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จุดประสงค์หลกัของงานน้ี คอื การศึกษาความเป็นไปไดท้ี่จะใชภ้าพจากกล้องดจิติอลมาวเิคราะห์จุดภาพแล้วเปลี่ยนบรเิวณ

จุดภาพที่สนใจเป็นอาร์เรย์ตวัแทนเพื่อตรวจหาปริมาณโซเดยีมในเครื่องดื่มทดแทนเกลือแร่  วิธีน้ีเป็นวิธีการเดียวกบัการวเิคราะห์

ภาพถ่ายดาวเทยีมโดยรโีมตเซนซิง่เรยีกว่า “โฟโตแกรมเมตร”ี  วธิทีีน่ าเสนอน้ีง่าย ใชเ้ครื่องมอืราคาถูกและมคีวามไวสูง วสัดแุละวิธี

ทดลอง: วธิทีีน่ าเสนอมพีืน้ฐานจากการน าสารละลายมาตรฐานและตวัอย่างเขา้สูเ่ปลวไฟทีเ่กดิจากอากาศผสมอะเซทลินี  ภาพของเปลว

ไฟจะถูกบนัทกึดว้ยกลอ้งถ่ายภาพแบบดจิติอล  ภาพของเปลวไฟทีไ่ดจ้ากสารละลายมาตรฐานและตวัอย่างเครื่องดื่มทดแทนเกลอืแร่จะ

น าไปผา่นกระบวนการเพือ่เปลีย่นระดบัสแีละความสวา่งใหเ้ป็นคา่ความเขม้ขน้ดว้ยโปรแกรมทีพ่ฒันาขึน้   วธิกีารอ่านคา่ระดบัสแีละความ

สวา่งน้ีไดน้ าไปประยกุตใ์นการหาปรมิาณโซเดยีมในตวัอยา่งเครือ่งดืม่ทดแทนเกลอืแร ่และไดเ้ปรยีบเทยีบวธิดีงักลา่วน้ีกบัวธิเีฟลมอะตอม

มกิอมีสีชัน่สเปกโทรโฟโตเมตร ีผลการศึกษา: กราฟมาตรฐานของสารละลายมาตรฐานโซเดยีม ใหค้า่ความเป็นเสน้ตรงในช่วง 0.4 – 2.0 

ไมโครกรมัต่อมลิลลิติร  มคี่าสมัประสทิธิส์หสมัพนัธ์ของความเป็นเส้นตรง 0.9901 (n=5)  ค่าขดีจ ากดัการตรวจวเิคราะห์ (LOD) และ

ขดีจ ากดัการบง่ปรมิาณ (LOQ) โดยมขีอ้ก าหนดพืน้ฐานของสญัญาณทีว่ดัเทยีบกบัสญัญานรบกวน ในอตัราสว่น 3:1 และ 10:1 ตามล าดบั     

ค่าขดีจ ากดัการวเิคราะห์และขดีจ ากดัการบ่งปรมิาณ คอื 0.12 และ 0.38 ไมโครกรมัต่อมลิลลิติรตามล าดบั มีการศกึษาผลการรบกวนที่

เป็นไปได้จากน ้าตาล(กลูโคส เดรซ์โทรส และซูโครส)และ ไอออนรบกวน(K+, Zn2+และ Mg2+)ในการวเิคราะห์โซเดยีม  พบว่าผลการ

รบกวนจากน ้าตาลและไอออนทีศ่กึษามอีทิธพิลต่อสญัญาณน้อยกว่า ± 2.5% สรปุผล: ไดพ้ฒันาวธิโีฟโตแกรมเมตรอีย่างงา่ยทีใ่ชใ้นการ

วเิคราะหป์รมิาณโซเดยีมในตวัอย่างเครื่องดื่มทดแทนเกลอืแร่ขึน้  วธิโีฟโตแกรมเมตรทีีน่ าเสนอน้ีไดเ้ปรยีบเทยีบกบัวธิเีฟลมอะตอมมกิอี

