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ABSTRACT 

 
The Energy Dispersion X-ray Fluorescence – EDXRF is a low-cost, fast, non-destructible analytical technique, 

useful for analyzing diverse geological samples. The determination of chemical elements by EDXRF in solid 

urban wastes is economic and operationally feasible, since the concentration of many heavy metals can be easily 

monitored. Besides, chemical elements as aluminum and some minerals that compose important natural cycles 

add valuable information for deciding the final destination of these wastes. The objective of this work was the 

obtaining the analytical curves for quantifying chemical elements by EDXRF in sewage sludge. For this, 

analytical portions (1 g) of the certified reference materials SRM 2781 Domestic Sludge and SRM 2782 

Industrial Sludge produced by the National Institute of Standards and Technology (NIST) were transferred to 

polyethylene tubes and sealed at the top and bottom with polypropylene film specific for EDXRF analysis. 

Exactly 500 mg of each of the above SRMs were mixed by means of a ball mill for composing the SRM MIX, 

also analyzed for obtaining the analytical curves. All samples were analyzed in an atmosphere close to the 

vacuum (less than 30 Pa), with dead time less than 35%. For Al, As, Cu, Fe, K, Ni, Pb, Si, Ti and Zn, linear 

regressions have been fitted with respective linear coefficients higher than 0.95. To evaluate the quality of the 

analytical procedure, an independent test portion of the reference material SRM 2781 Sludge Domestic was 

used, calculating the Number En obtaining values between -1 and 1, range considered adequate for the quality 

assurance at the 95% confidence level. 
 

 
Keywords: X-rays, toxic chemical elements, waste, biosolid 

 

 

1. INTRODUCTION 

 

Sludge from sewage treatment is classified as solid waste and defined as: "aqueous 

suspension of separated mineral and organic components in the sewage treatment system" 

[1]. Different types of sewage sludge can be generated with different chemical compositions, 

physical properties, consistency, or even parameters such as toxicity or stability of pollutants, 

which will determine whether the specific material will be classified as safe or unsafe. 

Therefore, comprehensive chemical analysis are important and because of their diversity, 

methods and analytical techniques will be useful in each case. The management planning of 
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this residue may depend on the choice of an appropriate analytical method, determining, for 

example, the technology used to process it [2]. 

X-ray fluorescence (XRF) has been widely used for the quantification of chemical elements 

in several matrices with an atomic number greater than 11. In the analytical X-ray 

fluorescence technique, characteristic X-rays can be identified and measured, identifying the 

chemical element that causes it and determining its concentration. For this, electronic 

transitions are induced by the incidence of primary X-rays in the sample, with the occurrence 

of characteristic X-ray emission. Characteristic X-rays are separated, either by their 

wavelength or by their energy, and are measured. The technique that analysis characteristic 

X-rays through the identification and measurement of their energies is EDXRF (Energy 

Dispersive X-Ray Fluorescence). The energy of the fluorescence radiation identifies the 

element, while its intensity allows its concentration in the analyzed sample to be measured by 

a previous calibration [3, 4]. 

 

X-rays, which have wavelengths between 10 nm and 0.01 nm (0.124 - 124 keV), are part of 

the electromagnetic spectrum. Its origin comes from two distinct physical processes, either by 

the transition of electrons between the internal layers of the atoms or by the deceleration of a 

beam of high energy electrons, in x-ray tubes (cathode ray tubes), where the kinetic energy of 

the electrons is partially or totally converted into X-rays ("Bremsstrahlung" radiation). The 

X-rays originated by the transition of electrons form a discrete spectrum of energy 

distribution and is directly associated with the element's atomic number (characteristic X-

rays) [5]. The dispersive energy fluorescence system uses a Si(Li) semiconductor detector to 

detect characteristic x-rays, allowing rapid multi-element analysis for mass fractions in the 

order of 1-100 mg / kg.  

 

A great advantage of this analytical technique is to dispense with the chemical preparation of 

the samples, eliminating a considerable source of error in chemical analysis [6] while the 

high detection limits and matrix effects are the major disadvantages of the technique. In some 

measurement systems there may be matrix effect correction procedures, primary filters and 

vacuum atmosphere device to increase the sensitivity of the analysis. The use of reference 

materials for the preparation of calibration curves results in analytical curves applicable to 

multi-element determinations in various materials [7]. 

