
EANET/STM 12 
Page 1 

The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 
 
 

MINUTES OF THE MEETING 

 

I. Introduction 

 

1. The Twelfth Senior Technical Managers’ Meeting (STM12) of the Acid Deposition Monitoring 

Network in East Asia (EANET) was held in Kuala Lumpur, Malaysia on 21-22 September 2011. 

The Meeting was organized by the Network Center (NC) for EANET in collaboration with the 

Secretariat for EANET, hosted by the Government of Malaysia. 

 

2. Senior technical officials involved in EANET monitoring activities from Cambodia, China, 

Indonesia, Japan, Lao PDR, Malaysia, Mongolia, Myanmar, Philippines, Republic of Korea, 

Russia, Thailand and Vietnam participated in the Meeting. Observers from the Government of 

Malaysia and relevant organizations in Malaysia also attended. The List of Participants is attached 

as Annex. 

 

II. Opening of the Meeting (Agenda Item 1) 

 

3. Ms. Adelaida Roman, Coordinator of the Secretariat for EANET, UNEP Regional Resource 

Center for Asia and the Pacific (UNEP RRC.AP) delivered the opening remarks. She stressed the 

importance of tackling and addressing the atmospheric environment issues and their impacts. It 

was notified that air pollution became one of the most important issues in East Asia, which 

affected human health and ecosystems. She highlighted the adoption and signing of the 

“Instrument for Strengthening the Acid Deposition Monitoring Network in East Asia (EANET)” 

at the Twelfth Session of the Intergovernmental Meeting (IG12) held in November 2010, after 

long years of thorough  discussions among the participating countries. She expressed her desire 

to have the Instrument signed by all of the representatives of EANET countries based on the 

decision made by the IG12. 

 

4. Dr. Hajime Akimoto, Director General of the Asia Center for Air Pollution Research (ACAP) 

made the welcome and introductory remarks during the Meeting. He stressed that the Senior 

Technical Managers’ Meeting (STM) is a very important meeting, which has been attended by the 

senior technical managers who are responsible for actual monitoring activities. He further 

explained that the participating countries have responsibility to provide high quality data of 

atmospheric environment and this meeting focuses more on scientific and technical issues. He 

appreciated the kind efforts and cooperation done by the Government of Malaysia and the 
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relevant organizations in Malaysia for hosting the important Meeting. 

 

5. Prof. Nik Muhamad Ab. Majid, Faculty of Forestry, Universiti Putra Malaysia, Malaysia delivered 

the welcome address. 

 

III. Election of the Officers (Agenda Item 2) 

 

6. Mr. Wong Kok Fah, Section Head, Environment Section Environmental Health Division, 

Department of Chemistry, Malaysia and Ms. Darounny Vilaythong, Deputy Head of Planning 

Division, Water Resources and Environment Research Institute, Ministry of Natural Resources and 

Environment, Lao PDR were elected as Co-chairpersons of the Meeting.  

 

IV. Adoption of the Agenda (Agenda Item 3) 

 

7. The Agenda was adopted as proposed by the NC as the secretariat of the Meeting (EANET/STM 

12/3/1).  

 

V. Report on progress of EANET since STM11 (Agenda Item 4) 

 

8. The Secretariat and the NC made presentations on the “Report on progress of EANET since the 

Eleventh Senior Technical Managers’ Meeting (STM11)” (EANET/STM 12/4/1). The report 

included the outcomes of the Tenth Session of the Scientific Advisory Committee (SAC10) held 

on 13-15 October 2010 in Pattaya, Thailand and meetings of the Task Forces and Expert Group 

under the Scientific Advisory Committee (SAC). Moreover, the Secretariat made a presentation 

on the “Outcomes of the Twelfth Session of the Intergovernmental Meeting (IG12) and the Fourth 

Special and Tenth Sessions of the Working Group on Future Development (WGFD-S4 and 

WGFD10) of EANET” (EANET/STM 12/4/2).  

 

9. Explanation was made by Japan regarding the severe financial situation due to serious natural 

disaster, hitting the North-east region of Japan in March 2011, and asked other participating 

countries’ understanding and efforts to contribute not only to the Secretariat and the NC core 

budget, but also to the NC additional budget. 

 

VI. Overview of the preliminary draft Data Report 2010 (Agenda Item 5) 

 

10. The NC presented the Preliminary Data Report 2010 (EANET/STM 12/5) which contains wet 

deposition, dry deposition, soil and vegetation, inland aquatic environment and catchment-scale 

monitoring, a summary of the monitoring data in 2010 and related information submitted by the 
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participating countries. The document was distributed to the participants with the CD. The 

meeting was invited to discuss and provide comments, as appropriate. 

 

11. According to the agreed procedures, the participating countries were requested to submit their 

data and information to the NC before the deadline, the end of June every year, after they have 

been compiled, checked, stored and analyzed. Specifically, the participating countries which have 

not submitted the 2010 data were requested to submit the data as soon as possible, so as to complete 

the Data Report 2010 for endorsement  at the Eleventh Session of the Scientific Advisory 

Committee (SAC11) to be held in October 2011. 

 

VII. Evaluation for the results of the inter-laboratory comparison projects in 2010 (Agenda Item 

6) 

 

12. The NC presented the preliminary draft Report on the Inter-laboratory Comparison Projects in 

2010 for wet deposition, dry deposition (filter pack method), soil and inland aquatic environment 

(EANET/STM 12/6). The participating countries were requested to submit the results of the 

Inter-laboratory Comparison Project by the deadline, the end of February every year. The meeting 

was invited to discuss and provide comments, as appropriate. 

 

13. Major discussion on this topic included the following: 

 

(Inland aquatic environment) 

- The NH4
+ data from almost half of the participating laboratories were flagged. Some data was 

produced by the spectrophotometry, indophenol blue method. It was pointed out that well-skilled 

staff should be in charge of the measurement in the case of spectrophotometry. 

- It was suggested that low concentration of the sample was also one of possible reasons for the low 

accuracy/precision of the NH4
+ data. 

 

VIII. Consideration of the National Monitoring Plans (NMPs) and current monitoring activities 

for the EANET monitoring of the Participating Countries (Agenda Item 7) 

 

14. The representatives of the participating countries made presentations on their national EANET 

activities and monitoring plans. Major comments and discussions were as follows: 

 

i.  Cambodia 

 

- Monitoring on wet deposition monitoring site at the new site of Siem Reap started in 

August 2011. 

- The monitoring on inland aquatic environment newly started in June 2011. It was pointed out 
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that the first data on pH, EC and alkalinity should be carefully checked whether the data 

could meet the EANET criteria.  

- Problems of the result of the Inter-laboratory Comparison Projects on dry deposition 

(filter-pack method) were discussed. It was requested that the NC send the samples of the 

project to Cambodia again.  

 

ii China 

 

- It was clarified that the monitoring on filter-pack method at Jinyunshan site already 

started in 2011. 

- It was clarified that the national workshop will be held every year, and it’s necessary to 

contact the national center of China in advance if the NC wants to attend. 

 

iii Indonesia 

 

- For reporting of wet deposition data, it was pointed out that “0” should be typed in the 

column of precipitation in the case of no precipitation.  

 

iv Japan 

 

- Damages of the monitoring sites caused by the big earthquake occurred on 11 March 

2011 (3.11 earthquake), and situation of recovery were reported as well as the national 

monitoring plan. 

 

v Lao PDR 

 

- Due to serious problems in the ion chromatograph (IC) and the deionized water, samples 

in 2010 including Inter-laboratory Comparison Projects couldn’t be analyzed though the 

IC was fixed by the NC technical mission team in September 2011. 

- It was clarified that national public awareness workshop will be planned based on the 

financial support from the Secretariat.  

 

vi Malaysia 

 

- Meteorological monitoring system at Danum Valley site had been disordered. It was 

informed that the new system will be installed in October 2011. It was pointed out that the 

measurement height for wind velocity/direction should be considered to obtain precise data. 

- Situation of ozone monitoring at Tanah Rata site was clarified. The NC requested 

Malaysia Meteorological Department (MMD) to consider submitting the ozone data as 
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EANET monitoring after the situation is improved. 

 

vii Mongolia 

 

- Situation of the air pollution in Ulaanbaatar was reported as well as the national 

monitoring plan and the results of EANET monitoring in 2010. 

 

viii Myanmar 

 

- It was requested to submit updated national monitoring plan including the monitoring on 

filter-pack method at Yangon started in 2011. 

 

ix Philippines 

 

- It was requested to submit 2010 monitoring data of Philippines as soon as possible so 

that the NC can submit the data to the SAC11 to be held in October 2011. 

 

x Republic of Korea 

 

- It was informed that concentration of ozone at national monitoring sites in Republic of 

Korea has an increasing trend. 

- It was informed that monitoring of mercury has been implemented every week 

continuously from 2009. 

 

xi Russia 

 

- High concentration data of SO2 in some sites should be reevaluated because there might 

be some specific reason such as a construction work near the site. 

 

xii Thailand 

 

- Air concentration monitoring in Kanchanaburi is conducted intensively several times a year 

by using a mobile measurement unit. It was suggested that the monitoring be conducted 

continuously if the budget will be available.  

- It was clarified that HCO3
- will be analyzed soon to improve R1 and R2. 

 

xiii Vietnam 

 

- It was clarified that blank check was conducted for all parameters. 
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- Nha Be and Sapa stations had just been included as the EANET sites. It was suggested that 

the updated national monitoring plan including the new sites be submitted to the NC.  

 

15. The NC made a presentation on the “Overview of the National Monitoring Plans” (EANET/STM 

12/7) which included the latest information provided by the participating countries.  

 

16. The Meeting was informed that to date, there are 56 wet deposition monitoring sites, 47 dry 

deposition monitoring sites, 28 soil and vegetation monitoring sites, and 18 inland aquatic 

monitoring sites in EANET. 

 

17. It was confirmed that updated national monitoring plans will not be compiled by the NC due to 

current submission system of the national monitoring plan of the participating countries. It was 

confirmed that all the countries were urged to submit the latest national monitoring plan to the NC 

when the 2011 data are submitted in June 2012 based on the discussion at the SAC11. 

 

IX. Consideration of Quality Control (QC) Procedure in the participating Laboratories 

(Agenda Item 8) 

 

18. The NC made a presentation on the Quality Control Procedure in the participating Laboratories. 

Current activities of QA/QC, existing problems, activities for the improvement of the EANET 

data quality and expected discussion at SAC11 were presented. 

 

19. It was informed that the NC will start to discuss at SAC11 the preparation of the technical 

document on Quality Management of EANET including QA/QC program as appropriate.  

 

X. Consideration of Verification of the Monitoring Data (Agenda Item 9) 

 

20. The NC made a presentation on the Reporting of the Monitoring Data submitted by the 

participating countries including required items to be reported. 

 

21. There were no specific points raised by the participating countries for this agenda. 

 

XI. Proposals for the Technical and Instrumental Innovation of the Laboratories in the 

Participating Countries (Agenda Item 10) 

 

22. The NC made a presentation on Installation of Multi-Stage Distilled Water Generator in case of 

the laboratory of Lao PDR.  

 

23. Myanmar expressed their intention to install the new distilled water system. It was pointed out that 
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the system should be operated daytime for safety reason. It was clarified that the system does not need 

to be washed since the system can be rinsed continuously during distillation processes. 

 

XII. Progress Report on the Technical Activities of EANET (Agenda Item 11) 

 

24. The NC made presentations on the status of the activities being conducted by the expert groups 

of SAC.  

 

 The presentations included: 

i Technical Manual for Wet Deposition Monitoring in East Asia - 2010 (EANET/STM 12/11/1) 

ii Technical Manual on Dry Deposition Flux Estimation (EANET/STM 12/11/2) 

iii Technical Manual on Inland Aquatic Environment Monitoring - 2010 (EANET/STM 12/11/3) 

iv Guideline for Catchment-scale Monitoring in East Asia (EANET/STM 12/11/4) 

v   Report on activities of the Expert Group on Preparation of the Technical Manual for Air 

Concentration Monitoring (EANET/STM 12/11/5) 

 

25. Major discussions included the following: 

 

(Technical Manual on Dry Deposition Flux Estimation) 

- It was clarified that the manual does not describe detailed procedures on air concentration 

measurement. It was informed that the Expert Group on Preparation of the Technical 

Manual for Air Concentration Monitoring was established for the manual on air 

concentration monitoring. 

 

(Report on activities of the Expert Group on Preparation of the Technical Manual for Air 

Concentration Monitoring) 

- The meeting was asked to consider if the Expert Group should prepare a manual 

containing QA/QC matters or separate a manual and QA/QC matters. The meeting 

advised the NC to prepare a manual containing QA/QC matters and see if the need to 

separate QA/QC matters would arise. 

 

XIII. Progress of the Second Periodic Report on the State of Acid Deposition in East Asia 

(PRSAD2) (Agenda Item 12) 

 

26. The NC presented the “Progress of the Second Periodic Report on the State of Acid Deposition in 

East Asia (PRSAD2)” (EANET/STM 12/12).  

 

27. It was clarified that the PRSAD2 should be finalized by the end of November 2011, based on the 

discussion at the SAC11, so that the PRSAD2 could  be submitted to the Thirteenth Session of 
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the Intergovernmental Meeting (IG13) for its endorsement. 

 

XIV. Other Issues (Agenda Item 13) 

 

28. There were no issues raised by the participating countries. 

 

XV. Closing of the Meeting (Agenda Item 14) 

 

29. The Co-chairperson expressed his deep appreciation to all the participants for their active 

contribution and cooperation. He closed the Meeting, thanking the Meeting secretariat for their 

hard work. 
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CAMBODIA 

Mr. KONG Savuth  

Vice-Chief, Laboratory Office, Environment 

Pollution Control, Ministry of Environment  

 

 
CHINA 

Ms. XIE Shuyan   

Engineer, Department of Air Quality Monitoring, 

China National Environment Monitoring Center 

(CNEMC) 

Mr. ZHUANG Mazhan   

General Engineer, Director 

Environmental Monitoring Center Station of 

Xiamen 

 

 

Prof. WANG Ruibin   

Professor  

Department Director 

Department of Air Quality Monitoring, China 

National Environment Monitoring Center 

(CNEMC) 

 

 
INDONESIA 

Ms. Novy Farhani 

Head 

Reference and Testing Laboratory Division 

Pusarpedal - Ministry of Environment 

 

 
JAPAN 

Mr. YOSHIZAKI Hitoshi  

Deputy Director 

Air Environment Division 

Environmental Management Bureau 

Ministry of the Environment 

 

Mr. YAMAMOTO Hidemasa  

Senior Analyst on Transboundary Air Pollution 

Environment Management Bureau 

Ministry of the Environment 

 

 
LAO P.D.R 

Ms. Drounny N VILAYTHONG 

Deputy Head of Planning Division, 

Water Resources and Environment Research 

Institute 

Ministry of Natural Resources and Environment 

 

 

MALAYSIA 

Ms. TOH Ying Ying  

Assistant Director, Environmental Studies 

Division, Malaysian Meteorological Department 

(MMD) 

 

 

Mr. WONG Kok Fah 

Section Head 

Environment Section Environmental Health 

Division 

Department of Chemistry (DOC), Malaysia 

 

 
MONGOLIA 

Ms. Altantuya BOLD 

Chemist Engineer 

Central Laboratory of Environment and 

Metrology (CLEM) 
 

 MYANMAR 

Mr. Win Maw   

Deputy Superintendent ,Hydrological Division, 

Department of Meteorology and Hydrology 

(DMH) 
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PHILIPPINES 

Ms. Arcely Candelario VIERNES 

Science Research Specialist II 

Research and Development Division 

Environmental Management Bureau  

Department of Environment and Natural 

Resources (DENR)  

 

 
REPUBLIC OF KOREA 

Dr. LEE Mindo  

Senior Researcher 

Air Quality Research Division 

National Institute of Environment Research 

(NIER) 

 

 

RUSSIA 

Dr. Vladimir Arckadievich OBOLKIN 

Senior scientist 

Lab hydrochemistry and Atmospheric Chemistry 

Limnological Institute SB RAS 

 
THAILAND 

Ms. Siwaporn JOMPHONG  

Environmentalist, Professional Level 

Environmental Quality and Laboratory Division 

Pollution Control Department (PCD) 

 

 
VIETNAM 

Ms. NGUYEN Anh Thi Kim  

Environmental Laboratory 

Center for Environment Research (CENRE) 

National Institute of Meteorology Hydrology 

and Environment (IMHEN) 

Ministry of Natural Resources and Environment 

of Vietnam (MoNRE) 

 

 

OBSERVER 

Ms. Norazura Zakaria 

Malaysian Meteorology Department (MMD) 

 

Mr. Wandi Yadzid bin Haji Yaakob  

Principal Assistant Secretary, Department of 

Environment (DOE) 

 

 

Dr. Ahmad Makmom Abdullah 

Lecturer 

Universiti Putra Malaysia (UPM) 

 

Ms. Siti Mariam binti Sumari 

Universiti Teknologi MARA (UiTM) 

 

Ms. Nesamalar Kantasamy  

Universiti Teknologi MARA (UiTM) 

 

Ms. Siniarovina Urban  

Meteorological Officer 

Malaysian Meteorology Department (MMD) 

 

Ms. Engku Nor Azura Aini Engku  

Assistant Secretary 

Environmental Management and Climate 

Change Division, Ministry of Natural Resources 

and Environment (NRE) 

 

Prof. Nik Muhamad Ab. Majid  

Faculty of Forestry 

Universiti Putra Malaysia (UPM) 

 

Ms. Faridah Binti Ab Rahim  

Science Officer 

Department of Chemistry (DOC), Malaysia 
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RRC.AP) 
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Program Officer 

EANET Secretariat 
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The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 
 
 

Report on the Progress of EANET since the Eleventh Senior Technical 
Managers’ Meeting (STM11) 

 
 
I. INTRODUCTION 
 
1. The Senior Technical Managers’ Meeting (STM) of the Acid Deposition Monitoring 

Network in East Asia (EANET) has been organized annually by the Network Center 
(NC) since the start of EANET activities on the regular phase in 2001. This Meeting 
was attended by the Senior Technical Managers of all the participating countries, who 
are responsible for monitoring operations and technical issues of EANET activities in 
their countries. The number of topics discussed at the STM Meetings concerned the 
progress on scientific and technical matters related to EANET, national monitoring 
activities and data, results of the inter-laboratory comparison projects and other issues 
to be considered further at the Session of the Scientific Advisory Committee (SAC) for 
EANET. 

 
2. This report presents a review of the progress of EANET activities since the Eleventh 

Senior Technical Managers’ Meeting (STM11) held in Niigata, Japan on 2-3 
September 2010 which was focusing on scientific and technical aspects. 

 
 
II. INSTITUTIONAL AND ADMINISTRATIVES ARRANGEMENT 

 
II-1 Financial contribution  

 
3. In accordance with the Procedures and Guidelines for Voluntary Contributions to 

EANET for 2011-2013 adopted at the Twelfth Session of the Intergovernmental 
Meeting (IG12) in November 2010, the Secretariat sent letters of request to all National 
Focal Points of EANET (NFPs) regarding the estimated contributions of the 
participating countries both for the Secretariat budget and the NC core budget in 2011. 
Currently, ten participating countries are already contributing to the budget of the 
Secretariat, and seven participating countries are contributing to the NC core budget.  
 

II-1-1 Secretariat budget 
 

4. In December 2010, the Ministry of Environment of Japan (MOEJ) and the UNEP 
RRC.AP signed agreements regarding the Japanese contribution for the budget of the 
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Secretariat activities in 2010. In accordance with the contract, the contribution from 
Japan was made in March 2011. 
 

5. As of this date, the participating countries that transferred voluntary contributions to 
the Secretariat budget in 2010 and 2011 include: China (December 2010 and June 
2011); Mongolia (December 2010); Republic of Korea (February 2011); Japan (March 
2011); Thailand (March 2011); Malaysia (June 2011);  and Vietnam (June 2011).    
 

II-1-2 Network Center budget 
 

6. In accordance with the Revised Procedures and Guideline for Voluntary Financial 
Contribution to EANET and the Work Program and Budget of EANET in 2010 and 
2011, Cambodia (September 2010), Mongolia (December 2010) and Vietnam (June 
2011) made contribution to the NC core budget for the year 2010, and Thailand (March 
2011) made contribution to the NC core budget for the year 2011. 

 

7. In April 2011, Japan made contributions for the budget for implementation of the NC 
core and additional budget activities for the second to the fourth quarter of 2010 and 
for the first quarter of 2011.  

 
II-2 Staff hiring  
 
II-2-1 Secretariat 
 

[Coordinator of the Secretariat] 
 
8. According to the document titled “Review of the Status of the EANET Secretariat 

(EANET/IG 6/11)” endorsed at the Sixth Session of the Intergovernmental Meeting 
(IG6) in 2004, the position of the professional staff of the Secretariat will be for a 
period of two years with a provision for a maximum period of two terms. The Second 
term of the appointment of the present Coordinator will be completed by 31 December 
2011. In this regard, the Secretariat sent out the vacancy announcement for Coordinator 
position to all the NFPs of EANET on 8 August 2011. The deadline for the application 
is on 30 September 2011. 

 
II-2-2 Network Center 
 

[Deputy Director General of ACAP in Charge of NC]  
 

9. The vacancy announcement for the Deputy Director General (DDG) of Asia Center for 
Air Pollution Research (ACAP) in charge of the NC was circulated to all NFPs on 31 
March 2011 and was also issued on ACAP website. Since only Dr. Jesada Luangjame, 
the current DDG submitted the application through the NFP of Thailand by the 



EANET/STM 12/4/1 
Page 3 

deadline; the Secretariat sent this information to the NFPs and asked comments on 30 
May 2011. The Philippines sent their comment/support to the application of Dr. Jesada 
by the specified timeline. Based on the qualifications and taking into account of his 
achievements and comments from the participating countries, the President of the 
Japan Environmental Sanitation Center (JESC) decided Dr. Jesada Luangjame to be the 
next DDG on 4 July 2011. The JESC will proceed with appointment of Dr. Jesada 
Luangjame as the DDG effective on 1 October 2011.  

 
II-3 Instrument for Strengthening the Acid Deposition Monitoring Network in East 

Asia (EANET) 
 

10. The “Instrument for Strengthening the Acid Deposition Monitoring Network in East 
Asia (EANET)”, after five years of fruitful negotiations, was adopted during the IG12 
by the Decision 1/IG.12. Considerably, the Instrument was one of the most significant 
achievements of EANET. Seven out of thirteen participating countries signed the 
Instrument during the High Level Segment of the IG12, i.e. Cambodia, Japan, 
Mongolia, Myanmar, Philippines, Republic of Korea, and Thailand.  It was urged 
during the IG12 that other participating countries shall also sign the Instrument as soon 
as possible considering the ownership of the countries on EANET.  
 

11. The Secretariat made a follow-up for the remaining countries on the signing of the 
Instrument. As a result, the governments of Vietnam and China signed the Instrument 
on 30 May 2011 and 15 June 2011 respectively. 

 
 
III. IMPLEMENTED/IMPLEMENTING ACTIVITIES 

 
III-1 Acid deposition monitoring including QA/QC activities 
 
III-1-1 Development/review of guidelines, technical manuals 

 
12. Technical Manual on Dry Deposition Flux Estimation (EANET/SAC 10/8/3/1), 

Technical Manual for Wet Deposition Monitoring in East Asia-2010 (EANET/SAC 
10/8/4/1), and Technical Manual for Inland Aquatic Environment Monitoring in East 
Asia-2010 (EANET/SAC 10/8/5/1) were adopted at the IG12. (See paragraph 28) 
 

13. Preparation of the Technical Manual for Air Concentration Monitoring was started at 
the First Meeting of the Expert Group on Preparation of the Technical Manual for Air 
Concentration Monitoring in August 2011. (See paragraph 30) 

 
III-1-2 Implementation and coordination of QA/QC activities 
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[EANET Inter-laboratory Comparison Projects] 
 
14. The NC published the Report of Interlaboratory Comparison Project 2009 (12th project 

on wet deposition, 5th project on dry deposition (filter pack method), 11th project on 
soil and 10th project on inland aquatic environment), and distributed it to the 
participating laboratories in January 2011. 
 