มสีชัน่สเปกโทรโฟโตเมตร ีซึง่ผลการศกึษาทีไ่ดไ้มแ่ตกต่างกนัดว้ยความเชื่อมัน่ทีร่ะดบั 95% โดยใชส้ถติ ิt-test  วธิทีีไ่ดน้ าเสนอน้ีเป็นวธิทีี่

มขี ัน้ตอนทีง่า่ยและคา่ใชจ้า่ยทีต่ ่า 
 

ค าส าคญั: โซเดยีม, โฟโตแกรมเมตร,ี ภาพดจิติอล, เครือ่งดืม่ทดแทนเกลอืแร่ 
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Abstract 
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The main purpose of this work is to study the possibility of using digital image from camera and convert array of pixels 
as matrix for determination of sodium in sport drink samples.  This method is also used in satellite image processing by remote 
sensing called " Photogrammetry" .  The present method is simple, inexpensive instrumentation and rapid process with high 
sensitivity. Materials and methods: The proposed method is based on aspirated the standard or sample solution into a burner 
that ignites flame by mixing fuel between air and acetylene. Digital images of fame emission were recorded using digital camera. 
Images of the flame emission from standard sodium solution and sport drink samples were processed to read the pixels array 
color which was converted to concentration using in-house program. The pixels array reader method was applied to quantification 
sodium from sport drink samples and the results were compared to the flame atomic emission spectrophotometric method. 
Results:  The calibration curve for standard sodium solution shown an excellent linearity over a concentrations range of 0. 4 – 
2.0 µg mL-1. The correlation coefficient was obtained to be 0.9901 (n=5). The limit of detection (LOD) and the limit of quantitation 
( LOQ)  were determined based on the criteria of signal- to- noise ratio for LOD and LOQ are 3: 1 and 10: 1, respectively. The 
results of LOD and LOQ were found to be 0.12 and 0.38 µg mL-1, respectively. Effects of some possible flavor sugars (glucose, 
dextrose and sucrose)  and interfering ions ( K+ , Zn2+and Mg2+ )  on the determination of sodium were also investigated.  All of 
flavoring sugars and metal ions interfered the monitoring signal in the range below ± 2. 5% .  Conclusion:  A simple method for 
determination of sodium in sport drinks was developed using photogrammetry. The proposed photogrammetric method and flame 
atomic emission spectrophotometric method showed positive agreement with no statistical difference at 95%  confidential level 
by the t-test. The study demonstrated potential of photogrammetry beyond simple procedure and cost-effective method. 
 

Keywords: Sodium, Photogrammetry, Digital image, Sport drinks 
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Introduction 
Sport drinks are specifically designed for, or 

marketed towards, people who are undertaking physical 
activity, being mainly composed by carbohydrates, 
electrolytes and vitamins. One typical ingredient was sodium 
chloride salt. High salt content can be harmful to health 
because it increases of the blood pressure with age related 
with the risk of hypertension (Havas et al., 2007) and 
cardiovascular disease (Campbell et al., 2011). An 
increasing correlation exists between high salt intake and 
the risk of overweight (Song et al., 2013). World Health 
Organization (WHO) recommends reducing sodium intake 
to < 2g/day (5g/day salt) (WHO, 2012). Daily sodium intake 
mainly came from one plate meals in the campus cafeteria 
(Salaya campus, Mahidol University) which the average was 
2.85 g of sodium/day in males and 2.04 g of sodium/day in 
females (Pavadhgul et al., 2009). A study conducted among 
320 hypertensive patients in hypertension (HT) clinic at 
Siriraj Hospital. The mean total daily sodium intake was 
found to be 3.4 g of sodium/day (Buranakitjaroen et al., 
2013). This study could be provided an overview of sodium 
content in sport drink samples. 
             Interestingly, a new technique called digital image-
based colorimetry (DIC) based on measurement of the red, 
green and blue (RGB) value of different color intensities will 
be used instead of spectrophotometry. Modern satellite 
imagine interpretation also use bands and spectrum from 
pixels array as a tool to analyze specific matrix on earth. 
The method is also called remote sensing photogrammetry 
(Xu et al., 2012).  The RGB value provided the integer scale 
in ranges from 0 to 255 for each color giving more than 16 
million different colors (from 0 to 255*255*255 = 
16,777,216). This technique can be used for reading a RGB 
or pixels array value of each color from the colorimetric 
reaction directly and/or recorded digital image which was 
read the pixels array value by color-analysis software 
(Lopez-Molinero et al., 2010). The previously studies were 
used photogrammetric method include the prediction of iron 
(Suzuki et. al., 2006) and calcium in water (Lopez-Molinero, 
et al., 2013). In addition, the novel method can be improved 
for determination of sodium which was based on the specific 

