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Abstract- The aim of this study is to design an ozone concentration measurement using an ultra violet light emitting diode 
(LED-UVOM). An ultra violet light emitting diode (UV-LED) at peak wavelength 280 nm was used as the light source of 
the absorption cell. The principle of measurement was based on UV absorption in Hartley-band, where Beer-Lambert’s law 
was utilized to calculate ozone concentration. The concepts of proposed LED-UVOM design, particularly the absorption cell 
configuration, were clearly explained. The results show that the proposed LED-UVOM is stable and yields high accuracy in 
the range of 0-200 gO3/m3. 
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I. INTRODUCTION 
 
Nowadays, ozone (O3) has been increasingly used in 
agriculture and industry. It is well known as a high 
oxidizing agent that widely used for drinking water 
system, waste water treatment plant, waste air 
treatment system, etc.. The demand for using ozone 
generators has dramatically increased. As a result, the 
demand for measuring ozone concentration has also 
increased. Currently, an ultra violet absorption ozone 
measurement (UVOM), which uses mercury lamp as 
a light source, is a popular instrument to measure 
concentration of ozone. Unfortunately, price of a 
commercial UVOM is very expensive and its lifetime 
is very short (less than 8,000 hrs).  An ultra violet 
light emitting diode (UV-LED) is the new device that 
can be used as a light source of an ozone meter 
instead of a mercury lamp.    
 
Using a low cost UV-LED as a light source of ozone 
concentration meter has many advantages compared 
with using a mercury lamp. It has long lifetime (up to 
30,000 hrs), consumes lower power and has compact 
size. Furthermore, the operating voltage of an UV-
LED is lower than 10 volt. It is more safety than the 
use of a mercury lamp which requires operating 
voltage as high as 1kV. In addition, an UV-LED 
emits narrow bandwidth of light which can increase 
accuracy of measuring without using an expensive 
optical filter. The principle of ozone concentration 
measurement by using an UV-LED is based on UV-
absorption method in Hartley band (200-300nm).  
Beer-Lambert’s law was used to calculate 
concentration of ozone. There have been few 
researches on the ozone concentration measurement 
by using an UV-LED as alight source.  Yoshinobu  
Aoyagi et al. demonstrated ozone concentration 
sensor by using a 280nm UV-LED as a light source 
and the 20 cm absorption cell path length was 

utilized. This sensor can be used to measure the 
concentration of ozone in the range of 0.01-1.0 ppm 
with the accuracy of 0.5%. Degner M. et al. presented 
an UV LED based fiber coupled optical sensor for 
ozone measuring. They were using a 255nm UV-LED 
and were using reflection cell with length of 4 cm and 
40 cm. The report showed that the maximum 
measuring concentrations of the sensors were 75 ppm 
and 9 ppm for 4 cm reflection cell and 40 cm 
reflection cell, respectively. Krishnan R. et al. [9] 
presented ozone photometer by using a 258.5nm UV-
LED. They used absorption cell with 20 cm long and 
1.25 cm diameter. The highest ozone detection range 
in their work was 7000 ppmv. Lars E. Kalnajs and 
Linnea M. avallone studied a dual-beam ozone 
photometer by using a 255nm UV-LED. The 
absorption cell with 50 cm of path length was used. 
The measuring range was below 0.5 ppm. Gomez A. 
L. and Rosen E. P. demonstrated an ozone monitor 
using a 255nm UV-LED with a 14.5 cm absorption 
cell. The measuring range of their work was between 
1 ppb to 730 ppm. However, nobody demonstrated an 
ozone concentration measurement in the range that is 
suitable to measure the concentration of an industrial 
ozone generator which has concentration as high as 
200 gO3/m3.  
 
In this work, we proposed the ozone concentration 
measurement by using a 280nm UV-LED as the light 
source. The designed instrument can measure ozone 
concentration up to 200 gO3/m3 which was suitable 
for an industrial ozone generator. The designed 
concepts of instrument were described in this paper.  
  
II. MATERIALS AND METHODS  
  
Principle of the ultraviolet absorption by ozone:  
The measurement of ozone concentration was based 
on absorption of the UV light in Hartley band (200-
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300 nm) by ozone due to an internal electronic 
resonance of the ozone molecules. The highest 
absorption  cross-section of  the UV light by ozone 
was 1.147 x 10-17 cm2 molecule-1 at wavelength 
253.7 nm. In this work, a 280 nm UV-LED was used 
as the light source which has absorption cross-section 
4 x 10-18 cm2 molecule -1 as shown in Fig.1.  
 
This value is lower than the highest absorption cross-
section at wavelength 253.7 nm 2.9 times. 
 

 
 
The Beer-Lambert equation used to calculate the 
ozone concentration is shown below. 
 

 
 
The ozone concentration is determined by Eq. (2) 
 

 
 

 
 
The ozone concentration was usually presented in 
terms of standard temperature (Ts) and pressure (Ps) 
(or normal condition).Then, the ozone concentration 
at normal condition can be described as Eq. (4). 

 
 

 
 
The ozone concentration is also dependent on the 
calibration factor Kc which indicates the specific 
absorption cell. Then, the overall equation is 
described as Eq. (5). 
 

