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A B S T R A C T

Novel modern easily feasible methods for direct evaluation of a new, simple preconcentration analytical pro-
cedure have been developed. Two types of smartphone image analysis applications (ON Color Measure and Color
Lab) were evaluated to obtain RGB and HSV color spaces data for the quantification of Magnetic textile solid
phase extraction of colored compounds (e.g. water-soluble organic dyes). Both direct measurement of color spaces
values via the smartphone camera and image analysis of the photograph can be used successfully. The obtained
data were similar to those obtained by previously examined professional ImageJ software. The saturation (S)
values of the HSV color space are directly proportional to the concentrations of the analyzed dye.
1. Introduction

Sample concentration techniques are usually used during the moni-
toring the concentration of target biologically active compounds, organic
and inorganic pollutants or radionuclides present in water, other envi-
ronmental media and biological materials. Solid phase extraction (SPE)
techniques are predominantly employed nowadays for such purpose.
Among them SPE procedures based on the use of magnetically responsive
materials are very important. Magnetic solid phase extraction (MSPE)
employing magnetically responsive adsorbents was developed by Safar-
ikova and Safarik in 1999 [1]. Magnetic materials can serve as supports
for the immobilization of an appropriate affinity ligand, or as magnetic
labels for conversion of originally diamagnetic materials into magneti-
cally modified ones. This technique greatly simplifies the extraction
procedure and enhances the extraction efficiency. Magnetic adsorbents
can be prepared in different shape, size and configuration. Magnetic
separation is not influenced by the change of pH, ionic strength or the
presence of contaminating diamagnetic materials [2, 3, 4].

Magnetic textile solid phase extraction (MTSPE) represents a new
preconcentration procedure based on the use of a piece of textile with
incorporated magnetic iron wire [5]. After immobilization of an appro-
priate affinity or ion exchange ligand to the textile fibers, the target
analyte can be preconcetrated from large sample volumes. After pre-
concentration, the piece of textile can be easily and rapidly separated
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magnetically. Similarly to standard solid phase separation procedures,
analyte bound to magnetically responsive textile can be eluted with a
small amount of an appropriate eluant and then analyzed [5, 6].

Organic dyes are used in huge amount of processes and subsequently
they can appear in water environment. Approved synthetic food dyes are
also present in many beverages. Simple detection and quantification of
dyes in water samples is of high interest. Recently developed MTSPE
enables simple and efficient dyes preconcentration and analysis [6, 7].

It has been shown recently that image analysis employing HSB color
space can be successfully used for dye concentration determination using
MTSPE. After the dye preconcentration, photos of textile squares with the
adsorbed dye were taken using a mobile phone or a digital camera. Using
an appropriate software, the square or rectangle covering maximum
of homogeneously colored textile (without the staple) was cropped
from the original image for the subsequent evaluation using ImageJ
software installed on the standard computer. Using this inexpensive,
elution free assay it is possible to analyze dyes concentration in various
solutions [7].

In order to further simplify the image analysis procedure during
MTSPE, a simple smartphone-based image analysis of textile pieces after
dye extraction is presented. Image analysis was performed using two
smartphone applications (ON Color Measure and Color Lab) run on a
standard smartphone; for the comparison the image analysis was also
performed using ImageJ installed on the standard computer.
ecember 2019
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Table 1. Comparison of RGB and HSV (HSB) values of standard colored pictures obtained using smartphone applications On ColorMeasure and ColorLab, and by ImageJ software.