flame color coupled with pixels array reader program. 
Several methods have been reported previously for the 
determination of sodium ion including ion chromatography 
(Caland et al., 2012), flow injection analysis (Abramova       
et al., 2009), capillary electrophoresis (Kubán et al., 2014), 
chromatographic (Svensson et al., 2005) and 
spectrophotometric method (Taylor et al., 2006). However, 
a report of photogrammetric method for the determination of 
sodium in sport drink samples based on pixels array value 
from digital image of flame emission has not been yet 
available in the literatures.   
             The main purpose of this work is to study the 
possibility of using digital images from camera and read 
pixels array value by pixels reader program (GetPixel 
Version 1.0) for determination of sodium in sport drink 
samples. The proposed method is based on aspirated the 
standard or sample solution into the burner which ignites the 
flame by mixing fuel between air and acetylene. Digital 
images of flame emission were recorded using digital 
camera. The images of the flame from standard sodium 
solution and sport drink samples were processed to read the 
pixels array value using in-house GetPixel program. The 
arrays of pixels were then normalized using mathematical 
deconvolution to achieve delegate data represent 
concentration scale of each standard. The delegate data 
were then plotted against concentration to obtained 
calibration curve where the suspected samples were 
correlated to predict its unknown concentration.  
 
Materials and methods 
Chemicals    
        1. Sodium chloride, Analytical grade, Sigma-
Aldrich; Germany 
       2. Potassium chloride, Analytical grade, Ajex 
Finechem; Australia 
        3. Zinc chloride, Analytical grade, Ajex Finechem; 
Australia 
       4. Magnesium chloride hexahydrate, Analytical 
grade, BDH, UK 
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Instrumentations 
        1. Android smartphone    
        2. Mirrorless digital camera A and B  
        3. Flame atomic absorption/emission 
spectrophotometer, PinAAcle 900F, PerkinElmer®; USA 
        4. Deionized water unit, Millipore® Milli-Q; USA 
Procedure 
Standard of sodium solution preparation 

Standard stock solution was prepared by 
accurately weighing 2. 5421 g of sodium chloride into 1 L 
volumetric flask and adjusting to volume with deionized 
water to provide a final concentration of 1000 µg mL- 1. 
Sodium standard solution in concentrations of 0.4, 0.8, 1.2, 
1.6 and 2.0 µg mL-1 were prepared  by pipet 1 mL of 1000 
µg mL-1 sodium standard solution and made up the solution 
to 100 mL with deionized water.  Afterward, to pipet this 
sodium standard solution for 2, 4, 6, 8 and 10 mL and made 
up the solution to 50 mL with deionized water which were 
gave the appropriated standard sodium solution. 
Calibration curve  

The working solution of sodium standard for 
photogrammetric method with concentrations ranging from 
0.4–2.0 µg mL-1 were prepared and investigated. Each of 
sodium standard solution was aspirated into a titanium 
burner head with 100 mm in length of single slot which was 
ignited the flame by mixing fuel between air and acetylene. 
The flame emission digital image of each sodium standard 
solution was taken by android smartphone, mirrorless digital 
camera A and B and stored a picture as jpeg format. The 
digital image of flame emission was processed RGB pixels 
array values using in-house pixels reader program (GetPixel 
Version 1.0). The pixels array were then calculated by 
mathematical deconvolution of golden-yellowish flame. This 
blue background in pixels were subtracted using (R-B)*(G-
B) photogrammetric deconvolution in each cell of matrix. All 
cells were averaged to delegate one significant value 
represent sodium signal per concentration. After that, plot 
the delegated deconvolution values against concentration to 
obtain calibration curve where sample pixels were correlated 
to find out its unknown concentration or amount. 

