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ABSTRACT 

 
The use of Energy Dispersive X-Ray Fluorescence (EDXRF) for analysis of environmental samples has gained 

expressive attention in the last years. With the objective of identification and quantification of heavy metals in 

water, EDXRF methodology with portable equipment was employed. The work consisted on the use of a 

portable EDXRF system constituted by a X-ray tube to excite the samples, a Si-Pin detector, a holder for the 
excitation-detection system and samples positioning, with the standard data acquisition electronics to register the 

spectra. The samples were filtered in ester cellulose membranes for suspended particulate matter retention. After 

this, Ammonium Pyrrolydine Dithiocarbamate (APDC) precipitation methodology was applied for sample 

preconcentration with posterior filtering in membranes. So, the dissolved and non dissolved metal fractions were 

determined separately. The detection limits were, in mg L-1: 0.006 (Fe), 0.015 (Co), 0.004 (Cu), 0.002 (Zn), 

0.004 (Se) and 0.005 (Pb), with 5% deviations for 95% of confidence. Considering all the sampling locations, it 

was possible to quantify the following range of concentrations, in mg L-1: Ca (0.043 – 0.021), Ti (0.137 – 0.014), 

Mn (0.052 – 0.008), Fe (1.66 – 0.035), Ni (0.012 – 0.010), Cu (0.010 – 0.007), Zn (0.070 – 0.007) and Pb (0.85 - 
1.01). The results presented relative deviation from 5% to 22%, within 95% of confidence level, which is 

considered very satisfactory when using portable equipments. In 4 h of field work it was possible to filter 14 

membranes and measure around 16 samples.  

 

 

1. INTRODUCTION 

 

Water is one of the most important constituents of the alive organisms. The preservation of 

fresh water resources becomes one of the top environmental priorities in the world. Quality 

control is particularly important in the case of drinking water, where high selectivity 

analytical techniques are needed to measure minute concentrations of essential and toxic 

elements. The contamination arises mainly from the discharge of residues from human and 

natural activities that result in an interference of a desirable use of water[1].
 

 

The accurate determination of total concentrations of trace metals in environmental matrices 

such as urban residential particles, dust, airborne particulate matter, soils, water and sediments 

presents a significant challenge. This has led to the development and continuous improvement 

of various analytical methods for sample digestion or pre concentration, and development of 
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instrumental techniques to obtain exhaustive chemical information in a relatively short 

time[2].  

 

The determination of heavy and toxic elements permits the study of their distributions, the 

pollution level as well as the risk assessment in the investigated ecosystems. Undoubtedly, the 

most popular methods for this purpose at present are atomic absorption spectrometry (AAS), 

inductively coupled plasma – atomic emission spectrometry (ICP-AES) and instrumental 

neutron activation analysis (NAA). The necessity of a nuclear reactor for NAA, the necessity 

of exhaustively prepare the samples (depending on the matrix) for AAS and ICP-AES, 

however, stimulate the interest towards energy dispersive X-ray spectrometry (EDXRF) in 

ecological investigations[3]. EDXRF is a non-destructive and multi-elemental technique 

which can be applied to any kind of sample, liquid, solid, thick, intermediate or thin, with, in 

many cases, sufficient sensitivity for many trace elements[4].
 

 

X-ray spectrometry, in its various forms, is now a powerful, well established and mature 

technique for environmental analysis. It is also one of the atomic spectrometric techniques 

that can be adapted for true field portable use[5]. 
 
It offers multi-element capability, economy, 

high speed and easy operation, and its physical principles, advantages and limitations are now 

well understood[6,7,8]. 

 

The focus of this study is to identify and quantify heavy metals in water, employing Energy 

Dispersive X-Ray Fluorescence (EDXRF) methodology with a portable equipment. In this 

work are presented the results of a monitoring sampling in 10 locations of the Igapó Lake, at 

Londrina, PR. Also is presented the results from two measurements performed in situ in the 

urban area at Londrina city. 