 

The objective of this work was to study the multi elementary chemical characterization of 

sewage sludge samples using the EDXRF dispersive energy X - ray fluorescence technique 

with the construction of analytical curves using the certified reference materials SRM 2781 

Domestic Sludge and SRM 2782 Industrial Sludge. For the evaluation of the quality of the 

analytical procedure adopted for sewage sludge, the analytical results for the tested portion of 

SRM 2781 Domestic Sludge were compared with the reference values. After demonstrating 

the quality of the analytical procedure, the technique will may be applied to quantify Al, As, 

Cu, Fe, K, Ni, Pb, Si, Ti and Zn in samples domestic sludge from municipalities in the state 

of Pernambuco, Brazil.  

 

 

2. MATERIALS AND METHODS 

 

Composed of a rhodium tube for the generation of X-rays, the Energy Dispersion X-Ray 

Fluorescence Spectrometer EDX 720, Shimadzu, has a sealed chamber for the analysis of 

samples under vacuum and Si (Li) detector for the quantification of incident radiation. The 
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electrons of the chemical constituents of the samples, positioned in the direction of the X-ray 

beam, are excited by the absorption of the primary beam, emitting characteristic X-rays to be 

measured by the semiconductor detector. After amplification of the electronic pulses 

produced by the detector, the X-ray spectrum is analyzed in a computer program provided by 

the manufacturer. In this case, it is possible to perform qualitative analysis and quantitative 

analysis using quantitative calibration curves. 

For the construction of the calibration curves, 1 g analytical portions of the reference 

materials SRM 2781 Domestic Sludge and SRM 2782 Industrial Sludge produced by the 

National Institute of Standards and Technology (NIST) were used. Exactly 500 mg of each of 

the above SRMs were mixed by means of a ball mill to make up the SRM MIX mixture also 

analyzed to obtain the midpoint of the analytical curves. These portions were transferred to 

polyethylene tubes sealed at the top and bottom with EDXRF specific polypropylene film, 

ensuring a perfectly smooth surface for the correct analysis performance. Analytical blank 

was prepared together with the samples. Independent Material Portion SRM 2781 Domestic 

Sludge was prepared to evaluate the quality of the analytical procedure. 

An energy calibration was performed prior to the chemical analysis, using the standard A-

750, provided by Shimadzu. Shimadzu's SUS standard was used for analytical quality 

assessment and control. All samples were analyzed in an atmosphere close to vacuum (less 

than 30 Pa), with dead time less than 35% for each of the chemical elements and with a 

detection time of 300 seconds. The configurations of the equipment used for the chemical 

analysis are shown in Table 1. 

 

Table 1: Analytical conditions of the equipment 

Analyte 
Voltage 

(kV) 

Electric current 

(µA) 

Photopeak energy 

(keV) 
Filter 

Aluminum 15 222 1,46 None 

Calcium 15 222 3,69 None 

Phosphorus 15 222 2,01 None 

Magnesium 15 434 1,25 None 

Silicon 15 222 1,77 None 

Sodium 15 222 1,04 None 

Potassium 15 222 3,30 None 

Arsenic 50 1000 10,55 Molybdenum 

Lead 50 1000 6,40 Molybdenum/Nickel 

Copper 50 1000 8,03 Molybdenum 

Iron 50 80 6,40 Titanium 

Nickel 50 53 7,20 Titanium 

Titanium 50 33 4,50 None 

Zinc 50 1000 9,59 Molybdenum 

 

 

The results were expressed in dry mass (water content equal to 1%). The uncertainty 

estimation was based on the variability between replicates and accuracy of the calibration 

curve. The estimated accuracy was calculated by software PC EDX in the in the X-ray 

Fluorescence Spectrometer by Energy Dispersion - EDXRF, model EDX 720 from 

Shimadzu, by the standard deviations of the deviations between the values obtained and 

adjusted of the curves [8]. 
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For the evaluation of the results, the Number En which is the difference between the value 

obtained in the sample analysis and the certified value, will be calculed, divided by the square 

root of the quadratic sum of the expanded analytical uncertainties, at a 95% confidence level. 

The appropriate range for the results of reference materials will be considered for En numbers 

with value between -1 and 1 as recommended by ISO 13528 (2005) [9]. For the 

demonstration of the quality of the analytical procedure, the Number En will be calculated, 

according to Equation 1. 

 

    En =
𝑋𝑜𝑏𝑠−𝑋𝑟𝑒𝑓

√𝑈𝑜𝑏𝑠
2 +𝑈𝑟𝑒𝑓

2  
            

(1) 

Xobs = mass fraction value observed in the analysis of the reference material; 

Xref = certified mass fraction value for the reference material; 

U
2

obs = analytical uncertainty at 95% confidence level of the value obtained from the analysis 

of reference material; 

U
2

ref = expanded analytical uncertainty at 95% confidence level of the certified value for the 

reference material. 

