
 

 

Joint Research Project for Developing Low Cost Methodology on 

Gas Concentration Monitoring in East Asia 

 

Ohizumi1, T., Nagai1, T., Golobokova2, L., Toruksa3, W. and Meng4, X. 
 

1Asia Center for Air Pollution Research, 2Limnological Institute, Russian Academy of 

Sciences/Siberian Branch, Russia, 3Air Quality and Noise Management Bureau, Pollution 

Control Department, Thailand, 4 Atmospheric Research Department, Chongqing Academy of 

Environment Sciences, China. 

E-mail: ohizumi@acap.asia 

  

1. Introduction 

 

In order to evaluate the extent of acid deposition in East Asia spatially and temporally, a sufficiently 

long record of data on chemical composition of rainwater and concentration of air pollutants from a dense 

network of sites distributed over the region is usually required. However, the number of the EANET monitoring 

sites is limited and not well distributed. One of the reasons for the lack of air quality monitoring sites in some 

countries is the high cost of automatic instruments and recurrent costs of operating the instruments.  

One of the possible ways to overcome this problem is to adopt the simpler and/or low cost 

methodologies such as filter-pack, passive sampler, and denuder methods in less accessible sites. These 

methodologies are used widely in monitoring networks and for field campaigns in Europe and North America. 

However, they have not been extensively tested in the East Asian region which may have different climate 

conditions and other unique factors. 

The Strategy on EANET Development (2006-2010) included an activity to improve implementation 

of all required monitoring items with necessary data completeness and accuracy. One of the outputs expected 

from this activity is a recommendation on use of less expensive methods to reduce monitoring cost and increase 

the number of monitoring sites in the EANET network. According to the strategy, we had performed a project 

entitled “Joint research project for developing low cost methodology on gas concentration monitoring in East 

Asia” as a cooperative research project among China, Japan, Russia, and Thailand and its outcomes are 

summarized in this paper.  

    

2. Objectives 

 

The project has been carrying out with the following objectives: 

- To evaluate the accuracy of measurements using passive samplers with those from the automatic 



 

 

instruments and filter pack methods at selected sites in the participating countries of the EANET; 

- To determine the suitability of applying the low cost methodologies for the EANET monitoring. 

 

3. Methods 

 

The measurements had been conducted at selected sites in the participating countries of the EANET 

by subjecting the samplers to a range of climate conditions to identify factors that could affect their performance 

and reliability. The following 4 countries having different climate conditions and concentration levels of the 

gaseous air pollutants were participating in the project, namely, China (Jinyunshan), Japan (Niigata-Maki), 

Russia (Mondy), and Thailand (Bangkok and Samutsakhon). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Passive sampler (hereafter referred as PS) method was performed by using the passive sampler 

manufactured by OGAWA Company. Sampling and analytical methods for PS monitoring were followed 

information provided by the company. Filter-pack (hereafter referred as FP) method was operated based on the 

manual established by EANET. Besides data of automatic air pollutant monitor (hereafter referred as AP) 

method operated by the national ambient air concentration monitoring manual in each country were collected as 

a reference data for evaluating PS and FP monitoring data. Instrument, parameters, sampling period, and 

analytical method were summarized here for each monitoring site. 

   Jinyunshan in China was selected as a site characterized by high concentration of air pollutants. 

The monitoring was implemented as following table: 

Figure 1. Location of monitoring sites and organizations in charge of the 
monitoring.  