15. The NC distributed samples for 13th Inter-laboratory comparison project on wet 
deposition, 6th project on dry deposition (filter pack method), 12th project on soil and 
11th project on inland aquatic environment to the participating countries in October 
2010. 

 
[Other Inter-laboratory Comparison Projects] 

 
16. Several EANET laboratories in Japan, Philippines, Russia, Thailand and Vietnam also 

participated in the international inter-comparison 2010 organized by the Convention on 
Long-range Transboundary Air Pollution (CLRTAP) International Cooperative 
Programme on Assessment and Monitoring of Acidification in Rivers and Lakes 
(ICP-Waters), etc.  

 
III-2 Compilation, verification, evaluation, storage & provision of data and relevant 

information 
 
17. The NC published the Data Report 2009 in November 2010 and distributed it to NFPs, 

National Centers, SAC members and other relevant organizations in January 2011. 
Most of the participating countries have already submitted their 2010 monitoring data 
to the NC. The NC is in the process of checking and verifying the data. 

 
18. In accordance with the Detailed Mechanism of Article 4 of the Procedures on Data and 

Information Disclosure for EANET, all the EANET monitoring data up to 2008 were 
disclosed outside of EANET in January 2011. The raw data of 2009 will be disclosed 
in January 2012. 

 
III-3 Enhancement of data analysis and assessment 
 

[Drafting Committee (DC) for the Second Periodic Report on the State of Acid 
Deposition in East Asia (PRSAD2)] 

 
19. The Second Meeting of the Drafting Committee (DC2) for the PRSAD2 was held on 

28-29 June, 2011 in Pathumthani, Thailand. The meeting was attended by the DC 
members or their alternates from 13 participating countries. The DC2 discussed the 
draft contents of each caper of the PRSAD2. DC2 also discussed the future schedule. It 
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was decided that Lead Authors shall submit the final draft of their responsible parts by 
15 September 2011, and after submission of above draft report, the Lead Authors of the 
Chapter 7 and the Executive Summary shall prepare their respective documents. It was 
also decided that the 3rd Meeting of the Drafting Committee (DC3) will be held on the 
evening of 13 October 2011 during the SAC11 to reflect the comments by SAC and 
clarify the further schedule. All of the draft documents will be reviewed during the 
DC3 and SAC11.  

 
III-4 EANET Meetings 
 
III-4-1 Scientific Advisory Committee (SAC) 
 
20. The Tenth Session of the Scientific Advisory Committee (SAC10) was held on 13-15 

October 2010 in Pattaya, Thailand in order to discuss all of important technical and 
scientific issues of EANET. Major decisions/discussions during SAC10 include the 
following: 

 
(1) Review and adoption of the Data Report 2009 of EANET; 
(2) Review and adoption of the Report of the Inter-laboratory Comparison projects in 

2009 and consideration of recommendations for improvement of QA/QC 
activities; 

(3) Consideration of updated National Monitoring Plans of the participating countries; 
(4) Consideration of the Reports from the Chairpersons of the Task Forces and Expert 

Groups of SAC: 
- Report from the Chairperson of the Task Force on Soil and Vegetation Monitoring 
- Report from the Chairperson of the Task Force on Dry Deposition Monitoring 
- Report from the Chairperson of the Expert Group on Dry Deposition Flux 

Estimation 
- Report from the Chairperson of the Expert Group on Revision of Technical 

Manual on Wet Deposition Monitoring 
- Report from the Chairperson of the Expert Group on Revision of Technical 

Manual on Inland Aquatic Environment Monitoring 
- Report from the Chairperson of the Expert Group on Preparation of Technical 

Manual for Air Concentration Monitoring 
- Report from the Chairperson of the Task Force on Research Coordination 

(5) Report on the Progress of the Drafting Committee (DC) for the Second Periodic 
Report on the State of Acid Deposition in East Asia (PRSAD2); 

(6) Consideration of the Draft Medium Term Plan (MTP) for EANET (2011-2015) 
from scientific and technical viewpoints; 

(7) Consideration of the Report on the EANET High Priority Research Projects; 
(8) Consideration of the relevant activities of EANET; 
(9) Consideration of Work Program and Budget of EANET in 2011 from scientific and 
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technical viewpoints; 
(10) Consideration of the EANET Science Bulletin (Vol. 2); and 
(11) Updates on the activities of other regional and international initiatives on acid 

deposition and transboundary air pollution. 
 

21. The Session endorsed the three draft Technical Manual (Wet deposition monitoring, 
Dry deposition flux estimation, Inland aquatic environment monitoring) and draft 
Guideline for the Catchment-scale Monitoring in East Asia. The three manuals were 
submitted to the IG12 for adoption with the Report of the Session of SAC10. 
 

22. On 9 February 2011, the Secretariat sent an invitation letter to all NFPs of EANET 
participating countries to host the Eleventh Session of the Scientific Advisory 
Committee Meeting (SAC11). Since the Secretariat received an offer from Vietnam, it 
was decided that the SAC11 be held in Ho Chi Minh, Vietnam on 12-14 October 2011 
in consultation with Vietnam.  

 
III-4-2 Intergovernmental Meeting of EANET (IG) 
 
23. The Intergovernmental Meeting (IG) of EANET held its Twelfth Session (IG12) in 

Niigata, Japan on 23-24 November 2010. The Session adopted the Decision 1/IG12 
which adopted the Instrument for Strengthening the Acid Deposition Monitoring 
Network in East Asia (EANET).  
 

24. The High Level Segment was held during the IG12 and it was opened by the IG12 
Chairperson. Statements were made by H.E. Mr. Ryu Matsumoto, Minister of the 
Environment, Japan. High officials and representatives from Cambodia, Mongolia, 
Myanmar, Philippines, Republic of Korea, Thailand, and Vietnam made remarks. The 
Instrument was signed at the High Level Segment by seven participating countries.   

 
25. The Session adopted the Medium Term Plan (MTP) for EANET (2011-2015) 

(EANET/IG 12/5 rev.1) with some modifications, and the three Technical Manuals 
(Refer to para. 8). The Session also adopted the Second Report on Future Development 
of EANET (Draft) (EANET/IG 12/10/1), including the Terms of Reference for the 
Working Group on Future Development of Acid Deposition Monitoring Network in 
East Asia (EANET) (2011-2012); Procedures and Guidelines for Voluntary Financial 
Contributions to EANET for 2011-2013 (EANET/IG 12/10/2); and the Work Program 
and Budget of EANET in 2011 (EANET/IG 12/11), with modifications. 

 

26. The Session endorsed the Report of the Session of the SAC10 and adopted the three 
Technical Manuals (Technical Manual on Dry Deposition Flux Estimation, Technical 
Manual for Wet Deposition Monitoring in East Asia-2010 and Technical Manual for 
Inland Aquatic Environment Monitoring in East Asia-2010). (See paragraph 12) 
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III-4-3 Working Group on Future Development of EANET (WGFD) 
 

27. The Fourth Special Session of the WGFD (WGFD-S4) was held in Niigata, Japan on 
22 November 2010. The Session discussed the Instrument for Strengthening the Acid 
Deposition Monitoring Network in East Asia (EANET), for possible signing during the 
High Level Segment of the Twelfth Session of the Intergovernmental Meeting (IG12), 
the Draft Report on the Progress of EANET since the Eleventh Session of the 
Intergovernmental Meeting (IG11) and the Draft Financial Report of the Secretariat 
and the Network Center in 2009, and the Draft Work Program and Budget of EANET 
in 2011. 
 

28. The Tenth Session of the WGFD (WGFD10) was held in Pathumthani, Thailand on 
19-20 July 2011. The Session discussed the Current Financial Modalities for Further 
Improvement on Transparency of EANET, Expansion of the Scope of EANET and 
Possible Impacts of the Adoption and Operation of the Instrument for Strengthening 
the EANET, Final Report on Implementation of the Strategy on EANET Development 
(2006-2010) (Draft), Arrangements for the Thirteenth Session of the Intergovernmental 
Meeting (IG13) and so on.  

 

III-4-4 Task Forces and Expert Groups established under SAC 
 
29. The NC has continued its tasks as the secretariat of the Task Forces and Expert Groups 

(TFs/EGs) established under SAC. The NC contacted the Chairpersons of the TFs/EGs 
to discuss on dates, agenda of the third meeting and also membership of TFs/EGs as 
appropriate. The latest Chairpersons and members of the TFs/EGs, and schedule of 
their meetings in 2011 are attached as Annex 1. 

 
30. After STM11, the following TFs/EGs meetings were held to discuss the draft TOR, 

membership, important issues of each TF or EG in accordance with the TOR, future 
plan, etc. 

 
(1) Third Meeting of the Task Force on Research Coordination (14 October 2010, 

Pattaya, Thailand during SAC10) 
It was decided to extend the list of potential future research projects of EANET 
should include co-benefit approach studies and socio-economic aspect of regional 
air pollution.  
 

(2) First Meeting of the Expert Group on Preparation of the Technical Manual for Air 
Concentration Monitoring (11-12 August 2011, Niigata, Japan) 
The session discussed Table of Content of the draft Technical Manual including 
the authors of each chapter, future plan of activities and so on. (See paragraph 13) 
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III-4-5 Publication of Proceedings, Summaries of the EANET Meetings 
 
31. After STM11, publications of proceedings and summaries of the following meetings 

were completed and distributed to the participating countries and participants of the 
Sessions:  

 
- Twelfth Session of the Intergovernmental Meeting (IG12) 
- Tenth Session of the Scientific Advisory Committee (SAC10)  
- Eleventh Senior Technical Managers’ Meeting (STM11) 

 
III-5 Communication with participating countries, etc.  
 
32. The Secretariat received communications from some National Focal Points (NFPs) 

regarding a few changes on institutional bodies of EANET in their respective countries, 
e.g. NFPs, SAC members, etc. from time to time and circulated this information to all 
concerned. 
 

33. The Secretariat and the NC maintained close communication with the participating 
countries in all related activities of EANET and relevant international organizations 
such as United Nations Economic Commission for Europe (UNECE), etc. 

 
34. The NC also communicated with participating countries regarding scientific and 

technical issues to improve monitoring and assessment of acid deposition in the region. 
 

III-6 Technical support and capacity building activities 
 

III-6-1 EANET training 
 

[Japan International Cooperation Agency (JICA) Training Course on EANET] 
 
35. Japan International Cooperation Agency (JICA) training course, “Acid Deposition 

Monitoring Network in East Asia 2010” was held from 17 October through 18 
December 2010 in Kobe and some other places in Japan. Seven trainees from six 
EANET participating countries, namely Cambodia, China, Lao PDR, Myanmar (2), 
Thailand and Vietnam attended this course. Several lectures were delivered by the NC 
staffs. During the visit of JICA trainees to Niigata, the NC presented lectures and 
demonstrated practices on acid deposition monitoring of EANET. However, the course 
in 2011 was not planned. 

 
[JICA Third Country Training Course] 

 
36. The JICA Third Country Training Course in 2011 is now being discussed among the 
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relevant organizations in Japan and Thailand including the NC, Pollution Control 
Department (PCD) and Environmental Research and Training Center (ERTC). Training 
of the trainers will be planned in 2012.  

 
[EANET Individual Training at the NC] 

 
37. One trainee each from China, Malaysia and Russia was selected to participate in the 

EANET individual training course at the NC from 14 February through 11 March 2011. 
They received training on wet deposition, dry deposition, soil/vegetation and inland 
aquatic environment monitoring, and data management. 

 
[Questionnaire Survey for Training Activities 2010] 

 
38. In July 2011, the NC implemented the annual questionnaire survey on training 

activities in 2010 carried out by the participating countries. The information gathered 
on training requirements and suggestions on new training areas are useful for 
planning of the future training activities of EANET. The results including the requests 
on EANET training activities from the participating countries were summarized as 
Annex 2. 

 
III-6-2 Support to participating countries 
 

[Dispatch of technical missions] 
 

39. After STM11, the NC dispatched technical missions to Malaysia (September 2010), 
Thailand (October 2010), Myanmar (October 2010), Cambodia (January 2011) and 
Russia (August 2011) to exchange information, provide technical advice and assess 
the suitability of proposed EANET monitoring sites. The mission members also 
checked the condition of the instruments provided to countries. (Ref. Annex 2: 
Summary of Technical Missions of the NC since STM11) 

 
[Technical support for the participating countries] 

 
40. The NC provided assistance to Cambodia, China, Lao PDR, Mongolia, Myanmar and 

Vietnam in 2010 and/or 2011 for their monitoring activities. 

 
III-7 Research activities 
 
41. The research activities of EANET are important to evaluate the environmental 

impacts of acid deposition on the region’s diverse ecosystem, to improve the 
monitoring methodologies, and develop analytical methods suitable for East Asia. NC 
performed research activities with consideration of the regional characteristics. 



EANET/STM 12/4/1 
Page 10 

 

III-7-1 EANET Research Fellowship Program 
 
42. In July 2010, the NC sent a letter to NFPs and SAC members inviting applicants for 

the research fellowship in 2010. In response to the invitation letter, the NC received 4 
applications from 4 countries namely Malaysia, Mongolia, Thailand and Vietnam. 
Based on the procedures of the fellowship research program, the Selection Committee 
of the NC considered the proposed research plans submitted by the applicants and 
decided to invite two researcher from Thailand and Vietnam to conduct the researches 
in ACAP for two/four months. The research topic from Thailand is “Effect of biomass 

burning on atmospheric acid deposition in Chiang Mai, Lamphun Basin, Thailand, and the 
research topic from Vietnam is “Study on wet and dry deposition over the Southeast 
Asia by CMAQ model and EANET data”. The fellowship was implemented from the 
middle of October 2010 to the middle of December 2010 for Thai researcher, from 
the beginning of October 2010 to the end of January 2011 for Vietnamese researcher. 

 
43. In July 2011, the NC sent a letter to NFPs and SAC members inviting applicants for 

the research fellowship in 2011. The deadline of the application was 12 August 2011. 
 

III-7-2 Publication of the EANET Science Bulletin (Volume 2) 
 

44. In order to share research findings among the participating countries, the NC plan to 
publish the EANET Science Bulletin biennially. Therefore, the NC sent invitation to 
the participating countries to submit relevant research reports of scientists. The 
deadline for submission was by the end of August 2010. The EANET Science 
Bulletin (Volume 2) was published in January 2011, and distributed to the 
contributors, the NFPs, SAC members, Heads of National Centers, and other relevant 
experts in April 2011. 

 
III-7-3 EANET high priority research projects 

 
45. In cooperation with the participating countries, the NC has implemented the EANET 

high priority research projects with the leaders of the projects. The progress of the 
following two projects will be reported at the SAC11. 

 
(1) Aerosol Deposition Studies in Forests for Improvement of Estimation Method for 

Dry Deposition in Thailand 
(2) Feasibility Study on Low Cost Methodologies for Monitoring Air Concentrations 

with Thailand, China and Russia 
 

III-7-4 Joint research project on catchment analysis with Thailand, Malaysia and 
Japan 
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46. Catchment analysis is one of the issues described in the Strategy Paper for Future 

Direction of Soil, Vegetation and related Ecosystems Monitoring of EANET 
(2009-2014). The NC has implemented the joint research project on catchment analysis 
in Thailand with the Royal Forest Department (RFD) and ERTC, in Malaysia with the 
Malaysian Meteorological Department (MMD), and in Japan with Niigata Prefecture 
and Niigata University. Part of the projects was supported financially by the 
Environment Research and Technology Development Fund (ERTDF) of the MOE, 
Japan until March 2011, the end of Japanese fiscal year (JFY) 2010. Although the 
financial support from ERTDF was finished, the some parts of the project have being 
implemented among the relevant organizations after April 2011. 

 
III-7-5 Joint research project on comparison study for filter-pack method with R. of 

Korea 
 
47. The project has been carried out with the aim of comparison of the 3-stage filter pack 

method and 4-stage filter pack method in R. of Korea and Japan, etc. Intensive 
monitoring in 2010 was conducted in October, 2010. After sample analysis and 
compiling the data, the data will be exchanged between the National Institute of 
Environmental Research (NIER), R. of Korea and the NC in line with the agreement. 
Then, the discussion for the monitoring results will be implemented.  

 

III-8 Public awareness activities 
 
III-8-1 Joint project on environmental education activities 
 
48. The NC undertook the joint project with China to support their environmental study 

activities on acid deposition in schools to support the environmental study activities on 
acid deposition in schools of China in 2010. An elementary school in Chongqing, 
China and elementary schools in Niigata Prefecture, Japan participated in the joint 
project. In 2011, the NC has started to implement joint project on the environmental 
study with Indonesia. 

 
III-8-2 Dissemination of information through EANET website 
 
49. New information has been included on the EANET web site such as publication (e.g. 

Second Report for Policy Makers, Fact Sheets, Data Report 2009 and Inter-laboratory 
comparison projects 2009), EANET Newsletter (Vol. 9), EANET Science Bulletin (Vol. 
2), EANET meeting reports, monitoring site information, and so on. 
 

50. The new EANET brochure was published in March 2011, which contains the latest 
development and progress of EANET. Copies were distributed to all NFPs and others. 
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It was also published in the website of EANET.   
 

51. The NC also made some minor improvements to the e-Learning program on acid 
deposition problems for environmental education. 

 
III-8-3 Publication of newsletter 

 
52. The EANET Newsletter, dated December 2010 was published by the Secretariat in 

collaboration with the NC.  
 
III-9 International cooperation 
 
III-9-1 Long-Range Transboundary Air Pollutants in Northeast Asia (LTP) 
 
53. The NC has been participating in the International Joint Research of LTP between 

Korea, China, and Japan. The NC representatives attended the 13th Expert Meeting for 
Long-range Transboundary Air Pollutants in Northeast Asia, organized by the National 
Institute of Environmental Research (NIER), Republic of Korea, and held in Zhuhai, 
China on 9-11 November 2010. The reports on monitoring and modeling activities in 
each country were presented by the experts of three countries. Achievements of the 
LTP project and the activities in 2010 were reported. 
 

III-9-2 Joint Forum on Atmospheric Environment in Asia and the Pacific 
 

54.  “First Capacity Building Workshop of the Joint Forum on Atmospheric Environment 
in Asia and the Pacific” was held in Pathumthani, Thailand on 21-22 July 2011 back to 
back with WGFD10 and a meeting of the Malé Declaration. The workshop was 
organized by the United Nations Environment Programme (UNEP) and participated in 
by the representatives of some participating countries of EANET and Malé Declaration 
on Control and Prevention of Air Pollution and its Likely Transboundary Effects for 
South Asia (Malé Declaration), the Secretariat and the NC for EANET, and resource 
persons. International Agreement/Instrument on Atmospheric Issues, Good Practices on 
Atmospheric and so on were introduced by the resource persons to share knowledge 
and information.  
 

III-9-3 International Workshop on Atmospheric Modeling Research in East Asia 
 
55. International Workshop on Atmospheric Modeling Research in East Asia was held on 

2-3 December 2010 in Hainan, China. Based on the outcomes at the Model 
Inter-Comparison Study (MICS) workshops. The session decided that the following 
contents would be conducted as the next topics of MICS-Asia, Phase 3: (i) Multi-scale 
model that is the integrated model of global, regional and urban scales, and model 
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inter-comparison, source/receptor analysis, and collaboration among MICS-Asia 
activity members, (ii) Inter-comparison of emission inventory, (iii) Variation of air 
quality associated with climate change. 
 

III-9-4 CLRTAP Meeting 
 

56. The NC attended the 28th Session on the Executive Body for the Convention on 
Long-range Transboundary Air Pollution (EB-CLRTAP) held on 13-17 December 2010 
in Geneva, Switzerland and presented the recent activities of the EANET and 
exchanged information and views on transboundary air pollution issues. 

 

57. The NC attended the 27th Task Force Meeting of International Co-operative 
Programme on Assessment and Monitoring of Air Pollution Effects on Forests (ICP 
Forests), UNECE, which was held from 15-19 May 2011 in Copenhagen, Denmark and 
presented the recent progress of ecological monitoring of EANET. 

 
III-9-5 Asian Co-benefits Partnership (ACP) Advisory Group 
 

58. On 17 March 2011, on the invitation of the Institute for Global Environmental 
Strategies (IGES) Japan, the EANET Secretariat attended the First Meeting of the 
Asian Co-benefits Partnership (ACP) Advisory Group which was held at the 
Kitakyushu, Japan. The Secretariat presented the progress of the regional and 
sub-regional networks/programs on atmospheric issues in Asia and the Pacific 
including EANET. She informed the ACP Meeting on the adoption of the IG12 on the 
“Instrument for Strengthening the EANET”. 