 

Sample measuring 
The commercial sports drink samples were 

collected from convenient store at Khon Kaen University, 
Thailand and Vientiane capital, Lao PDR. All of sample were 
diluted with deionized water in order to get the appropriate 
concentration for direct determination (Hwang et al. , 2017). 
The diluted sample was flow through flame burner with 
appropriate flow rate which was recorded the digital image 
of flame emission as jpeg format, then pixels array value 
was proceeded by GetPixel program.  
RGB-Photogrammetry program 

The image of flame emission was interpreted by a 
pixels array reader program (GetPixel Version 1.0) which 
was provided by Assist. Prof. Dr. Senee Kruanetr, 
Department of Chemistry, Faculty of Sciences, 
Mahasarakham University, Thailand. The Getpixel program 
was developed in-house using Microsoft Visual Basic 6.0. 
 

Results  
Validation of the method 

The studies investigated the optimum conditions for 
sodium determination. Flame emission was carried out with 
titanium burner head with 100 mm in length of single slot 
which were applied with air and acetylene. The optimization 
of experimental conditions were conducted by mean of 
univariate method, in which one variable was modified while 
maintaining other variables at constant (Table 1). 
Effect of oxidant and fuel flow rate 

This study was investigated for flame emission 
properties. The optimum condition could be provided a flame 
color to be bright of golden-yellowish and gave a stable 
flame emission intensity. The source of flame came from the 
mixing fuel between air (oxidant) and acetylene (fuel). The 
Syngistix® for AAS software (PerkinElmer®) was used for 
controlling air and acetylene flow rate. The optimum air flow 
rate was studied in the range of 6.0–14.0 L min- 1.  It was 
found that 10.0 L min-1 of air flow rate was gave the suitable 
flame. 

The effect of varying flow rate of acetylene between 
1. 0 and 3. 0 L min- 1 was examined.  The optimum intense 
flame color was observed when flow rate of acetylene was 
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2. 5 L min- 1.  The appropriate of air and acetylene flow rate 
for the experiment were 10.0 and 2.5 L min-1, respectively. 
Effect of standard or sample flow rate  
             The influence of the standard or sample flow rate 
was investigated by aspirating volume of 4. 0, 5. 0, 6. 0, 7. 0 

and 8. 0 mL min- 1 into the flame on burner head with 100 
mm in length of single slot.  It was found that the 6. 0 mL  
min- 1 of standard or sample flow rate which exhibited the 
greatest intense flame color and chosen as optimum 
standard or sample flow rate.

 

Table 1. The optimum conditions for flame emission intensity. 
 

Conditions studied Range studied Optimum level 
1. Flow rate of oxidant (Air), L min-1 6.0, 8.0, 10.0, 12.0, 14.0 10.0 
2. Flow rate of fuel (Acetylene), L min-1 1.0, 1.5, 2.0, 2.5, 3.0   2.5 
3. Flow rate of standard or sample   
   aspiration rate, mL min-1  

4.0. 5.0, 6.0, 7.0, 8.0   6.0 

Effect type of digital cameras 
            Sodium standard solution 2.0 µg mL-1 was flowed 
through the flame on burner head as a representative signal. 
The digital image of flame emission was then taken and 
stored as jpeg format with digital camera from android 
smartphone, mirrorless digital camera A and B (Figure 1) as 
the conditions shown on Table 2.  The compressed file at 
880 x 850 pixels size were cropped by the user and read 
pixels array values by in- house color- analysis software 
(GetPixel Version 1. 0) .  It were seen that digital image of 
flame with true color (golden- yellowish) could be obtained 
when using mirrorless digital camera B for recording flame 
image (Figure 1(c)). Therefore, the mirrorless digital camera 

