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Introduction 

 Energy dispersive X-ray fluorescence (EDXRF) spectroscopy is an 
analytical method for identification and quantification of elements in 
materials by measurement of their spectral energy and intensity (Silva 
et al., 2012).  

 Its utility in biomedical analysis is faced with challenges due to 
enhanced spectral background, low signal to noise ratio of the mostly 
low-Z elements as well as low fluorescence yield of the trace elements 
of interest. 

 EDXRFS spectroscopic technique involves simultaneous non-invasive 
acquisition of both fluorescence and scatter spectra from samples for 
quantitative determination of trace elemental content in complex 
matrix materials. 

 The EDXRF challenges may be partly resolved by chemometrics (Jose 
and Neil, 2007), which is a relatively new discipline for extracting 
comprehensive physical and chemical information from the 
spectroscopic measurements in complex multivariate spectra.  

  There have been previous studies to determine trace element 
concentration differences in body tissues (Edger et al., 1989) as a 
result of alterations and changes in concentration of the trace elements 
in biological samples (Kubala-Kukus et al., 2004). 
 



Statement of the problem 

 

X-ray fluorescence (XRF) spectroscopy enables rapid, direct 

and simultaneous multi-elemental analysis of trace elements in 

samples.  

However, information on the concentrations and speciation 

of elemental constituents of body tissue contained in the XRF 

spectrum suffers from poor detection limits for complex low-Z 

matrices; XRF is not suited for light elemental analysis and in 

principle, inapplicable for speciation analysis of trace 

elements.  

In general, EDXRF encounters analytical challenges in 

analysis of biomedical samples due to resulting complex 

matrices (extreme matrix effects, spectral overlap and poor 

signal-to-noise ratio (SNR)) for trace analytes.  



 

 

General objective 
 To develop a chemometric-aided EDXRFS method for rapid 

diagnosis of cancer and its severity (staging) based on analysis 
of trace elements (Cu, Zn, Fe, Se and Mn), their speciation and 
multivariate alterations of the elements in cancerous body 
tissue samples as cancer biomarkers.  

 



Justification and significance of the study 
Cancer, especially breast and prostate are the leading cause of death in the 

world (WHO, 2012) with overall burden of cancer projected to increase in 

developing countries (Mathers and Loncar, 2006). 

The quest for early diagnosis of cancer is based on the fact that early 

intervention translates to higher survival rate and better quality of life. 

The available methods for diagnosis are often possible at an advanced stage 

which is expensive and delays treatment resulting to high mortality rate. 

EDXRF analytical method relies on apriori sample information  of 

fluorescence X-rays to quantify (mostly) heavy elements and is not easily 

applicable to speciation analysis of trace elements.  

EDXRFS spectroscopy is a newly proposed non destructive, rapid and 

potential method for simultaneous determination of trace elements (both low-Z 

and high-Z) concentrations (and probably speciation) in biomedical samples. 

EDXRFS has the ability to provide vital diagnostic information about cancer, 

its type and staging but has not been applied to speciation analysis and also 

comprehensive analysis of biomedical samples.  



Theoretical framework 
Ray Fluorescence Analysis 

The X-ray fluorescence analytical technique is based 

on principle of radiation interaction with matter in 

which the interaction can be through the process of;  

 Photoelectric absorption 

  Scattering of the photon 
  Analytical chemometric spectroscopy 

 Chemometric analytical tools (PCA, KNN andANN) 
mainly deals with the following broad problem 
formulations:  

Data description (exploratory data analysis). 

Classification and discrimination of samples. 

Correlation and regression analysis. 

 



Simulate samples 

Tissue  simulate block samples were prepared in 2 sets from highly purified 

paraffin wax as the base matrix. 

Domestic dog tissues 

Approximately 50g of the tissue samples were surgically removed from 

prostate / mammary organs labeled as SP specifying demographic details . 

The selected tissue samples were fixed in formalin for preservation of 

cellular details (Su et al., 2004) and later freeze dried at  for 48 hours (time  

optimized  for removal  of  water  and stop cellular  activities) in petri dishes.  

The freeze dried tissue were thawed at room temperature and then embedded 

in highly purified paraffin wax (Su et al., 2004) to provide the supportive and 

protective aid during sectioning.  

5μm thick tissue samples were sectioned using a microtome and mounted on 

a 2μm mylar foil for analysis. 

 

 

  Sampling 

2 sets of samples (simulates and domestic dog tissues) were considered for 

determination of trace elements; Cu, Fe, Zn, Mn and Se together with their 

(Cu, Fe and Mn) speciation.  