Model color On ColorMeasure ColorLab (EyeDropper) ImageJ

R G B R G B H S V R G B H S V R G B H S B

0 122 119 0 122 119 178 100 47 0 122 119 179 100 48 0 122 119 179 100 48

0 210 127 1 210 127 156 99 82 1 210 127 156 100 82 1 210 127 156 100 82

2 137 0 2 137 0 119 100 53 2 137 0 119 100 54 2 137 0 119 100 54

24 116 205 25 116 205 209 87 80 25 116 205 210 88 80 25 116 205 210 88 80

38 36 107 38 37 107 240 65 41 38 37 107 241 65 42 38 37 107 241 65 42

70 66 63 70 66 63 25 10 27 70 66 63 26 10 27 70 66 63 26 10 27

77 255 254 77 255 255 180 69 100 77 255 255 180 70 100 77 255 255 180 70 100

87 69 52 86 69 51 30 40 33 86 69 51 31 41 34 86 69 51 31 41 34

94 136 255 94 136 255 224 63 100 94 136 255 224 63 100 94 136 255 224 63 100

96 128 197 95 128 197 220 51 77 95 128 197 221 52 77 94 130 197 219 52 77

99 184 255 100 184 255 207 60 100 100 184 255 207 61 100 100 184 255 207 61 100

113 244 254 113 244 254 184 55 99 113 244 254 184 56 100 113 244 254 180 56 100

116 214 0 115 214 1 87 99 83 115 214 1 88 100 84 115 214 1 88 100 84

125 160 255 125 160 254 223 50 99 125 160 254 224 51 100 125 160 254 224 51 100

140 104 78 140 104 78 25 44 54 140 104 78 25 44 55 140 104 78 25 44 55

152 179 255 152 179 255 224 40 100 152 179 255 224 40 100 152 179 255 224 40 100

173 255 0 173 255 0 79 100 100 173 255 0 79 100 100 173 255 0 79 100 100

180 200 255 180 199 255 224 29 100 180 199 255 225 29 100 180 199 255 225 29 100

199 223 255 198 223 254 213 22 99 198 223 254 213 22 100 198 223 254 213 22 100

202 216 255 202 216 255 224 20 100 202 216 255 224 21 100 202 216 255 224 21 100

206 59 43 206 59 43 5 79 80 206 59 43 6 79 81 206 59 43 6 79 81

206 83 42 206 83 42 15 79 80 206 83 42 15 80 81 206 83 42 15 80 81

228 255 88 228 255 88 69 65 100 228 255 88 70 65 100 228 255 88 70 65 100

231 201 173 231 201 173 28 25 90 231 201 173 29 25 91 231 201 173 29 25 91

238 0 0 238 0 0 0 100 93 238 0 0 0 100 93 238 0 0 0 100 93

240 239 239 239 239 239 0 0 93 239 239 239 0 0 94 239 239 239 0 0 94

247 190 40 247 190 39 43 84 96 247 190 39 44 84 97 247 190 39 44 84 97

252 207 53 252 207 52 46 79 98 252 207 52 46 79 99 252 207 52 47 79 99

255 127 0 255 127 0 29 100 100 255 127 0 30 100 100 255 127 0 30 100 100

255 255 0 255 255 0 60 100 100 255 255 0 60 100 100 255 255 0 60 100 100
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2. Materials and methods

2.1. Materials and software

Chitosan (medium molecular weight (ca 400 000 Da), 75–85%
deacetylated) was obtained from Fluka, Switzerland. Red food dye
azorubine (E122), as a part of food coloring mixture, was ordered from
Aroco, Czech Republic; blue fountain ink containing dye Acid blue 93
was supplied by Koh-i-noor Hardtmuth, Czech Republic. Common
chemicals were from Lach-Ner, Czech Republic. Nonwoven textile (Bas-
telfiltz, 100 % acrylic felt, white, 150 g/m2, 10 � 30 cm) was ordered
from Max Bringmann KG-folia, Germany. An office stapler with common
iron-based staples were bought locally. Smartphone applications ON
Color Measure (Version 7.0, produced by PotatotreeSoft) and Color Lab
(produced by H&H Color Lab, USA) were running on Samsung Galaxy
SIII Mini smartphone (Samsung Electronics Co., Republic of Korea).
Freeware (XnView and ImageJ) run on a standard computer were used
for photographs adjustment and image analysis, respectively.
Figure 1. Cropped images of magnetically responsive, chitosan modified
nonwoven textile squares after MTSPE of azorubine from solutions (volumes
100 mL) containing the described concentration of dye (0–0.120 mg/L).
2.2. Image analysis of cropped images

Preparation of textile adsorbent (squares 20 � 20 mm), which can be
easily magnetically separated, as well as magnetic textile solid phase
extraction procedure have already been described [7]. Standard image
analysis of magnetic textile squares after dye extraction was performed as
described previously [7]. Shortly, mobile phone with android application
CameraNext Mod was used for taking photos of textile squares under
normal daylight in room with standard illumination. XnView software
was used to crop the original image into the square or rectangle con-
taining homogeneously colored textile without the staple for the subse-
quent evaluation. Analysis of all the samples was performed using Color
Inspector 3D plugin (ImageJ software), where the reduction of original
colors into one „median“ color was done by the Median Cut option.
Subsequently, three image parameters (hue (H), saturation (S), bright-
ness (B)) were obtained by application of the HSB color space. The H
value of the image with intensive coloring was applied as the standard
value for the processing of the images with lower concentrations of the
same dye. Graphs in our previous work illustrate the dependence of S
values on the initial dye concentrations of the analyzed solutions [7].

The same images were analyzed using a smartphone with installed
applications. Using On Color Measure the analyzed image was down-
loaded via Mode action, and then usually 10 points were randomly
selected using a movable cursor; the measured data (RSB and HSV
values) were registered and used for subsequent calculations. Using Color
Lab the Eye Dropper application enabled to download the image; after
touching the screen at appropriate place the local dye was selected,
which in the next step presented the values of various color spaces,
including RGB and HSV. These values were also recorded and analyzed
later.
Figure 2. Dependence of values of saturation (S) on the concentration of
analyzed azorubine solutions; treated volume was 100 mL. O – ImageJ, ▴–Color
Lab, □ - On Color Measure.
2.3. Real time image analysis of textile pieces

Using On Color Measure it is possible to measure directly the RGB and
HSV values of the analyzed colored textile piece via the smartphone
camera. Using Color Lab the Eye Dropper application is selected, camera
figure is touched and appropriate place on the textile piece is selected and
RGB and HSV values are collected.