 

2. MATERIAL AND METHODOS  

2.1. Sampling place 

 

Ten sampling points from Igapó Lake and its effluents were monitored, as show Fig. 1. They 

are located at Londrina, PR, in the south region of Brazil. Igapó lakes cross the central region 

of the city and are part of the micro basin of Cambé river, who supplies the lakes. They are 

very used for the population for recreation, aquatic sports and fishing. The Environment 

Institute of Paraná (EIP), that is the supervisory agency responsible for the region, makes the 

tracking twice a year in the lakes, collecting water samples that are analyzed by AAS as 

laboratory routine. 

 

Two sampling points were analyzed in situ: Igapó Lake IV and Capivara River, both in urban 

area, at Londrina, PR, Brazil. In this case all the equipments for sample pre-concentration and 

measurements were carried out for the sampling place. 
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Figure 1. (a) Identification of sampling region. (b) Sampling sites at Londrina, 

PR, Brazil. 
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2.2. Sample Preparation 

2.2.1. Pre-concentration methodology 

 

To reach the national and international maximum permissive level of concentration, a pre-

concentration step is essential. Firstly the samples were filtered in ester cellulose membranes 

of 0.45 µm pore size for suspended particulate matter (SPM) retention. After this, the pre-

concentration methodology, consisting of precipitation with Ammonium Pyrrolydine 

Dithiocarbamate (APDC), was applied. So the percolated samples were subjected to the 

following pre-concentration conditions: 300 mL of solution at pH 4, 1 mL of 2% APDC 

solution, 10 minutes of stirring time and filtration in 0.45 m pore size ester cellulose 

membranes[9]. Dry off for 24h was performed at room temperature or 30 minutes at sun. 

Three pre-concentrated membranes of each sample were prepared. 

 

From the SPM membrane it was obtained the non-dissolved metals fraction and from the pre-

concentrated membranes the dissolved fraction. All membranes were irradiated three times by 

EDXRF technique. 

 

2.2.2. Igapó Lake samples 

The samples were collected in the summer of 2006 and 2007 and in the winter of 2006. 

Two liters of superficial water were collected in polyethylene bottles from each one of the 10 

sampling points. One liter was used for EDXRF analysis and the other for AAS. 

The samples were carried out to the laboratory and prepared in the same day for EDXRF 

analysis. 

For AAS determination, the samples were preserved with HNO3 until its analysis. The 

preparation consists on the digestion of 100 mL of the sample with 5 mL of HNO3 until 

almost total evaporation. Then, more 5 mL of HNO3 is added, the solution is heated and 1 mL 

of it is completed with distilled water up to 25 mL. This procedure and the analysis were 

performed by Environment Institute of Paraná staff. 

 

2.2.3. In situ analysis 

The pre-concentration methodology was applied, on field, in 1 L of sample from each one of 

the two point evaluated.  

2.3. EDXRF Instrumentation 

 

The measurement system comprises a Si-PIN detector (221 eV FWHM at 5.9 keV and 25 µm 

Be window) (Amptek Inc.)[10], coupled to a pre-amplifier, both thermoelectrically cooled, a 

high voltage source with amplifier, multichannel analyzer and a notebook for data acquisition 

and evaluation. The samples excitation was performed with a mini X ray tube (Ag target, 4 

W) (Moxtek Inc.)[11]. The whole system is portable and can be used in the sampling place. 

 

The measurement conditions were: 28 kV, 10 A and 50 m Ag filter at the tube output. Ag 

collimator with 3 mm diameter aperture at the detector entrance and 500 s of irradiation time. 
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2.4. EDXRF Quantification Procedure 

Mono-element standards on polycarbonate membranes supplied by MicroMatter were 

irradiated for sensitivity determination. 

 

For validation purpose two standard reference materials were measured, SRM1640 and 

SRM1643e from NIST (National Institute of Standards and Technology), both prepared using 

the pre-concentration methodology.  

 

The relationship between the fluorescence intensity of characteristic Kα or Lα line and the 

concentration of an element in the sample is given by the fundamental parameters [6] 

expressed by equation 1: 

 

Ii = Si Ci A               . (1) 

 

in which Ii is the characteristic X rays net intensity (cps), Ci is the concentration (µg.g
-1

), Si 

the elementary sensitivity of the analyzed element i (cps.g
-1

.cm
2
) and A is the absorption 

factor which is equal 1 for thin films. 