 

 

 

 

 

Materials and Method 



EDXRF spectrometry instrumentation 
 

 

 

 

Sample 

Filter 

(optional) 

X-Ray Tube 

Electronics 

Air 

Computer  
  

Liquid  

nitrogen 

Detector 

 

  

 



Element Energy (KeV) Channel numbers 

Mn 5.89 287-296 

6.49 327-335 

Fe 6.40 318-326 

7.06 348-356 

Cu 8.04 398-406 

8.90 442-448 

Zn 8.63 431-438 

9.57 475-482 

Se 11.21 561-568 

12.49 618-627 

K
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Selected spectral region of interest 

Additionally,   Compton scatter region was selected with channel 

numbers (950-1000) intensities corresponding to energy (19.15 keV) of 

Rh    .  

K
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                     RESULTS AND DISCUSSION 

 

 EDXRFS spectrum for domestic dog tissue 
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Two predominant features of the spectral data were observed; fluorescence peaks and 
Compton scatter peak, typical of biomedical samples. The fluorescence peaks consists of 
various macro-elements (Ca, K, P, S and Cl) and spiked trace elements; Mn, Fe, Cu, Zn and 
Se  in simulate tissues.  



Detection limits 

Element Energy (keV)  Atomic 

number, 

        Z 

Detection limit 

(µg/g) ±standard 

deviation 

Mn 5.89 25 3.2±1.4 

Fe 6.40 26 13.0±5.7 

Cu 8.04 29 8.5±2.8 

Zn 8.63 30 10.6±3.5 

Se 11.21 34 1.6±0.7 

The concentrations of trace elements below the detection 

limits in are impossible to determine for modeling towards 

disease diagnostics in tissues using routine EDXRF analysis. 



The domestic dog samples were classified into 2 clusters based on their 
matrix composition; explained by total variance of 93 % (77 % and 16 % for 
PC1 and PC2 respectively).  

PCA score plot for domestic dog samples 
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The two clusters in PCA score plot are influenced by both     and   intensity 
signals of Ca, Cl, Mn, Fe, Cu, Zn and Se as shown on the above PCA loadings 
plot. 
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Speciation of Mn for domestic dog tissue using KNN 

KNN technique was utilized to determine the chemical speciation of Mn in 

sample SP4B based on the 10 nearest neighbors in the training set.  SP4B was 

found to have 50 %   (5 neighbors) and 50%  (5 neighbors) thus predicted to 

have both lower and higher ionic speciation of Mn.  
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Element EDXRFS 

Measured value ± 

Standard 

deviation (ppm) 

Certified value 

± Standard 

deviation 

(ppm) 

% deviation 

from certified 

values 

Mn 
16.9 ± 1.2 18.5 ± 0.2 8.6 

Fe 
238 ± 15.6 205.8 ± 6.8 4.9 

Cu 
66.8 ± 4.6 71.6 ± 1.6 6.7 

Zn 
1280.5 ± 29.0 1 424 ± 46 6.8 

Se 
3.6 ± 1.1 2.06 ±0.15 31.1 

Comparison of elemental concentrations in CRM Oyster tissue 
(NIST1566b) obtained and the certified values 



Cancerous 

samples 
Sample 

name 

Mean elemental concentrations ± standard deviation (ppm) 

Mn Fe Cu Zn Se 

 