B was chosen as the selected digital camera instead of 
android smartphone and mirrorless digital camera A which 
was applied to the next study. 
Regions for reading pixels array values 
           The proposed method reads pixels array values by 
color-analysis software (GetPixel Version 1.0). The region 
was assigned, (Figure 2), for recorded pixels array values 
of each flame emission image. The average values of pixels 
array were mathematical deconvoluted and averaged which 
was used for speculate unknown sodium concentration from 
samples. The analytical characteristic for determination of 
sodium in sport drinks will be proceed in the next step. 
 

 
Table 2. The studies on type of digital camera for stored the flame digital image. 
 

Type of digital camera Conditions for stored image Quality of image 
(megapixels) 

1. Android smartphone    
 
 

S = 1/33, f = 2.2, ISO 1250  
Fix lens 4 mm,  
Mode: Automatic 

 13.0 (jpeg) 

2. Mirrorless digital camera A 
       

S = 1/30, f 5.0, ISO 1600 
Zoom lens 18-55 (at 50mm) 
Mode: Automatic 

 18.0 (jpeg) 

3. Mirrorless digital camera B   S = 1/30, f = 5.6, ISO 1600 
Zoom lens 16-50 (at 50mm) 

 16.1 (jpeg) 

    Mode: Manual   
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(a)                                      (b)                                         (c) 

Figure 1. The 2.0 µg mL-1 sodium standard solution was used for taking a flame image with (a) android smartphone;  
(b) mirrorless digital camera A; (c) mirrorless digital camera B 

 

               
 

Figure 2. GetPixel program was used for color-analysis. 
 
Analytical characteristics 
              Using the proposed procedure for determination of 
sodium in sport drinks under the optimum conditions.  
Analytical characteristics of the method were shown in Table 
3. The calibration curve for standard sodium solutions 
shown an excellent linearity over a concentrations range of 
0.4–2.0 µg mL-1. Over the above concentrations range, 
linear regression of the average deconvoluted pixels array 
values (y) and concentration of sodium (x) expressed the 

equation y = 2.9031x + 0.9313. The correlation coefficients 
was shown to be 0.9901 (n=5). Some of flame images 
(blank and standard sodium solution) were shown in Figure 
3. The limit of detection (LOD) and the limit of quantitation 
(LOQ) were determined. For sodium, based on the criteria 
of signal-to-noise ratio are 3:1 and 10:1, respectively. The 
results of LOD and LOQ were found to be 0.12 and 0.38 µg 
mL-1, respectively. 

Regions for reading the 

average of pixels array 

values 
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          The precision study (standard deviation) was 
obtained after seven replicated assays of low and high 
concentration of sodium standard (0.8 and 1.6 µg mL-1) were 
measured. The relative standard deviation value of low and 
high concentration of assays were 0.23 and 0.24 %. The 
accuracy of the method is expressed in terms of percentage 
recovery of sodium in standard solution (0.6 and 1.8 µg    
mL-1, n=7). The percentage recoveries were found to be 
103.03 and 102.77 %, respectively. 
          The proposed method was applied to quantification 
sodium from sport drink samples and the results were 

compared to the reference method (performed by flame 
atomic emission spectrophotometry, FAES). FAES was 
operated with an air-acetylene and the flow rates were 10 L 
min-1 of air and 2.5 L min-1 of acetylene. Emission intensity 
signal were measured using 589.0 nm line at a bandpass of 
0.2 nm (Hwang et al., 2017). The accuracy was verified by 
the Student’s t-test. The calculated Student’s t-test value 
(0.30) was less than the theoretical (2.45) at a confidence 
level 95% (P value of 0.05). Reasonable agreement 
between the proposed method and FAES methods was 
found (Table 4). 