 

The detection limits (DL) were obtained using Equation (2):[12] 

 

tS

Bg
DL

  

3
. (2) 

 

where Bg is the background counts and t the measurement time.  

 

3. RESULTS  

3.1. Calibration curves and validation  

 

Sensitivity curves are presented in Figures 2 and 3, for Kα and Lα lines, respectively. The 

concentrations of the standard reference materials, within 95% confidence level, are shown in 

Table 1. 

 

Detection limits values were, in mg L
-1

: 0.006 (Fe), 0.015 (Co), 0.004 (Cu), 0.002 (Zn), 0.004 

(Se) and 0.005 (Pb), with 5% deviations for 95% of confiability 
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Figure 2. Elemental sensitivity curve for Kα X-Rays using thin films standards 

(MicroMatter) 
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Figure 3. Elemental sensitivity curve for Lα X-Rays using thin films standards 

(MicroMatter) 
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Table 1. Concentrations (mg. L
-1

) of standard reference materials using portable EXRF 

equipment. 

 

Element SRM 1640 SRM 1643e 

Certified Measured Certified Measured 

V 0.0130±0.0004 0.006±0.002 0.0216±0.0003 0.012±0.004 

Fe 0.0343±0.0016 0.047±0.003 0.056±0.001 0.110±0.008 

Co 0.0203±0.0003 0.018±0.001 0.0155±0.0002 0.013±0.003 

Ni 0.0274±0.0008 0.033±0.002 0.0357±0.0004 0.033±0.010 

Cu 0.0852±0.0012 0.069±0.003 0.0130±0.0002 0.011±0.004 

Zn 0.0532±0.0011 0.014±0.001 0.045±0.001 0.011±0.001 

Se Not present- Not present 0.0068±0.0001 0.006±0.001 

Pb 0.0279±0.0001 0.038±0.012 0.0112±0.0001 0.027±0.016 

 

 

3.2. Igapó Lake results  

 

The results with EDXRF methodology are presented in Table 2. It was possible to quantify 

Ca, Ti, Mn, Fe, Ni, Cu and Zn. For Capivara stream, Água Fresca Stream, Rubi stream and 

Cambé river it was measured a small Zn contamination in the 2007 winter sampling, since the 

limit established by Brazilian National Environmental Comission, (CONAMA)[13], is 0.18 

mg L
-1

 for this element. The concentrations for Mn and Ni were below the maximum 

permissive value of 0.1 mg L
-1 

and 0.025 mg L
-1

, respectively. 
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Table 2. Total concentration and standard deviation values, in mg L
-1

, for Igapó Lake 

samples and its effluents. 
 

IGAPÓ LAKE I 

Element March/06 June/06 May/07 

Ca <0.009 0.043±0.007 0.038±0.012 

Ti 0.029±0.003 0.121±0.009 0.106 

V <0.004 <0.006 <0.004 

Cr <0.003 <0.004 <0.003 

Mn <0.002 0.052 <0.002 

Fe 0.32±0.04 0.82±0.04 0.64±0.02 

Co <0.001 <0.001 <0.001 

Ni 0.010±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.003±0.001 

Zn <0.001 0.003±0.001 0.071±0.010 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.003 <0.003 <0.002 

 

IGAPÓ LAKE II 

Element March/06 June/06 May/07 

Ca <0.009 0.032±0.005 <0.010 

Ti 0.014±0.003 0.051±0.007 0.068±0.036 

V <0.004 <0.005 <0.005 

Cr <0.003 <0.003 <0.003 

Mn 0.029±0.002 0.043±0.003 0.012±0.002 

Fe 0.25±0.06 0.60±0.04 0.56±0.11 

Co <0.001 <0.001 <0.001 

Ni 0.012±0.001 <0.001 <0.001 

Cu <0.001 <0.001 0.003±0.001 

Zn <0.001 <0.001 0.077±0.002 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.003 <0.003 <0.002 

 

