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Abstract: Cadmium, the main heavy metal in the water pollution, can cause a serious damage to human body once absorbed by
humankind. The existing detection methods are time-consuming and require expensive bulky equipment. Besides, the results obtained from
these methods are easily affected by the surrounding environment. To solve these problems, a detection system for cadmium concentration
was designed and implemented based on the Android platform. First the real-time image of the colloidal gold immunochromatographic strips
was processed and analyzed using this system in a closed environment. Then a standard curve of cadmium concentration icon was made in
accordance with the relationship between concentration of cadmium and the color of strips in T-line area. As a result, cadmium concentration
of samples can be read in this curve. This system is easy to carry with small size and low in cost. It can detect cadmium concentration icon
of the samples within 15 min and is of higher precision with 10 % of deviation and has good scalability and availability with 90-110 % of
recovery and 0 - 5 % of coefficient of variation.
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Fluorescence Spectroscopy(AFS)(McDowell et al, 1999-200) and
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The soil and water pollution caused by heavy mental become

Although all these methods mentioned have a high sensitivity and

furnace

atomic

absorption

spectrometry(GFAAS).

Aragay(2010),

accuracy, they are not only too expensive and time-consuming but

Bhagure(2011) and Zakir(2011), have reported that the heavy metal

failed to be applied in large scale only limited in labs due to the

accumulated in the food chains have huge potential danger to the

higher requirements to the users (Salvador, 2004; Forrer, 2001).

increasingly

serious.

Many

experts,

like

food security and once absorbed by our humankind, they can cause
great damage to our human body. The Cd2+, the most dangerous of
five heavy mental, which is evaluated as the major pollution by the
United Nations Environment Program, is the main heavy mental in
the water pollution. Cadmium can produce stimulating effects on the
respiratory passageways, leading to the pneumonia and emphysema.
Should it be absorbed by human beings though food, enterogastritis
would cause. Patients who are poisoned by the cadmium will be
anaemia because of the damage of Kidney. If the amount of
cadmium is accumulated over a certain value, it can result in
osteomalacia and osteoporosis and even cancer (Zakir, 2011; Devi,
1995; Bernard, 2008). Therefore, it is of great importance to make
analysis about cadmium concentration in the water for the health of
human beings.

Fig. 1

ICP-AES Analyzer

As the cadmium pollution of the water has become increasingly
of a concern, a detection method for the cadmium concentration
which is swift and instant and stable should be established. At

To detect cadmium concentration, various normal methods are

present, colloidal gold immunochromatographic strips are frequently

available, including atomic absorption spectroscopy (AAS) (Legrand,

used for the fast detection of cadmium concentration. The result of

2005), atomic emission spectrometer (ICP-AES)(Hoa et al., 2010),

cadmium concentration will be showed within 15 min. Thus, this

mass

spectrum(ICP-MS)(Hightower
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method is quicker and more convenient (Adaris, 2013a, b). However,
the colloidal gold immunochromatographic strips cannot be used for
the quantitive analysis but only for the qualitative analysis. Moreover,
it appears to be particularly affected by the light from the
surrounding environment, limiting its application. Furthermore, the
chart scanner used for the quantitive analysis is high in price and is
not easy to carry because it should be connected with computer

Fig. 2

the detection strips. The bottom area is a sample

when at work. To reach the goal of monitoring the amount of

pad where the regent of cadmium to be detected drips; the top

cadmium in environmental water samples in an accurate and swift

area is the T-line areas marked by the letter “T”.

manner, a chart scanner which can be read using mobile phone was
designed and made. The mobile phone can provide steady light in a
stable environment and the mobile phone camera can take photos for
the strips, minimizing the impact of light from the environment. A
software system based on the Android was designed. Thus, the
quantitive analyses that can be made for the result of detection are
able to read in time.
The composition of this system
This system consists of three parts: detection strips,