 
 
In our experiment, we fixed the absorption cell 
pressure (P) = 1.01325 bar and fixed the absorption 
cell temperature (T) = 303.15ºK or 30ºC as same as 
room temperature. The absorption cross-section (σ) at 
wavelength 280 nm is 4 x 10-18 cm2 molecule -1. 
We used the absorption cell path length = 0.3 cm. 
Therefore, Eq. (5) becomes 
 

 
 
Absorption cell: 
The absorption cell comprises several components as 
shown in Fig. 2. The 280 nm UV-LED (Model TW-
UV280PT, Shenzhen Tianshengda Optoelectronic 
Co.,Ltd., China)  was located at the left of the  
absorption cell, and the UV detector was located at 
the right of the absorption cell.  The UV-LED was 
connected to the 9 V power supply and 200 Ω resistor 
in series to maintain the constant current 20 mA.  
Highest optical power was 1,500 µW.  The quartz 
plates (diameter = 10mm, thickness 2mm) were used 
as walls of the absorption cell. They allow the UV 
light from the UV-LED pass through the absorption 
cell. Then, the intensity of light was detected by the 
UV detector. The UV detector was connected to the 
signal amplifier to multiply the detected signal. The 
absorption cell path length (the length between inside 
walls of the quartz plates) was 0.3 cm. The viton 
orings were utilized to prevent leaking of ozone. 
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Fig. 3 (a) shows the emission spectrum of a low 
pressure mercury lamp whilst Fig. 3 (b) shows the 
emission spectrum of a 280 nm UV-LED. As shown 
in the picture, a low pressure mercury lamp emits 
light at several wavelengths. The unwanted 
wavelengths are not absorbed by ozone and can pass 
through the absorption cell both presence of ozone 
and free of ozone. Therefore, the one of measurement 
errors is caused by the effect of unwanted 
wavelengths. In order to increase accuracy of the 
measurement, the unwanted wavelengths must be 
filtered by an optical filter. However, using a UV-
LED, which emits light at unity wavelength, can 
increase the accuracy of instrument without using the 
optical filter. 
 

 
 

 

Experimental setup:  
The schematic diagram of the experimental setup is 
shown in Fig. 4. The ozone generator (Model. FAC-
50G-OX-HC, Innovation Ideas Co., Ltd., Thailand) 
was used to supply ozone gas to the studied LED-
UVOM. The concentration of ozone was controlled 
by varying the ozone concentration adjustable knob 
to the desired value of 0-220 gO3/Nm3 (using 
constant 4 LPM oxygen flow rate from oxygen tank). 
The ozone flow rate 2 LPM was controlled by O3 
flow meter1 to the absorption cell and the rest of 
ozone was sent to the commercial UVOM (model. 
API-454, Range: 0-300 gO3/Nm3,  
 
Teledyne Instruments, USA). The ozone 
concentrations measured by the UVOM and the LED- 
UVOM were automatically transferred to the PC 
computer by PLC. The data were recorded into the 
Excel file in every 5 second.    
 

 
 
In the beginning of the operation of the LED-UVOM, 
the instrument was zeroed by injection oxygen to the 
absorption cell. In this step, the maximum signal was 
detected by the UV detector due to free of ozone in 
the absorption cell. This signal was the reference 
value I0. Next, the ozone was injected to the 
absorption cell. Then, the detected signal in the 
presence of ozone (I) was decreased. The ratio of I / 
I0 was used to calculate the concentration of ozone 
according to Eq. (6).  
  
RESULTS AND DISCUSSION  
  
The detected signal from the UV detector with the 
signal amplifier  (I) is shown in Fig. 5. The data were 
automatically transferred from PLC to PC computer 
and were recorded into the Excel file in every 5 
second.  The concentrations of the ozone generator 
were increased and decreased by varying the ozone 
concentration adjustable knob at time 205, 825, 1410, 
2005, 2505, and 3000 seconds to the value about 10, 
50, 100, 150, 200, and 0 gO3/Nm3, respectively.  The 
maximum signal value or the reference value I0 was 
1,630 mV when there was no ozone in the sampling 
gas. The detected signal values were decreased as a 
function of ozone concentration.  
 
In addition, the detected signal was decreased from I0 
to 123 mV when the sampling gas contains ozone 
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concentration of 200 gO3/Nm3. There was only 7.5% 
of light pass through the absorption cell.  
 

 
Fig. 5 The detected signal from the UV detector with the signal 

amplifier. 
 
The comparisons of ozone concentration measured by 
the LED-UVOM and the commercial UVOM    in 
gO3/Nm3 are shown in Fig 6. The ozone 
concentrations were calculated by PLC according to 
Eq. (6). The results show that the measured values of 
the LED-UVOM neared those of the commercial 
UVOM in the range of 0 to 200 gO3/Nm3. The 
calibration factor (Kc) was set to 1.050 which is 
suitable for this experiment. 
 

 
Fig. 6 Comparisons of ozone concentrations were measured by 

the LED-UVOM and the commercial UVOM. 
 

CONCLUSION  
  
This research has demonstrated the concepts of 
designing ozone concentration measurement by using 
the 280 nm ultra violet light emitting diode (LED-
UVOM). The concepts and configuring an absorption 
cell were clearly described in this paper. The 
absorption cell with path length 0.3 cm was used. The 
calibration factor (Kc) was set to 1.050 which was 
suitable value for this work. We found that there was 
92.5% of detected signal (I) decreased from the 
reference I0 when the ozone concentration of 200 
gO3/Nm3 was injected to the absorption cell. The 
proposed measurement provided accuracy close to the 
commercial UVOM in the range of 0 – 200gO3/Nm3.  
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