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AbstractAbstract:: This study aims to determine the trace elemental composition of natural mineral water samples using two widely‐used concentration analysis techniques: X‐Ray Fluorescence (XRF) and Inductively Coupled Plasma‐Mass
Spectrometry (ICP‐MS). The XRF analysis is a non‐destructive technique, while the ICP‐MS is highly sensitive to the concentration levels of different elements and compounds. About 200mL samples of natural hot spring water from
Hot Springs, Arkansas were collected during the winter season in 2011. A part of the water samples were prepared through dilution for ICP‐MS analysis and through filtration for XRF analysis. Elemental concentration analyses of the
hot spring water samples were compared to that of tap water samples prepared through the same dilution and filtration methods. We speculate that the mineral water sample will contain a smaller concentration (in parts per millionhot spring water samples were compared to that of tap water samples prepared through the same dilution and filtration methods. We speculate that the mineral water sample will contain a smaller concentration (in parts per million
levels) of trace element contaminants (e.g. Co, Mg, Pb) than tap water since the mineral water is in an environmentally natural state. The ICP‐MS and XRF results showed the presence of trace elemental contaminants such as Co, As,
Se, Kr, Mo, Cd, Sn, and W in the hot spring water samples. The respective concentrations of trace elemental contaminants were significantly lower in the natural mineral water samples than in the tap water samples. We plan to
investigate the presence and concentration of trace element contaminants in other environmental samples.

IntroductionIntroduction:: Natural mineral water is often noted for its unique beauty and medicinal value. Specifically,
mineral water from Hot Springs, Arkansas has been used for decades in bathhouses and in public facilities for
therapeutic purposes. There is no clear basis for evaluating which elements play an active role in the healing
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39 9152 (40Ca) 1 29 x 109 1 34 x 109properties of mineral water. In general, Ca, Cr, Co, Cu, Fe, Mg, Na, K Sn, Zn and their respective isotopes have been
associated with mineral water [1]. These trace elements all have important biological functions and are regulated
in the body. For example, Ca in the diet is necessary for maintaining healthy bones and teeth. In addition, Ca and
K are both necessary for proper brain function and have been shown to play a role in lowering blood pressure [2].

Experimental SetupExperimental Setup

•• AMPAMP‐‐TECTEC XRXR‐‐100CR100CR Si XSi X‐‐rayray Detector and XDetector and X‐‐Ray Source (Figure 1)Ray Source (Figure 1)

Spring Spring WaterWater 39.9152 (40Ca) 1.29 x 109 1.34 x 109

45.9651 (46Ti) 7627 5126
50.9013 (51V) 5251 3126
54.9406 (55Mn) 21011 89051
55.9407 (56Fe) 7177802 5528860
52.9405 (53Cr) 1500 1325
58.9409 (59Co) 64345 15757
61.9411 (62Ni) 8877 1750
65.9163 (66Zn) 9502 7502
74.9919 (75As) 1250.13 725.06
77.992 (78Se) 39661 37157
83.9152 (84Kr) 49680 35903
87.9655 (88Sr) 194905 95064
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•• AMPAMP‐‐TEC TEC XRXR‐‐100CR 100CR Si  XSi  X‐‐ray ray Detector and XDetector and X‐‐Ray Source (Figure 1)Ray Source (Figure 1)
•• Varian Varian 820820‐‐MS MS Spectrometer (Figure 2)Spectrometer (Figure 2)
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each element detected was present in the tap
water sample. Although we were able to detect the
presence of elements in the spring water sample, it
was not possible to determine the exact elements
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TheThe ICP‐MS technique proved effective in
determining not only the trace elements present in
the hot springs water samples, but also the
concentration of these elements in comparison to
those present in the tap water samples. Of these
l 40C d 56F i b h h

115.9651 (116Cd) 3000 1250.13
117.9153 (118Sn) 12004 6627

Figure Figure 3:  XRF compiled graphs of Tap and Spring Water 3:  XRF compiled graphs of Tap and Spring Water 
Energy Energy ((KeVKeV))

Table 1:  Table 1:  ICPICP‐‐MS Tables of Tap and Spring Water MS Tables of Tap and Spring Water 

SampleSample PreparationPreparation:: Two 200 mL samples of natural spring water from Hot Springs Arkansas were collected in

Figure Figure 1:  1:  XRF experiment setup.XRF experiment setup.
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Figure 2Figure 2:  Varian 820:  Varian 820‐‐MS SpectrometerMS Spectrometer

present in the sample due to their meager
concentrations in the samples. The two main peaks
correspond to the Cd109 Source X‐rays. If the
elements were present in larger quantities, then
XRF may have provided a more extensive analysis.

elements, 40Ca and 56Fe were present in both the tap
water and spring water samples in the largest
amount. The data shows that the relative
concentrations of trace metallic elements are lower
in the hot springs water sample compared to that of
the tap water sample for most trace elements.
Exceptions included 40Ca and 55Mn.

SampleSample PreparationPreparation:: Two 200 mL samples of natural spring water from Hot Springs, Arkansas were collected in
500mL plastic containers for analysis during the winter season. In addition, two 200 mL tap water samples were
collected from the Department of Physics at UNT. All samples were stored at room temperature for two weeks at
Denton, Texas in 500 mL containers. Filtrated samples were then created for quantitative XRF analysis by running
each sample on 11 cm diameter filtration paper. The samples were then left to dry for 24 hours at room
temperature to remove any excess water.

XRF measurements were then carried out on the four filtrated samples at the Ion Beam Modification and
Analysis Laboratory (IBMAL). A Si‐PIN photodiode detector was used to detect elemental K‐line ionization and a
Cd109 d i h i l l f i l 20 i 5 5 2 h

Conclusion  and Future PlansConclusion  and Future Plans
Both XRF and ICP‐MS proved to be viable techniques in comparing the concentration of trace elements in the

hot springs water to that of the tap water. While ICP‐MS allowed us to determine the quantitative concentration
of certain elements in the sample, XRF analysis had led us to believe that the concentration of most trace
elements in the tap water sample would be greater than that of the spring water sample. However, the
concentration of Ca and Mn were found to be greater in the spring water sample. These results show that
natural spring water has a higher concentration of some health‐beneficial trace elements (Ca and Mn) and lower
levels of trace elements (Cd Sn Sr Zn) than normal tap water This characteristic may be what contributes to the
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Cd109 source was used to excite the experimental samples for approximately 20 minutes. 5 x 5 cm2 copper sheets
were used for calibration.

Samples were diluted to a 1 in 500 dilution ratio for ICP‐MS analysis. Nitric acid and 18.2 milliohm water
were added to the solution and the final solution contained 1% nitric acid. ICP‐MS measurements were then
taken and results were displayed in table format in mass (amu) vs. counts/second.

levels of trace elements (Cd, Sn, Sr, Zn) than normal tap water. This characteristic may be what contributes to the
medicinal value of the natural hot springs water. We plan to use these techniques to determine the elemental
composition of other environmental and biological samples and their impact on human health.
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