Japan

Russia

China

Thailand

Niigata‐Maki site
Asia Center for Air 
Pollution Research

Bangkok site
Samutsakhon site
Pollution Control 
Department, Ministry of 
Natural Resources and 
Environment 

Jinyunshan site
Chongqing Environmental 
Monitoring Center

Mondy site
Irkutsk site
Listvyanka site
Limnological Institute, Russian 
Academy of Sciences, Siberian 
Branch

Tropical region

Cold and dry region

High concentration air 
pollutants region

Warm region



 

 

Jinyunshan PS method FP method AP method 

Instrument OGAWA passive 

sampler 

4 stage filter pack NOX : Environment S.A AC 

32M 

SO2 : Environment S.A AF 22M

O3: Environment S.A O3 42M  

Parameters NOX, NO2, SO2, O3, NH3  SO2, NH3  NOX, NO2, SO2, O3  

Sampling 

period 

Bi-weekly 

16 Dec. 2009 ～ 

Bi-weekly 

Expected to start from 

January 2011 

Hourly 

Data available from Dec. 2009 

Analytical 

method 

Ion Chromatography Ion Chromatography NOx: Chemiluminescent 

SO2: UV fluorescent 

O3: UV photometric 

 

Niigata-Maki in Japan was selected as a site in warm region. The monitoring was implemented as 

following table: 

Niigata-Maki PS method FP method AP method 

Instrument OGAWA passive sampler 4 stage filter pack NOX: HORIBA  APNA-365 

SO2: HORIBA  APSA-365 

O3: HORIBA  APOA-370  

Parameters NOX, NO2, SO2, O3, NH3  SO2, NH3  NOX, NO2, SO2, O3  

Sampling 

period 

Bi-weekly 

4 Nov. 2009 ～  

Bi-weekly 

4 Nov. 2009 ～  

Hourly 

Data available from 4 Nov. 

2009   

 

Analytical 

method 

Ion Chromatography Ion Chromatography NOx: Chemiluminescent 

SO2: UV fluorescent 

O3: UV photometric 

 



 

 

 Mondy in Russia was selected as a site in cold and dry region. The monitoring was implemented as 

following table: 

Russia PS method FP method AP method 

Instrument OGAWA passive sampler 
 

O3: Dasibi Model 1007-AHJ 

Parameters O3  
 

O3  

Sampling 

period 

Monthly 

Data available from Feb. 

2009 

 
Hourly 

Data available from Feb .2009 

Analytical 

method 

Ion Chromatography 
 

O3: UV photometric 

 

Bangkok and Samutsakhon in Thailand were selected as sites in tropical region. The monitoring was 

implemented as following table: 

Bangkok 

Samutsakhon 

PS method FP method AP method 

Instrument OGAWA passive sampler 4 stage filter method Bangkok; 

NOX: Nippon Thermo Co., Ltd.

SO2: Nippon Thermo Co., Ltd. 

O3: Nippon Thermo Co., Ltd.  

Samutsakhon; 

NOX: API model 200 

SO2: API model 100 
O3: API model 400 

Parameters NOX, NO2, SO2, O3  SO2, NH3  NOX, NO2, SO2, O3  
Sampling 
period 

10 days 
1 Jan. 2009 ～  

10 days 
1 Jan. 2009 ～  

Hourly 
Data available from Jan .2009 

 

Analytical 

method 

Ion Chromatography Ion Chromatography NOx: Chemiluminescent 

SO2: UV fluorescent 

O3: UV photometric 

 

4. Results and Discussion 

 

The monitoring by using low cost methodologies such as PS method and FP method had been 

implemented in four regions mentioned above since 2009. Obtained data by those methodologies have been 

evaluated in the comparison with the results of AP method in each participating organization. A part of them 

was introduced for each item in this section. 



 

 

 

1) Nitrogen dioxide 

NO2 concentration was monitored by two methods in four sites with different climate condition and 

concentration level (Figure 2).  

Two sites in Thailand were characterized by high temperature, high humidity, and high concentration 

of NO2. The NO2 concentrations by PS method in both sites in Thailand showed good agreement with AP 

method throughout the study period. 

The concentrations of NO2 measured by PS method showed similar variation with the concentration 

measured by AP method in Niigata-Maki where was characterized by low concentration of NO2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The concentrations of NO2 measured by PS method were synchronized with the concentration 

measured by AP method in Jinyunshan. 

