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Abstract 

Wubudu river of Sumalata receives tailing discharges from Artisanal and Small-scale Gold Mining 
(ASGM). Mercury concentration in the river water and sedimets were higher than limit by WHO 
were reported (Khoirul and Jahja 2014, Arifin 2015[1]). Concentrations of other heavy metals are 
needed also to be investigated. In this study we used X-ray Flourescence spectroscopy to dermine 
the concentrations of geavy metals in the riverine sediments. The results shows that concentations 
of Copper (Cu), Lead (Pb), Iron (Fe), Zinc and Aresenic are higher elevated above threshold limit.  

Keyords: Sediments, heavy metals, XRF 

A. Introduction 
As part of environmental preventing and pollution monitoring program. Every year, 

Government of  Gorontalo Utara Regency have to provide report, including  heavy metals 
concentration in river sediments.  

Rapid and accurate measurement are urgently needed. Improved understanding of measurement 
of concentrations using x-ray fluoresecence. XRF technique is known for its rapid measurement 
on heavy metals concentration [2],   
 

  



B. Method 
The sediments samples were taken from wubudu river downstream about 100 m from the river 

mouth. The samples were brought to the laboratory directly then dried and removing the organic 
parts (plants and animal parts). The dried samples were powdered using agate mortar and filtered 
with 200 mesh. Powder samples were weighed about 2 grams each for XRD and XRF 
rescpectively. From XRD measurement we obtained the spectra of Intensity vs 2theta, which need 
to be analyzed using TOPAS softwere to obtained the minerals in the sample. While from XRF 
measurement we obtained the spectra of intensity vs energy, where by using Spektra EDX software 
we obtained the elements inside the sample.  

 

 
Figure 1. Flow chart of experiment 

 
C. Results 

Figure 2 showing the typical XRF spectra of riverine sediments samples, horizontal axis is 
energy (in keV) of fluorescent beams from the samples. While XRD spectra of the same sample is 
depicted in Figure 3, Intensity of diffracted X-ray beams of CuKaplha is plotted against 2theta. 
XRF specra is dominated by iron, sulphur, silicon and Aluminum elements.  



      

 

Figure 2. Spectrum of elements using Bruker S2 XRF. 

 

Figure 3. Minerals spectrum in river sediment using Bruker X2 XRD.  
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Table 1. Elemnents in Wubudu River 

Elements Percentage % Comparison  

Name Symbol Singapore UNG  

Sulphur S 36.77 17.022 2.16  

Iron (Ferrum) Fe 27.93 71.775 0.39  

Silicon Si 18.8 2.458 7.65  

Aluminum Al 8.649 0 0  

Kalium (Potassium) K 1.228 0.475 2.59  

Arsenic As 1.062 3.337 0.3  

Magnesium Mg 0.833 0 0  

Cuprum (Copper) Cu 0.739 0.586 1.26  
Zinc  Zn 0.361 0.335 1.08  

Calcium Ca 0.254 0.586 0.43  

Titanium Ti 0.188 0.405 0.46  

Erbium Er 0.166 0 0  

Phosphor P 0.047 0 0  

Barium Ba 0.036 0.349 0.10  

Gadolinium Gd 0.022 0 0  

Manganese Mn 0.021 0.52 0.04  

Hydrargyrum (Mercury) Hg 0.021 0 0  

Holmium Ho 0,017 0 0  

Vanadium V 0.013 0 0  

Tellurium Te 0 0.419 0  

Praseodymium Pr 0 0.223 0  

Lead (Plumbum) Pb 98 PPM 9070 PPM 0.01  

Antimony (Stibium) Sb 96 PPM 4750 PPM 0.02  

 



 
 
 
 
 
 

Table 2. Minerals in Wubudu river sediment 
 

Minerals Percentage % 

Quartz (SiO2) 56.622 

Phlogopite (Fe1.1 H0.24 K Mg1.9 O12 Si4) 5.956 

Volborthite (Cu3 H6 O11 V2) 0.410 

Berlinite ( Al O4 P) 1.710 

Euclase (Al Be H O5 Si) 1.376 

Birnessite  (H3.7 Mn Na0.29 O2.75) 16.927 

 
D. Conclusion 

 
 Heavy metals concentrations in Wubudu river sediments were succesfully determined 

using combination of XRF and XRD data 
 Iron, Silicon and Sulphur were found as major elements in the sediments. 
 Calcium, Arsenic, Manganese and Postassium were found about 1 percent  
 While Copper, Lead, Zinc, Vanadium, Antominy  and Mercury were found in ppm levels 
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