 

 

3. RESULTS AND DISCUSSION 

 

Calibration curves were constructed for each chemical element, with the results of X-ray 

intensity of the samples of the reference materials. For each point of the curve, the mean of 

triplicates of the results was used. Table 2 shows the equations of the curves established for 

the EDXRF analysis and their estimated accuracy, which represent how much a result 

approaches its true value [10]. To express the linearity of the curves, the linear correlation 

coefficient (R
2
) values are also shown. 

 

Table 2: Equations of the calibration curves and their accuracy estimated. a, b = 

adjusted parameters. I = intensity 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The calibration curves constructed are shown in Figure 1. For all chemical elements, except 

for Mg and P, the curves provide a good accuracy and linearity of the results. In the case of 

Analyte 
Equation of the 

line (aI+b) 
Accuracy R

2
 

Al 9.10
-5

I - 1,0596 136 0.97 

As 1.10
-4

I + 0,0374 12.7 0.97 

Ca 5.10
-4

I - 2,1851 1,055 0.98 

Cu 1.10
-5

I + 0,0756 100 0.98 

Fe 4.10
-5

I + 0,8355 961 0.99 

K 6.10
-4

I - 1,3158 124 0.98 

Mg 2.10
-7

I - 0,0002 161 0.91 

P 2.10
-4

I - 1,147 42 0.82 

Pb 6.10
-6

I + 0,0029 8 1.00 

Si 4.10
-5

I + 2,2977 4,839 0.99 

Ti 2,1.10
-3

I - 0,8417 34 1.00 

Zn 0,0063I - 7,9212 2 0.97 
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Mg, the curve did not show a good linearity for samples with concentrations lower than 7,000 

mg/kg, due to the fact of having very low intensities, below 0.001 cps/μA. As for P, it can be 

observed that for concentrations lower than 13,622.1 mg/kg, there is no intensity response. 

Therefore, for the P, only concentrations higher than this value can be quantified. 

 

 
Figure 1: Calibration curves for the chemical elements of interest. 

 

 

Table 3 shows the mean concentrations obtained, their respective expanded uncertainties and 

the concentrations of SRM 2781 certified reference material. The values obtained are within 

the expected range, and the uncertainty estimates are compatible with those of the reference 

material. There were no significant differences between certified and quantified values for 

most chemical elements. Due to the complexity of urban waste, some chemical elements may 

present difficulties to obtain the calibration curve, as were the cases of P and Mg. 

 

 

Table 3. Concentrations of chemical elements and results obtained of the Number En 

for the certified reference material SRM 2781 Domestic Sludge. 

Element Obtained Value Certified value Number En 
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(mg/kg) (mg/kg) 

Al 15904 ± 96 16000 ± 1000 -0.09 

As 10 ± 8 7.81 ± 0.67 0.07 

Ca 39552 ± 113 39000 ± 1000 0.24 

Cu 537 ± 104 627.8 ± 18 0.06 

Fe 28168 ± 120 28000 ± 1000 0.08 

K 4967 ± 25 4900 ± 300 0.17 

Mg 5972 ± 1969 5900 ± 200 0.02 

P 24496 ± 115 24300 ± 400 0.42 

Pb 214 ± 71 200,8 ± 4 0.09 

Si 46899 ± 603 51000 ± 2000 -0.41 

Ti 3133 ± 35 3100 ± 100 0.24 

Zn 1248 ± 0.4 1273 ± 68 -0.36 

 

 

For the demonstration of the quality of the analytical procedure, the Number En was 

calculated, according to Equation 1, adopting the limits of -1 to 1, for a confidence level of 

95%. Overall, the results were within the expected range. 

 

 

4. CONCLUSION 

 

The results of the calculations for the Number En confirmed the applicability of the 

calibration curves obtained for the analysis of the chemical elements studied in this work in 

sludge by EDXRF. However, for Mg and P, difficulties are expected in the analysis of these 

chemical elements at concentrations below 7000 mg/kg and 13,622.1 mg/kg respectively. 

Due to the lack of more types of reference materials with similar matrices, it was not possible 

to construct calibration curves with more points and also to analyze a different SRM than the 

one used to make the curves. Therefore, in the future, more materials can be used for 

validation purposes of the method. 
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