolic and physiological functions of the organisms, including 

mollusks [7-9]. 

 

Little is known about chemical characterization in gastropods, particularly, for the species 

Melampus coffea and Littoraria angulifera, which are constantly observed in mangrove 

ecosystems in the Northeast coast of Pernambuco State, Brazil. Zn distribution is quite 

dependent on the ecosystem, in which some contribution for accumulating this chemical 

element in mollusk tissue could be associated to anthropogenic impacts. For demonstrating 

the applicability of EDXRF for such studies, this work encompasses the comparison between 

this analytical technique and FAAS for determining Zn in soft tissues of these terrestrial 

mollusks.  

 

 

2. MATERIAL AND METHODS 
 

2.1. Studied areas 

 

The studied areas were Olinda, Rio Formoso, Itamaracá and Ipojuca, located in the state of 

Pernambuco, Brazil. This region is typically As type climate, according to the Köppen 

classification system, though characterized by a rainy period from March to August and a dry 

season from September to February. Average annual temperature is 25ºC [10]. 

 

2.2. Sample preparation 

 

Adult mollusks were collected in July 2013 (1.5 g of dry weight), totaling 39 samples of 

L. angulifera and 13 of M. coffea. The soft body was separated from the shells for milling in 

glass mortar until particle size of 35 mesh (0.5 mm). Independent analytical portions of about 

0.5 g were oven-drying in order to calculate the humidity. Typically the water content of 

samples was 12%. 
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2.3. Determination of Zn by EDXRF 

 

Test portions with 0.5 g of each sample and the certified reference material SRM 2796 

Mussel Tissue - Trace Elements & Methylmercury - Freeze-dried, produced by the National 

Institute of Standards and Technology – NIST, were transferred to polyethylene rings, 

suitable for vacuum measurements by EDXRF. Zn analysis was performed in triplicates in 

the equipment EDX 720 from Shimadzu Scientific Instruments. Before chemical analysis, 

energy and resolution calibration was performed using the standard A-750, supplied by 

Shimadzu. Quality control for these parameters was carried out using the SUS standard, an 

alloy containing Fe, Cr, Ni and Mn, also provided by Shimadzu. Analyses were performed in 

a vacuum atmosphere, during 100 seconds, with the maximum deadtime of 35%. Voltage of 

15 kV was used to determine the chemical elements with atomic number lower than 22, and 

50 kV was used for the other chemical elements. 

2.4. Determination of Zn by FAAS  

 

For FAAS analysis, the samples were chemically prepared according to the protocol of 

Sarruge and Haag, modified by Vaccaro et al. [11,12]. Portion of 0.5 g of the samples and the 

certified reference material were directly transferred to 30 ml capacity Teflon tubes and added 

6.0 ml of concentrated HNO3 (nitric acid) p.a. (~ 65%). After 24 hours, the solution was 

homogenized, added 1.0 ml of concentrated perchloric acid (HClO4) and heated in a scientific 

microwave. 

 

Zn was quantified in all samples and certified reference material by Flame Atomic 

Absorption Spectrometry (FAAS) in triplicate using the Varian AAS 220 FS equipment 

(Agilent). High grade standard solution from Merck (1.000 mg kg
-1

) with known 

concentrations of Zn was used for calibration. The analytical conditions were hallow cathode 

lamp current of 4 mA, selected wave-length of 213.9 nm, window diameter of 0.2 nm and 

acetylene fuel oxidant gas. 

 

2.5. Analysis of the results 

 

Analytical uncertainties were expanded at the 95% of confidence level after combining the 

individual uncertainties from precision and accuracy for both techniques. En number was 

used to evaluate the quality of the analytical procedure [13]. Correlation was performed using 

Origin software. 
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3. RESULTS AND DISCUSSION  
 

3.1. Quality of the analytical procedure 

 

The quality of the analytical procedure was based mainly on the analysis of certified 

reference materials (SRM) considering the analytical uncertainties expanded at the 95% 

confidence level, according to the En number recommendations by ISO 13528 [13]. 

Table 1 shows the En number values for the certified reference material SRM 2976. Both 

values of obtained and reference concentrations were between -1 and 1, corroborating the 

quality of the analytical procedures for the determination of Zn samples in mollusks by 

EDXRF and FAAS. 

 

Table 1 - Concentrations obtained and certified values (mg kg-1) for Zn determination 
and their analytical uncertainties (u) expanded at 95% confidence level of the reference 

material SRM 2976 Mussel tissue analyzed by EDXRF and FAAS. 
 

Technique 

Obtained value 
(mg kg-1) 

Certified value 
(mg kg-1) En number 

Mean  u Mean  u 

EDXRF 150 ± 8 137 ± 13 0,6 

FAAS 130 ± 7 137 ± 13 -0,5 
En number was obtained from the difference between the obtained and certified values 

divided by the quadratic sum of their analytical uncertainties expanded at the 

95% confidence level[13] 

 

3.2. Zn quantification by FAAS and EDXRF 

 

The comparison of zinc analysis between EDXRF and FAAS techniques was presented in 

Figure 1, for concentrations below 1000 mg kg
-1

, and Figure 2, in which concentrations 

above 1000 mg kg
-1

 of Zn were quantified in the mollusks. The regression analysis indicated 

equivalence between the techniques for Zn determination with an adjusted-R
2
 of 0.9. Some 

fluctuation of data was noted mainly for concentrations higher than 600 mg kg
-1

. However, 

the Zn results for both the techniques were quite similar for the high concentrations showed 

in Figure 2. 
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Figure 1: Results of Zn concentrations lower than 1.000 mg kg-1 determined in mollusks by 
EDXRF and FAAS. Horizontal and vertical error bars are equivalent, respectively, to expanded 
analytical uncertainties at the 95% confidence level for EDXRF and FAAS. Adjusted-R2 = 0.90.  

 
 

 

Figure 2 – Results of Zn concentrations higher than 1.000 mg kg-1 determined in mollusks by 
EDXRF and FAAS. Horizontal and vertical error bars are equivalent, respectively, to expanded 
analytical uncertainties at the 95% confidence level for EDXRF and FAAS. Adjusted-R2 = 0.95. 
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Cadore et al. [14] previously showed that EDXRF allowed a fast and efficient technique for 

quantifying chemical elements. Likewise, Singh and Agrawal [15] used EDXRF, AAS and X-

ray diffraction (XRD) to determine chemical elements in soils, obtaining equivalence 

between the results of EDXRF and AAS. 

 

 

4. CONCLUSIONS  
 

EDXRF was satisfactory applied for the Zn determination in L. angulifera and M. coffea 

compared to FAAS, thereby corroborating its use for chemical analysis in mollusk 

biomonitors for environmental quality studies. However, some improvement of EDXRF 

determination could be necessary because of the tendency of lower results compared to 

FAAS, probably related to spectral interferences during the analysis. 
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