 

   
(a)                                         (b)                                        (c) 

 
Figure  3. Examples of flame digital image of, (a) Blank solution; (b) 0.4 µg mL-1 sodium standard; 

(c) 1.6 µg mL-1 sodium standard 
 
Table 3.  Analytical characteristics of proposed method for determination of sodium. 
 

Parameters Optimum value 
Linearity of calibration curve 0.4 – 2.0 µg mL-1 
Linear regression equation (n=5) Y = 2.9031X + 0.9313 
Correlation coefficient 0.9901 
Limit of detection, LOD 0.12 µg mL-1 
Limit of quantitation, LOQ 0.38 µg mL-1 
Repeatability (n=7); RSD 
   0.80 µg mL-1 
   1.60 µg mL-1 

 
0.23 % 
0.24 % 

Percentage recoveries (n=7)  
   0.60 µg mL-1 
   1.80 µg mL-1 

 
103.03 % 
102.77 % 
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             Some of flavor sugars used in the manufacturing of 
sport drinks such as glucose, dextrose and sucrose could 
interfere with photogrammetric method and the quality of 
results. Similarly, some metal ions contained in sport drink 
samples namely potassium(K+), magnesium(Mg2+) and 
zinc(Zn2+) may also interfere in the proposed procedure. 
These potential interfering substances were then added 

one-by-one to the tested samples at concentration ranges 
10 and 25-fold higher than the concentration of sodium 
solution (2.0 µg mL-1). It was found that all of flavor sugars 
and metal ions were interfered the monitoring signal less 
than ±2.5 % for determining the sodium solution.   

 

Table 4.  Accuracy of proposed method compared with flame atomic emission spectrophotometric method (FAES)  
             for determination of sodium in sport drink samples. 
                      

Sport drinks sample Sodium found, n=5 
 Proposed method 

(µg mL-1 ± SD) 
FAES method 
(µg mL-1 ± SD) 

SD 01 737 ± 3.29 744 ± 2.17 
SD 02  344 ± 3.68 327 ± 3.49 
SD 03 955 ± 3.88 938 ± 2.80 
SD 04   452 ± 2.95 439 ± 3.16 
SD 05 325 ± 2.10 305 ± 2.30 
SD 06 842 ± 2.54 867 ± 1.80 
SD 07 388 ± 2.22 408 ± 2.15 
t-test at 95% confidence level:  
t-calculation 0.30 
t-distribution at (n-1)=6,  2.45 

 
Discussion and Conclusions 
          A photogrammetric method for determination of 
sodium in sport drinks was developed. The proposed 
method was based on aspirated sodium solution into burner 
which was operated with an air-acetylene flame. The flame 
image was taking by mirrorless digital camera and stored as 
jpeg format. The digital image of flame emission was 
processed RGB pixels array values using in-house pixels 
reader program (GetPixel Version 1.0). The pixels arrays 
were then calculated by mathematical deconvolution of 
golden-yellowish flame. Afterward, plot the delegated 
deconvolution values against concentration to obtain 
calibration curve where sample pixels were correlated to find 
out its unknown concentration of sodium in sport drink 
samples. The linearity of the calibration curve is in the useful 
range for determination of sodium in sport drink samples.  

The proposed simple photogrammetric method and 
reference FAES method showed positive agreement with no 
statistical difference at 95% confidence level by the t-test. 
The study in this work has demonstrated the potential for 
photogrammetric technique.  
 
Acknowledgments 
            The authors are grateful to the Faculty of 
Pharmaceutical Sciences, Khon Kaen University, Thailand, 
for scholarship support. The authors would like to thank Dr. 
Glenn Borlace, Faculty of Pharmaceutical Sciences, Khon 
Kaen University, Thailand, for assistance with English 
language editing.          