 
III-9-6 Acid Rain Conference 2011 
 
59. International scientific conference, Acid Rain 2011 was held on 15-18 in China 

National Convention Centre in Beijing, China. Totally around 350 experts attended the 
conference. The Secretariat and the NC staff also participated in the conference and 
made their respective presentations, and exchanged information and views on the 
current status and future perspective of the air quality issues including future 
development of EANET, etc. Next conference will be held after four or five years. 
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Annex 1 

Members of Task Forces and Expert Groups under SAC and Meeting Plan in 2011 

Name Members Meeting in 2011 

Task Force on 
Monitoring for Dry 
Deposition 

Dr. Cho Seog-Yeon (R. of Korea) - Chairperson 
Mr. Chhek Roth/ Mr. Kong Savuth (Cambodia) 
Dr. Li Jianjun (China) 
Ms. Rina Aprishanty (Indonesia) 
Dr. Shiro Hatakeyama (Japan)  
Ms. Setouvanh Phanthavongsa (Lao PDR) 
Ms. Maznorizan Mohamad (Malaysia) 
Ms. B. Altantuya (Mongolia) 
Ms. Htwe Htwe Win (Myanmar) 
Engr. Jean N. Rosete (Philippines) 
Dr. Chang Lim-Seok (Republic of Korea)  
Dr. Tamara V. Khodzher (Russia) 
Dr. Pojanie Khummongkol (Thailand) 
Dr. Duong Hong Son (Vietnam) 

- 

Task Force on Soil and 
Vegetation Monitoring 

Dr. Wilfredo M. Carandang (Philippines) - 
Chairperson 
Mr. Haijiang Liu (China) 
Dr. Masamichi Takahashi (Japan) 
Dr. Nik Abdul Majid/Dr. Ahmad Makmum Abdullah 
(Malaysia) 
Dr. Apolonio M. Ocampo (Philippines) 
Dr. Kim Hye-Jin (Republic of Korea) 
Dr. Tatiana A. Mikhailova (Russia) 
Mr. Bopit Kietvuttinon (Thailand) 
Dr. Hiroyuki Sase (ACAP) 

- 

Task Force on 
Monitoring 
Instrumentation 

Prof. Wang Ruibin (China) - Chairperson 
Mr. Chhek Roth (Cambodia) 
Mr. Zheng Haohao (China) 
Ms. Novy Farhani (Indonesia) 
Dr. Tsuyoshi Ohizumi (Japan)  
Ms. Setouvanh Phanthavongsa (Lao PDR) 
Ms. Siniarovina Urban (Malaysia) 
Mr. Barkhasragchaa Baldorj (Mongolia) 
Ms. Htwe Htwe Win (Myanmar) 
Engr. Arturo Bongco /Engr. Robert Co (Philippines)
Dr. Ahn Joon-Young (Republic of Korea)  
Dr. Sergey Paramonov (Russia) 
Ms. Wassana Toruksa (Thailand) 
Mr. Tran Son (Vietnam)  

- 
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Name Members Meeting in 2011 

Task Force on Research 
Coordination 

Dr. Sergey Gromov (Russia) - Chairperson 
Prof. Wang Ruibin (China) 
Dr. Hiroshi Hara (Japan)  
Prof. Katsunori Suzuki (Japan) 
Dr. Elizabeth Phillip (Malaysia) 
Dr. Cho Seog-Yeon (R. of Korea) 
Dr. Wilfredo M. Carandang (Philippines) 
Dr. Tamara Khodzher (Russia)  
Dr. Pojanie Khummongkol (Thailand) 
Dr. Duong Hong Son (Vietnam) 
Dr. Hajime Akimoto (ACAP) 

11 October 2011 in Ho 
Chi Minh, Vietnam 
(back to back with  
SAC11) 

Expert Group on Dry 
Deposition Flux 
Estimation 

Dr. Pojanie Khummongkol (Thailand) - 
Chairperson 
Dr. Kazuhide Matsuda (Japan) 
Dr. Kentaro Hayashi (Japan) 
Dr. Akira Takahashi (Japan) 
Dr. Hiromasa Ueda (Japan) 
Dr. Chang Lim-Seok (R. of Korea) 

- 

Expert Group on 
Revision of Technical 
Manual on Wet 
Deposition Monitoring 

Dr. Hiroshi Hara (Japan) - Chairperson  
Dr. Tsuyoshi Ohizumi (Japan) 
Mr. Izumi Noguchi (Japan)  
Ms. Leong Chow Peng (Malaysia) 
Ms. Bulgan Tumendemberel (Mongolia) 
Dr. Ahn Joon-Young (R. of Korea) 
Dr. Hathairatana Garivait (Thailand) 
Dr. Dave Mactavish (WMO/Canada) 

- 

Expert Group on 
Revision of Technical 
Manual on Inland 
Aquatic Environment 
Monitoring 

Dr. Tamara Khodzher (Russia) - Chairperson 
Dr. Simon S. Brahmana (Indonesia) 
Dr. Senichi Ebise (Japan) 
Dr. Haruo Fukuhara (Japan) 
Dr. Vu Van Tuan (Vietnam) 
Prof. Seiichi Ohta (Japan) 
Prof. Tomonori Kawakami (Japan) 
Dr. Hiroyuki Sase (ACAP) 

- 

Expert Group on 
Preparation of Technical 
Manual for Air 
Concentration 
Monitoring 

Dr. Duong Hong Son (Vietnam) – Chairperson 
Prof. Min Hu (China) 
Dr. Masahide Aikawa (Japan) 
Mr. Hajime Mikasa (Japan) 
Dr. Akinori Takami (Japan) 
Prof. Young Joon Kim (Republic of Korea) 
Mr. Phunsak Theramongkol (Thailand) 

11-12 August 2011 in 
Niigata, Japan (1st 
Meeting) 
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Annex 2 

 National Training Activities in the Participating Countries of EANET in 2010 

Country 
Title of Training 
course 

Duration 
No. of 
Participants

Major Topics 

Cambodia - - - - 

China 

Alternation training 
on automatic air 
quality monitoring 
instruments 

8 Oct. - 30 
Dec. 2010 

135 
Operation and maintenance of 
automatic instruments for air 
quality monitoring 

Indonesia 
Maintenance of  
Ion Chromatography 
Equipment 

8-9 Dec. 
2010 

20 
Basic and application of  ion 
chromatography from 
DIONEX Indonesia 

Japan 

Audit (inspection and 
guidance) of national 
monitoring sites, 
including EANET 
monitoring sites 

Jan.-Dec. 
2010 (44 
days) 

69 Site and laboratory audit 

Training of 
atmospheric 
monitoring 

15-26 Feb. 
2010 

14 
Sampling/analytical methods for 
atmospheric monitoring 

Training of acid 
deposition for 
officials of 
municipalities 

31 May-1 
Jun. 2010 

16 

General knowledge of acid 
deposition, sampling/analytical 
methods for acid deposition 
monitoring 

Training of 
equipment operation 

24 Jun.-9 Jul. 
2010 

42 
(out of which 41 
accomplished 
the training) 

Equipment operation training 

Training of 
atmospheric and 
traffic environment 

28 Sep.- 1 
Oct. 2010 

40 
Atmospheric and traffic 
environment 

Lao PDR - - - - 
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Country 
Title of Training 
course 

Duration 
No. of 
Participants

Major Topics 

Malaysia 

Training course on 
Aspect of Air 
Pollution 
Observation  

13-19 July 
2010 

18 

- Air pollution 
- Acid deposition 
- Instruments troubleshooting 
- Calibration 
- QA/QC 
-  Aerosol monitoring  

Mongolia 

Environmental 
pollution  

18-29 Sep. 
2010 

11 
Air pollution, water pollution and 
soil pollution  

Acid deposition  1 day 11 Wet and dry deposition 

Air pollution  2 days 11 Air pollution problem 

Myanmar 

Wet deposition 
monitoring and 
analysis 

25 Oct. 2010 
(1/2)day 

15 

-To exchange views and 
information on the institutional 
arrangement on the acid 
deposition monitoring of EANET 
in Myanmar. 
- To discuss and exchange 
information on technical issues, 
especially QA/QC activities and 
data reporting, including check on 
condition of analytical instruments
- To discuss the maintenance of 
sampling instruments 

Training on sampling 
and analysis method 
for Wet Deposition 
Monitoring  

25-28 Oct. 
2010  (4 
days) 

4 

Objectives of the course:  Collect 
the national monitoring data and 
submit to the Network Center  
 
Major Topic 
 - Introduction of EANET 

- Acid deposition process 
 - Methodologies for sampling 
and analysis of  Wet deposition 
monitoring 
 - QA/QC and data reporting, 
including check on condition of 
analytical instruments 
 - Practice on sampling and 
analysis 

World 
Meteorological Day 

23 March 
2011 (1)day 

150 
- Impact of  Acid rain  
( Paper reading session ) 
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Country Title of Training course Duration 
No. of 
Participants

Major Topics 

Philippines 

Locating Air Pollution 
Sources 

30 June-1 
July 2010 

45 

1) For local events, use of 
Conditional Probability Function 
(CPF) sea spray source factor in 
Valenzuela PM10-2.5 coarse 
fraction 

2) Hands-on  trajectory calculations 
in HYSPLIT  or  back trajectory 
ensemble methods using Potential 
Source Contribution Function 

3) (PSCF) for single site method  
(PM2.5 sulfate probable sources) 

Training  on operation and 
maintenance of  PM10 
sampler (Partisol), 
High-volume  TSP 
sampler and Gent sampler 
(PM10/2.5 Nuclear 
Technique ) 

2-3 July 
2010 

45 
PM10/2.5 collection, 
operation and maintenance of 
air samplers 

Training Workshop on 
the QA/QC of Emission 
Inventories 

28-29 July 
2010 

45 QA/QC for emission inventories

Interlaboratory Exercises 
for Laboratory Analysts 

25 Sep. -1st 
week of Oct.

40 
Analysis of pH, BOD, COD, 
TSP, PM10, SO2, NO2 

Training on Ambient and 
Stack Sampling 

Oct. 2010 (2 
days) 

40 
Sampling and Analysis of 
ambient and stack parameters 

Lectures on Nuclear and 
Related Analytical 
Technique for Air 
Quality Management 

2 hours 45 
Source apportionment of coarse 
and fine fraction in Metro 
Manila 

Lectures on International 
Standards in 
Environmental 
Management 

2 hours 45 
ISO implementation in 
automobile, fuels and products 

R. of 
Korea 

Training course on 
monitoring and data 
analysis (Air pollutants) 

13-17 June 
2010 (5 days)

23 
VOC, heavy metal, particles, 
gaseous pollutants, Quality control, 
malodor 

Training course on 
monitoring and data 
analysis (Air pollutants) 

26-30 Sep. 
2010 (5 days)
 

23 
VOC, heavy metal, particles, 
gaseous pollutants, Quality control, 
malodor 

Training course on 
monitoring and data 
analysis (Air pollutants) 

21-25 Nov. 
2010 (5 days)

23 
VOC, heavy metal, particles, 
gaseous pollutants, Quality control, 
malodor 
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Country 
Title of Training 
course 

Duration 
No. of 
Particip
ants 

Major Topics 

Russia 

Training on sampling 
and analysis method for 
wet and dry deposition 
monitoring 

30 days 6 

Acid deposition monitoring; 
Analysis of wet and dry deposition 
monitoring; 
 QA/QC activity; 
 Practice on sampling and analysis; 
 Using the high-performance liquid and ion  
chromatography for analysis of chemical 
compounds in precipitation  and aerosol  

Annual training course 
on the surface water 
analysis 

12 days 10 

Update of practical knowledge on QA/QC in 
surface water monitoring (sampling, analysis, 
data processing and reporting); In-situ 
intergroup and inter-laboratory comparison on 
analysis of major cations and anions of deep 
water samples taken in Lake Baikal 

Annual Scientific 
Meeting “Aerosols of 
Siberia” 

4 days 83 

Assessment of atmospheric pollution of Siberia 
and Far East of Russia, atmospheric 
compounds including greenhouse gases, 
biological aerosol, natural emissions, 
mathematical modeling of the atmospheric 
transport and diffusion 

Seminar for the control 
of the analyses quality 
in the analytical 
laboratories 

4 days 16 

Warning quality control 
Assessment of quality of analytical results 
Ensure the reliability of analytical results 

The 16th Joint 
international Seminar 
on Regional Deposition 
processes in the 
Atmosphere will be 
held within the 
framework of the 
Vereshagin Baikal 
Conference. 

5 days 35 

Transport of natural and anthropogenic 
substances in atmosphere and on the interface 
water-air 
 

Thailand 

Training on operation 
and maintenance of 
automatic air 
monitoring instrument 

 (1-2 ) day 20 
Theory and general information of 
instrument, operation and 
maintenance method 

Capacity Building 
Workshop for 
Environmental 
Protection Volunteer for 
Air Quality Protection 
in Rayong Province  

(1 )day   
30 Mar 2010
17 July 2010
 

65 

- General information of air pollution 
(pollutants, Sources, mitigation measure and its 
effects)  
- What we can do for environment 
- State of Air Pollution in Rayong Province 
- Ambient air quality monitoring by automatic 
analyzer   
- QA/QC for air quality monitoring data 
- Experimental activities (pH measurement)  
- Declaration for Rayong environmental 
conservation 
- Site visit to ambient air quality monitoring 
station at Maptaput Medical  Station 
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Country 
Title of Training 
course 

Duration 
No. of 
Participants 

Major Topics 

Vietnam 

Air Pollution and Acid 
Deposition 
Monitoring  

28-29 Sep. 
2010 (2 
days) 

14 come from 
environmental 
research units and 
management 
organizations from 
Northern provinces 
of Vietnam  

Introduction on Air Pollution and 
Acid Deposition Monitoring, 
EANET, Wet deposition 
monitoring, Dry deposition 
monitoring, Inland aquatic 
environment, Soil and vegetation.

Acid Deposition 
Monitoring and 
QA/QC in 
Environmental 
monitoring in Da 
Nang City  

28 - 29 Sep. 
2010 (2 
days) 

12 come from 
Mid-central 
regional 
hydro-meteorologi
cal center of 
Vietnam  

Introduction on Acid Deposition 
Monitoring, EANET, Wet 
deposition monitoring, Dry 
deposition monitoring, Inland 
aquatic environment, Soil and 
vegetation; QA/QC in 
Environmental monitoring  

 

Training Requirements 

Country Requirements 

Cambodia  

China Basic training on acid deposition monitoring 

Indonesia Basic training on acid deposition monitoring 

Japan  
Lao PDR  
Malaysia  

Mongolia Basic training on acid deposition monitoring 

Myanmar 
(1) Basic training on acid deposition monitoring 
(2) Training on Dry Deposition Monitoring 

Philippines 

(1) Transboundary analysis of events 
(2) Data interpretation to determine whether data sets are still  representative and in any 

case, if new major sources have located in the area, a new database would be required 
(3) Mapping within the EANET monitoring stations to include GIS applications. 
(4) Modeling for the transport, receptor , simulations for ozone etc. 

R. of Korea  
Russia Procedures of the Passive sampling on Dry Deposition Monitoring 

Thailand 
QA/QC program and necessary analytical techniques required to improve the quality and 
reliability of monitoring data 

Vietnam 
(1) Basic training on acid deposition monitoring for new site and new Laboratory 
(2) Wet Deposition Monitoring 

 
Suggestions in EANET Training Activities 

1. Should be long term training because short term training is not enough to capture the course for staffs 
and duration of Individual Training Course should be extended. 

2. Pay more attention to the procedures of the samples preparation and analysis of exposed filters, to the 
calculations of the results of analysis 
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Annex 3 

Summary of Technical Missions of the NC since STM11 
 

Country Duration Major Activities/Outcomes of the Mission 

Malaysia 
20-25 Sep. 
2010 

The mission visited the organizations relevant to EANET and 
exchange information and views on QA/QC activities on acid 
deposition monitoring including calibration of the automatic ozone 
monitors in Malaysia. The mission visited monitoring sites, Kuching 
and Bintulu (candidate) to know onsite information as EANET 
monitoring sites. 

Thailand 
15-21 Oct. 
2010 

The mission visited the organizations relevant to EANET (PCD, Thai 
Meteorological Department and Chiang Mai Univ.) exchange 
information and views on QA/QC activities on acid deposition 
monitoring including calibration of the automatic ozone monitors in 
Thailand. The mission visited monitoring sites, Bangkok, Samut 
Prakan and Chiang Mai to know onsite information as EANET 
monitoring sites. 

Myanmar 
25-29 Oct. 
2010 

The mission visited the organizations relevant to EANET and 
exchange information and views on QA/QC activities on acid 
deposition monitoring in Myanmar. 

Cambodia 
10-13 Jan. 
2011 

The mission visited the laboratory and provided some consumables 
for wet and dry deposition monitoring. The mission confirmed that 
almost all equipment for wet and dry monitoring sample analyses had 
been operated well without pure water generator. The mission also 
visited the wet and dry deposition monitoring site located on the roof 
of MOE building and confirmed that the wet only sampler worked 
properly and that the filter pack sampling system had also operated 
without any troubles. 
The mission also visited two candidate monitoring sites for inland 
aquatic environment which are located in a mountainous area far 
about 100km west of Phnom Penh. The mission recommended to 
select a natural small lake as the EANET monitoring site. 

Russia 
20-26 Aug. 

2011 

The mission discussed the MOA of the Joint Research Project. It was 
contracted by ACAP and Limnological Institute (LIN). The mission 
visited LIN and Primorsky Center for Environmental Monitoring 
(PCEM) and discussed EANET activities in Russia. The Mission also 
visited three atmospheric monitoring stations and a monitoring site 
for inland aquatic environment. 
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The Twelfth Senior Technical Managers’ Meeting 
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia  
 

Outcomes of the Twelfth Session of the Intergovernmental Meeting (IG12) and  
The Fourth Special and Tenth Sessions of the Working Group on Future 

Development (WGFD-S4 and WGFD10) of the EANET  
 
 

I. INTRODUCTION 
 

1. The Intergovernmental Meeting (IG) on Acid Deposition Monitoring Network in East Asia 

(EANET) held its Twelfth Session (IG12) in Niigata, Japan on 23-24 November 2010. 

 

2. The Working Group on Future Development (WGFD) of EANET held its Fourth Special 

Session (WGFD-S4) in Niigata, Japan on 22 November 2010 and its Tenth Session (WGFD10) 

in Pathumthani, Thailand on 19-20 July 2011. 

 
 

II. MAJOR DECISIONS DURING THE IG 12 
 

II-1 Instrument for Strengthening the Acid Deposition Monitoring Network in East Asia 

(EANET), for signing during the High Level Segment 

 

3. The Session adopted Decision 1/IG. 12 (Annex 1), which adopted the Instrument for 

Strengthening the EANET.  

 

4. The decision stated as follows: 

 

i) Adopts the “Instrument for the Strengthening the Acid Deposition Monitoring Network in 

East Asia (EANET)” for signing in the High Level Segment during IG12 and thereafter, 

(attached to this decision).  

 

ii) Decides that the Instrument will become operational on the date on which all participating 

countries have signed it, or on 1st January 2012, whichever is earlier; 

 

iii) Encourages participating countries that will not be able to sign the Instrument by the 

specified date to communicate in writing with the EANET Secretariat before IG13 

expressing their willingness to continue their EANET activities; 

 

iv) Decides that IG13 will consider the nature of involvement of the countries that are unable 

to sign by the specified date.  

 

II-2 Medium Term Plan for EANET (MTP) (2011-2015) 
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5. The Session adopted the MTP (2011-2015), with modifications agreed by the Session. 

 

6. It was clarified that the title was changed from “Strategy on EANET Development” 

(2006-2010)” into “MTP from EANET (2011-2015)”, taking into account of the contents of the 

document. 

 

II-3 Report on the Progress of the EANET since the Eleventh Session of the Intergovernmental 

Meeting (IG 11) and Draft Financial Report of the Secretariat and the Network Center in 

2009 

 

7. The Session endorsed both of the reports. 

 

II-4 Report on the Review of Performance of the Secretariat and the Network Center 

(2008-2009) 

 

8. The Session adopted both of the reports. 

 

II-5 Report on the Outcomes of the Tenth Session of the Scientific Advisory Committee (SAC10) 

  

9. The Session endorsed the report. 

 

10. The Session adopted the three Technical Manuals endorsed by SAC10, i.e. Technical Manual 

on Dry Deposition Flux Estimation (EANET/SAC 10/8/3/1), Technical Manual for Wet 

Deposition Monitoring in East Asia-2010 (EANET/SAC 10/8/4/1), and Technical Manual for 

Inland Aquatic Environment Monitoring in East Asia-2010 (EANET/SAC 10/8/5/1). 

 

II-6 High Level Segment  

 

11. The High Level Segment was held during IG12 and it was opened by the IG12 Chairperson. 

Statements were made by Minister of the Environment, Japan, Regional Director of UNEP 

ROAP, Governor of Niigata Prefecture and Mayor of Niigata City. 

 

12. A briefing on the Instrument for Strengthening the EANET was presented to the Session by 

the Chairperson of the IG12. 

 

13. Remarks were delivered by the representatives from Cambodia, Mongolia, Myanmar, 

Philippines, Republic of Korea, Thailand, and Vietnam. 

 

14. Seven representatives from participating countries signed the Instrument for Strengthening the 

EANET, including Cambodia, Japan, Mongolia, Myanmar, Philippines, Republic of Korea, and 

Thailand. 
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II-7 Second Report on Future Development of EANET and Procedures and Guidelines for 

Voluntary Financial Contributions to EANET for 2011-2013 

 

15. The Session adopted the report and document with modifications.  

 

16. The Terms of Reference for the Working Group on Future Development of EANET 

(2011-2012) (Annex 2) was adopted. 

 

17. It was raised that contributions might possibly be significantly increased based on UN 

assessment scale. Ceiling of increase was proposed to be discussed at the WGFD for 

consideration by the IG13. 

 

18. The Secretariat was requested to indicate participating countries where to obtain information 

on UN assessment scale. 

 

19. The Session agreed to add the target of Reviewing the Current Financial Modalities, especially 

that of the NC, into the TOR of the WGFD, for further improvement of the transparency of 

EANET. 

 

20. The Session requested the WGFD10 to discuss the possible implications of the adoption and 

operation of the Instrument for Strengthening the EANET. 

 

21. The Secretariat was requested to send a letter to each participating country specifying the 

amounts of voluntary financial contribution and the basis of calculations, referring to the UN 

assessment scale, as well as the status of other countries’ financial contributions. 

 

II-8 Work Program and Budget in 2011 for EANET 

 

22. The Session adopted the Work Program and Budget in 2011. 

 

23. It was suggested that the NC might develop a specific budget for international 

recruitment/salary for international staff. 

 

24. The Session agreed to add a footnote on air concentration monitoring to the Work Program 

and Budget in 2011. 

 

II-9 Joint Forum on the Atmospheric Environment in Asia and the Pacific 

 

25. It was pointed out that any effort to be a member in the Joint Forum should base on the 

consensus of all participating countries since EANET is a network guided by the IG. However, 

there was lack of related thorough discussion and achieved consensus during any IG meetings. 

Furthermore, the Joint Forum has decided to look at atmospheric pollution, whereas the 

mandate of EANET is only acid deposition. 
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26. It was clarified that EANET and the Joint Forum are separate bodies with respective 

decision-making processes. 

 

27. One country supported that EANET may participate in the Joint Forum to promote exchanging 

of information with other networks. 

 

28. Clarifications were made that National Focal Points for the Joint Forum could be decided at 

the national level to avoid duplication of the EANET activities and that clearinghouse to be 

established under the Joint Forum will only use published data, and will provide reference to 

data sources. 

 

II-10 Updates on Activities of Other International Programs on Acid Deposition and 

Transboundary Air Pollution 

 

29. The representative from the United Nations Economic Commissions for Europe (UNECE) the 

made a presentation on the priority and latest activities under the Convention on Long-Range 

Transboundary Air Pollution (CLRTAP), with stressing the importance on the intercontinental 

transport of air pollutions, methane and carbon dioxide as ozone precursors, and black carbon 

and other short lived climate forcers. 

 

 
III. OUTCOMES OF THE WGFD-S4 

 

III-1 Instrument for Strengthening the Acid Deposition Monitoring Network in East Asia 

(EANET), for possible signing during the High Level Segment of the Twelfth Session of 

the Intergovernmental Meeting (IG12) 

 

30. The Session was informed the readiness to sign the Instrument during the High Level Segment 

of the IG12. Six participating countries, i.e. Cambodia, Japan, Mongolia, Myanmar, Philippines, 

and Thailand, were ready to sign the Instrument. Whereas, other participating countries were 

still under national procedures to acquire approval from relevant national bodies to sign the 

Instrument. Among them, Malaysia was evaluating the implication of signing the Instrument. 

 

III-2 Draft Report on the Progress of EANET since the Eleventh Session of the 

Intergovernmental Meeting (IG11) and Draft Financial Report of the Secretariat and the 

Network Center in 2009 

 

31. It was pointed out that there should be some limits of budget change such as over spending 

and procedures to change budget beyond such limit to increase the transparency and 

accountability. 

 

III-3 Draft Work Program and Budget of EANET in 2011 
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32. The relationship was clarified between the MTP (2011-2015) and the Work Program and 

Budget (WPB) in 2011. 

 

33. It was pointed out by one country that any effort to expand scope of the EANET should be 

discussed after the Instrument becomes operational and be agreed by all participating countries. 

 

34. Clarification was made on the development of EANET Technical Manual for Air 

Concentration Monitoring, e.g. the equipment and method for filter pack. The NC was 

requested to add an explanation as a footnote in the WPB in 2011. 

 

35. The Secretariat and the NC were requested to make further efforts to improve the transparency 

and accountability in their operations. 

 

 

IV. OUTCOMES OF THE WGFD 10 
 

IV-1 Review on Progress of Acid Deposition Monitoring Network in East Asia (EANET) since 

the Fourth Special Session of the Working Group on Future Development (WGFD-S4) of 

the EANET and Financial Report of the Secretariat and the Network Center in 2010 

 

36. The presentation on brief introduction on Asia Center for Air Pollution Research (ACAP) by 

the NC was welcomed for enhancing the transparency of the NC. 

 

37. It was suggested that the IG will provide guidance on the issue of possibly posting the related 

material such as progress reports, research materials, etc. on the website of EAENT. 

 

38. It was raised that paragraphs 43 and 44 of Progress Report (EANET/WGFD 10/4/1) should be 

put into the part “International Cooperation” instead of “Research Activities”. 

 

39. The clarification of “additional meetings which were not planned” mentioned in Item 2 of 

paragraph 8 in the Financial Report (EANET/WGFD 10/4/2) was made and will be corporated 

into the Progress Report. 

 

40. It was pointed out that the NC could provide detailed information on each item of expenditure 

in Table 5 of Annex 2 of the Financial Report to improve the transparency of the EANET. The 

NC will revise the Table 5 for submission to the IG13. 

 

41. The clarification was made that the Japan International Cooperation Agency (JICA) Training 

Course on EANET could not be held without sufficient number of requests from participating 

countries to JICA. It was encouraged to submit the official requests for 2012 JICA Training 

Courses. 
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IV-2 Review of Current Financial Modalities for Further Improvement on Transparency of the 

EANET and Ceiling of Increase on Financial Contributions 

 

42. The Session discussed the issues of current financial modalities and ceiling of increase on 

financial contributions. 

 

43. Major discussions on current financial modalities were listed as follows, 

 

i) The significant gap between the budget and expenditure, in some cases, was pointed out. 