In the comparison with AP method, it was confirmed that NO2 concentration monitored by PS method 

is acceptable even in low concentration and tropical region.   

2) Nitrogen oxides 

The NOx concentrations measured by PS method in two sites in Thailand showed good agreement 

with the concentration of AP method throughout the study period (Figure 3). 

The concentrations of NOx measured by PS method were synchronized well with the concentration 

measured by AP method in Niigata-Maki where was characterized by low concentration of NOx. However, PS 

Niigata-Maki Jinyunshan 

Figure 2. Comparison of nitrogen dioxide gas concentration monitored by Passive (PS) 
and Automatic Air Pollution Monitor (AP) methods in Bangkok, Samutsakhon, 
Niigata-Maki and Jinyunshan.  



 

 

concentration was always slightly higher than that of AP method and same tendency was appeared in Bangkok. 

Although the reason couldn’t be clarified here, that feature should be taken into account. 

The concentrations of NOx measured by PS method were synchronized with the concentration 

measured by AP method in Jinyunshan. 

In the comparison with AP method, it was confirmed that NOx concentration monitored by PS 

method was acceptable even in low concentration and tropical region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3) Sulphur dioxide 

SO2 concentration monitored by PS method was evaluated in the comparison with FP and AP 

methods in Bangkok and Niigata-Maki sites. SO2 concentration by PS method in Samutsakhon and Jinyunshan 

sites was also compared with AP method. Those sites were selected as the sites representing different climate 

condition and concentration level shown in Figure1. Monitoring results were presented in Figure 4. 

The results of three methods were comparable in 2010 in Bangkok except some periods. However, 

correlation among 3 methods is not so strong in Bangkok. 

The results of two methods showed good agreement except in the period from July to September in 

Samutsakhon. 

SO2 concentration by PS method showed different fluctuation from the other two methods in 

Niigata-Maki in winter, especially in the periods from December 2009 to March 2010 and from November to 

Niigata-Maki Jinyunshan 

Figure 3. Comparison of nitrogen oxides gas concentration monitored by Passive (PS) 
and Automatic Air Pollution Monitor (AP) methods in Bangkok, Samutsakhon, 
Niigata-Maki, and Jinyunshan. 



 

 

December 2010. The site was located in the area along the Sea of Japan and suffered strong northwest wind in 

winter time. As shown in Figure 4, large differences between PS and the other methods were observed mainly in 

the period when wind speed was more than 5 m/sec in average. At those periods, PS data tended to be higher 

than the other methods. From those reasons, it was seemed that strong wind from the sea might avoid theoretical 

sample collection of PS method. To prevent the effect of those strong wings, shape of sampling shelter should 

be improved.  

The results of two methods agreed well even in SO2 high concentration area in Jinyunshan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4) Ozone 

Parallel monitoring results between PS and AP methods were shown in Figure 5.  

The results of two methods showed good agreement in the rain season in Thailand. But, before and 

after rain season, PS concentration was relatively higher than AP concentration. 

O3 concentration has a large difference between PS and AP methods in Niigata-Maki. Yellow arrow 

in Figure 5 indicated the sample collection periods when averaged wind speed was higher than 5 m/sec. At those 

periods, PS data tended to be higher than AP data. It was seemed that strong wind from the sea might avoid 

theoretical sample collection of PS method. As same as the case of SO2, shape of sampling shelter should be 

improved to mitigate the effect of strong wind during sample collection. The results of two methods for O3 

agreed well in Jinyunshan. 

Niigata-Maki Jinyunshan 

Figure 4. Comparison of sulphur dioxide gas concentration monitored by Passive (PS), 
Automatic Air Pollution Monitor (AP), and Filter-pack methods in Bangkok, 
Samutsakhon, Niigata-Maki, and Jinyunshan. Arrows in the figure of 
Niigata-Maki show the days when high wind velocity (>5 m/s) was observed.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measurement value and fluctuation of O3 between PS and AP method corresponded well in the latter 

half of monitoring period in Mondy. Correlation analysis showed that the ozone concentrations at the site 

measured by PS and AP methods were closely related. The correlation coefficient between these values was 

about 0.9 in linear relationship. Measurement value and fluctuation between PS and AP methods showed 

agreement except for some periods. Though the temperature in Russia from November to March was much 

lower, PS method was applicable even in that hard condition. 

