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ABSTRACT 

  
Energy Dispersion X-Ray Fluorescence - EDXRF is a fast analytical technique of easy operation, however 

demanding reliable analytical curves due to the intrinsic matrix dependence and interference during the analysis. 

By using biological materials of diverse matrices, multielemental analytical protocols can be implemented and a 

group of chemical elements could be determined in diverse biological matrices depending on the chemical 

element concentration. Particularly for invertebrates, EDXRF presents some advantages associated to the 

possibility of the analysis of small size samples, in which a collimator can be used that directing the incidence of 

X-rays to a small surface of the analyzed samples. In this work, EDXRF was applied to determine Cl, Fe, P, S 

and Zn in invertebrate samples using the collimator of 3 mm and 10 mm. For the assessment of the analytical 

protocol, the SRM 2976 Trace Elements in Mollusk produced and SRM 8415 Whole Egg Powder by the 

National Institute of Standards and Technology – NIST were also analyzed. After sampling by using pitfall 

traps, invertebrate were lyophilized, milled and transferred to polyethylene vials covered by XRF polyethylene. 

Analyses were performed at atmosphere lower than 30 Pa, varying voltage and electric current according to the 

chemical element to be analyzed. For comparison, Zn in the invertebrate material was also quantified by 

graphite furnace atomic absorption spectrometry after acid treatment (mixture of nitric acid and hydrogen 

peroxide) of samples have. Compared to the collimator of 10 mm, the SRM 2976 and SRM 8415 results 

obtained by the 3 mm collimator agreed well at the 95% confidence level since the En Number were in the range 

of -1 and 1. Results from GFAAS were in accordance to the EDXRF values for composite samples. Therefore, 

determination of some chemical elements by EDXRF can be recommended for very small invertebrate samples 

(lower than 100 mg) with advantage of preserving the samples. 
 

1. INTRODUCTION 

 

Energy Dispersive X-ray Fluorescence (EDXRF) has been widely applied for quantifying 

various chemical elements with atomic number greater than 11 (Na) in various matrices, 

especially biological ones. It offers advantages for chemical analysis such as different types 

of collimators, thereby enabling the analysis of a specific part of the sample or small-sized 

samples, adaptability to automation, fast multielement determination, simplified sample 

preparation and adequate detection limit to values normally found in various biological 

samples [1, 2, 3,4].  

 

EDXRF is able to measure quali-quantitative the intensities of the characteristics X-rays 

emitted by chemical elements [3].  The atons of chemical element of the sample when  

excited, tends to eject electrons from the inner layers, and as a result, electrons of the other 

levels fill the vacancy [5]. 
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Each chemical element has specific spectral lines of characteristic X-rays, with wavelengths 

that allow their identification [6]. The characteristic X-rays are measured by the 

semiconductor detector, typically activated silicon with lithium SiLi, and after amplification, 

the X-ray spectrum is analyzed by specific software to identify the elements present in 

samples [7].  

 

For quality assurance of the analytical procedure, the SRM 2976 and SRM 8415 reference 

materials  were employed, verifying the quality of an analytical procedure for Cl, Fe, P, and 

Zn, with the use of collimators 3mm to smaller samples and 10mm for larger samples, not 

distinguishing the result of the detected elements, according to the confidence level of 95 %, 

since the En number was in the range of -1 and 1. EDXRF can quantify Cl, Fe, P, S and Zn in 

invertebrates, even at very low volume samples, which could not be fully cover the analysis 

surface (approximately 50 mg), being necessary the use of 3 mm collimator to focus the small 

amount of sample. This study aimed to apply the EDXRF technique for determination of 

chemical elements in invertebrate samples. 

 

This study aimed to demonstrate the applicability of EDXRF technique for determination of 

chemical elements in invertebrate samples. By using different types of collimator, several 

samples could be analyzed ever though samples of very small size.  

 

2. MATERIAL AND METHODS 

 

2.1 Sampling  

 

Modified pitfall traps [8] were installed in six sampling units placed in the margins of Jococa 

River in Refúgio Ecológico Charles Darwin, Pernambuco, Brazil. Details of sampling 

procedure can be seen in Magalhães, (2014) [13] 

 

After sampling, the insects were washed in distilled water to remove exogenous material, and 

then separated at the order level by using magnifying lens. The samples were lyophilized to 

constant weight (about 48 hours). After this, samples were comminuted with glass mortar to 

avoid contamination with metallic chemical elements until particle size lower than 0.5 mm.  

 

2.2 EDXRF technique 

 

Analyzes were performed on the X-ray fluorescence spectrometer model EDX 720 from 

Shimadzu. Test portions of invertebrates were transferred into polyethylene vials and sealed 

with polypropylene material, specific for X-ray analysis. Samples were analyzed in an 

atmosphere of 30 Pa with 300 seconds detection time for sulfur and 840 seconds for other 

elements. All analyzes were performed in triplicate, the collimator was adjusted in 

accordance with the sample size. 