Opinions were expressed that the ceiling should be set on the deviation of expenditure 

from budget by each item and reallocation among budget items should be regulated with 

limitation. On the other hand, the concern of possible negative impacts of strict limitation 

on the deviation and reallocation of the budget line, and the need of ensuring the 

flexibility of the budget implementation were expressed. 

 

ii) It was indicated that some guidelines should be elaborated to improve the transparency, for 

instance, to provide the detailed information on the personnel cost of the NC, the 

frequency of inter-laboratory comparison, and core budget distribution in budget and 

financial forms. 

 

iii) The indication on the similarity of budgetary system of the NC and EMEP Center was 

provided. 

 

iv) More information on the budgetary system in other initiatives was requested to be 

collected. 

 

44. The following discussions were focused on ceiling of increase on financial contributions, 

 

i) It was reaffirmed that the estimated amount of contribution was served as the basis of 

voluntary contribution based on participating countries’ circumstances; 

 

ii) It was expressed by some participating countries that the discussion on ceiling should not 

reopen the negotiation of the present financial modality of the EANET regarding 

Procedures and Guidelines for Voluntary Financial Contributions to the EANET for 

2011-2013 (EANET/IG 12/10/2.rev 1); 

 

iii) The present financial modality of the EAENT regarding the document EANET/IG 

12/10/2.rev 1 will be reviewed after 3 years and be revised, in necessary; 

 

iv) It was raised that the significant increase of contribution was not expected when countries 

adopted the Instrument; 
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v) It was pointed out by one country that the ceiling of increase on contribution inevitably 

lead unfair and inequitable consequences; 

 

vi) It was requested to collect the information of common practices of other international 

programs regarding the ceiling of financial contributions; 

 

vii) It was suggested to define the budget and activities correspondingly to prevent the current 

situation of positive gap between budget and expenditure of the Secretariat for most of the 

years; 

 

viii) National experience was shared that the proposed budget and approved budget could be 

different; 

 

ix) It was suggested by one country that EANET activities should be focused on the capacity 

building of participating countries; 

 

x) It was pointed out that the increase of the amount of contribution was attributed to the 

increase of the budget and that there was already a practice to review and adopt the WPB 

annually to control the increase of the budget. There is a room for improvement and the 

rules could be set to review the detailed budget instead of controlling the increase of the 

budget; 

 

xi) It was proposed to fix the budget for 3 years according to the fixed voluntary contributions 

to prevent the fluctuation; 

 

xii) It was suggested on the Secretariat’s budget that since extra activities could seek special 

contributions, the budget could be divided into two parts: regular activities and extra 

activities. The voluntary contributions could then be calculated based on regular activities; 

 

xiii) It was summarized that there were three options proposed for further discussion on this 

issues, i.e. ceiling on increase of financial contributions, ceiling on increase of total 

budget, and fixing budget for 3 years. 

 

45. It was suggested that the Secretariat and the NC draft the guidelines on administrative and 

financial management for the Secretariat and the NC (2014-2015) for the consideration of the 

WGFD 11 without touching upon the document of EANET/IG 12/10/2 rev 1. 

 

IV-3 Expansion of Scope of the EANET and Possible Impacts of Adoption and Operation of the 

Instrument for Strengthening the EANET 

 

46. The Session discussed on the issues of Expansion of Scope of the EANET and Possible 

Impacts of Adoption and Operation of the Instrument for Strengthening the EANET. 
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47. The following points were included in the discussions on Expansion of Scope of the EANET, 

 

i) The Session suggested that the two issues as indicated in the topic of the document of 

EANET/WGFD 10/6 should be treated separately in two documents reflecting the views 

and opinions of the participating countries expressed at the WGFD10; 

 

ii) It was suggested that issues and problems related to the expansion of the scope and the 

extension of monitoring sites should be identified; 

 

iii) Some participating countries suggested that higher priority should be set on the capacity 

building on Quality Assurance/Quality Control (QA/QC) and further improvement of the 

QA/QC mechanism under the Instrument rather that the topic of the “Expansion of the 

Scope of the EANET”; 

 

iv) As for increasing monitoring sites, some participating countries mentioned there was no 

difficulty in their countries. Some participating countries expressed their difficulties in 

increasing the monitoring species as proposed in the document of EANET/WGFD 10/6; 

 

v) It was raised that the mitigation of air pollutants needs further discussion; 

 

vi) Consideration that scientific evidence was regarded as an important basis for further 

priorities setting, some participating countries suggested that the expansion issue should 

be discussed by the Twelfth Session of the Scientific Advisory Committee (SAC12) and 

subsequently by the WGFD, outcomes of which should be submitted to the Fourteenth 

Session of the Intergovernmental Meeting (IG14) in 2012, for its consideration. 

Accordingly, it was proposed that the IG13 should make amendment on the Terms of 

Reference (TOR) of the WGFD to enable it to take necessary steps; 

 

vii) It was suggested that expansion of scope, with regard to priority setting, should consider 

the cost and benefit issues; 

 

viii) In reference to the United States Policy, the relationship between acid deposition and other 

atmospheric pollution was explained; 

 

ix) The Session welcomed any further guidance from the IG on steps to be taken in order to 

consider the expansion of scope based on scientific basis. 

 

48. Including the nature of involvement of the countries that are unable to sign the Instrument, the 

major discussions on possible impacts of the adoption and operation of the Instrument were as 

follows: 
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i) The status of national procedures on signature of the Instrument of the participating 

countries that have not signed was informed to the meeting. All of them expressed that 

efforts were made to complete the national procedures to sign the Instrument. Their 

willingness to continue the EANET activities were also expressed; 

 

ii) The following views and opinions were expressed by the participating countries, 

 

 The Secretariat should remind and urge the participating countries that are unable to 

sign to inform their willingness to continue the participation in the EANET activities in 

writing; 

 

 The concern was raised about the possible distinction in the future since the data 

reporting and other activities of the EANET would possibly be affected if the countries 

that are unable to sign will be treated differently, considering that the monitoring costs 

within the territory of the participating countries have been borne by respective 

countries; 

 

 It was suggested that the involvement of all the participating countries into decision 

making procedure is necessary at the current stage. The distinction could only hinder 

the solidarity of the EANET as a framework. For the time being, the distinction 

between countries that signed and that have not signed the Instrument should not be 

undertaken, reminding that the EANET is a voluntary framework of cooperation; 

 

 It was suggested to set some grace period for the participating countries that are not 

able to sign the Instrument. Considering the responsibilities and the benefits issues, 

specific distinction might be necessary in the future; 

 

 It was clarified that the participating countries that are unable to sign could contribute 

financially to the EANET. 

 

49. The Session recalled that the participating countries that will not be able to sign the Instrument 

were encouraged to express their willingness to continue their EANET activities in wiring 

before the IG13 according to the Decision 1/IG.12. It was suggested that the Secretariat shall 

collect all views discussed at the WGFD10 and other possible options on the nature of 

involvement of the countries that are unable to sign for submission to the IG13 after the 

circulation among members of the WGFD. 

 

IV-4 Final Report on Implementation of the Strategy on EANET Development (2006-2010) 

(Draft) 

 

50. The Session did not raise specific points for this agenda item. It was agreed to submit the draft 

report to the IG13 without modifications. 
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IV-5 Work Program and Budget of the EANET in 2012 (Draft) 

 

51. There were no specific points raised from the participating countries for this agenda item. 
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Annex 1   

 

DECISION 1/IG.12 
 

INSTRUMENT FOR STRENGTHENING THE 
ACID DEPOSITION MONITORING NETWORK IN EAST ASIA (EANET) 

 
 
The Twelfth Session of the Intergovernmental Meeting (IG12) on the Acid Deposition 
Monitoring Network in East Asia (EANET), on 23-24 November 2010 in Niigata, Japan, 
 
Recognizing that East Asia is facing the risks of problems related to acid deposition, 
 

Acknowledging that thirteen countries in East Asia are participating in EANET and have 
been successfully working together to conduct acid deposition monitoring and to implement 
other activities for EANET, based on the Joint Announcement on Implementation of the 
Acid Deposition Monitoring Network in East Asia (JA) adopted by the participating 
countries and Tentative Design of EANET (TD) referred to in JA,  

 
Taking into account the discussions at the sessions of the Intergovernmental Meeting as well 
as the Working Group on Future Development (WGFD) of EANET,  

 
Reaffirming its willingness to continue the activities of EANET, 

 
1. Adopts the “Instrument for the Strengthening the Acid Deposition Monitoring 

Network in East Asia (EANET)” for signing in the High Level Segment during IG12 
and thereafter, (attached to this decision).  

 
2. Decides that the Instrument will become operational on the date on which all 

participating countries have signed it, or on 1st January 2012, whichever is earlier; 
 
3. Encourages participating countries that will not be able to sign the Instrument by the 

specified date to communicate in writing with the EANET Secretariat before IG13 
expressing their willingness to continue their EANET activities; 

 
4. Decides that IG13 will consider the nature of involvement of the countries that are 

unable to sign by the specified date.  
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Instrument  
for  

Strengthening  
the Acid Deposition Monitoring Network 

 in 
East Asia  

(EANET) 



EANET/STM 12/4/2 
Page 13 

 

 
 Instrument for Strengthening the Acid Deposition Monitoring Network in East Asia 

(EANET) 

 

The Participating Countries to this Instrument, 

 

Recognizing that East Asia is facing the risks of problems related to acid deposition, 

 

Recalling that Agenda 21, adopted at the United Nations Conference on Environment and 

Development in 1992, stated that the experiences of the programs on transboundary air 

pollution in Europe and North America needed to be shared with other regions of the 

world, 

 

Acknowledging the successful operation of the preparatory-phase activities of the Acid 

Deposition Monitoring Network in East Asia (EANET), which was undertaken by ten 

countries in East Asia from 1998 to 2000, following the common understanding expressed 

at the First Session of the Intergovernmental Meeting on 19-20 March 1998 in Yokohama, 

Japan,  

 

Recognizing that the EANET was established in January 2001 as an important initiative 

for regional cooperation, aiming at creating a common understanding on the state of acid 

deposition problems, at providing useful inputs to policy makers at various levels, and at 

contributing to cooperation on the issues related to acid deposition among the participating 

countries,  

 

Acknowledging that thirteen countries in East Asia are participating in the EANET and 

have been successfully working together to conduct acid deposition monitoring and to 

implement other activities for the EANET, based on the Joint Announcement on 

Implementation of the Acid Deposition Monitoring Network in East Asia (JA) adopted by 

the participating countries and Tentative Design of the EANET (TD) referred to in JA,  

    

Emphasizing that activities of the cooperative network on the acid deposition in East Asia 
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under the EANET have been developed by taking a step-wise approach by the 

participating countries on a voluntary basis, 

 

Recognizing the need to promote cooperation for the monitoring of acid deposition in East 

Asia, 

 

Also recognizing that the Instrument should be simple, flexible, open for future 

development and be based on the JA, TD and other decisions of the Intergovernmental 

Meeting (IG), 

 

Emphasizing the importance of appropriate financial arrangement for the sound operation 

of the EANET with a view to sustaining the development of the EANET, strengthening the 

financial  mechanism of the EANET and providing a sound basis for financial 

contribution to the EANET and enhancing capacity building of acid deposition monitoring 

for all the participating countries of the EANET,  

 

Noting the fact that the effective realization of the EANET activities since the 

commencement of the EANET activities has been supported by voluntary contributions of 

some participating countries, covering the activities of the EANET Secretariat and the core 

activities of the Network Center which annually consisted of about one million US dollars, 

and expressing great appreciation to the Governments of these countries, 

 

Noting that the participating countries of the EANET will be guided, in the 

implementation of this Instrument, by the principles that the use of financial contribution 

should produce effective outcomes, and that the related executive bodies should take 

necessary measures to improve efficiency of contribution,  

 

Determined to renew their willingness to continue the activities of the EANET as set out 

in the TD, 

 

Have agreed as follows: 
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Item 1 

Definition 

“Acid deposition” in this Instrument means deposition of major acidifying species and 

related chemical substances. 

 

Item 2 

Objectives and Scope 

1. The objectives and scope of this Instrument are: 

a) to create a common understanding of the state of acid deposition problems in East 

Asia; 

b) to provide useful inputs for decision-making at local, national and regional levels 

aimed at preventing or reducing adverse impacts on the environment caused by 

acid deposition; and 

c) to contribute to cooperation on the issues related to acid deposition among the 

Participating Countries. 

2. The scope of this Instrument may be extended, as decided by the IG. 

 

Item 3 

Principles 

1. The Participating Countries will, in the spirit of solidarity and partnership and in 

accordance with their respective needs, capabilities and situations, strengthen 

cooperation to monitor acid deposition. 

2. The Participating Countries will be encouraged to take appropriate measures to monitor 

acid deposition to minimize its adverse impacts, taking into account the precautionary 

principle.  

3. The Participating Countries will promote active participation, and bilateral and 

multilateral cooperation for effective implementation of the activities under this 

Instrument. 

 

Item 4 

Monitoring and Reporting 

1. The Participating Countries will implement and strengthen their monitoring activities in 
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line with this Instrument. 

2. Each Participating Country will designate a national center, which is responsible for 

implementing the monitoring activities provided for in this Instrument. 

3. Each Participating Country will develop and implement its national monitoring plan. 

Monitoring of acid deposition will be implemented in accordance with the monitoring 

guidelines, technical manuals and other technical documents adopted by the IG.  

4. Each Participating Country will report the monitoring data and other relevant 

information to the Network Center (NC), in accordance with the guidelines adopted by 

the IG. 

5. In order to obtain high quality monitoring data, the quality assurance/quality control 

(QA/QC) programs adopted by the Scientific Advisory Committee (SAC), will be 

implemented by the NC in full collaboration among the Participating Countries for 

monitoring activities under this Instrument. 

6. The monitoring data and other information submitted by the Participating Countries will 

be compiled, stored and analyzed by the NC. 

7. The data and other information compiled through the EANET activities will be provided 

to individuals, organizations and non-member countries, in accordance with the 

procedures adopted by the IG. 

 

Item 5 

Assessment 

1. The monitoring data and other information submitted by the Participating Countries will 

be analyzed, evaluated and assessed. 

2. Periodic assessment reports on the state of acid deposition in East Asia will be prepared 

based on the data reports, disseminated and made available to the public. 

 

Item 6 

Research Activities 

1. The Participating Countries will promote studies on scientific issues related to acid 

deposition.  

2. Research activities should be mutually reinforcing and supportive with existing 

regional, sub-regional and national initiatives in East Asia. Collaboration should be 
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promoted with other international monitoring networks and programs. 

 

Item 7 

Education and Training 

The Participating Countries, in collaboration with the NC and the Secretariat, will promote 

and cooperate in developing and implementing education/training programs to implement 

this Instrument.  

 

Item 8 

Public Awareness 

The Participating Countries will promote and cooperate in: 

1) development and implementation of public awareness programs on acid deposition; 

and 

2) improvement of public access to information on acid deposition and its effects. 

 

Item 9 

Exchange of Information 

The Participating Countries will promote and cooperate in the exchange of information 

related to acid deposition including scientific, technological, technical, socio-economic 

and legal information as well as information on administrative measures,  

 

Item 10 

Intergovernmental Meeting 

1. The IG, composed of the representatives of all Participating Countries, is the 

decision-making body of the EANET. The tasks of the IG include, among others, the 

following: 

a) review and approval of the work program and budget of the EANET;  

b) review of implementation of the work program; 

c) review and approval of periodic assessment reports on the state of acid deposition 

in East Asia; 

d) establishment of subsidiary bodies as necessary and appropriate; 

e) review and approval of scientific, technical, administrative and financial matters 
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including financial reports for the management of the EANET and the scope of 

administrative and operation costs of the Secretariat and the NC for their 

respective EANET activities; 

f) provision of necessary instructions and guidance to the Secretariat and the NC 

based on the audit reports provided by independent auditing agencies; 

g) adoption of the rules of procedures for the IG and subsidiary bodies, including the 

SAC; 

h) provision of necessary instructions and guidance to the subsidiary bodies, the 

Secretariat and the NC on their activities; and 

i) decision on other matters related to the management of the EANET and 

implementation of the work program. 

2. The IG will meet annually, unless otherwise decided. 

 

Item 11 

Secretariat 

1. The Secretariat, for the effective management of the EANET and to facilitate 

cooperation among the Participating Countries in a transparent manner, will carry out 

the following tasks under the guidance of the IG:  

a) necessary administrative arrangements for the meetings of the IG, the SAC, and 

other subsidiary bodies; 

b) necessary administrative and financial arrangements for managing the EANET; 

c) communication and cooperation in administrative and policy aspects as the focal 

point of the EANET; 

d) promotion of capacity building and public awareness in cooperation with the NC; 

and 

e) other necessary tasks as requested by the IG.  

2. The entity currently serving as the Secretariat for EANET is designated as the 

Secretariat, unless otherwise decided by the IG. 

 

Item 12 

Scientific Advisory Committee 

1. The SAC, composed of scientific and technical experts from the Participating 
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Countries, will advise and assist the IG with various scientific and technical matters 

related to the EANET activities as mandated to it by the IG. These matters will include 

the following: 

a) scientific and technical aspects for the EANET; 

b) development and revision of the monitoring guidelines and technical manuals; 

c) matters related to the selection of monitoring sites, QA/QC programs, data 

reporting procedures and formats; 

d) matters related to collection, evaluation, assessment and analysis of monitoring 

data; 

e) preparation of periodic assessment reports on the state of acid deposition in East 

Asia, based on, but not limited to the data compiled by the NC; 

f) matters related to studies on acid deposition; and 

g) other scientific matters as requested by the IG. 

2. If the Committee considers it necessary for fulfilling its objectives, experts from 

countries other than the Participating Countries may be invited to assist the 

Committee. 

 

Item 13 

Network Center 

1. The NC, to handle scientific and technical matters of the EANET activities and to 

facilitate cooperation among the Participating Countries in a transparent manner, will 

carry out the following tasks under the guidance of the IG: 

a) central compilation, evaluation, storage and analysis of monitoring data and 

related information; 

b) preparation of data reports on acid deposition in East Asia; 

c) dissemination of monitoring data and other relevant information; 

d) provision of technical assistance to the Participating Countries in implementing the 

EANET activities; 

e) implementation and coordination of QA/QC activities; 

f) development and implementation of education/training programs for those 

engaged in the EANET activities; 

g) implementation of research activities on acid deposition; 

h) provision of scientific and technical support for the IG, the SAC and other 
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subsidiary bodies; 

i) promotion of capacity building and public awareness in cooperation with the 

Secretariat; and 

j) other tasks as requested by the IG. 

2. The entity currently serving as the NC for EANET is designated as the NC, unless 

otherwise decided by the IG. 

3. Other entities could be designated as Network Centers for EANET by the decision of 

the IG, as the need arises. 

  

Item 14 

Financial Arrangement 

1. The administrative and operational cost of the national monitoring activities within 

each country will be borne by each country as contribution to the EANET. 

2. The administrative and operational costs of the Secretariat and the NC for their 

respective EANET activities will be financed by voluntary contributions from the 

Participating Countries.  

3. Participating Countries are encouraged to make voluntary financial contributions, 

taking into account their economic and financial circumstances, in accordance with 

the respective national laws and regulations and within the limit of their respective 

budgetary appropriations. The Participating Countries may provide additional 

financial and in-kind contributions on a voluntary basis.  

4. The Participating Countries are invited to draw attention to the estimated financial 

amount in order to implement the activities under this Instrument, and to the burden 

sharing practices in the United Nations system. 

5. Procedures and guidelines for the transfer of financial contributions will be developed 

and adopted by the IG. The financial contributions and the interest from financial 

contributions will be administered by the Secretariat under the guidance of the IG.  

6. EANET will be open to financial and in-kind contributions from other sources 

including international and regional organizations and non-governmental 

organizations (NGOs), subject to the approval of the IG for the implementation of the 

EANET activities. 

7. The annual financial reports, and annual audit reports prepared by independent audit 

agencies will be submitted to the IG by the Secretariat and the NC for their respective 
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EANET activities. 

 

Item 15 

Revisions or Modifications 

1. Any revisions or modifications to any part of this Instrument may be proposed in 

writing by any Participating Country to be considered and adopted by the IG in 

consensus. 

2. Subject to the official written consent by all Participating Countries, the revision or 

modification adopted by the IG will form part of this Instrument. 

 

Item 16 

End of Participation 

A Participating Country may cease its participation in the EANET at any time by giving 

official written notice of such intention to the Secretariat. 

 

Item 17 

Participation of Other Countries 

Countries in East Asia, which includes Northeast Asia and Southeast Asia, not 

participating in the EANET, may subsequently submit to the Secretariat an application for 

participation, which is subject to approval by the IG. 

 

In accordance with the laws and regulations of the respective Participating Countries, this 

Instrument is signed by the designated or authorized representatives hereunder: 

 



EANET/STM 12/4/2 
Page 22 

 

 

 

Annex 2 
 
 

Terms of Reference 
for the 

Working Group on Future Development of Acid Deposition Monitoring 
Network in East Asia (EANET) (2011-2012) 

 
 

1. In line with the decision at the Twelfth Session of the Intergovernmental Meeting (IG12) on 

EANET held in November 2010, the Working Group on Future Development of EANET 

(hereinafter referred to as the “Working Group”) is established on an ad-hoc basis. 

 

2. Upon the expiration of the Terms of Reference (TOR) (2009-2010) adopted at the Tenth 

Session of the Intergovernmental Meeting (IG10), the Working Group was directed by the 

Eleventh Session of the Intergovernmental Meeting (IG11) to be continued. 

 

3. The members of the Working Group shall be nominated by the National Focal Points 

(NFPs) of the participating countries, taking into account the issues to be discussed. In 

principle, two members of the working group shall be nominated, one for discussions on 

policy and administrative aspects including a regional agreement on acid deposition and the 

other for discussions on scientific and technical aspects. The NFPs are recommended to 

consult with national members of the SAC in nominating their Working Group members for 

scientific and technical aspects. 

 

4. One Chairperson and two Vice-chairpersons will be elected at the Working Group Session. 

 

5. Under the guidance of the Intergovernmental Meeting (IG), the Working Group shall carry 

out the following tasks: 

 

i) Review the Final Report on the implementation of the Strategy on EANET 

Development (2006-2010);   

ii) Review the performance of the Secretariat and the Network Center (NC) 

(2010-2011) including the financial reports and the audit reports; 

iii) Develop guidelines on administrative and financial management for the Secretariat 

and the NC for 2014-2015;  

iv) Discuss the issues of expansion of the scope of EANET, considering cooperation 

with other existing international programs; 

v) Review the implementation of the Instrument for Strengthening the Acid Deposition 

Monitoring Network in East Asia (EANET);  

vi) Review the current financial modalities, especially of the NC for further 
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improvement of EANET transparency;  and  

vii) Carry out other tasks as requested by the IG. 

 

6. The tentative schedule of the Working Group Sessions based on the decision of IG12 are set 

as follows:  

 

i) Tenth Session: July-August 2011  

- Review the Final Report on implementation of the 

Strategy on EANET Development (2006-2010); 

- Discuss the issues of expansion of the scope of EANET; 

- Review the current financial modalities, especially of 

the NC for further improvement of EANET 

transparency; and 

- Other tasks to be requested by the IG. 

 

ii) Eleventh Session: July-August 2012 

- Review of the performance of the Secretariat and the 

NC (2010-2011); 

- Review the implementation of the Instrument for 

Strengthening the Acid Deposition Monitoring Network 

in East Asia (EANET);   

- Develop guidelines on administrative and financial 

management for the Secretariat and the NC 

(2014-2015); and 

- Other tasks to be requested by the IG. 

 

7. Depending on the requests of the IG, additional tasks may be included in the Sessions 

specified, as appropriate. 