3. Results and discussion

Simplification of analytical instruments and procedures enables their
potential exploitation directly by non-trained users or outside the well-
equipped laboratory. Recently smartphones have been used e.g., for
colorimetric detection of nitrite [8], spectrometric detection of ascorbic
acid [9] or colorimetric assay of uric acid and glucose [10]. Several
3

review papers summarizing smartphone based bioanalytical and diag-
nosis applications have been published recently [11, 12, 13].

In this paper, we show that smartphone image analysis used for the
evaluation of MTSPE can give results which are very similar to those
obtained by computer installed ImageJ (a professional Java-based image
processing program developed at the National Institutes of Health and
the Laboratory for Optical and Computational Instrumentation, USA). In
the first phase, the standard color images with known RGB values
(downloaded from https://www.color-hex.com/color-palettes/) were
analyzed using both ImageJ software and two smartphone applications
(ON Color Measure and Color Lab). As can be seen from Table 1, there are
only minimal differences between RGB values and HSV (HSB) values
obtained by all three softwares and the reference values. It has to be
mentioned that HSV values obtained by smartphone applications corre-
spond to HSB values obtained by ImageJ.

In the next experiments, images obtained during the development of
image analysis of dye stained textile during MTSPE were used [7]. One
typical set of cropped images (corresponding to real dimensions 12–15
mm x 12–15 mm) obtained after MTSPE of azorubine (volume 100 mL,
concentration range 0–0.12 mg/L) on chitosan modified nonwoven
textile (Figure 1) was used for the comparison of results obtained by

https://www.color-hex.com/color-palettes/


Figure 3. RGB and HSV(B) values obtained after analysis of chitosan modified
nonwoven textile after MTSPE of Acid blue 93 from blue fountain ink (see right
top corner). Columns from left to right for each group: direct On Color Measure
via camera (yellow); On Color Measure from an image (brown); direct Color Lab
via camera (green); Color Lab from an image (red); ImageJ from an
image (blue).
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ImageJ and both smartphone applications. While image analysis using
ImageJ employed the reduction of original colors into only one „median“
color, in the case of smartphone applications it is necessary to measure
the individual RGB and HSV values at the randomly selected spots; that's
why always ten measurements for any image were performed and then
statistically evaluated. As shown in Figure 2, the S values from HSV(B)
color space clearly show that both the computer-based professional
software and two tested smartphone applications have obtained very
similar results. The relative standard deviations for On Color Measure
and Color Lab were in the range 3.76–10.60 and 5.27–13.68 percent,
respectively. The saturation (S) values of the HSV(B) color spaces are
Table 2. RGB and HSV(B) values obtained by direct measurement via smartphone ca

On Color Measure Direct measurement via camera Average value

Minimal value

Maximal value

STD

RSTD [%]

Image analysis from a photo Average value

Minimal value

Maximal value

STD

RSTD [%]

Color Lab Direct measurement via camera Average value

Minimal value

Maximal value

STD

RSTD [%]

Image analysis from a photo Average value

Minimal value

Maximal value

STD

RSTD [%]

ImageJ Image analysis from a photo Value

STD – standard deviation; RSTD – relative standard deviation [%].

4

directly proportional to the concentrations of the analyzed dye
(azorubine).

In the last experiment, chitosan modified nonwoven textile was used
for the concentration of Acid blue 93 dye which is present in the standard
blue fountain ink [14]. Two procedures were employed to obtain RGB
and HSV(B) data from blue stained textile, namely taking a photo and
performing the image analysis in the same way as described above, or the
RGB and HSV(B) data were obtained directly through the smartphone
camera. As can be seen from Figure 3, similar values were obtained using
all the approaches. In Table 2 detailed statistical evaluation of the ob-
tained data is presented; it can be clearly seen that relative standard
deviations of RGB values for both smartphone applications and both
imaging procedures are in the range 1.911–5.893 %, while relative
standard deviations of saturation (S) values from HSV color space are
2.481–7.964 %.

4. Conclusion

Low-cost, easy to perform analytical approaches for the detection and
determination of various pollutants are of high interest. Smartphones
offer an attractive platform for chemical analysis such as diagnostics and
environmental monitoring. Most often used smartphone applications are
based on colorimetry and image analysis. We have shown in this paper
that Magnetic textile solid phase extraction of water-soluble organic dyes
can be very efficiently evaluated using several types of smartphone image
analysis applications. Both direct measurement of color spaces values via
the smartphone camera and image analysis of the photograph can be
used successfully. It was shown that the saturation (S) values of the HSV
color space are directly proportional to the concentrations of the
analyzed dye.
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R G B H S V(B)
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