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Introduction:  The study aimed to compare the viability, precision, and accuracy of three popular instruments - X-ray Fluorescence 

(XRF), Inductively Coupled Plasma Mass Spectrometer (ICP-MS), and Particle-Induced X-ray Emission (PIXE) - used to analyze the trace 
elemental composition of small water samples. 90-milliliter water samples from public water sources in seven different localities in India 
(Bangalore, Kochi, Bhubaneswar, Cuttack, Puri, Hospet, and Pipili) were prepared through filtration and dilution for analysis.  The project 
found that the ICP-MS will give the most accurate and precise analysis, followed by PIXE and XRF. XRF can be used as an affordable 
instrument that can analyze samples on-site while ICP-MS is extremely accurate but expensive option for off-site analyses. PIXE is deemed 
unviable for on-site analysis; however, laboratories with a PIXE accelerator can use the instrument to get accurate analyses off-site. 

Results and Discussion 

PIXE XRF ICP-MS 
     These results show that XRF cannot determine trace 
elemental compositions of small filtered water samples. As 
stated before, XRF has been widely used in geographical 
expeditions to determine the composition of rocks. XRF is 
viable to determine the presence of elements in large 
quantities; however, it is insufficient in determining the 
presence of elements in such minute quantities. 

     The results shown by the PIXE technique do not detail the 
elemental composition to the level of ICP-MS.  This is due the 
lower resolution of the PIXE detector. Another differentiating 
factor between the two is availability and price.  ICP-MS is a 
separate machine that can cost more than $500,000, while 
PIXE uses a detector that can be attached to the target 
chamber of an already existing beam line.  The cost 
difference between the two techniques helps to increase the 
viability of PIXE for trace elemental analysis, while 
hampering ICP-MS.  PIXE’s ability to detect small amounts is a 
viable option for preliminary data analysis. 
 

     Many elements that could not be detected in XRF and 
PIXE due to minute amounts were visible. ICP-MS’ ability 
to detect trace elements beyond those found through 
PIXE makes it the best system for trace elemental 
analysis of water samples. A weakness to ICP-MS is that 
all elements present in the sample cannot be identified 
because elements must be manually selected by the user 
before the machine will search for them for data 
collection and analysis.  This limits the results of the data 
run to the user’s knowledge of the sample.  However, a 
large number of elements can be selected for each run, 
making up for the need to pick specific elements. 

Conclusion  and Future Plans 
 

 
 

     XRF analysis proves insufficient in determining the trace element composition of small (5 mL) filtered water samples.  ICP-MS proved to be the best method for trace elemental water analysis. The ICP-
MS results clearly showed the presence of a variety of trace elements not found in XRF or PIXE.  However, PIXE results compared favorably to the ICP-MS results. PIXE can be seen as a viable alternative to 
ICP-MS for analysis of major trace elements in water samples for those that already have an ion beam system.  While PIXE can show trace elements, it is not up to the versatility of ICP-MS. Laboratories 
equipped with PIXE can do preliminary water analysis and avoid the unnecessary high costs of ICP-MS.  Looking at the ICP-MS results, the water quality decreased as the population size decreased; areas 
with lower populations had higher number of trace elements in their public tap water. Bhubaneswar, a growing city with an inadequate infrastructure, was the only exception to this trend.  We will use 
this data to help identify the concentrations of various elements found through PIXE and ICP-MS.  The ease of these calculations PIXE and ICP-MS can help change the viability of these techniques. 
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Bangalore 

Element 
Peak 

Range 
Background 

Counts/Channel 
Total 

Background 
Total 
Area 

Element 
Area 

S 65-73 286 2574 3436 862 

Cl 75-83 422 3798 5161 1363 

Ca 109-117 460 4140 4949 809 

Puri 

Element 
Peak 

Range 
Background 

Counts/Channel 
Total 

Background 
Total 
Area 

Element 
Area 

Na 33-35 5837 17511 17862 351 

S 65-71 82 574 762 188 

Cl 74-83 61 610 1703 1093 

K 97-106 9 90 259 169 

Ca 108-118 14 154 668 514 

Bhubaneswar 

Element 
Peak 

Range 
Background 

Counts/Channel 
Total 

Background 
Total 
Area 

Element 
Area 

S 65-72 245 1960 2734 774 

Cl 75-82 203 1624 2757 1133 

K 98-104 37 259 351 92 

Ca 107-119 21 273 1627 1354 

Figure 1:  PIXE tables of Bangalore, Puri, and Bhubaneswar 

Sample Preparation 
 

•  2.5 MeV Van de Graaff Accelerator (1.5 MeV ion beam) 
•  Princeton Gamma-Tech Inc. LS30135 PIXE detector 
•  AMP-TEC XR-100CR Si X-ray Detector 
•  Varian 820-MS ICP-MS Spectrometer 

     Samples were collected from seven locations in India (refer to map 
above).  90 mL of the samples were collected in 100 mL sterile 
polypropylene containers in order to avoid contamination. The 
samples were collected directly from faucets connected to the public 
tap water sources; no additional filters were used. 5 mL of each 
sample was filtered through a filter paper (9 cm diameter).  The 
samples were left under a heat lamp to evaporate any remaining 
excess liquid soaked into the filter paper.  A control sample was also 
created using 5 mL of deionized water.  

Experimental Equipment  

Elements 
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Figure 3:  XRF experiment setup. 
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Figure 2:  XRF compiled graphs of water samples and control 
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Abstract: The study focused on trace element count differences in local tap water samples from seven Indian localities (Bangalore, 

Cochin, Bhubaneswar, Cuttack, Puri, Hospeta, and Pipili), looking for a correlation between the area’s population and the water quality. 
Water samples taken from rural areas were expected to show the highest counts of trace elements due to the lack of water treatment found 
in these areas. Ten-milliliter water samples were filtered for PIXE (Particle-Induced X-Ray Emission) and XRF (X-Ray Fluorescence) analysis. 
The counts/second of the samples were compared to one another as well as ICP-MS (Inductively-Coupled Plasma Mass Spectrometer) test 
runs. The results proved the hypothesis with one exception: Bhubaneswar, the second highest populated area, had the highest counts of 
trace elements, raising red flags for public water quality. PIXE was determined to be a viable option for preliminary trace element water 
analysis with ICP-MS as the industry-standard and XRF as imprecise. 