IGAPÓ LAKE III 

Element March/06 June/06 May/07 

Ca <0.009 <0.010 0.020±0.012 

Ti 0.023±0.004 0.033±0.004 0.095±0.007 

V <0.003 <0.004 <0.005 

Cr <0.002 <0.003 <0.004 

Mn 0.039±0.003 0.008±0.001 0.016±0.002 

Fe 0.37±0.03 0.57±0.04 0.92±0.09 

Co <0.001 <0.001 <0.001 

Ni 0.011±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.005±0.001 

Zn <0.001 <0.001 0.102±0.004 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.002 <0.002 <0.002 

 

 

 

IGAPÓ LAKE IV 

Element March/06 June/06 May/07 

Ca <0.009 <0.009 <0.010 

Ti 0.027±0.015 0.023±0.002 0.024±0.005 

V <0.003 <0.004 <0.004 

Cr <0.002 <0.003 <0.003 

Mn <0.001 <0.002 0.005±0.001 

Fe 0.66±0.14 0.65±0.12 0.62±0.04 

Co <0.001 <0.001 <0.001 

Ni 0.010±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.009±0.001 

Zn <0.001 <0.001 0.135±0.011 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.002 <0.002 <0.002 

 

CAPIVARA STREAM 

Element March/06 June/06 May/07 

Ca <0.011 0.038±0.004 <0.012 

Ti 0.043±0.001 0.136±0.002 0.112±0.041 

V <0.002 <0.006 <0.004 

Cr <0.001 <0.004 <0.003 

Mn <0.001 0.044±0.003 <0.002 

Fe 0.28±0.02 0.89±0.04 0.71±0.10 

Co <0.001 <0.001 <0.001 

Ni 0.009±0.005 <0.001 <0.001 

Cu <0.001 <0.001 0.004±0.001 

Zn <0.001 <0.001 0.19±0.02 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.003 <0.003 <0.002 

 

LEME STREAM 

Element March/06 June/06 May/07 

Ca <0.009 <0.010 0.020±0.011 

Ti 0.015±0.003 <0.005 0.043±0.009 

V <0.001 <0.004 <0.003 

Cr <0.001 <0.002 <0.005 

Mn <0.001 <0.003 <0.002 

Fe 0.18±0.02 0.12±0.01 0.36±0.06 

Co <0.001 <0.001 <0.001 

Ni 0.005±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.003±0.001 

Zn <0.001 <0.001 0.055±0.005 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.003 <0.003 <0.002 
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ÁGUA FRESCA STREAM 

Element March/06 June/06 May/07 

Ca <0.010 0.021±0.002 0.017±0.009 

Ti 0.006±0.002 0.016±0.004 0.070±0.023 

V <0.001 <0.004 <0.005 

Cr <0.001 <0.003 <0.003 

Mn 0.005±0.002 0.042±0.015 0.010±0.002 

Fe 0.17±0.05 0.31±0.04 0.63±0.09 

Co <0.001 <0.001 <0.001 

Ni 0.006±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.004±0.001 

Zn <0.001 <0.001 0.301±0.019 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.003 <0.003 <0.003 

 

RUBI STREAM 

Element March/06 June/06 May/07 

Ca <0.009 <0.009 <0.009 

Ti 0.000 0.014±0.005 0.033±0.003 

V 0.000 <0.004 <0.004 

Cr <0.02 <0.003 <0.003 

Mn 0.000 <0.002 <0.002 

Fe 0.25±0.01 0.18±0.03 0.24±0.01 

Co <0.001 <0.001 <0.001 

Ni <0.001 <0.001 <0.001 

Cu <0.001 <0.001 0.004±0.001 

Zn <0.001 <0.001 0.295±0.010 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.0001 <0.002 <0.002 

Pb <0.002 <0.003 <0.002 

 

BARORÉ STREAM 

Element March/06 June/06 May/07 

Ca <0.010 <0.010 <0.009 

Ti 0.023±0.011 <0.004 <0.004 

V <0.001 <0.003 <0.003 

Cr <0.001 <0.002 <0.002 

Mn <0.001 <0.002 <0.002 

Fe 0.46±0.06 0.33±0.02 0.35±0.02 

Co <0.001 <0.001 <0.001 

Ni <0.001 <0.001 <0.001 

Cu <0.001 <0.001 0.004±0.001 

Zn <0.001 <0.001 0.167±0.008 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.002 <0.002 <0.002 