Environmental device
The phone card reader designed is shown as in Fig. 3. There is a
groove in the bottom of the closed box. Once the test strip is inserted
into the groove, the T line will be aligned with the phone camera. A
LED lamb and the mobile phone installed in the box will be
considered as the light and charger needed, respectively. After 15
min, inserting the strips dripped a regent into this device and turning
on the LED lamb, the real-time pictures of the strip will be shown
and analyzed. Then the measurement results will be got.

environmental devices and Android measuring software system.
With the detection strips inserted into the bottom of environmental
devices and a mobile phone fixed on the top of environment, the
phone camera is able to take photos for the detection strips in time.
The environmental device will be recharged using USB. Nowadays,
as most phones are using USB as a charger device, this device can be
powered using mobile phone. Therefore, this system is practical,
which is easier to carry with small scale and needs no extra charge.

Fig. 3

the environmental device. A groove in the bottom is

used for the insertion of the detection strips. A phone cover is
Detection strips
The colloidal gold immunochromatographic strips is shown as
Fig. 2. A drop of water dripped in the hole of samples will move

employed to fix the phone, making the T line aligned with the
camera. LED switch and USB interface are designed in the back.
Android platform

forward due to the capillary action and the detection results can be
read within 15 min. With the further increase of cadmium

The android system is an open source system designed by

concentration, the color in the T-line areas of the detection strips will

Google. It is favored by many manufactures because of the feature of

be gradually pale. On the contrary, the decrease of cadmium

open source and also wins a large consumer group due to the low

concentration lead to the dark color in the T-line areas of the

price. As a result, it accounts for a large percentage of the market

detection strips. In other words, the concentration of the samples is

share. This detection system designed on the basis of the Android

proportional to the color of strips in the T-line areas. Therefore, a

system has further lowered the barrier to the users.

standard curve can be made based on the relationship between the

The design of software system

known concentration of the regent and its corresponding color in the
T-line areas. Based on this curve, the value of concentration of a
sample to be tested can be calculated according to its color in T-line
areas.

This software system whose flow chart is shown as Fig. 4 has
two functions, i.e., drawing a standard curve and measuring the
concentration of a regent, helping to read the color of strips in T -line
areas (see in Fig. 5).
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parameters and then the method for setting Zoom is employed to set
the maximum macro length. Finally, the method of camera
autoFocus will be employed to make the AutoFocusCallback
interface active. It notes that the SurfaceView should be employed to
show the image before previewing a certain picture. It can be done
by setting the Preview Display and then starting the Preview model.
The real-time preview and format conversion
After completing the set of the camera parameter, the video
streams of the preview can be got by the interface of the Preview
Fig. 4

the flow chart of measurement software system

Callback where the Preview Frame includes a date. As the format of
Preview Frame is YUV420SP, while, the formats of image analysis
and process are RGB, therefore, it should convert the YUV420SP
into the RGB.
YUV is a method used for the color cording by the European
Television system, whose bandwidth is fairly smaller than that of
RGB. The letter “Y” represents the signal of Luma, i.e., the gray
level. The letters of “U” and “V” refer the Chrominance or Chroma
(Zhang, 2013; Tang, 2014). YUV420SP belongs to the YUV format
only with a few differences in the arrangement of pixel. Therefore,

Fig. 5

the flow chart of reading the color of T-line areas

the YUV and RGB can be converted as follows:

The initialization of the camera

R  Y  1.402(V  128)

The Android system allows users to communicate with each

G  Y  0.34414(U  128)  0.71414(V  128) (2)
B  Y  1.772(U  128)
(3)

other by real-time video though the Camera model. It requires to add
users-permission to the AndroidManifest. xml in order to taking

(1)

The image process and analysis

advantage of the Camera model, which is described as follows
<uses-permission

The color of images in the T-line areas should be measured as

android;name="android.permission.CAMERA"/>

the format of pictures converts into the RGB. The Integrated Optical

<uses-feature

Density (IOD) will be used for the precise color measurement.