5) Ammonia 

Parallel monitoring results of ammonia gas concentration by PS and FP methods in Bangkok and 

Niigata-Maki were shown in Figure 6. 

The concentration of NH3 measured by PS method was synchronized with the concentration 

measured by FP method in Bangkok where NH3 concentration ranged from 0-20 ppb. Although NH3 

concentration in Niigata-Maki was one tenth lower than that in Bangkok, the concentrations of NH3 measured 

by PS method were also synchronized with the concentration measured by FP method.  

Mondy 

Niigata-Maki Jinyunshan 

Figure 5. Comparison of ozone gas 
concentration monitored by Passive (PS) 
and Automatic Air Pollution Monitor (AP) 
methods in Bangkok, Samutsakhon, 
Niigata-Maki, and Jinyunshan. Arrows in 
the figure of Niigata-Maki show the 
periods when wind velocity is higher than 
5 m/sec in average. 



 

 

 

 

    

 

 

 

 

 

 

 

 
 

5. Summary 

 

We performed PS method by using Ogawa Passive Sampler in five sites of four regions representing 

various climate condition and concentration level of gaseous air pollutants. PS monitoring results were 

evaluated in the comparison with FP and AP methods which were operated simultaneously with PS method. 

Those results were summarized in Figure 7. Major outcomes for each air pollutant were the following.  

 

Figure 6. Comparison of ammonia gas concentration monitored by Passive (PS) and 
Filter-pack (FP) methods in Bangkok and Niigata-Maki. 

Niigata-Maki 



 

 

 
 NOX, NO2 and NH3: PS showed good agreement with AP or FP in Jinyunshan, Niigata-Maki, Bangkok, 

and Samutsakhon. PS is applicable in warm and tropical region.  
 O3: PS is synchronized with AP in Mondy, Jinyunshan and a part of Niigata-Maki, Bangkok, and 

Samutsakhon. PS is applicable in most of the condition except in the period with strong wind and dry 
season in tropical region.  

 SO2: PS is synchronized with AP in Jinyunshan, Bangkok, Samutsakhon and a part of Niigata-Maki. PS for 
SO2 is applicable in most of the condition except in strong wind period. 

 

Figure 7. Summary of comparison on 
five air pollutants concentrations 
monitored by Passive (PS), Automatic 
air pollutant monitor (AP), and FP 
methods in the EANET region. Circles 
and bars show averages and standard 
deviations, respectively. Solid lines 
show 1:1 line for PS to AP or PS to FP. 
Site names represent the following; 
NM: Niigata-Maki; SSK: Samutsakhon;  
MD: Mondy;  BKK: Bangkok; and 
JNS: Jinyunshan. 



 

 

Monitored concentration by 

PS method was comparable with AP and 

FP methods except some cases, so that 

PS method was applicable for monitoring 

gaseous air pollutant concentration in the 

EANET region. Although PS method 

couldn’t provide high time resolution 

data, that method was especially effective 

on clarification of spatial distribution of 

air pollution in a large area or as 

screening method for setting long term 

monitoring sites. In this project, parallel 

ozone monitoring by PS method was already performed in three EANET sites, Irkutsk, Listvyanka, and Mondy 

in Russia (Figure 8). The PS monitoring is expected to be expanded to a remote area which is difficult to access 

in a country having a vast land. Additionally, that method had obvious great advantage that the power supply 

was not needed in addition to being inexpensive. Taking those characteristics of PS method into account, it 

should be utilized in the future EANET activities. 
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Figure 8. Parallel ozone monitoring by passive method 
in East Siberia, Russia.   