 

8. For fulfilling the tasks of the Working Group, additional experts from outside of the 

participating countries may be invited to attend the Working Group Sessions, as appropriate. 
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1. Introduction 
 

1.1 Background 

 

The Acid Deposition Monitoring Network in East Asia is dedicated to creating a 

common understanding of the status of the acid deposition among countries and 

organizations of the East Asia region, and to providing scientific inputs to assessment of 

acid deposition for decision making at various levels aimed at preventing adverse 

impacts of acid deposition in the region.  One of the goals of this network is to provide 

high-quality data and other information on the chemistry of wet deposition for all parts 

of East Asia.  Wet deposition comprises a significant fraction of the deposition to 

ecosystems.  Precipitation chemistry measurements provide information on the 

exchange of trace materials between the atmosphere and the earth’s surface. 

 

The Guidelines for Monitoring Acid Deposition in the East Asia Region were adopted 

on 23 March 1995 by The Expert Meeting.  In order to extend the guidelines, the 

technical manual for wet deposition monitoring was also adopted by The Expert 

Meeting on 4 February 1997.  The manual outlines wet deposition monitoring 

techniques in terms of siting, sampling, shipping, chemical analysis, QA/QC, and data 

reporting in consideration of currently available technical manuals from other 

international wet deposition monitoring networks. 

 

From April 1998, the preparatory-phase activities of the Acid Deposition Monitoring 

Network in East Asia (EANET) started, based on the decision of the Intergovernmental 

Meeting on EANET, held in March 1998 in Yokohama, Japan.  The activities were 

performed by ten counties in East Asia: China, Indonesia, Japan, Malaysia, Mongolia, 

the Philippines, Republic of Korea, Russia, Thailand and Vietnam.  During the 

preparatory-phase, the participating countries made efforts to comply with these 

guidelines and the technical manual to the extent possible.  

 

The 2nd Interim Scientific Advisory Group Meeting reviewed and adopted the 

Guidelines and the Technical Manuals, taking into account the preparatory-phase 

activities and the latest scientific/technical information in accordance with the relevant 

provisions of the “Implementation of Preparatory-phase Activities (EANET/IG/1/6 re., 

March 20, 1998)” adopted by the 1st Intergovernmental Meeting.  

 

The two documents, “Quality Assurance/Quality Control Programs for EANET 
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Activities”, and “Data Reporting Procedures and Formats” are the integrated parts of the 

guidelines and the technical manuals as the complementary parts of acid deposition 

monitoring.  

 

The technical manuals are to be reviewed and updated in a timely and appropriate 

fashion, in keeping with advances in scientific/technical understanding.  It is desirable 

that the member countries endeavor to improve the monitoring systems by making full 

use of the guidelines and technical manuals. 

 

1.2 Objectives of wet deposition monitoring 

 

The observational dataset of wet deposition is intended to provide an observational 

basis for evaluation of long-range transport and validation of deposition models, and 

further for impact assessments of terrestrial ecosystems including urban structure.  The 

integrated body of the measurements will be shared with other monitoring networks of 

acid deposition for regional and global collaborations, and will provide policy makers 

with scientific facts for formulating emission controls of acid precursors.  

 

1.3 Outline of the manual for monitoring wet deposition 

 

This technical manual organizes the elements of monitoring techniques of wet 

deposition: siting, sampling, chemical analysis, data reporting, and quality assurance 

and quality control.  For the majority of the methods, the necessary quality assurance 

is facilitated by a combination of simple and robust sampling techniques with 

well-described sampling equipment, and use of simulated control samples for the 

chemical analyses.  The techniques are generally derived from the development and 

experience gained within monitoring practices of EANET, EMEP, NADP, and WMO. 

 

Throughout this technical manual, the molar unit is adopted for reasons below:  

a.  Molar units are convenient when chemical conversions in the environment are 

considered. 

b.  Molar concentration is precisely and easily converted to equivalent concentration 

whereas mass concentration could lose some significant digits when converted to 

equivalent concentration. 

c.  Some quantities such as (Base cation)/Al ratio are usually expressed in molar ratio 

because valence of metals is not always clear for environmental samples. 
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d.  Molar concentration is an SI unit. 

 

2. Making plan 

 

2.1 Monitoring sites 

 

Because siting plays a critical role in the monitoring of wet deposition, a sampling site 

should be located in the area suitable for the purpose of the survey, and should properly 

represent the area of interest.  In addition, coordination is required with dry deposition 

monitoring, and the closest meteorological station. 

 

The EANET monitoring sites are classified into two categories: deposition monitoring 

sites and ecological survey sites, and both of them are further categorized into 

subcategories: (1) deposition monitoring sites; (1-1) urban sites, (1-2) rural sites, (1-3) 

remote sites, (2) ecological survey sites; (2-1) basic survey sites, (2-2) ecosystem 

analysis sites. 

 

Deposition monitoring sites are devoted to monitor temporal and spatial distributions of 

acid deposition whereas ecological survey sites will produce data to assess potential 

impacts of acid deposition on terrestrial ecosystems.  All the sites are to be identified 

to be one of the five types as mentioned above.  Individual countries should establish 

at least one remote or rural site.  

 

Remote sites should be representative of the EANET region by being located in areas 

where: 

1) no significant changes in land-use practices are expected for decades within a 

reasonable distance as will be mentioned in all directions from the site; away 

from major populations and industrial centers, away from major highways and 

airports; if possible on islands, mountain ranges and major forest reserves; 

2) effects of major natural phenomena including volcanic eruptions, forest fires 

and dust storms are not frequently experienced. 

3) the airshed is supposed to be entirely free of the influence of local pollution 

sources and contains only diluted vestiges of chemical species transported from 

long distant sources at least 30-50 kilometers away. 

 

Rural sites should be located: in areas sufficiently far away from population and 
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industrial centers, so that the effect of large local sources of air pollution is absent at the 

site most of the year. 

        

For all types of sites, particular care must be taken that each site keeps representing the 

region of interest in terms of natural and anthropogenic emissions, and topographic 

features.  

 

No sources should be confirmed to impact the site in consideration of gravel roads, 

tilled agricultural fields, grazing land and pasture.   

 

Meteorological conditions, including annual precipitation amounts and prevailing wind 

directions, should be taken into account.  For elimination of local meteorological 

influences, a site selection should not be made from mountaintops, cols, valleys or 

basins.  In general, they should not be located around strong natural sources such as 

volcanoes unless the focus is to monitor their influences on precipitation chemistry. 

   

Availability of stable electricity throughout the year is a critical point of the wet-only 

sampling practice.  Solar power will be a solution to select a remote site whose 

location is topographically appropriate but that electricity is unavailable. 

 

2.1.1 Minimum distances to emission and contamination sources 

 

Remote and ecological sites have no large pollution sources within 50 km distance from 

the site: cities, thermal power plants, major motorway. 

 

Rural sites should be at least 20 km distant from large pollution sources. 

 

Remote and rural sites should be distanced at least 500 m from main loads with more 

than 500 vehicles per day. 

 

2.1.2 Local criteria 

 

The criteria for locating collectors in rural sites, remote sites, and sites in ecological area 

are as follows. 

a. An open, flat, grassy area far enough from trees, hills, and other obstructions to 

avoid effects on sampling.  No objects should be within a few meters of the 
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collector, and no object should shade the collector.  

b. The horizontal distance between a large obstruction and the collector should be at 

least twice the obstruction height, or the top of an obstruction as viewed from the 

collector should be less than 30o above the horizon. 

c. The collector should be free from local emission and contamination sources such 

as waste disposal sites, incinerators, parking lots, open storage of agricultural 

products, and domestic heating.  Regions within 100 m of these emission and 

contamination sources should be excluded  

d. The horizontal distance between collector and rain gauge (and dry deposition 

collector) should be greater than 2 meters.  The rain gauge and the wet 

deposition collector should cross the direction of the prevailing wind during 

precipitation events.   

 

2.1.3 Site relocation 

 

The location could change over a long period to influence precipitation chemistry 

collected at the site.  If the change is serious, the collector should be relocated to 

another site which meets the siting criteria for the purpose of continuing to collect 

proper samples representing the area of interest.  

 

The potential bias due to the relocation should be evaluated to enable one to detect some 

trend if it occurs at all.  For this purpose, at least one-year long duplicate sampling is 

strongly recommended by using two collectors of the identical type.  A detailed 

analysis of the two datasets will yield the bias for interpreting the measurements before 

and after the relocation. 

 

2.2 Monitoring frequency and measurement parameters 

 

2.2.1 Monitoring frequency 

 

Samples should be collected every 24 hours in principle.  Collection can also be 

conducted for each precipitation event, but this is operationally inconvenient because 

site operators often find difficulty in determining the start and end of a precipitation 

event, and that sample collection operators are not easily available at all times of a day.  

If a collection bucket is used, the bucket is changed or at least cleaned every day 
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whether precipitation occurred or not.  The starting time of a day should be at 0900 

local time as a general rule.  

 

Where analysis of daily samples is not practical, combining daily samples for one week 

(7 days) can be acceptable only when the integrity of sample composition would be 

maintained, for instance, by refrigeration and/or adding biocide application. 

 

2.2.2 Measurement parameter 

 

a) Precipitation chemistry parameters  

 

The required analytical suite is pH, electric conductivity (EC) and the concentration of 

major ions: SO4
2-, NO3

-, Cl-, NH4
+, Na+, K+, Ca2+ and Mg2+. 

 

If the ion balance and conductivity balance based on the major ions does not meet the 

criteria in a systematic manner, the analysis is recommended to extend to other ions 

including hydrogen carbonate (HCO3
-), nitrite (NO2

-), fluoride (F-), bromide (Br-),  

phosphate (PO4
3-), and organic ions (HCOO-, CH3COO-, and (COO-)2).  

 

Measurement of heavy metals, aluminum, mercury, and organic compounds will aid to 

characterize the precipitation.  

 

b) Meteorological measurements 

 

In relation to wet deposition, wind direction/speed, temperature, humidity, precipitation 

amount and solar radiation should be measured on-site or at the nearest meteorological 

station in accordance with the meteorological monitoring system of each country. 

 

3. Sampling 

 

3.1 Precipitation sampling 

 

3.1.1 Facilities at the site 

 

Precipitation samples contain low level of ionic species and the samples are very 

susceptible to contamination.  Samples should be collected to cover the whole period 
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of interest and their chemical integrity should be preserved during the store for later 

analysis.  A hut should be provided with the site for field practice with sample handing 

and measurements.  The sample collector and the hut should be separated from each 

other by more than 50m and be fenced against Vandalism.  Supply of electricity is 

necessary for the operation of precipitation chemistry collectors.  The hut should be 

equipped: electric power, a refrigerator, sink, water supply, pure water (purified water of 

which electric conductivity is less than 0.15 mS m-1) supply, two types of electronic 

balances (one type: max. weight 15 kg, min. weight 1 g and the other: max. 100 g, min. 

0.1 mg), a data logger, a personal computer, telephone, working tables and chairs.  As 

field measuring instruments, an automatic precipitation chemistry collector, a standard 

rain/snow gauge, and a set of meteorological instruments for temperature, wind 

direction and wind speed.  All these instruments should be connected to a data logger 

or a computer.  A rain gauge and a precipitation collector at the site serve different 

functions.  The rain gauge measures the amount of precipitation.  The automatic 

precipitation collector collects samples for chemical analysis.  The two devices are not 

interchangeable. 

 

If the pure water cannot be available at the site or purchased, it should be supplied by 

the analytical laboratory.  The precipitation amount is recommended to be calculated 

from the weight of collected precipitation sample when the rain gauge is not available. 

Since the density of rain water is approximately 1.0 g mL-1 at 20 oC, the weight of the 

sample can be taken to equal its volume.  The measurement of the precipitation sample 

volume by a graduated vessel increases the possibility of sample contamination, so the 

use of a balance is recommended.  For daily or weekly sampling, the balance should 

have a capacity of 15 kg and a precision of at least 1 g.  

 

3.1.2 Sample collection system  

 

The samples should be "wet-only" samples by using wet-only collector but wet samples 

with wet/dry collector are also acceptable.  The automatic precipitation collector 

consists of four parts: a collecting funnel, an open-close lid, a precipitation sensor, and a 

sample container.  A lid alternatively covers the bucket not in use.  Because the 

collectors do not need to be of the same type, the technical details of collector operation 

can not be considered here.  The operation of each collector should be done in 

accordance with the operation manual of each collector.  Several different types are 

already in use in some countries, but the older collectors that cannot meet the following 
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conditions should be replaced: 

- the collector container or funnel opens automatically within one minute of the onset 

of precipitation and closes promptly at the end of the precipitation event. 

- the wet sample should be shielded from contamination by dry deposition 

- the collector bucket or funnel with bottle should be chemically inert for major  

constituents in acid precipitation 

- the height of the collection bucket or funnel should be 1.0 to 1.5 m above the 

ground 

 

The first two criteria will be met by installing a precipitation sensor and a motor-driven 

tight fitting lid for the automatic collector.  When the grid and plate of the sensor are 

shorted by a drop of water, the motor is activated, lifting the lid from the container or 

funnel.  The sensor should be signed to detect as small as 0.05 mm h-1 rainfall intensity 

and 0.5 mm raindrop diameter, regardless of its direction.  The sensor also should be 

designed to prevent fog and dew from activating the collector, as well as to melt snow 

(allowing it to be detected), and to evaporate residual precipitation immediately after the 

event (thereby allowing the collector to close).  The height of the sensor should be the 

same as that of the bucket or funnel.  If required, in order to protect the detection 

surface from birds' droppings, some needles should be put up around the sensor.  The 

most important function of the lid is to seal the collection vessel during dry periods, 

preventing contamination by atmospheric gases and aerosols, and minimizing sample 

evaporation.  Achieving tight seals is usually accomplished by mounting a flexible 

gasket covered with a Teflon sheet on the underside of the lid.  For the maintenance 

and cleaning of the funnel, the lid should be able to be manually opened.  Collectors 

used in snowy regions should have stainless steel or Teflon-coated, peaked, roofs 

mounted on the top of the lid.  This prevents snow accumulation on the lid and 

blowing into the collection vessel when it opens.  

 

To ensure inertness to major constituents in precipitation, polyethylene or Teflon or 

Teflon-coating should be in use for collecting funnels or buckets.  Teflon or silicone 

should be in use for connecting the containers with the collecting funnels.  To maintain 

inertness to major constituents in precipitation, tubes should be replaced once a year. 

For containers, for lower cost, durability, and availability, polyethylene should be 

generally employed.  The volume of containers should be arranged by considering 

daily maximum precipitation amounts in the past ten years at the site.  
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3.2 Snow sampling 

 

The sampling of snow is difficult, because of the difficulty of detection of light dry 

snow by the electronic shorting sensor, blowing out of collected snow from the 

container or funnel by stiff winds and catch by wind and/or varying of the cross section 

of the collector caused by a heavy snow event.  Since the snow characteristics vary 

from region to region, no standard snow chemistry collector has been available to the 

present.  One collector is the same as the automatic precipitation chemistry collector, 

but improved for the use of snowy regions.  The collector lid, body surface, inner part, 

sensor and funnel are heated to avoid the troubles caused by freezing and covering by 

snow.  The heating temperature of the funnel should be 4-5 oC, and due attention 

should be paid to minimize the evaporation loss of the sample water.  It is also 

desirable to attach a wind shield device to the collector to minimize the effect of wind 

on the sampling of snow (e.g., Nipher Shield).  But this collector may not work in 

extremely cold regions, because evaporation of water may cause serious error.  In such 

a cold region, instead of the heated funnel, an open polyethylene cylindrical container of 

20-50 cm diameter should be used as the collection vessel on a wet-only or wet/dry 

collector.  The height of this container should be at least twice the diameter to prevent 

"blow-out" of snow.  This snow collector should be equipped with a wind-shielded and 

heated precipitation sensor or infrared rays snow sensor.  But, since the characteristics 

of snow vary according to such factors as snowfall condition and density of snow 

sample, the performance of the snow collector should be carefully examined before 

standardization under various conditions. 

 

3.3 Measurement of precipitation amount 

 

Precipitation amount should be measured and/or recorded at the site with standard 

precipitation gauge approved by individual national weather service or its equivalent.  

Standard precipitation gauges generally measure precipitation amount more efficiently 

and accurately than precipitation chemistry collectors.  For this reason, they should be 

operated in parallel with the precipitation chemistry collector.  The height of 

precipitation amount measurement is recommended to be from 1.0 to 1.5 m above the 

ground surface, the same as that for the precipitation chemistry collector and the 

precipitation sensor. 

 

The major environmental factors governing gauge undercatch are wind speed, the 
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vertical wind profile at the point of measurement, the falling velocity of the 

precipitation, and the distortion of the wind flow and drop/snowflake trajectories around 

the gauge.  In these factors, wind speed is the most critical one that influences gauge 

undercatch, especially for snow.  For these reason, information on the height of the 

funnel of precipitation chemistry collector and that of rain gauge from the ground level 

should be included in the reporting.   

 

The method of decreasing wind effects on gauge catch is to install the wind shields to 

the gauges.  The shields reduce the wind speed at the gauge orifice, thereby increasing 

the gauge collection efficiency.  Many types of wind shields are in use: Alter Shield, 

Nipher Shield, Tretyakov Shield, Wyoming Shield and U.S.S.R. Dual Fence Shield.  In 

snowy region, wind shields should be installed to precipitation gauges, precipitation 

chemistry collectors and precipitation sensors, but one should be careful to avoid 

contamination caused by the shield.  

  

3.4 Sample preservation 

 

Collected samples should be stored in a refrigerator equipped in a sampler or in a 

laboratory before analysis.  If refrigeration cannot be used as sample preservation, 

biocides should be used to prevent microbial uptake and conversion of organic acids 

such as formic and acetic acid in regions where they are contained in rainwater.  

Thymol (2-isopropyl-5-methyl phenol), a solid material at ordinary temperature is 

recommended.  Thymol should be loaded at the rate of 400 mg to a 1000 mL sample 

bottle prior to the sample collection, weekly or daily basis.  When Thymol is used in 

sample collection, ammonium ion should be measured by ion chromatography. 

Spectrophotometry (Indophenol blue) is not recommended. 

 

4. Site operation 

 

4.1 Sampling schedule for on-site operation  

 

Site operators should make an annual schedule for on-site operation in accordance with 

the direction of each national center.  For specific on-site operation, Standard 

Operation Procedures (SOPs) is strongly recommended to compile for high quality 

measurements (see Appendix 1). 
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4.2 Preparation for site operation 

 

Check the consumables and tools for site operation.  

- The keys for the individual monitoring station 

- Sample bottles to replace 

- Recording device (e.g., memory card of precipitation amounts) 

- Supplies (e.g., pure water (If the water is not available at the site, the analytical   

laboratory should provide the site operators before a travel to the site.)) 

- Record sheets including the sample history form 

- Still or video cameras 

- Mobile phones (site operator will be able to communicate with the laboratory to 

solve problems just in case. E-mails and photo images will be effective and 

convenient to send messages for troubles.) 

- Tools including clean globes, wiper, and cleaning goods 

- Maintenance tools for continuous monitoring devices 

 

The checking sheet should be updated on an annual basis. 

 

4.3 Checking the site condition  

 

First, check every part of the facilities and devices to find them out in control.  

Particular cares should be taken after severe meteorological events like typhoons, 

lightning, and heavy storms.  Potential deteriorations by animals (field mice, birds), 

insects (ants, bees, and spiders), leaves and seeds of plants, and other materials (soil 

dust, seasalts, garbage) should also be checked.  During snowy months, in particular, 

check (1) the lid top of the collector is kept clear of obstacles, and (2) the lid movement 

is in control.   

 

Second, check that electricity is normally supplied and the room temperature and 

humidity is appropriately controlled.  If the power happened to be failed, check the 

performance of the measurement facilities at the site: meteorological instrumentation, 

the systems for sample collection, sample storage, data logging, and computer 

performance.  Record clearly details of the above checks due to the failure of the 

power supply, which will be useful to understand and evaluate the state of the operation 

before and during the supply failure.  
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4.4 Replacement of sample bottles  

 

In the sample handling, wearing plastic gloves will avert potential contamination of 

samples.  If the gloves are too slippery to keep a firm hold on the sample bottles, the 

sample should be handled with cleanly washed hands with great care.  

 

Automatic precipitation sample collector should be checked its ability of sensor, moving 

lid condition, sample flow path condition, and refrigerator condition.  In addition, 

sampling devices and its parts should be cleaned after removal of the collected samples 

and before setting up a fresh sampling bottle.  If devices are with an equipped cleaning 

system, the pure water should be supplied. 

- The funnel used on the collector should be washed well with pure water and 

wiped periodically with clean paper such as Kim wipe.  

- Employ pure water for rinsing the inner surface of the sample flow path from the 

collecting funnel to the sample bottle.  Even if the pure water is not available at 

the site, the laboratory should properly prepare the pure water. 

- When some parts like the collection funnel need to be dried in a short time, 

methanol or ethanol is recommended to rinse with instead of water. 

 

If possible, the sample volume is recommended to be gravimetrically measured on site 

before transporting to the laboratory in order to avoid contamination and spillage during 

shipping.  

- If a measuring cylinder is the only choice, the sample is divided into two 

fractions.  After measuring the first fraction, the sample in the cylinder should 

be discarded.  One should note that the measurement of the first fraction 

works also as rinsing the measurement cylinder and the volume of the first 

fraction can, therefore, be sufficient to meet this purpose. 

- If a standard recording gauge is in use, reading should normally be taken within 

a few minutes of sample collection.  Measurements must be made for every 

sampling period whether precipitation chemistry samples are collected or not. 

 

When samples are contaminated with some visible objects like leaves and insects, the 

operator could remove the objects by wearing clean gloves and using clean tweezers.  

 

Some nitrogen and organic compounds including ammonium and nitrate ions will 

undergo biologically induced reactions when microorganisms are present in the sample.  
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Sample refrigeration at ca 4 oC should be conducted after measuring the sample volume, 

if biocide is not in use.  The sample should be kept in this state throughout the 

shipping to the analytical laboratory and storage until the analysis.  

 

When the sample volume is more than 200 mL, 200 mL of the sample is transferred to 

two 100 mL-bottles in duplicate and the remaining is discarded.  For daily-basis 

sampling, the samples should be shipped weekly or biweekly basis to the analytical 

laboratory whereas monthly shipping for weekly sampling.   

 

4.5 Checking and maintenance of routine instruments and record devices 

 

Standard operating procedures for site operation include maintaining the precipitation 

chemistry collectors and standard gauges.  Typical operations focus: 

- performance of the rain sensor and lid-movement  

- cleaning of the collection funnel and standard rain gauge funnel. 

Details of specific procedures should be addressed in the SOPs for individual countries.  

 

Replace the memory card for precipitation amount recording at every filed visit, and 

ensure that the recorded data has been property stored in the memory as soon as 

possible in order to minimize potential risks of data missing.  Because the device may 

be difficult to check in the field, inspect the record in the memory first when returned to 

the laboratory.  

 

Biannual maintenance of the precipitation gauges for rain and snow is required by 

visible inspection of the disassembled internal funnel and wind shield.  The 

anti-freezing system should be checked and charged with fresh anti-freezing liquid.  

More frequent inspection is needed when windblown dust is prevailing particularly in 

“Asian dust season.”  Immediately after these periods, the system is overhauled and 

intensively inspected to maintain the specifications.  The instruments at the site should 

be supplied with the operation manuals including trouble-shooting procedure.  

  

4.6 Field blank 

 

Filed blank easily reveals the state of art of the sample collection system.  Apply 

approximately 100mL pure water to the collection funnel, and collect the water from the 

funnel and transfer to a clean sample-bottle in the same manner as the samples.  Fill 
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another fresh sample-bottle with the pure water applied.  Ship these two bottles to the 

laboratory together with the actual samples.  Analysis of the two waters in the bottles 

will evaluate the potential contamination due to the funnel and the tubing. 

 

The conductivity should be measured as soon as possible in order to keep the collection 

system in control.  Conductivity meter is recommended to be taken to the site or to be 

installed in the site for this purpose. 

 

When the funnel and tubing system is judged to be contaminated, clean the system and 

repeat the above conductivity check.  The cleaning does not improve the 

contamination, the tubing and/or the funnel should be replaced as soon as possible. 

 

The data of the field blank should be reported in the same way as sample data in Table 

11, (p.86-88), named as FB-1,2,.........,n. 