 

Before the chemical analysis, calibration of energy and resolution was performed using the 

standard A-750 from Shimadzu this alloy contains aluminum, copper, iron, magnesium and 

tin. For checking the calibration, the SUS standard, also supplied by Shimadzu, was 

measured. 
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Calibration curves were constructed based on measures of analytical portions of certified 

reference materials, produced by the National Institute of Standards and Technology, NIST 

and the International Atomic Energy Agency - IAEA [9]. Due to lack of reference materials 

for insect, the materials SRM 2976 and SRM 8415 were considered for the assessing of the 

quality of the analytical procedure. All analyzes were performed in triplicate. Table 1 shows 

the analytical conditions for the quantification of chemical elements by EDXRF. 

 

 

Table 1: Analytical conditions for the quantification of chemical elements by 

EDXRF 

Analite Collimator 

(mm) 

Voltage 

(kV) 

Current 

(µA) 

Photopeak 

energy (KeV) 

Filter 

Chlorine 3/10 15 1000 2.62 Aluminum 

Iron 3/10 50 80 6.40 Titanium 

Phosphorus 3/10 15 300 2.01 - 

Sulfur 3/10 15 1000 2.31 - 

Zinc 3/10 50 635 8.64 Silver 

 

3. RESULTS AND DISCUSSION 

 

The reference materials SRM 2976 and SRM 8415 were employed for quality assurance of 

the analytical procedure and checking whether there were significant differences between the 

results obtained for the different collimators. The obtained and certified values and their 

uncertainties expanded at the level of 95% confidence for the chemical elements analyzed in 

SRM 8415 and SRM 2976 reference materials by EDXRF are shown in Tables 2 and 3 

respectively. 

 

Table 2: Obtained and certified values and their expanded uncertainties at the 95% 

confidence level for the reference material SRM 8415 Whole egg powder analyzed by 

EDXRF using collimators 10 mm and 3 mm 
 

 

Analyte 

Obtained value 

(mg/kg) 

Certified value 

(mg/kg) En N 

Average Uncertainty Average Uncertainty 

S (10 mm) 5279 ± 578 5120 ± 500 0.2 10 

S (3 mm) 5075 ± 583 5120 ± 500 -0.1 10 

a. Analytical replicates = 10 
 

The values of En Number were within the range between -1 and 1, indicating quality control of the 

analytical procedure for the 95% confidence level [10], for both samples of reference materials 

using the collimators of 10 mm and 3 mm. 
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Table 3: Obtained and certified values and their uncertainties expanded at the level of 

95% confidence for the reference material SRM 2976 Mussel tissue analyzed by 

EDXRF using collimators 10 mm and 3 mm 

Analyte Obtained value 

(mg/kg) 

Certified value 

(mg/kg) 

En N 

Mean Uncertainty Average Uncertainty 

Cl (10 mm) 54973 ± 1071 57000 ± 5000 -0.4 10 

Cl (3 mm) 52815 ± 1755 57000 ± 5000 -0.4 10 

Fe (10 mm) 137 ± 37 171 ± 4.9 -0.9 10 

Fe (3 mm) 180 ± 27 171 ± 4,9 -0.9 10 

P (10 mm) 8777 ± 476 8300* - 10 

P (3 mm) 7981 ± 442 8300* - 10 

Zn (10 mm) 167 ± 25 137 ± 13 1.0 10 

Zn (3 mm) 145 ± 25 137 ± 13 1,0 10 

* Informative value due to the available information is insufficient to assess the associated 

uncertainty 

a. Analytical replicates = 10 

 

Important to emphasize, the EDXRF is very dependent on the matrix to be analyzed, so there 

is an increasing need to demonstrate the quality of the analytical procedure. The reference 

materials used for construction of the calibration curve were different matrices, including 

animal and vegetable tissues [8], to try to minimize the potential interference. Considering 

the advantages of EDXRF, quantification of chemicals was carried out at the level of species 

for each one of the analyzed insect orders, that is, a great advantage of using EDXRF for 

insect chemical characterization. 

 

Table 4 shows the concentrations of macronutrients Cl, P and S and their analytical 

uncertainties expanded at the 95% confidence level. The highest concentrations were 

identified for the species Orthoptera2 at 2400 mg/kg for Cl for Diptera1 with 12500 mg/kg of 

P and Coleoptera with 5280 mg/kg of S. Diptera1, Hymenoptera1 and Hymenoptera2 showed 

Cl values below the detection limit of the technique (700 mg/kg). 