android:name="android.hardware,camera" />

Optical density

SurfaceView can capture and preview and show pictures by
using camera. The procedures of the initialization of camera using

The optical density is also called absorbance (A). The optical

the surfaceCreated method is depicted as follows: open the camera

density (OD) is calculated as the following equation according to the

and then get the current default values of the Camera Parameters

Beer-Lamb theorem.

though the method of “get Parameters” in the Camera; set a proper

OD  log( I o / I )  KCL

(4)

preview Fps range by repeating the procedures of getting Parameters;

Here: “I0” and “I” refer the gray value of incident and emergent

preset the format of and preview size of image by using the method

light, respectively. “K”, “C “and “L” present the absorptivity,

of “set Picture Format” and “set PreviewSize”, respectively.

concentration and thickness, respectively. Io is the gray value of the

As the size of strips is relatively small, the image is too small to

background of strips as the incident light is not pure white (gray

be effectively analyzed in the default value. Thus, it is necessary to

value = 225). The color of strips in T-line areas is pink. The gray

set the format of picture to change the size of pictures previewed.

value only shows the light change of a image and cannot reflect the

Therefore, to preview a clear image, the Focus model macro need

changes of color. The results of repeated experiments suggest that

changing into the macro length by taking advantage of the

the value of R (red)-component as the value of “I” can represent the
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change of color of the T-line areas more accurately. Therefore, the
equation (4) can be converted into equation (5).

OD  log(Ibackground / IR )

Here: the

I backgtoud

background of strips and

(5)

represents the gray value of the

IR

the value of R-component of the

RGB in the T-line areas. The higher the value of OD, the darker the
color of T-line areas and the lower cadmium concentration are to be

Fig. 6

taking out the strips and droppers.

observed.
Integrated optical density
The different color of every pixel in the T-line areas with the
darker color in the center and the lighter color in the margin mean
that the values of OD of every pixel are not the same. The integrated
optical density is employed to accurately reflect the color change of
the T-line areas.

IOD   (OD * Area)

Fig. 7

dripping the regent into the sample pad.

(6)

The value of IOD, equal to the sum of OD values of all pixels,
is proportional the cadmium concentration.
The design of software system
A standard curve is made according to the cadmium
concentration and its corresponding IOD value which is measured
though the known concentration of a regent.
Drawing a standard curve
Ten different kind of concentration of the cadmium regents
were dripped into ten strips located on the pad, respectively, with 0
nm/ml, 3 nm/ml, 6 nm/ml, 12 nm/ml,24 nm/ml,48 nm/ml, 96 nm/ml,
192 nm/ml, 384

nm/ml and 768 nm/ml, respectively. The specific

procedures were shown in Fig. 6 and 7. After 15 min, the strips were
inserted into the groove at the bottom of this device. Subsequently,
opening the LED lamb, the system starts. Then, an interface of this
system was presented at Fig. 8. Clicking the button, the IOD values
of T-line areas were measured. In order to reduce the measurement
errors, the IOD values of T-line areas were measured three times and
the average of these IOD values was considered as the final value.
This system automatically recorded the concentration of the
cadmium regents and its corresponding IOD values, thus a standard
curve were made as shown in Fig. 9, with the abscissa and ordinate
standing for the concentration(ng/ml) and corresponding IOD values.

Fig. 8

the interface of the system; the real-time picture of

the strips taken by the phone camera-on the top; the place for
strips(inserting the strips at the bottom of this equipment with
the T-line area aligning to the red box) -the highest area of this
picture; the standard curve(with the abscissa and ordinate
standing for the concentration(ng/ml) and corresponding IOD
values.) -in the middle; the final results -at the bottom.

Volume 1

77

Detection System for the Cadmium Ion Concentration Based on the Android Platform

pad, whose procedure is the same as those shown in Fig.6 and 7.
Subsequently, the actual concentration of the regent will be
measured by inserting the strip into the bottom of this device and
activating this device and clicking the concentration button. The
result of measurement shown in Fig. 10 was 27 ng/ml. The error is
small enough to be ignored.