Early stage 

prostate 

cancer 

SP1B 3.9±0.3 167.5±3.6 21.9±0.7 94.4±2.6 3.7±0.1 

SP43 3.6±0.3 129.7±35.9 17.4±5.4 74.5±26.4 2.9±1.2 

SP45 3.7±0.3 154.0±4.5 21.1±1.1 87.7±6.2 3.6±0.1 

SP20 3.7±0.4 168.9±4.7 20.9±3.5 94.2±5.5 3.8±0.3 

SP13 3.3±0.4 158.7±12.1 21.2±0.8 95.2±2.9 3.8±0.1 

SP24 3.9±0.1 170.1±3.7 23.0±0.5 93.6±4.6 4.0±0.1 

SP66 4.1±0.2 166.3±3.3 23.2±3.9 98.9±10.1 4.0±0.5 

SP35 3.8±0.1 165.4±0.2 21.9±0.3 96.9±5.2 3.9±0.2 

Late stage 

prostate 

cancer 

SP5B 3.6±0.6 161.1±5.9 19.8±3.6 89.8±3.8 3.5±0.1 

SP7B 3.9±0.5 161.9±8.9 23.4±3.2 97.3±6.8 3.9±0.5 

SP3B 4.1±0.3 167.6±6.5 23.7±3.1 99.5±4.7 4.3±0.1 

SP4B 3.3±0.2 171.1±3.9 21.3±2.2 92.6±6.1 4.4±0.3 

Advanced 

mammary 

cancer 

SP29 3.8±0.2 191.2±9.5 23.7±3.1 99.5±4.7 4.9±0.1 

SP6B 4.7±0.5 184.9±6.8 19.8±3.6 89.8±3.8 5.1±0.7 

SP42 4.1±0.4 175.1±3.9 23.2±3.9 98.9±10.1 4.5±0.1 

SP2B 3.3±0.3 152.9±10.3 21.9±0.3 96.9±5.2 3.4±0.9 

Concentrations of trace elements for histopathologically classified dog 
tissue samples analyzed using fluorescence peaks 



 

Element 

Pearson correlation coefficients between elemental concentrations and 

their corresponding P values for early stage cancer 

Mn Fe Cu Zn Se 

Mn 1 

Fe 0.488 (0.220) 1 

Cu 0.612 (0.107) 0.904 

(P<0.01) 

1 

Zn 0.317 (0.366) 0.928 

(P<0.01) 

0.903 

(P<0.01) 

1 

Se 0.469 (0.242) 0.927 

(P<0.01) 

0.974 

(P<0.01) 

0.946 

(P<0.01) 

1 

 

Element 

Pearson correlation coefficients between elemental concentrations and 

their corresponding P values for advanced stage cancer 

Mn Fe Cu Zn Se 

Mn 1 

Fe -0.283 (0.717) 1 

Cu 0.832 (0.168) 0.174 (0.826) 1 

Zn 0.874 (0.126) 0.174 (0.826) 0.989 

(0.011) 

1 

Se 0.005 (0.995) 0.0.927(0.073) 0.507 

(0.493) 

0.482 

(0.518) 

1 

Pearson correlation coefficients between elemental concentrations in prostate 

tissue  samples for early and advanced stage cancer 



KNN results for speciation of Fe, Cu and Mn using for selected 

dog tissues 

Cancerous 

samples 

Element 

Fe Cu Mn 

% % % % % % 

 

Early  

prostate 

cancer 

SP1B 80 20 60 40 40 60 

SP43 80 20 60 40 50 50 

SP45 80 20 60 40 40 60 

SP20 80 20 40 60 30 70 

SP13 80 20 60 40 30 70 

SP24 80 20 60 40 30 70 

SP66 80 20 60 40 50 50 

SP35 80 20 60 40 30 70 

Advanced 

prostate 

cancer 

SP5B 80 20 60 40 30 70 

SP7B 80 20 60 40 60 40 

SP3B 80 20 60 40 40 60 

SP4B 80 20 60 40 50 50 

Advanced 

mammary 

cancer 

SP29 80 20 30 70 30 70 

SP6B 80 20 30 70 20 80 

SP42 80 20 20 80 20 80 

SP2B 80 20 20 80 20 80 

2Fe 3Fe Cu 2Cu 2Mn 4Mn



Chemometric aided EDXRFS cancer diagnostic model for body tissues. 



Conclusion 

 Chemometric aided EDXRFS cancer diagnostic model has 

been evaluated as a direct and rapid superior alternative for the 

traditional quantitative methods used in XRF such as FP 

method. 

 PCA results of cultured samples indicate that it is possible to 

characterize cancer at early and late stage of development 

based on trace elemental profiles of Fe, Cu, Zn, Mn and Se. 

 KNN speciation analysis enabled determination of speciation 

of Cu, Mn and Fe in cancerous and non-cancerous tissue 

samples.  

 ANN quantitative calibration model was efficient as it was 

possible to determine the concentration levels of trace 

elements  (Fe, Cu, Zn, Mn and Se ) in domestic dog tissue 

samples. 



         Recommendation 

 For future result reliability, correct assessment of the role of 

each trace elemental concentration and/or speciation in regard 

to carcinogenesis needs to be closely monitored for a large set 

of samples.  

 The predetermined cancer diagnostic model can possibly be 

refined by incorporating macro elements and increasing the 

number of trace elements to be analyzed in tissue samples for 

determination of early, intermediate and advanced stages of 

cancer development.  

 For correct assessment of the functions of macro and trace 

elements in regard to carcinogenesis, there is need for 

acquisition of more data from several body tissue 

investigations. 
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