 

4.7 Record of on-site operation and sample documentation 

 

The on-site operation plays a critical role in maintenance of data quality and its details 

should be recorded on a routine basis.  The analytical laboratory should prepare for site 

operators a proper reporting format in consideration of the locality in terms of siting, 

sampling and shipping.  These pieces of information should be further recorded on the 

sample history form common among the EANET.  

 

The specific format of the sample history should consider the related information with 

monitoring operation of meteorology and dry deposition measurement in or close to the 

wet deposition measurement site.  A simple and concise format will minimize filling 

errors and useless troubles.  The following items are required to be reported, and 

additional items are recommended to be described also in the format in consideration of 

local conditions. 

 

- site name 

- sample identification number 

- starting and ending date and time of the day for the individual sampling 

(- start and end time of the precipitation event, if possible) 

(- sample volume or weight: including collection vessel weight) 

- standard gauge precipitation depth reading 
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- sample type (snow, rain, freezing rain, mixed, hail, fog, mist) 

- sample contaminants specified on the site (e.g., visible air-borne particles, bird 

droppings, insects, soil dust, leaf pieces) 

- instrument condition (operating correctly/incorrectly, cleaning/no cleaning, unusual 

circumstances, problems, observations) 

- condition of station buildings (unusual circumstances, problems, observations) 

- site conditions (contamination potentials during the sampling of agricultural, 

construction, or industrial operations, or vehicular activity, construction machine 

activity including the removing snow cover) 

- weather condition during the sampling (e.g., typhoon, lightning, heavy storms) 

- immediate supplies (e.g., transporting vessels, pure water, freezer packs) 

- the schedule of the next site operation  

- the name of the operator on site 

- remarks by the site operator (e.g., unusual circumstances, problems, observations) 

- immediate actions to be taken for the site operation (e.g., repair, renewals) 

 

The sample history form should accompany the samples to the analytical laboratory. 

 

4.8 Sample shipment to chemical analysis laboratory 

 

All samples collected should be shipped on every site visit.  Cap tightly the collection 

vessels. 

 

Sample spillage and contamination should be avoided by keeping the collection vessel 

capped and/or enclosed in bags during transport.  Due to concern over potential sample 

contamination and spillage, sample transfer should be avoided at the field site.   

 

The bottles used to store and transport the samples must be strong enough to resist 

breakage and leakage, while keeping the samples chemically stable.  Especially, the 

sample should not be exposed under the high temperature during shipping.  The most 

common methods for satisfying the above restrictions are (a) minimizing the shipping 

time (e.g., by using overnight transportation services) and (b) cooling the samples 

during transport (e.g., by using insulated shipping containers with freezer packs).  The 

clean shipping bottles should be supplied by the central analytical laboratory in each 

country. 
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The recorder chart should be also submitted to the laboratory even when the data is 

transmitted through the e-mail system.  Electronic device for the data record of 

precipitation amount and other meteorological factors should be confirmed to have been 

transmitted to the laboratory.  

 

5. Laboratory preservation 

 

5.1 Introduction 

 

This section will describe the operations of sample handling, some of which are useful 

for the site operation as well.  In this sense, communications between both groups, site 

operators and laboratory staffs, are strongly recommended to keep monitoring of high 

quality. 

 

5.2 Cleaning and preparation of collection vessel 

 

The cleaning of collection vessels (buckets and bottles) before each sampling is 

necessary.  Cleaning should be done at each field site if possible.  This has the 

advantage of saving the trouble of transporting large buckets across long distances, 

subjecting them to damage, delays and high transport costs.  

 

In some cases, however, difficulties are found in rinsing with sufficient amount of pure 

water and drying under a clean condition.  Rinsing and drying of the supplied is 

recommended to do preliminarily in the laboratory if it is expected to minimize 

potential contamination at the site. 

 

Buckets and bottles should be cleaned after leaching in laboratory detergent for 48 

hours with water and doubly distilled or pure water, followed by electric conductivity 

checks on the rinse waters (<0.15 mS m-1).   

 

5.3  Transport of the collection vessel to the collector 

 

After checking leak-proof of collection vessels, they should be capped and/or enclosed 

in plastic bags for transport to the precipitation collector. 

                                   

References (Section 1-5) 



17 
 

 

Vet R. J. (1991) Wet Deposition Measurement Techniques, in H.Parlar, T. F. Rees, D. D.   

Reible, L. J. Thibodeaux, K.T.Valsaraj, R.J.Vet; Reactions and Processes, in The 

Handbook of Environmental Chemistry, Springer-Verlag, Berlin Heidelberg.  

WMO (No.85): Chemical Analysis of Precipitation for Global Atmosphere Watch, 

Laboratory Analytical Methods and Sample Collection Standards. 

EMEP/CCC-Report1/95 (1995) Manual for Sampling and Chemical Analysis. 

Japan Environment Agency (1993) Sampler requirement at sites in remote islands.  

Gillett R. W and Ayers G. P. (1991) The use of thymol as a biocide in rainwater samples, 

Atmos. Environ., 25A, 2677-2681.  

 

6. Chemical analysis 

 

6.1 Introduction 

 

The practice of sample analysis is the final stage of the chemical analysis of the samples 

to produce reliable datasets.  Cleaning the glassware and pretreatment of the samples 

are the first step of the analytical practice.  Preparation of the standard series plays a 

critical role in the instrumental analysis.  Appropriately periodic sample collection, 

weekly, or monthly depending upon the nature of elements of the system surely ensures 

high performance of the system as a whole.  SOPs should be prepared for each 

laboratory in consideration of the state of analytical science (see Appendix 1).  

 

It is important to choose suitable analytical procedures in order to obtain chemical data 

of high quality.  Analytical procedures for precipitation analysis have to be selected 

taking into account the detection limits of the analytical methods used.  The analytical 

laboratory for the EANET program should equip adequate analytical procedure to 

generate data of the highest quality.  

 

Samples taken from the site should be kept in a refrigerator and subjected to analysis as 

soon as possible.  The sample collection document (Refer Section 4.7) accompanying 

each sample should be reviewed carefully to understand general history of the sample.  

 

For the purpose of QA/QC of the chemical analysis, Standard Reference Materials 

(SRMs) are recommended to be introduced in the analysis system.  SRM is 

commercially available for known concentrations of major ions (e.g., NIST SRM 2694, 
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Simulated Rainfall), or can be provided by the Network Center.  Duplicate analysis is 

also recommended to do for every ten or twenty sample measurements.   

  

The following parameters should be analyzed as required parameters in precipitation 

samples in the analytical laboratory: electric conductivity, pH, sulfate (SO4
2-), nitrate 

(NO3
-), chloride (Cl-), ammonium (NH4

+), sodium (Na+), potassium (K+), magnesium 

(Mg2+) and calcium ions (Ca2+).  

 

Some ions other than the above analytical suite are recommended to determine in order 

to improve (1) the ion balance and (2) understanding of the precipitation chemistry.  

 

(1) Ion balance 

 

When a significantly systematic imbalance of the cation and anion sums is noted, some 

additional ions are encouraged to determine in order to resolve the imbalance.  The 

potential candidate ions include: hydrogen carbonate (HCO3
-), fluoride (F-), bromide 

(Br-), nitrite (NO2
-), phosphate (PO4

3-), and organic ions like formate (HCOO-), acetate 

(CH3COO-), and oxalate ions (COO-)2. 

 

(2) Precipitation chemistry 

 

In the light of precipitation chemistry measurements since the preparatory phase, some 

ions other than the analytical suites in the first edition of the manual were recognized to 

play an important role in the precipitation chemistry, particularly in the qualification of 

individual dataset in terms of ion balance (R1) and conductivity balance (R2).  This fact 

strongly recommends that the analytical suit includes additional anionic species as 

mentioned above.  Analytical laboratories are encouraged to review the ion balance 

performance of the previous measurements and to analyze some other ions to improve 

the ion balance.  Specifically, imbalance for high pH samples may be due to 

unmeasured hydrogen carbonate ion which composes a significant fraction of the anion 

sum.  

 

In addition to the ionic species, aluminum, mercury, and heavy metals could be 

significant components of precipitation chemistry for some area.  The analysis 

should be extended to those species on a routine basis.  Analytical methods for 

those species are summarized in Table 1.  More details of the analysis should be 
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explored in keeping with advances in scientific/technical information 

understanding. 

 

Table 1   Analytical techniques used in the analysis of ions in precipitation 

          Analyte Analytical Techniques 

 Electric conductivity Conductivity cell  

 pH   Glass electrode 

 Chloride, Nitrate, Sulfate, Ion chromatography, Spectrophotometry 

Ammonium Ion chromatography, Spectrophotometry 

(Indophenol blue)* 

Sodium, Potassium, Calcium, 

Magnesium ions 

Ion chromatography, Atomic absorption/ 

Emission spectrometry 

Hydrogencarbonate Ion chromatography, Alkalinity method, 

HPLC 

Nitrite, Fluoride, Phosphate Ion chromatography, Spectrophotometry 

Organic Acids Ion chromatography 

 Heavy Metals, Aluminum 

  

Atomic absorption spectrometry with 

graphite furnace, ICP, ICP/MS  

 Mercury  Atomic absorption spectrometry with 

graphite furnace, ICP, ICP/MS, Mercury 

analyzer with a gold trap  

*discouraged to employ if thymol is used as a biocide in sample collection. 

 

6.2 Quality of chemicals and water  

 

The quality of chemicals and water are very important for chemical analysis.  This is to 

assure blank values of target substances to be as low as possible.  No contamination of 

the apparatus, materials and reagents used for measurement and analysis must be 

confirmed.  High purity of chemicals and water used in analytical procedure is 

recommended to prevent possible contamination. 

 

6.2.1 Purity of chemicals 

 

(i) Use chemicals of at least reagent grade for all solutions.  All reagents shall 

conform to the specifications of the international standard on analytical 
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reagent such as American Chemical Society (ACS), where such specifications 

are available.  Stock standard solutions should be traceable to SRM from 

international standard bureaus such as National Institute of Standards and 

Technology (NIST) of U.S.  Below are the examples of chemicals for eluent 

solution of Ion Chromatography used for determination of ionic components 

in precipitation. 

           Cation:  Sulfuric acid 96% M = 96.06 g mol-1 

         Merck ultra pure grade 

      Anion:  Potassium Hydroxide Cartridge  

     Archemica International Co.,Ltd, 

 

(ii) Stock standard solutions 

Stock standard solutions used for cations and anions analysis should be of 

high purity grade and traceable.  The chemical grade and traceability 

should be mentioned from the makers.  

6.2.2 Purity of water 

 

Ultra-pure water is required for many applications in the analytical methods for 

precipitation.  Especially IC technique, which is considered as sensitive analytical 

techniques, requires pure water at resistivity of 18.2 M-cm.  This is to satisfy its 

application such as eluent, working standards for calibration curve and all system blank 

checks. Moreover, pure water will help having good detection limit and determination 

limit of the method.  Therefore, if ultra-pure water is not available, use water 

conforming to American Society for Testing and Materials (ASTM) of U.S. 

specification D1193, Type II (14.4).  Point of use 0.2 micrometer filter are 

recommended for all faucets supplying water to prevent the introduction of bacteria 

and/or ion exchange resins into reagents, standard solutions, and internally formulated 

quality control check solutions.  It is recommended that the pure water supply should 

have electric conductivity less than 0.15 mS m-1.  Degas the water prior to use with IC 

by placing in an ultrasonic bath or a glass container, agitating vigorously, and aspirating 

off the liberated gases. 

 

The purity of water and chemicals employed in the chemical analysis is directly critical 

to the quality of the analysis.  Specifically blank values for analytical suite should be 

assured to be as low as possible.  No contamination of the apparatus, materials and 
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reagents used for measurement and analysis must be confirmed.  The purity of the 

chemicals for the analysis and the purification details of the water used should be 

reported to the network center together with the measurements.  

    

Note) 

“Pure water” in this document is defined as the most purified water of which electric 

conductivity is less than 0.15 mS m-1.  The degree of the purification increases as 

follows: (1) distillation after deionization, (2) deionization after distillation, (3) 

deionization after deionization and distillation where detailed techniques of distillation 

and deionization are different from the degree of purification.  It should be noted that 

the water purification for dissolved-organic-compound analysis should not end with 

ion-exchange process.   

 
6.2.3 Laboratory treatment of samples 

   
Wet deposition samples are characterized by very low concentrations of dissolved 

constituents.  Laboratory treatment of samples is very important step to preserve the 

integrity of samples after their collection from field.  The diluted nature of 

precipitation samples requires that a rigorous handling for their chemical analysis to 

control the variables that affect sample representativeness.  Therefore, laboratory 

facilities used for the analysis of wet deposition samples should be free from external 

sources of contamination.  Clean laboratory is recommended for sample processing 

and preparation to avoid the introduction of airborne contaminants.  Windows within 

the laboratory should be kept closed at all times and seal if air leaks are apparent to 

minimize the introduction of external sources of contaminant gases and particulates.  

Samples should always be capped or covered prior to analysis.  Maintain laboratory 

temperature within 3 C to minimize baseline drift and changes in detector response is 

also recommended for Ion Chromatography.  

 

The dissolution of particulate materials and the presence of microbial activity will affect 

the stability of ionic species in wet deposition samples.  This instability generally 

results in increased concentration of magnesium, calcium, sodium, and potassium and 

decreased ammonium concentrations.  Analysis should be made immediately after 

sample collection when possible.  Refrigeration will retard but not prevent changes in 

the concentration of these species.  Also, filtration is effective at stabilizing 

magnesium, calcium, sodium, and potassium concentrations that are influenced by the 
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dissolution of alkaline particulate matter.  

 

When samples reach the laboratory, the samples must be collated with the shipping list, 

and individual samples should be subjected to the measurement of the sample amount, 

electric conductivity, and pH as soon as possible.  After this measurement, each sample 

should be filtrated with a clean membrane filter of 0.45 μm-pore as described below: 

1) Each of the filters is carefully cleaned with pure water prior to the analysis to 

remove the contaminants contained in the filter. 

2) One to two milliliters of the sample is filtrated to replace the remaining pure 

water with the actual sample, and discard the filtrate after the filtration. 

3) An appropriate amount of the sample is filtrated for the stock sample, which 

should be kept in a refrigerator at approximately 4 C.  

 

Efforts should be made to start analysis of the other parameters within a week of sample 

arrival in the laboratory and to complete the measurement of the analytical suits for the 

newly arrived set of the samples.  

 

When the amount of a sample is too small to conduct analysis in a ordinary way, or 

when the concentration of a component of interest is likely so high that the 

concentration level would be well over the determination range, the sample is 

recommended to be diluted with pure water prior to the analysis.  In this case, however, 

the purity of water must be evaluated before the dilution, and a dilution flag marked in 

the analytical form.  It should be noted that electric conductivity and pH measurements 

must be made with the original sample without any dilution. 

  

When a sample amount is very small, the order of measurement priority is as follows:  

Take an aliquot (e.g., 5mL) and dilute with pure water to an appropriate amount, (1) 

determine sulfate, nitrate and chloride ions, by ion chromatography, then (2) ammonium, 

sodium, potassium, calcium and magnesium ions by ion chromatography when a cation 

column is available.  If not, (2) ammonium ion by spectrophotometry, (3) sodium, 

calcium, magnesium and potassium by atomic absorption spectrometry.  If the 

remaining amount is sufficient for electric conductivity and pH measurement, measure 

them in this order.  Flow chart of sampling and measurement of samples in concerning 

with sample amount are shown in Fig.1.  
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In Lab.   Prepare clean sampling bottles and measure weight of the bottles  

↓ 

 On site    Collect precipitation sample and measure the precipitation amount 

↓ 

 Lab.      Measure amount of wet deposition sample (gr.)  

↓ 

Yes  ←   Sufficient sample amount for measurement of all items   →  No 

 

                                                        

 

Fig. 1  Flow chart of sampling and chemical analysis of wet deposition    

 

 

 Do not Filter  →  Measure EC  →  Determine pH 

 
 Filtrate  →  Refrigerate at 4℃  →  Measure ions 

                  (within a week) 

(a) After EC and pH measurement, sample volume is not sufficient for ion measurement 
 
 Do not Filter  →  Measure EC  →  Measure pH 
 
 Filter  →  Refrigerate at 4℃  →  Dilute 2-10 times  →  Measure ions 

(b) Not sufficient volume for EC, pH and ion measurement 
 
Filter  →  Refrigerate at 4℃  →  Dilute 2-10 times  →  Measure ions 
 
The order of measurement priority 

(1) SO4
2-, NO3

- and Cl- by IC 

(2) NH4
+, Na+, K+, Ca2+ and Mg2+ by IC, when a cation column is available 

(3) If not, NH4
+ by spectrophotometry 

(4) Na+, K+, Ca2+ and Mg2+ by AAS 
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Another use of sample dilution is to reduce the concentration of those analyses 

exceeding the range of the analytical technique.  In this case, an aliquot of sample (e.g., 

10 mL) is taken in volumetric flask and pure water is added to a certain amount (50 or 

100 mL).  It is also important to measure the ions analyzed in the pure water used.  

In addition sample dilution can be used gravimetric measurements.  Gravimetric 

dilution method has some advantage.  This method is easily and risk of contamination 

is small.  At first, clean bottle put on the gravimetric meter and calibration to “0 g”.   

After that, put the small volume samples into the clean bottle and record of weight of 

small volume of samples (the density of rain water and pure water is approximately 1.0 

g mL-1 at 20 oC).  Furthermore, add suitable amounts of pure water.  Dilution ratio 

can be calculated easily from sample volume and additional pure water volume.  

 

*Cleaning of materials  

 

Cleaning of the laboratory ware plays a critical role in the quality control of the 

chemical analysis.  General procedures will be given as below.   

 

(1) Cleaning of plastic ware and glassware for collecting and shipping of samples  

 

When the ware is threatened to be contaminated with salts, the ware should be rinsed 

with diluted nitric acid before conventional rinsing with pure water. 

 

The wares should be cleaned with special detergent for laboratory use, if unavailable 

with detergent for home use.  Soft sponge scrubbing brush could be applied to plastic 

ware to avoid damage of the surface.  The damaged part could collect some debris and 

retain some rinsing water.  With tap water, the rinsing water and detergent should be 

well removed from the ware by repeated washing.  Then the ware is rinsed with pure 

water at least two times and dried in a clean laboratory at room temperature free from 

gaseous and particulate contaminants.  

 

Note) 

For the purpose of drying, the ware should not be wiped with any material that can not 

be free from chemical contamination.  In the case of urgent drying in a very short time, 

the ware is allowed to be rinsed with reagent grade ethyl alcohol which will be 

evaporated easily if remained on the ware. 
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(2) Sample Storage Bottles 

 

1) Rinse both inside and outside of sample-storage bottles with pure water. 

2) Fill up the bottle with pure water and leave it overnight as it is. 

3) Empty the bottle and rinse it with pure water. 

4) Dry the rinsed bottle at room temperatures keeping away from potential 

contaminants until use. 

5) When the bottle is threatened to be contaminated with salts, rinse the bottle 

with diluted nitric acid prior to step 1). 

 

6.3 Electric conductivity 

 

6.3.1 Background 

  

Electric conductivity measurement is a rather simple analytical operation, but the 

measurement conveys a line of valuable information for the precipitation analysis: a 

check of electroneutrality, estimates of ionic concentration levels, data quality, and a 

quick check of water quality.  Because of its simple operation, the precision and 

accuracy are strongly dependent upon the operation expertise and the aging of 

conductivity cell used (Noguchi et al., 1997).   

 

The electric conductivity of a solution is the reciprocal value of its resistance and can be 

directly measured by using a conductivity bridge with a measuring cell.  The 

conductivity varies with the solution temperature and is proportional to the 

concentration and the species of free ions present in the solution.  Since the electric 

conductivity also depends on the electrode areas and heir spacing, the measuring 

apparatus must be calibrated to obtain the cell constant or to adjust the instrument.  A 

KC1 solution of a known concentration and electric conductivity is used for calibration. 

 

Electric conductivity is expressed in units of mS m-1 after correction for 25 oC.  

Commonly encountered electric conductivity for precipitation samples ranges from <0.5 

to 100 mS m-1. 

 

When a sample volume is too small for the entire chemical analysis, the aliquot for the 

conductivity measurement is allowed to use for pH determination.  If this is done, 

measure the conductivity before the pH to avoid any possible error due to salt 
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contamination from the pH electrode. 

 

6.3.2 Apparatus and equipment 

 

a. The conductivity-bridge and cell system must have a sufficiently broad working 

range like of 0.1-100 mS m-1.  The precision and accuracy of the conductivity 

meter must be within ±0.5 % and ±1 % of the determination range, respectively.   

b. Platinum conductivity cell 

c. Thermometer 

d. Water bath of 25oC temperature is recommended.  Although some electric 

conductivity meter has a temperature correction function, a measurement should 

be carried out by using a water bath to avoid insufficiency of the temperature 

correction system.  If a temperature-controlled water bath is not available, the 

temperature for the measurement is able to be kept constant by using a pertinent 

type water bath containing at least 5L of water.  

e. Plastic or glass ware vessel corresponding to the diameter of the cell used 

 

6.3.3 Reagent solutions and consumable materials 

 

a. Stock standard solution A, 0.1 M -KC1 - 7.456 g of predried (2 h at 105 oC) KC1 

dissolved in pure water, and diluted to 1000 mL at 25 oC with pure water. 

b. Stock standard solution B, 0.01 M -KC1 -10 mL of 0.1M -KC1, dilute to the mark 

of 100 mL at 25 oC with pure water.  

 

These solutions are highly recommended to be freshly prepared from the very beginning 

for each analytical exploration.  The next best procedure is to prepare the solutions by 

diluting high concentration stock solutions for each exploration, which have been stored 

in a small volume air-tight test tube in a refrigerator.  The stock solution in the air-tight 

test tube is for a single use in order to eliminate the possible contamination of the stock 

solution for repeated use.  The volume of the test tube is recommended to be 

sufficiently small to meet a single use. 

 

6.3.4 Calibration and standardization 

 

Calibration of the electric conductivity meter should be done with standard solutions of 

three different concentrations: 0.0001M-, 0.0005M-, and 0.001M- KC1 solutions.  The 
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solutions of these concentrations are prepared by diluting a 0.01 M-KCl stock solution 

with pure water of which purity is confirmed by measuring its electric conductivity.  

The electric conductivity of the KCl solutions of known concentrations (Table 2) should 

be plotted as a function of the KCl concentration during the measurement to confirm 

linearity of the concentration range and the concentrations of the samples can be read.   

 

Before the electric conductivity measurement of the standard series, the electric 

conductivity cell is rinsed with pure water, and the standard solution is drained out of 

the cell, the remaining standard solution should be rinsed with pure water in a test tube.  

The purity of “pure water” and potential contaminations of the cell will be evaluated by 

measuring electric conductivity of freshly purified water.  Particularly in the case of 

changing the cell constant, electric conductivity measurement of the pure water and 

standard series should be repeated until the cell constant is stabilized.   

 

Table 2  Electric conductivity of KC1 solution at 25 oC 

Concentration (M) Electric conductivity (mS m-1) 

0.0001 1.494 

0.0005 7.390 

0.001 14.700 

 

Example of SOP for calibration procedures of an electric conductivity meter is 

described as below. 

 

Preparation 

 

(1) The conductivity cell is rinsed with fresh pure water.  Turn on the conductivity 

meter, which should read less than 0.05 mS m-1. 

 

Calibration 

 

(1) Raise the conductivity cell from the pure water and rinse well the cell with pure 

water where particular caution is taken to clean the hole in the cell.  

(2) The cell is dipped in the span-solution (0.001M KCl: 14.7 mS m-1) in a small 

vessel. And dip and lift the cell several times to rinse the cell with the 

span-solution. 

(3) The span-solution in the vessel is discarded, and the vessel is filled with fresh 
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span-solution.  The cell is dipped in the span-solution. 

(4) Leave the system until the solution temperature becomes 25 oC and are fill in a 

format with the conductivity reads raising and dipping the cell several times. 

(5) Fill in the format with the temperature of the solution. 

(6) Select the unit of mS m-1 for the electric conductivity meter. 

(7) Raise the cell and rinse it with pure water. The bottle of the span-solution is 

closed with the bottle cap. 