 

CAMBÉ RIVER 

Element March/06 June/06 May/07 

Ca 0.000 <0.010 <0.019 

Ti 0.006±0.001 0.023±0.006 0.289±0.086 

V <0.001 <0.004 <0.008 

Cr <0.001 <0.003 <0.004 

Mn <0.001 <0.002 <0.002 

Fe 0.27±0.02 0.72±0.04 2.5±0.3 

Co <0.001 <0.001 <0.002 

Ni 0.005±0.003 <0.001 <0.001 

Cu <0.001 <0.001 0.006±0.001 

Zn <0.001 <0.001 0.22±0.01 

As <0.001 <0.001 <0.001 

Se <0.001 <0.001 <0.001 

Hg <0.001 <0.002 <0.002 

Pb <0.002 <0.003 <0.002 

 

 

 



 

For Fe and Cu, the concentration limits in the legislation are referred to the dissolved metal 

fraction, as 0.3 and 0.009 mg L
-1

, respectively[13]. For Cu there was not identified 

contamination. In Fe case, the dissolved metal quantity ranged from 0.003±0.001 to 

0.59±0.03. The contaminated points are identified at Fig. 4, from which can be inferred the 

dissolved Fe dynamic in the evaluated points. Cambé river and Baroré stream encounter on 

the Igapó lake IV, which in turn supplies the other lakes. It can be noted that Fe dissolved 

concentration reduces from Igapó lake IV to Igapó lake I, suggesting that the iron is being 

diluted in the pathway. 
 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

Figure 4. Fe dissolved concentrations in Igapó lake water samples by portable EDXRF. 

The dashed line represents the CONAMA maximum permissive value (class 1 waters). 

 

Environmental Institute of Paraná evaluates as a routine, the presence of Cr, Fe, Cd, Hg and 

Pb in same samples using AAS methodology. From this analysis, only Fe values were above 

the detection limits of the used system. So, Fe concentration was compared for both 

techniques, showing that exist a good correlation between the results. The used AAS 

methodology determined total Fe concentration, however, CONAMA legislation consider 

contamination only for dissolved Fe, so this result can be considered inconclusive. 

 

3.3. In situ results  

 

The concentration values, within 95% confidence level are presented at Table 3 for the two 

points analyzed in situ. 
 

Table 3. Concentration results, mg L
-1

, for in situ analysis.
 

 Capivara river Igapó IV Lake 

Element 

 

Particulate suspended 

matter 

Dissolved metal 

 

Particulate suspended 

matter 

Dissolved metal 

 

Fe 31.0±2.5 0.038±0.004 1.66±0.19 0.79±0.11 

Cu 0.17±0.03 <0.004 <0.004 <0.004 

Pb 0.93±0.08 <0.005 <0.006 <0.005 
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In 4 h of work at field it was possible to filter 14 membranes and measure around 16 samples. 

The performance of the equipment was very good and the results are satisfactory for in situ 

measurements employing a portable instrument. 

 

 

3. CONCLUSIONS  

 

The performance of the equipment was very good and the results are satisfactory for in situ 

measurements employing a portable instrument, in which standard deviation around 30% are 

accepted (according to Report IAEA-TECDOC-1456, 2005)[14]. In this work the deviation 

was around 15%. 

 

The monitoring result showed that there were no heavy metals in the water during the period. 

The presence of Ca, Ti, Mn, Fe, Ni, Cu and Zn was identified only by EDXRF methodology, 

preconcentration procedure, and not by AAS. The pre-concentration methodology enabled 

the quantification of the dissolved and non dissolved metals fraction without laborious steps. 

 

The results of the two methodologies generated more detailed conclusions about the water 

conditions in the analyzed points, complementing the routinely analysis performed. 

 

The portable EDXRF is a powerful and useful tool in screening sites for major contaminants. 

It is a fast, effective and convenient method with the potential to replace lengthy and costly 

traditional laboratory analysis methods. 
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