Fig. 10

the final measurement result.

To further test the applicability and reliability, three kinds of
water sample collected from Fen River and Pearl River and running
water were tested by using this system and the ICP-AES method
Fig. 9 the standard curve; the value of concentrations of all
strips , staning for the values of abscissa, respectively-in the
bottom.

which is one of the typical methods to be traditionally used for the
detection of heavy mental, respectively. Then, a comparison of the

The cadmium concentration is inversely proportional to the

Recovery and CV were made and the results shown in Table 1. It

IOD values in the concentration of 12 ng/ml - 96 ng/ml. While, if <

notes that the Recovery = the measurement value / the actual weight

12 ng/ml and > 96 ng/ml, the IOD values almost remain still with the

of the samples used × 100% , used for the observation of the ratio

changes of concentration, which is consistent with the real situation.

of deposed samples used for the detection of cadmium and the CV =
standard deviation (SD) / Mean × 100%, used for the investigation

The actual measurement

of the dispersion.
The concentration of any regent is able to be measured with the
standard curve. A drop of regent (25 ng/ml) was dripped into a strip
Table 1

the comparison of the measurement results obtaining form ICP-AES method and this system
The measurement

Resource

The concentration of the standard

concentration obtained

regent(ng.mL-1)

from the ICP-AES
method(ng.mL-1)

0
Fen-River

Pearl River

Running
water

2.76

The measurement
results obtained from

Recovery (%)

CV(%)

this system(ng.mL-1)
1.37±0.15

100

101.85

104.70±2.

104.70±2

1.91

200

208.45

212.09±6.27

106.045±3.135

2.96

0

0.47

0.99±0.40

100

107.97

107.88±3.73

107.88±3.73

3.46

200

202.73

205.24±12.08

102.62±6.04

5.89

0

0.21

0.48±0.29

100

101.97

103.46±0.78

103.46±0.78

0.75

200

203.86

209.61±6.34

104.805±3.17

3.02

From the above Table results, the Recovery ranges from 90 to

<=10% and close to the results obtained from the ICP-AES method.

110 % and the CV varies from 0 to 5 %. They all are within the

Besides, it only needs 15 min. All the above findings prove that this

acceptable limits with Recovery ranging from 70 to 110 % and CV

software system is available.
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Bhagure, R. G., & Mirgane, S. R. (2011). Heavy metal

Conclusion

concentrations in groundwaters and soils of Thane Region of
Heavy mental, especially for the cadmium, is harmful to our
human beings. The testing system based on the Android platform has
overcome the disadvantages of the existing systems with the
characteristics of high price, bulky size and slow detection of
cadmium concentration. It can measure the concentration of samples
on site and get results within 15 min. Some advantages that make the

Maharashtra, India. Environmental Monitoring and Assessment,
173(1-4), 643-652.
Devi,

M.,

&

Fingerman,

M.

(1995).

Inhibition

of

acetylcholinesterase activity in the central nervous system of the
red swamp crayfish, Procambarus clarkii, by mercury, cadmium,
and lead . Bull Environ Contam Toxicol, 55(5), 746-750.
Forrer, R., Gautschi, K., & Lutz, H. (2001). Simultaneous

large-scale use of this system feasible include: it is low in cost and

measurement of the trace elements Al, As, B, Be, Cd, Co, Cu, Fe,

easy to carry and applicable to other regent with corresponding strips;

Li, Mn, Mo, Ni, Rb, Se, Sr, and Zn in human serum and their

equipped with position system, it can regularly do sample inspection

reference ranges by ICP-MS. Biol Trace Elem Res, 80(1), 77-93.

for some regions and deliver the data to the background. Once

Hoa, T. Y., Chiena, C. H. T., & Wanga, B. N., et al. (2010).

should the data go outside of the safe range, departments concerned
would be alarmed to take measures to deal with it.

Hightower, J. M., & Moore, D. (2003). Mercury levels in high-end
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