(8) Pour pure water at the cell and rinse the cell by moving up and down in a beaker 

with a sufficient amount of pure water in 

(9) Confirm the conductivity read less than 0.05 mS m-1. Otherwise, rinse again in 

the beaker filled with fresh pure water. 

(10) Leave the system for three minutes and fill in the format with the conductivity 

read. 

(11) Fill in the format with the temperature of the solution. 

(12) Switch the instrument to the conductivity measurement mode with the unit of 

mS m-1 on the display. 

(13) Keep the cell in the beaker full of fresh pure water until the conductivity 

measurement of samples.   

.  

6.3.5 Measurement procedure  

   

The operator should observe the operation directions prepared by the manufacture.  

The point of the measurement is the temperature at which the samples and standard 

series are determined.  The instrument is designed so as to take measurements at 25 oC, 

which could be attained by using a temperature-controlled water bath. Even when it is 

not available, the temperatures of the samples and the standard series should be the 

same, or close as much as possible.  In which case, the temperature immediately after 

the reading is noted in the format for electric conductivity measurement.  

   

After completing a measurement aliquot, the cell must be repeatedly rinsed with pure 

water to remove any of the aliquot and the remaining pure water removed by shaking 

the cell.  Leave the cell in pure water standing by for the next measurement. 

 

When a sample volume is sufficient for conventional electric conductivity measurement, 

some portion of the sample is taken into an appropriate vessel and serves the rinsing 

solution of the cell immediately before the conductivity measurement of the sample of 
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interest.  The solution could be allowed to serve another lot of the rinsing solution of 

the pH electrode before the pH determination. 

 

The electric conductivity should be determined to the unit of 0.01 mS m-1.  If the 

temperature of the cell is different from 25 oC, the measurement should be corrected to 

the expected value for 25 oC (Table 3). 

 

Table 3   Electric conductivity of 0.0005M KC1 

Temperature (oC) Electric conductivity (mS m-1) 

20 6.68 

21 6.82 

22 6.95 

23 7.10 

24 7.24 

25 7.39 

26 7.54 

27 7.69 

28 7.84 

 

6.3.6 Calculation 

 

Electric conductivity is basically expressed as a measurement at 25 oC.  When the 

measurement is made at different temperatures, the measurement is corrected to that at 

25 oC while most types of electric conductivity meters are provided with 

temperature-correction function.  If the correction function is not provided, the 

correction should be made with correction coefficients proper to the types of the cell 

and the instrument.  

 

6.3.7 Quality control 

 

Quality of measured electric conductivity can be controlled in relation with the electric 

conductivity calculated from ions concentration.  Periodic measurement of SRM, 

participation to Inter-laboratory comparison project, and duplicate analysis are also 

effective for controlling data quality of electric conductivity.  Detailed procedure is 

described in Chapter 7.    
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6.4 pH measurement 

 

6.4.1 Background  

 

The pH is a common item to represent precipitation acidity but plays a limiting role in 

the evaluation of chemical feature of precipitation.  The pH measurement is not easy to 

output the data of high quality comparing with other components in precipitation.  The 

precision and accuracy of the pH measurement depend upon aging of the electrode and 

the experience of the operator, which should be considered in the laboratory practice

（Noguchi et al., 1997）. 

   

One should also note the logarithmic nature of this measure.  When pH changed from 

pH3.0 to pH7.5, the corresponding concentration of hydrogen ion, H+, decreased from 

1000 μmol L-1 to <0.1 μmol L-1.  The pH is defined as the free acidity in the form of its 

negative logarithm: pH = -log [H+], where [H+] is the concentration of free hydrogen 

ion with the unit of mol L-1.  The pH is determined electrometrically by using a 

standard pH meter with a glass [H+] electrode in combination with a reference electrode.  

The glass electrode potential varies as the activity of H+ ion in solution. 

 

The pH is strongly recommended to be determined at 25 oC because the pH is 

dependent upon the temperature.  Temperature dependent discrepancies would be 

avoided by applying temperature compensation function that is provided with prevailing 

types of pH meters.  Even when a temperature control system is not available, the 

potential errors could be minimized by unifying both the pH standard solution and 

samples at a common temperature for these two groups.  The temperature for the 

measurement should be clearly noted.    

 

6.4.2 Apparatus and equipment 

 

The pH meters are commercially available with different specifications and options.  A 

pH meter should have both an intercept and slope adjustment and should be capable of 

measuring to ±0.01 pH unit.  Two electrodes should be used with the pH meter.  A 

measuring glass electrode is sensitive to hydrogen ions.  The reference electrode can 

be calomel, or silver/silver chloride; other reference electrodes can also be used so far as 

a constant potential is provided.  Combination electrodes with both measuring and 
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reference functions are preferable since they require less of the sample to be used. 

 

If the pH electrode is not employed for pH measurement for some weeks, the electrode 

should be bathed in an appropriate solution: a 7.4-mS m-1 KCl standard solution, 0.1 

mM sulfuric acid, or the filling solution for the pH electrode.  For a shorter term, a day 

or two, pure water can serve as the solution. 

   

If the room temperature is over 25 oC, the electrode should not be kept in pure water 

over one week because the electrode would be seriously contaminated by algae 

photosynthesized during the period.  The electrode should be repeatedly rinsed with 

pure water prior to use. 

  

One of the major problems that occur with pH measurements is the aging of the 

electrode.  Reference solutions, which have a known pH and electric conductivity 

similar to those of the precipitation samples, should be used for checking the pH 

electrode.   These solutions should be stored under refrigeration and replaced when 

solution pH or electric conductivity are seen to have changed.  If the pH of the 

reference sample has changed from the previous measurement by more than 0.10 pH 

unit but electric conductivity has not changed, the electrode should be checked.  The 

measured pH value is recommended to agree within ±0.02 pH unit of the expected value.  

If large differences are observed, a new solution is prepared from a concentrated 

calibration solution (commercially available standard reference materials).  If 

performance is still inadequate, the electrode must be replaced.  If possible, checking 

pH calibration with a series of dilute mineral acids (e.g., pH 4.0, 4.2, 4.4, 4.6, 4.8, 5.0 

with HCl) once in a month is recommended to obtain good pH values.  For the 

preparation of these solutions, dilute 10, 6.3, 4.0, 2.5, 1.6, and 1.0 mL of 10-3 mol L-1 

HCl solution to 100 mL with pure water, respectively. 

 

6.4.3 Reagent solutions and consumable materials 

 

A commercially available primary standard buffer solution with a pH of 4.01 (pH4.01 

solution) and 6.86 (pH6.86 solution) should be used, having guaranteed traceability.  

Standard buffer solution with a pH of 9.18 (pH9.18 solution) should be used according 

to the condition, especially when experience year of electrode is over a year. 

 

6.4.4 Calibration of pH meter 
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The pH meter should be calibrated before measurement of samples at a minimum of two 

points in the expected pH range.  As most precipitation samples have a pH value in the 

range of 3.0 - 7.5, pH 4.01 and 6.86 solutions are therefore used. 

 

Before calibration, fill the electrode with a filling solution supplied by the manufacturer 

and then rinse it carefully with pure water.  Use the pH 6.86 solution to set the 

intercept of the pH response with the standardization knob, and then use the pH 4.01 

solution to adjust the slope control of the pH response and the temperature function 

control.  Check the measured pH to be within ±0.02 pH unit of the buffer value. Rinse 

the electrode thoroughly with pure water after each calibration.  It is very important to 

rinse thoroughly because precipitation samples are much more dilute than buffer 

solutions, thus incomplete rinses often cause errors.  Therefore, pH values should be 

measured after removing the excess amounts of standard buffer solution. Otherwise, use 

of special low-ionic strength buffers and ionic strength adjustment solution is 

recommended. 

 

Confirmation of electromotive force value may also be effective to know the condition 

of pH electrode. 

 

Example of SOP for calibration procedures of a pH meter is described as below. 

 

Preparation 

 

(1) The side cap of electrode is opened and turns on. The electrode is rinsed with 

fresh pure water.  

 

Calibration 

 

(1) Raise the electrode from the pure water. 

(2) The electrode is put into the small bottle filled in the pH6.86 solution.  And dip 

and lift the electrode several times to rinse the electrode with the solution, the 

analytical aliquot.  Then, the solution in the small bottle is discarded, and the 

small bottle is filled with fresh pH6.86 solution.  The electrode is dipped in the 

solution. 

(3) Leave the system until the solution a minute and calibration for pH 7 should be 
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carried out by pushing the button. 

(4) Confirm of calibration. 

(5) Measure the electromotive force also in the unit of “mv” by selecting the unit 

channel. Confirm of “0 mv”. 

(6) Back to the unit of “pH” by selecting the unit channel. 

(7) Raise the electrode and rinse it with pure water, especially pin hole.  The small 

bottle of the pH6.86 solution is closed with the bottle cap. 

(8) The electrode is put into the small bottle filled in the pH4.01 solution.  And dip 

and lift the electrode several times to rinse the electrode with the solution, the 

analytical aliquot.  Then, the solution in the small bottle is discarded, and the 

small bottle is filled with fresh pH4.01 solution.  The electrode is dipped in the 

solution. 

(9) Leave the system until the solution a minute and calibration for pH 4 should be 

carried out by pushing the button. 

(10) Confirm of calibration.  

(11) Measure the electromotive force also in the unit of “mv” by selecting the unit 

channel. The electromotive force value and water temperature should be record. 

(12) Should be change the electrode or should be required maintenance of electrode 

(change the solution and so on) when the difference of electromotive force value 

is lower 160 mv. 

(13) Back to the unit of “pH” by selecting the unit channel. 

(14) Raise the electrode and rinse it with pure water, especially pin hole. The small 

bottle of the standard buffer solution with a pH 4 is closed with the bottle cap. 

(15) The electrode is put into the small bottle filled in the pH6.86 solution.  And dip 

and lift the electrode several times to rinse the electrode with the solution, the 

analytical aliquot.  Then, the solution in the small bottle is discarded, and the 

small bottle is filled pH6.86 solution.  The electrode is dipped in the solution. 

(16) Leave the system until the solution a minute.  And confirm that pH value is not 

change (e.g., 6.86). Should be re-started again from (3) when the pH values 

change.  After confirm, the calibration for pH 7 should be carried out by pushing 

the button. 

(17) Confirm of calibration. 

(18) Measure the electromotive force also in the unit of “mv” by selecting the unit 

channel.  The electromotive force value and water temperature should be record. 

(19) Back to the unit of “pH” by selecting the unit channel. 

(20) Raise the electrode and rinse it with pure water, especially pin hole.  The small 
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bottle of the pH6.86 solution is closed with the bottle cap. 

(21) Leave the electrode in the beaker full of fresh pure water until the pH 

measurement of samples.   

 

Note)  

The plastic small bottle should be used for serving standard buffer solution because the 

electrode has to be dipped and lifted several times in the solution.  Glass electrode may 

brake easily when the glass vessel is used.  

 

6.4.5 Measurement procedure 

 

a. Calibrate the pH meter according to the procedure outlined in the previous section. 

b. Place the sample solution in a clean plastic or glass vessel to cover the sensing 

elements of the electrode.  Maintenance of the samples at 25 oC in a water bath is 

best.  Second best is that the temperature of samples should be agreed with the 

temperature of standard buffer solutions. In this case, water temperature of each 

sample should be recorded. 

c. Rinse the electrode by excess amounts of each sample.  Wipe drops off the 

electrode with filter paper.  Immerse the electrode in the sample vessel and swirl 

the sample gently for a few seconds. 

d. Allow the electrode to equilibrate for a few minutes and measure the pH of the 

sample until a constant value is obtained.  Record the pH value (preferably to 0.01 

unit) and the temperature of the sample. 

 

6.4.6 Calculation 

 

Calculated hydrogen ion concentration is readily obtained from the following equation. 

 

H+ (mol L-1) = 10 (6 – pH) 

 

6.4.7 Maintenance of pH electrode and data quality check by the relation with electric 

conductivity 

 

The pH meter has unit of electromotive force.  Should be checked the electrode 

condition by measuring the difference of electromotive force between pH7 and 4.  The 

difference of electromotive force value is approx. 170 mv, theoretically.  When the 
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difference of electromotive force value is lower 160 mv, should be changed the 

electrode or should be required maintenance of electrode (change the solution and so 

on).  

 

Note) 

Electric conductivity of hydrogen ion is calculated by the following equation. 

 

ΛH+ = 349.7 x 10 (6-pH) 

 

This relationship is utilized in a procedure for checking the data quality of pH and 

electric conductivity as the followings.  

 

Check the relationship between electric conductivity and pH.  Minimum Λ（mS m-1）

can be calculated from H+ concentration. 

     e.g.,   pH3: Λ>35mS m-1       pH3.5: Λ>11.1 mS m-1  

          pH4: Λ>3.5 mS m-1      pH4.5: Λ>1.1 mS m-1  

Especially, this check is useful when pH value is specific low. 

 

Quality of measured pH can be controlled by the ion balance and conductivity balance 

check by using all mandatory ions concentrations.  Periodic measurement of SRM, 

participation to Inter-laboratory comparison project, and duplicate analysis are also 

effective for controlling data quality of pH.  Detailed procedure is described in Chapter 

7. 

 
6.5 Anion determination by ion chromatography 

 

6.5.1 Background  

 

Ion chromatography has been widely used in recent years to analyze anions in 

precipitation.  Sulfate, nitrate, and chloride in precipitation are separated on an ion 

exchange column because of their different affinities for the exchange material.  The 

material commonly used for anion separation is a polymer coated with quaternary 

ammonium active sites.  After separation, the anions pass through a strong acid cation 

exchange column (suppressor column) which exchanges all cations for H+ ions or an 

electric suppresser.  Chloride, nitrate and sulfate are detected as acids by a electric 

conductivity detector.  Both isochratic and gradient methods are available for Ion 
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Chromatographic analyses.  A typical chromatogram from an isochractic analysis is 

shown in Fig. 2.   

 

Any anions with a retention time similar to that of the main anions could interfere.  In 

the case of a prevailing anion-analysis column like IonPac AG14A+AS14A, for 

example, NO2
- ion peak just precedes Cl- peak, which appears before F- peak as 

described below.  

 

The ranges of measured anion concentrations in precipitation and recommended 

detection limits are given in Table 4. 

 

Table 4 Measured Anion Concentration in Precipitation and Recommended 

Minimum Detectable Amount (MDA) 

Anion Range (mol L-1) MDA (mol L-1) 

SO4
2- <1 – 200 1 

NO3
- <2 – 300 1 

Cl- <1 – 1000 1 

HCO3
- <50-1000 25 

NO2
- <0.2 – 10 0.2 

PO4
3- <0.1 – 3 0.1 

F - <1 – 30 1 

Br - <0.1 – 6 0.1 

 

 

Fig. 2 Typical chromatogram of anions 
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6.5.2 Apparatus and equipment 

 

a.  Ion chromatograph (example 1: DX500, example 2: ICS-2000) with an electric 

conductivity detector 

b.  Anion separator column (example 1: IonPac AG14A+AS14A or AG4A-SC + 

AS4A-SC, example 2: IonPac AG17 + AS17) 

c.  Anion suppressor (example 1: ASRS-II, example 2: ASRS-300) 

d.  An integrator is recommended to process the chromatograms. 

 

6.5.3 Reagent solutions and consumable materials  

 

Calibration procedures for instruments are addressed with two examples. 

 

Example 1 

 

a. Concentrated eluent, 0.40 M-Na2CO3/0.17 M-NaHCO3 - dissolve 42.4 g Na2CO3 

and 14.3 g NaHCO3 in 1 liters of pure water.  Concentrated eluent should be 

kept in refrigerator until half year after divided to the each 10 mL into the test 

tube (air tight condition). 

b. Working eluent 4.0 mM-Na2CO3/ 1.7 mM-NaHCO3 - dilute 40 mL of 

concentrated eluent (4 test tubes) to 4 liters with pure water. 

c. When the chemical suppressor is used, the following solution is used.  In the 

case of recycle mode, eluent is used.  And in case of eternal mode, pure water is 

used.  Eternal mode is better because the lifetime of suppressor is long. 

Regenerant, 50 mM-H2SO4 - dilute previously prepared 5M-H2SO4 accordingly. 

d. Concentrated mixed stock standard solutions are prepared from a 1000 mg L-1 of 

each chemical species. (commercially available, otherwise prepare from mixed 

reagents of high purity) -e.g., SO4
2-& Cl-: 200 mg L-1, NO3

-: 100 mg L-1, F- : 

50mg L-1 

e. High concentrated standard solutions are prepared from the concentrated mixed 

stock standard solution by diluting 2, 5, 10 times with pure water (e.g., 100 mg 

L-1, 50 mg L-1, 20 mg L-1- SO4
2-). 

f. Working standard solutions are prepared from each high concentration standard 

solution by diluting 10 and 100 times with pure water (e.g.,.10 mg L-1, 5 mg L-1, 

2 mg L-1, 1 mg L-1, 0.5 mg L-1, 0.2 mg L-1-Na+).  Normally used 5 standard 

solution (e.g., 10 mg L-1, 5 mg L-1, 2 mg L-1, 1 mg L-1, 0.5 mg L-1-SO4
2-).  
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Lowest concentration standard solution can be used for the test of precision (e.g., 

LWL calculation, and so on). 

g. By a series of analyses of the calibration standards mentioned above, produce a 

calibration curve on the milligram per liter concentration scale, mg L-1.  One 

should note that the calibration is made to four significant figures throughout the 

analysis.  The numerical values thus obtained for ionic concentrations should be 

finally converted to those on the micromole per liter, μmol L-1, to three 

significant figures by rounding the four significant figures in the mass units. 

 

Note) 

Since commercially available standard solutions have gravimetrical unit, it is 

convenience that standard solution series is prepared having gravimetrical unit. 

Conversion from gravimetric unit to molar one should be made at the final stage of 

concentration determination.  Detailed procedure for data reporting should be followed 

the description in Chapter 8. 

 

Example 2 

 

a. Concentrated eluent is supplied from “Eluent generator system” with KOH 

cartridge. 

b. Working eluent started from 5.0 mM-KOH.  Eluent concentration is increased 

to 70 mM-KOH for 17 minutes by gradient system (flow rate: 1.0 mL min-1).  

The exponentially gradient rate is better than the linearly rate because the peaks 

of SO4
2-, NO3

-, Cl-
 and other anion (F-, NO2

-, PO4
3- and so on）can be easily 

divided. 

c. Pure water should be use as the regenerate because the concentration of eluent is 

high.  Voltage of suppressor is approx. 150 mv. 

d. d., e., f., and g. are same as Example 1. 

 

6.5.4 Measurement procedure 

 

Example 1 

 

(1) Preparation 

 

The containers for the eluent and stock eluent solutions should be emptied at first.  The 
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eluent should be freshly prepared from guaranteed quality of reagents.  Fresh dilution 

of a stock eluent solution could be acceptable if the stock solution has been kept sealed 

and refrigerated throughout the storage period since its original preparation.  Otherwise, 

the lot of the stock solution can not be confirmed to be free from contamination.  If the 

stock solution was conserved in a 10 mL test tube, prepare a 2000-mL measuring flask 

with some 1600 mL pure water in, and put the stock eluent aliquot into the measuring 

flask and make it 2000 mL with pure water.  The aliquot in the test tube should be 

transferred to the measuring flask by rinsing out the remaining eluent with pure water at 

least three times. 

 

The bubble is easily generated when carbonate and/or bicarbonate eluent concentration 

is high.  This is often causes of unstable baseline. In this case, the degassing of eluent 

using helium gas can be used.  This flow rate is small, e.g., 100 mL min-1.   

 

Firstly, it required the purge of eluent by pump in 5 minutes.  However, the last purge 

of eluent should be carried out by manual using plastic syringe.   

 

The electric voltage of suppressor should be higher according the concentration of 

eluent.  However, high voltage can not be recommended because of the point of view 

of lifetime of suppressor.  Should be selected suitable voltage according the manual of 

IC devices. In the case of 4.0 mM-Na2CO3/ 1.7 mM-NaHCO3 eluent, the endorsed 

voltage is approx. 100 mv.  After that, the baseline should be monitored in few hours.  

After stable baseline, pure water should be injected least 3 times and check those 

chromatograms for confirm of the devise condition.  

 

If an automatic sampler is installed, the tubing system and the needle should be 

confirmed to be free from contamination when the rinsing water is supplied or its 

remaining portion is pumped out.  The confirmation is easily obtained by measuring 

electric conductivity of pure water in a small beaker. 

 

(2) Making calibration curve and sample analysis  

 

a. Inject standard solutions through the loop injector (50 or 100 μL) and start 

analysis.  It is preferable that calibration curve will be constructed from at least 5 

working standard solutions.  Pure water should be also analyzed in the same 

manner as the standards to check the system blank. 
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b. When the auto sampler is available, the vial should be washed by excess amounts 

of sample.  When the syringe injection system is used, syringe should be also 

washed by excess amounts of sample.  

c. Turn on the auto sampler switch to start analyzing samples.  The injection should 

start from the highest concentration standard, followed by standards with 

decreasing concentrations to prevent erroneous high values for the first sample 

injected after the calibration series.  In the case that there is little affect on 

sample analysis, for example, if injecting pure water between the standard series 

and the first subsequent samples injection, injecting standard solution from lower 

to higher concentration could be acceptable. 

d. Inject precipitation sample solution in the same manner as standard solutions. 

e. If necessary, the system is checked by analyzing standard solutions of the high 

level concentration at least once a day.  When a sample concentration is higher 

than that of the standard solution, the sample should be measured again after 

appropriate dilution.  

f. In the case of the change of sample series (different site, rain or fog, and so on), or 

the case of just after high concentration samples，pure water should be analysis for 

checking and washing the flow path before next sample analysis.  High 

concentration samples can be identified by electric conductivity. 

 

Example 2 

 

(1) Preparation 

 

The eluent is prepared with the KOH-cartridge and pure water.  The eluent container 

should be filled with freshly prepared pure water.  Too much pure water should not be 

allowed to flow inside the column because the pure water will keep the ions in the 

column.  Pure water is also applied to the removing water in a 4-liter container. In this 

case, the remaining rinsing water for the automatic sampler is permitted to utilize.  The 

rinsing water is also removed by purging purified air. 

 

Firstly, it required the purge of eluent by pump in 5 minutes.  However, the last purge 

of eluent should be carried out by manual using plastic syringe.   

 

The electric voltage of suppressor should be higher according the concentration of 

eluent.  However, high voltage can not be recommended because of the point of view 
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of lifetime of suppressor.  Should be selected suitable voltage according the manual of 

IC devices.  In the case of 4.0 mM-Na2CO3/ 1.7 mM-NaHCO3 eluent, the endorsed 

voltage is approx. 100 mv.  After that, the baseline should be monitored in few hours.  

After stable baseline, pure water should be injected at least 3 times and check those 

chromatograms for confirming the devise condition. 

 

If an auto sampler is installed, the tubing system and the needle should be confirmed to 

be free from contamination when the rinsing water is supplied or its remaining portion 

is pumped out.  The confirmation is easily obtained by measuring electric conductivity 

of pure water in a small beaker. 

 

(2) Making calibration curve and sample analysis  

 

Same as Example 1. 

 

6.5.5 Calculation 

 

Software of IC can be used.  However, signal value (e.g., peak area) should be 

confirmed in all data.  If possible, the calculation of concentration should be also 

carried out by calculation software (e.g., Excell).  This procedure is effective to find 

some errors, misconception of peak, and correction of baseline.  In addition, data file 

should be named using the date like “anion091002” (anion data, 2nd October 2009) 

because of the convenience of search. 

 

Calibration curve should be made using the signal of standard solution series before and 

after every 30 samples.  The calibration curve should be refer linier fitting or quadratic 

fitting.  When the signal of pure water is high, IC maintenance (including check of 

contamination in sampling needle and injection valve) and reanalyses of samples should 

be carried out.  