วธิวีเิคราะหโ์ซเดยีมอยา่งงา่ยดว้ยโฟโตแกรมเมตร ี
บวัสะหวนั หล่าบุนม ีและคณะ 

_______________________________________________________________________________________________ 
 

130 

ว. เภสชัศาสตรอ์สีาน 
ปีที ่14 ฉบบัที ่2  เม.ย. – ม.ิย.  2561 

References 
Abramova N, Ipatov A, Levichev S, Bratov A. Integrated 

multi-sensor chip with photocured polymer 
membranes containing copolymerized plasticizer 
for direct pH, potassium, sodium and chloride ions 
determination in blood serum. Talanta 2009; 79: 
984-989. 

Buranakitjaroen P, Phoojaroenchanachai M. The 
prevalence of High sodium intake among 
hypertensive patients at hypertension clinic, Siriraj 
hospital. J. Med. Assoc. Thai., 2013; 96 Suppl 2: 
S1-S7. 

Caland LB, Silveira ELC, Tubino M. Determination of 
sodium, potassium, calcium and magnesium 
cations in biodiesel by ion chromatography. Anal. 
Chim. Acta 2012; 718: 116-120. 

Campbell N, Correa-Rotter R, Neal B, Cappuccio FP. New 
evidence relating to the health impact of reducing 
salt intake. Nutr. Metab Cardiovasc. Dis. 2011; 21: 
617-619. 

Havas S, Dickinson B, Wilson M. The urgent need to 
reduce sodium consumption. JAMA. 2016; 298: 
1439-1441. 

Hwang J, Kim JC, Moon H, Yang JY, Kim MK. 
Determination of sodium contents in traditional 
fermented food in Korea. J. Food Compos. Anal. 
2017; 56: 110-114. 

Kubán P, Greguš M, Pokojová E, Skricková J, Foret F. 
Double opposite end injection capillary 
electrophoresis with contactless conductometric 
detection for simultaneous determination of 
chloride, sodium and potassium in cystic fibrosis 
diagnosis. J. Chromatogr. A. 2014; 1358: 293-298. 

Lopez-Molinero A, Cubero VT, Irigoyen RD, Piazuelo DS, 
Feasibility of digital image colorimetry-Application 
for water calcium hardness determination. Talanta  
2013; 103: 236-244.  

Lopez-Molinero A, Liñan D, Sipiera D, Falcon R. 
Chemometric interpretation of digital image 
colorimetry. Application for titanium determination 
in plastics. Microchem. J. 2010; 96: 380-385. 

Pavadhgul P, Sunthonwaraluk S, Srisorachatr S, 
Temcharoen P. Dietary sodium intake by semi-
quantitative food frequency questionnaire amoung 
undergraduate students of Mahidol University.     
J. Med. Assoc. Thai., 2009; 92 Suppl 7: S75-S81. 

Song HJ, Cho YG, Lee HJ. Dietary sodium intake and 
prevalence of overweight in adults. Metab. Clin. 
Exp. 2013; 62: 703-708. 

Suzuki Y, Endo M, Jin J, Iwase K, Iwatsuki M. Tristimulus 
colorimetry using s digital still camera and its 
application to determination of iron and residual 
chlorine in water sample. Anal. Sci. 2006; 22: 411-
414. 

Svensson S, Isacsson AC, Ljungkvist G, Torén K, Olin AC. 
Optimization and validation of an ion 
chromatographic method for the simultaneous 
determination of sodium, ammonium and 
potassium in exhaled breath condensate.             
J. Chromatogr. B. 2005; 814: 173-177. 

Taylor RP, James T, Enzymatic determination of sodium 
and chloride in sweat. Clin. Biochem. 1996; 29: 
33-37. 

WHO, Guideline: Sodium intake for adults and Children. 
World Health Organization (WHO), Geneva; 2012. 

Xu M, Zhou N. Image positioning accuracy analysis for 
super low altitude remote sensing satellites. Int. J. 
Adv. Robotic Sy. 2012; 9: 1-7. 

 
 
 

 
  

 