 

Table 5 shows the results of Fe and Zn and their analytical uncertainties expanded in the 95% 

level of confidence. For micronutrients, the values have achieved 1000 mg/kg (Fe) and 

600 mg/kg (Zn) in species Hymenoptera5 and Ortoptera1, respectively. Gongalski (2006) 

studied chemical elements in terrestrial insects and analyzed species of Coleoptera and 

Orthoptera orders, obtaining the highest concentration of Zn for Angaracris barabensis – 

Orthoptera order. Furthermore, high Fe values may be associated with adhering dirt particles 

to biological material [12].  
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Table 4: Concentration of macronutrients Cl , P and S and their analytical uncertainties 

expanded in the 95% level of confidence for insect samples analyzed by EDXRF 
 

Sample 
Cl (mg/kg) P (mg/kg) S (mg/kg) 

Mean Uncert. Mean Uncert. Mean Uncert. 

Coleoptera  

(10 mm) 
1900 ± 200 11100 ± 400 5280 ± 570 

Diptera1 

(3 mm)* 
<700 12500 ± 500 3910 ± 580 

Diptera2 

(3 mm)* 
2200 ± 300 10100 ± 500 3620 ± 580 

Diptera3 

(3 mm)* 
1500 ± 300 11800 ± 500 3940 ± 580 

Diptera4 

(3 mm)* 
2500 ± 300 8700 ± 400 3800 ± 580 

Hymenoptera1 

(3 mm)* 
<700 3300 ± 400 3050 ± 580 

Hymenoptera2          

(10 mm)* 
<700 8700 ± 400 3310 ± 570 

Hymenoptera3          

(10 mm)* 
1100 ± 200 9000 ± 400 4100 ± 570 

Hymenoptera4          

(10 mm)* 
800 ± 100 5900 ± 400 3440 ± 570 

Hymenoptera5          

(10 mm)* 
1100 ± 200 5000 ± 400 2480 ± 570 

Hymenoptera6 

(3 mm)* 
1300 ± 300 8500 ± 400 2430 ± 570 

Hymenoptera7 

(3 mm)* 
900 ± 200 8300 ± 400 3130 ± 580 

Hymenoptera8 

(3 mm)* 
2300 ± 300 6300 ± 400 2840 ± 570 

Orthoptera1  

(10 mm)* 
1400 ± 200 10800 ± 400 4100 ± 570 

Orthoptera2  

(3 mm)* 
2400 ± 300 7500 ± 400 3030 ± 570 

a. Different species within the same order 
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Table 5: Concentration of micronutrients Fe and Zn and their analytical uncertainties 

expanded in the 95% level of confidence for insect samples analyzed by EDXRF 

 

Sample 
Fe (mg/kg) Zn (mg/kg) 

Mean Uncert. Mean Uncert. 

Coleoptera  

(10 mm) 
200 ± 

20 
190 

± 20 

Diptera1 

(3 mm)* 
700 ± 30 280 

± 30 

Diptera2 

(3 mm)* 
200 ± 30 310 ± 40 

Diptera3 

(3 mm)* 
300 ± 30 160 ± 30 

Diptera4 

(3 mm)* 
500 ± 30 220 ± 30 

Hymenoptera1 (3 

mm)* 
400 ± 30 20 ± 10 

Hymenoptera2          

(10 mm)* 
500 ± 30 130 ± 10 

Hymenoptera3          

(10 mm)* 
500 ± 30 160 ± 20 

Hymenoptera4          

(10 mm)* 
200 ± 20 170 ± 20 

Hymenoptera5          

(10 mm)* 
1000 ± 40 230 ± 20 

Hymenoptera6 (3 

mm)* 
300 ± 30 230 ± 30 

Hymenoptera7 (3 

mm)* 
600 ± 30 180 ± 30 

Hymenoptera8 (3 

mm)* 
200 ± 30 130 ± 20 

Orthoptera1  

(10 mm)* 
500 ± 30 600 ± 30 

Orthoptera2  

(3 mm)* 
400 ± 30 250 ± 30 

a.   Different species within the same order 

 

Zn determination by EDXRF technique was corroborated by the quantification of this 

element using GFAAS technique. It was performed a comparison between the mean values 

obtained by these two techniques, with their respective uncertainty level of 95% confidence 

as shown in Figure 1. Result showed that, independently of the employed techniques, the 

obtained uncertainties provided consistent values being statistically comparable at the 95% 

level of confidence. 
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Figure 1: Zn average concentrations obtained by EDXRF and GFAAS and their 

standard deviation.  

 

4. CONCLUSIONS  

 

From the analysis of chemical elements in invertebrates by EDXRF can be concluded that: 

 

1. The quality of the analytical procedure corroborated the quantification of Cl, Fe, P, S 

and Zn at the 95% confidence level through the reference materials SRM 2976 and 

SRM 8415 independent of the collimators. 

2. The EDXRF technique was useful to determine Cl, Fe, P, S and Zn in Hymenoptera, 

Orthoptera, Coleoptera and Diptera orders of invertebrates, even though for small 

samples. 

3. GFAAS has proved the reliability of Zn results obtained by EDXRF at the 95% 

confidence level.  
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