 

1) Correction of the baseline 

 

The start and end points of the baseline are determined for all reference peaks.  When 

two peaks are connected, 2 types of baseline should be selected, (a) a common baseline 

is applied to two peaks, (b) the small peak is recognized as shoulder or rider peak (see 

Fig. 3). 
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Fig. 3 Examples of baseline correction on Ion Chromatography 

 

Other operations should be referred to the attached manual of the instrument.  When a 

filter is applied to the syringe, the blank for pure water should be subtracted. . 

 

6.5.6 Quality control 

 

Quality of measured anion concentration can be controlled by the ion balance and 

conductivity balance check by using all mandatory ions concentrations.  Periodic 

measurement of SRM, participation to Inter-laboratory comparison project, and 

duplicate analysis are also effective for controlling data quality of anion concentration. 

Detailed procedure is described in Chapter 7. 

 

About outlier data, chemical re-analysis should be carried out.  When the result of 

re-analysis also ranged outlier, this cause should be discussed and reported.   

 

The major cause is as following: 

(a) Unmeasured peak (organic acid and so on) 

 

(a) (b) 
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(b) Hydrogen carbonate ion (High pH, high concentration of Ca2+) 

(c) Low accuracy (Electric conductivity <0.2mS m-1) 

(d) Un known 

 

In the case of (a) and (b), components should be analysis by the method described the 

following section. 

 

Variation of the retention time of peak is affected by the variation of eluent 

concentration or the life time of analysis column of IC.  Furthermore, the signal value 

(peak area) of standard solution is affected by the contamination from the flow path and 

so on.  Therefore, the retention time and the signal value of standard solution should be 

confirmed compare with previous result.   

 

In the case of anion, the adsorption of components (decreasing peak area) can be 

occurred easily in sampling needle, tube or injection valve and so on.  

 

6.6 Hydrogen Carbonate determination method  

 

6.6.1 Background 

 

These high pH samples are often characterized by high concentration of Ca2+ and poor 

ion balance calculated from major ion concentrations as well as high pH.  In some 

cases, the poor ion balances could be successfully improved by addition of hydrogen 

carbonate, HCO3
-, additionally determined in the ion balance evaluation.   

 

In order to improve the unacceptable ion balance, hydrogen carbonate was evaluated.  

First, the concentration was estimated on the basis of the equilibrium between 

atmospheric CO2 and dissolved hydrogen carbonate using the following equation: 

[HCO3
-] (neq mL-1) = 1.224×10(pH-5.35) (JME, 2001; EANET, 2000a).  However, the 

estimated concentration of hydrogen carbonate was smaller than the imbalance 

(Noguchi and Hara, 2004).  Therefore, the measurement method of HCO3
- ion is 

described in this section. 

 

Whereas some methods, including gradient ion chromatography, potassium chloride 

titration, combustion-infrared absorption photometry, and HPLC equipped with a 

specially developed separation column, are applicable to the hydrogen carbonate 



44 
 

determination, this manual selects the alkalinity due to its advantage in EANET.  The 

alkalinity method is already utilized in inland aquatic monitoring, therefore, almost 

laboratories have the devises for measurement and operation procedure is well known.  

Gradient ion chromatography methods is also acceptable as optional.  Gradient ion 

chromatography method is suitable not only for minor anion but also for major anion 

determination.  

 

6.6.2 Apparatus and equipment 

 

(1) Alkalinity method 

 

a. Hydrogen carbonate was determined using the titration method of 4.8 

alkalinity measurement technique (the alkalinity method: titration until pH 

4.8 by sulfuric acid), which is commonly applied to water quality studies 

(EANET, 2000b).  A volume of more than 30mL of a sample was available 

for analysis after routine determinations.  The sample was titrated with a 

sulfuric acid (0.005 mol L-1) aqueous solution.  The concentration of 

HCO3
- was calculated with the equation: [HCO3

-] = f*a/V+[H+]-15.85(V + 

a)/V, where [HCO3
-], hydrogen carbonate ion concentration (nmol mL-1); f, 

the concentration of the added sulfuric acid (nmol mL-1); a, the volume of 

the added sulfuric acid (mL); V, the sample volume (mL); [H+], the initial 

hydrogen ion concentration (nmol mL-1) (Noguchi and Hara, 2004). 

b. pH meter (See Section 6.4). 

c. Titrator or Titration devices (Magnetic stirrer, Burette 10mL, with precision 

lower 0.05mL). 

 

(2) Gradient ion chromatography method 

 

Gradient ion chromatography method needs special equipment (e.g., ICS-2000，

Eluent generator system).   

a. Gradient ion chromatograph (e.g., ICS-2000) with an electric conductivity 

detector. 

b. Anion separator column (e.g., IonPac AG17 + AS17) 

c. Anion suppressor column (e.g., ASRS-2) 

d. An integrator is recommended to process the chromatograms. 
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6.6.3 Reagent solutions and consumable materials 

 

(1) Alkalinity method 

a. Stock solution, 0.01 M-Sulfuric acid (commercially available is preferred, 

else prepare from concentrated solution with appropriate grade of purity)  

b. Titration solution, 0.002-0.005 M-Sulfuric acid –dilute the stock solution as 

appropriate. 

c. Standard solution, 0.01 M-Na2CO3, Sulfuric acid (0.005 mol L-1) aqueous 

solution. 

 

(2) Gradient ion chromatography method 

 

The standard solution is NaHCO3 solution.  However, air free condition is 

required. In addition, using pure water is required as fresh. Furthermore, blank 

check is required.  

 

6.6.4 Measurement procedure 

  

(1) Alkalinity method 

 

a. Prepare 50mL beaker, pH6.86 and pH4.01 standard buffer solution, sulfuric 

acid (0.005 mol L-1) aqueous solution, and titration devices. 

b. Calibrate the pH meter by buffer solutions with a pH of 4.01 and 6.86. 

c. Fill the burette with the titration solution. 

d. Place an appropriate volume of sample (20-50 mL) in a clean glass vessel to 

cover the sensing elements of the electrode. 

e. Rinse an electrode with pure water and wipe drops off electrode with filter 

paper.  Immerse it in the sample vessel and gently swirl by magnetic stirrer. 

f. Allow the electrode to equilibrate and measure the pH until constant value is 

obtained.  Record the pH value. 

g. Titrate the sample with titration solution to the end-point of pH 4.8. In the last 

moment, near to the pH 5.5, the titration solution should be added carefully 

drop by drop.  While the titration is going on, the sample should be swirled by 

magnetic stirrer.  Record the volume of added titration solution. In order to 

have a precise volume of the added titration solution, the following procedure 

should be taken: 
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h. Titrate every 0.1 mL of the sulfuric acid (0.005 mol L-1) aqueous solution and 

stir, and measured pH. 

i. Record of titrated volume of the sulfuric acid (0.005 mol L-1) aqueous solution 

and pH vales just over pH4.8. 

- Titrated volume of the sulfuric acid: a1mL 

- pH vales just over pH4.8: pH1 

j. Record of titrated volume of the sulfuric acid (0.005 mol L-1) aqueous solution 

and pH vales just under pH4.8. 

- Titrated volume of the sulfuric acid: a2mL 

- pH vales just under pH4.8: pH2 

 

(2) Gradient ion chromatography method 

 

See Section 6.5.4, Example2. 

Please check bicarbonate remove devices. If it used, remove it from IC.  

 

6.6.5  Calculation 

 

(1) Alkalinity method 

 

When H1 = 10(6-pH1) and H2 = 10 (6-pH2), 

 

a = a1+(a2-a1)/(H2-H1)×(15.85-H1) 

 

[HCO3
-] = f*a/V+[H+]-15.85(V + a)/V  

 

where [HCO3
-]: hydrogen carbonate ion concentration (mol L-1) 

f: the concentration of the added sulfuric acid (mol L-1);  

a: the volume of the added sulfuric acid (mL);  

V: the sample volume (mL);  

[H+]: the initial hydrogen ion concentration (mol L-1) 

 

(2) Gradient ion chromatography method 

 

See Section 6.5.5, Example2. 
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6.6.6 Quality control 

 

Normally, high concentration of HCO3
- in outlier sample of R1 is derived from CaCO3 

like soil dust.  In the case of precipitation sample affected by Asian dust in Japan, the 

concentration of HCO3
- is approx. 80% of Ca2+ concentration (Noguchi and Hara, 2004).  

Thus, HCO3
- concentration is smaller than Ca2+ concentration normally, though other 

ions have to be considered according to the composition of precipitation components.   

 

6.7 Fluoride determination method 

 

6.7.1 Background 

 

Fluoride species is emitted into the atmosphere from some sources including various 

manufacturing facilities dealing with fluoride compounds for alumina-electrolysis, 

fluorine-apatite processing, fluorine-compound glazing facilities.  If this kind of source 

is located in the vicinity of monitoring station, the collected sample would be affected 

by hydrogen fluoride, HF, from the sources mentioned above, which requires analysis of 

fluoride ion, F- to evaluate the contribution of HF to the acidity.  If the anions are 

measured with ion chromatography, this ion is also detected in the same chromatogram 

and determined in the same manner as the other anions of interest.  A typical 

chromatogram from an isochractic analysis is shown in Fig. 2.  

  

6.7.2 Apparatus and equipment 

 

See Section 6.5.2. 

 

The difficulty of chromatographic determination of the F- species may arise when the F- 

peak is so close to that of Cl- as to interfere the determination and that organic-ion peaks 

so distort a F- peak to prevent proper analysis of the F-.  This would be solved by a 

gradient system by using an eluent generator for the ion chromatography. 

 

6.7.3 Reagent solutions and consumable materials 

 

See Section 6.5.3. 
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In some cases, applications of an eluent of a lowered concentration level and a 

decreased flow rate could enable the separation of the F- peak from interfering peaks.  

One should note that SO4
2- and PO4

3- ions would be trapped in the analytical column if 

the concentration level of the eluent is too low to elute these ions.  These ions will be 

removed from the column by switching to a usual eluent employed in the analysis of the 

major ions.  The standard solution of F- is to be prepared as a standard solution of 

major anions because the ion does not affect analysis of the other ions.  

 

6.7.4 Measurement procedure  

 

See Section 6.5.4. 

 

6.7.5 Calculation 

 

See Section 6.5.5. 

 

6.7.6 Quality control 

 

See Section 6.5.6. 

 

Fluoride is sometimes difficult to determine because the fluoride peak appears shortly 

after the water dip.  This species is significantly detected in the chromatogram 

frequently when the sample contains some seawater or sea salt which is associated with 

fluoride.  Usually, however, the fluoride concentration is not so high as to influence the 

ion balance in terms of R1. 
 

6.8 Bromide determination method 

 

6.8.1 Background 

 

Little bromine is extracted from seawater, which contains only about 64.6 mg/kg.  

Much of the bromine output was used in the production of ethylene dibromide, a lead 

scavenger used in making gasoline antiknock compounds.  Lead in gasoline, however, 

has been drastically reduced, due to environmental considerations.  Bromine is also 

used in making fumigants, flameproofing agents, water purification compounds, dyes, 

medicinal, sanitizers, inorganic bromides for photography, etc.  If those sources were 
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identified in the vicinity of monitoring site, bromide would be measured for collected 

samples. 

 

6.8.2 Apparatus and equipment 

 

See Section 6.5.2 

 

6.8.3 Reagent solutions and consumables materials 

 

See Section 6.5.3 

 

In some cases described also in 6.7.3, application of an eluent of a lower concentration 

level and a decreased flow rate could enable the separation of the Br- peak from 

interfering peaks. 

 

6.8.4 Measurement procedure 

 

See Section 6.5.4 

 

6.8.5 Calculation 

 

See Section 6.5.5 

 

6.8.6 Quality control 

 

See Section 6.5.6 

 

6.9 Nitrite determination method 

 

6.9.1 Background  

 

Nitrite is not included so much in precipitation sample under aerobic condition. 

However, nitrite may elute by microbe activity during conservation term when 

precipitation sample include much organic components (organic nitrogen and so on).   

Furthermore, nitrite may be caught up under the winter high air concentration of HONO 
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and high air concentration of NO2.  A typical chromatogram from an isochractic 

analysis is shown in Fig. 2. 

 

Measurement of NO2
- can be used IC method directly in the same manner as major 

anion measurement.  

 

6.9.2 Apparatus and equipment 

 

See Section 6.5.2. 

 

The difficulty of chromatographic determination of the NO2
- species may arise when the 

NO2
- peak is so close to that of Cl- as to interfere the determination.  This would be 

solved by a gradient system by using an eluent generator for the ion chromatography. 

 

6.9.3 Reagent solutions and consumable materials 

 

See Section 6.5.3. 

 

In some cases described also in 6.7.3, applications of an eluent of a lowered 

concentration level and a decreased flow rate could enable the separation of the NO2
- 

peak from interfering peaks.  One should note that SO4
2- and PO4

3- ions would be 

trapped in the analytical column if the concentration level of the eluent is too low to 

elute these ions.  These ions will be removed from the column by switching to a usual 

eluent employed in the analysis of the major ions.  The standard solution series of 

NO2
- is to be prepared individually because NO2

- may be change to NO3
-.  Thus, 

nitrate ion concentration should be checked in the standard solution series of NO2
- 

because of the checking of convert to NO3
-.    

 

6.9.4 Measurement procedure  

 

See Section 6.5.4. 

 

6.9.5 Calculation 

 

See Section 6.5.5. 
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6.9.6 Quality control 

 

See Section 6.5.6. 

 

6.10 Phosphate determination method 

 

6.10.1 Background 

 

Phosphate is not included so much in precipitation sample normally.  However, 

phosphate may elute when precipitation sample include bird dropping and so on.  

Measurement of PO4
3- can be used IC method directly in the same manner as major 

anion measurement.  A typical chromatogram from an isochractic analysis is shown in 

Fig. 2. 

 

6.10.2 Apparatus and equipment 

 

See Section 6.5.2. 

 

6.10.3 Reagent solutions and consumable materials 

 

See Section 6.5.3. 

 

In some cases described also in 6.5.3, applications of an eluent of a lowered 

concentration level and a decreased flow rate could enable the separation of the PO4
3- 

peak from interfering peaks.  

 

Phosphate should not be co-existed with nitrogen components because both are nutrient.  

In same case, the decreasing of NO3
- peaks is found under the co-existence with 

phosphate in standard solution series.  Therefore, the standard solution series of PO4
3- 

is to be prepared individually.    

 

6.10.4 Measurement procedure  

 

See Section 6.5.4. 

 

6.10.5 Calculation 
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See Section 6.5.5. 

 

6.10.6 Quality control 

 

See Section 6.5.6. 

 

6.11 Organic acids determination method 

 

6.11.1 Background 

 

Acid rain is an acknowledged environmental concern.  Due to the complex nature of 

this issue, it is important that both natural as well as anthropogenic contributions to 

precipitation acidity be examined.  According to the Annual Report of the National 

Acid Precipitation Assessment Program (1983), organic acids can play an important role 

in determining the free acidity of rainwater.  Research by Keene and Galloway (1984) 

has shown that organic acids contributed 16% of the volume weighted free acidity in 

samples from central Virginia.  In addition, they hypothesized that up to 35% of the 

free acidity in samples from the National Atmospheric Deposition Program (NADP) 

was attributable to organic acids. 

 

Ion chromatography has been widely used in recent years to analyze organic acids in 

food as well as in precipitation.  The target organic acids that should be given 

emphasis are formate, acetate, proprionate and pyruvate. This is according to the major 

organic ions common to wet deposition samples.  Organic anions in precipitation 

samples are separate on an ion exchange column because of their different affinities for 

the exchange material.  After separation, the anions pass through a strong acid cation 

exchange column (suppressor column) which exchanges all cations for H+ ions or 

electric suppressor.  Organic anions are detected as acids by electric conductivity 

detector.  The ion chromatograph is calibrated with standard solutions containing 

known concentrations of the anions of interest.  Calibration curves are constructed 

from which the concentration of each analyte in the unknown sample is determined. 

 

Five calibration solutions are needed to generate a suitable calibration curve.  The 

lowest calibration solution should contain the analyte(s) of interest at a concentration 

slightly greater than or equal to the method detection limit.  The highest solution 
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should approach the expected upper limit of concentration of the analyte in wet 

deposition.  Prepare the remaining solutions such that they are evenly distributed 

throughout the concentration range.  Prepare all calibration standards by diluting the 

stock standards of 1000 mg L-1 which is commercially available.  Use glass or plastic 

pipettes that are within the bias and precision tolerances specified by the manufacturer.   

For organic acid analysis, it is recommended to prepare standards with 0.10 mg L-1 or 

less of each organic acid fresh every day and store at room temperature in high density 

polyethylene or polypropylene containers.  

 

Tropical precipitation features various organic ions.  If organic ions are not included in 

the analytical suite, the ion balance may not meet the ion balance criteria.  A 

conventional ion chromatograph applies to the analysis of organic ions as well as 

common inorganic ions only with a gradient system for sufficient ion resolutions.  

 

6.11.2 Apparatus and equipment 

 

a. Ion chromatograph (e.g., DIONEX ICS 3000) with a electric conductivity 

detector 

b. Anion separator column (e.g., AS 17-C 4x250 mm Analytical, AG 17-C 4x50 

mm Guard) 

c. Anion suppressor (e.g., As RS – ULTRA II – 4 mm (ASRS 300 4 mm)) 

d. Auto Sampler 

 

6.11.3  Analytical condition 

 

a. Mobile Phase: Eluent Cartridge Potassium Hydroxide, Pure Water 

b. Flow Rate: 1.5 mL/min 

c. Sample loop: 50 µL 

d. Mobile Phase Run Sample at 1 mM 

e. Trap Column: ATC-HC 9x75 mm 

f. Anion Trap Column: CR-ATC Continuously Regenerated 

 

6.11.4 Reagent solutions and consumable materials 

 

a. Concentrated eluent, KOH cartridge generated by “Eluent generator system”. 
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b. Eluent concentration is increased from 1.0 mM-KOH to 60 mM-KOH with flow 

rate 1.5 mL/min (e.g., 1-8 min.: 1.0 mM, 8-28 min: 1-30 mM, 28-38 min: 30-60 

mM, 45-50 min: 60-1.0mM). 

c. Pure water should be employed for the regenerant in consideration of a high 

level of the concentration of the eluent.  Electric current applied to the 

suppressor is usually some 200-300 mA. 

d. Concentrated mixed stock standard solutions are prepared from a 1000 mg L-1 of 

each chemical species. (commercially available, otherwise prepare from mixed 

reagents of high purity) 

e. High concentrated standard solutions are prepared from the concentrated mixed 

stock standard solution by diluting with pure water. 

f. Working standard solutions are prepared from each high concentration standard 

solution by diluting with pure water. Normally used 5 standard solution.  

Lowest concentration standard solution can be used for the test of precision (e.g., 

LWL calculation, and so on). 

g. High concentration standards should be determined once a day if necessary.  

When the concentration level is significantly higher than samples, the standard is 

analyzed one more time after being diluted. 

h. If a set of analysis runs for a specific sample, pure water should be injected as a 

blank before the first injection of another sample or after injecting high 

concentration samples.  Concentration levels are easily estimated with electric 

conductivity measurements. 

i. When a sample aliquot is to be transferred to a vessel, the vessel should be 

rinsed in advance with the solution to be measured.  A specific vessel is used 

repeatedly for a standard solution only on the day. 

 

6.11.5 Measurement procedure 

 

See Section 6.5.4. Example2. 

 

6.11.6 Calculation 

 

See Section 6.5.5.  

 

6.11.7 Quality control 
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See Section 6.5.6. 

 

Isocratic method is also recommended for the organic-acid analysis.  One should note 

that the gradient method is strongly recommended for the analysis only if it is available 

and organic acids are not necessarily determined in a single chromatographic run even 

when the gradient elution is applied to the ion chromatography. 

 

6.12 Cation determination by ion chromatography 

 

6.12.1 Background  

 

Besides anion analyses, ion chromatography has also been widely used in recent years 

to analyze cations in precipitation.  The principle is the same as that of anion 

determination except that different column materials and different suppressor column 

are used.  The material commonly used for cation separation is a cation exchange resin 

with active surface.   

 

Sodium, ammonium, potassium, calcium and magnesium ions are detected by a electric 

conductivity detector, without changing the eluent when certain columns (example 1: 

CG14 + CS14 with CSRS-II recycle suppressor, example 2: CG16 + CS16 with 

CSRS-300 recycle suppressor) are used.   

 

Any cations with a retention time similar to that of the main cations could interfere.  

For example, in samples with high concentration of Na+, the peak of NH4
+ becomes 

asymmetrical and often causes a significant error.  In this case, measurement using 

more dilute eluent could improve the separation of peaks, or gradient methods may be 

used. 

 

A typical chromatogram from an isochractic analysis is shown in Fig. 4. 

 

The ranges of measured cation concentrations in precipitation and recommended 

detection limits are given in Table 5. 

 

Table 5 Measured Cation Concentration in Precipitation and Recommended Minimum 

Detectable Amount (MDA) 

Cation Range (mol L-1) MDA (mol L-1) 
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Na+ <2 – 900 1 

NH4
+ <3 – 1000 1 

 K+ <1 – 100 0.3 

Ca2+ <0.5 – 300 0.2 

Mg2+ <1 -  200 0.4 

 

 

Fig.4 Typical chromatogram of cations 

 

6.12.2 Apparatus and equipment 

 

a.  Ion chromatograph (example 1: DX-500, example 2: ICS-2000) with a electric 

conductivity detector 

b.  Cation separator column (example 1: CG14 + CS14, example 2: CG16 + CS16) 

c.  An integrator is recommended to process the chromatograms. 

 

6.12.3 Reagent solutions and consumable materials 

 

Example 1 

 

a.  Commercially available concentrated eluent (methane sulfonate: 2M-CH3SO3H) 

should be segmented into a set of 10 mL-aliquots sealed in a test tube and 

refrigerated up to six month before use.  Each aliquot is for a single use for the 

period while the other aliquots will continue to be in the initial condition without 

any deterioration.  One should not apply any concentrated eluent kept in room 

temperature or under daylight condition.  Such eluent would have been 
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contaminated, degraded, or concentrated during the store.  

b.  Working eluent 10mM- CH3SO3H - dilute 20 mL of concentrated Eluent (2 test 

tubes) to 4 liters with pure water. 

c.  Two different modes are available: eluent and pure water is applied for the 

recycle and eternal modes, respectively, where a suppressor will last longer in 

the case of eternal mode as is suggested by the name. 

d.  Concentrated mixed stock standard solutions are prepared from a 1000 mg L-1 of 

each chemical species. (often commercially available, otherwise prepare from 

mixed reagents of high purity) -e.g., Na+: 200 mg L-1, NH4
+&Ca2+: 100 mg L-1, 

K+&Mg2+: 50 mg L-1 

e.  High concentrated standard solutions are prepared from the concentrated mixed 

stock standard solution by diluting 2, 4, 10 times of mixed stock solution with 

pure water (e.g., 100 mg L-1, 40 mg L-1, 20 mg L-1-Na+). 

f.  Working standard solutions are prepared from each high concentration standard 

solution by diluting 10 and 100 times with pure water (e.g., 10 mg L-1, 4 mg L-1, 

2 mg L-1, 1 mg L-1, 0.4 mg L-1, 0.2 mg L-1-Na+).  Normally used 5 standard 

solution (e.g., 10 mg L-1, 4 mg L-1, 2 mg L-1, 1 mg L-1, 0.4 mg L-1-Na+).  

Lowest concentration standard solution can be used for the test of precision (e.g., 

LWL calculation, and so on). 

 

Example 2 

 

a.  Concentrated eluent, CH3SO3H cartridge generated by “Eluent generator 

system”. 

b.  In the case of regeneration, the working concentration of CH3SO3H starts from 

10 mM, and the concentration should be linearly increased up to 40 mM in 25 

minutes.  

c.  For the regeneration of the eluent, the eternal mode is strongly recommended 

because of a longer life of the suppressor. Voltage of suppressor is approximately 

100mv. 

d.  d., e., and f. are same as example l. 

 

6.12.4 Measurement procedure 

 

Example 1 
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(1) Preparation 

 

First, the eluent tanks should be drained and rinsed with pure water.  The eluent is 

either prepared with reagents for analytical use or by dilution of the concentrated eluent 

as mentioned in 6.11.3 (Reagent solution and consumable materials Example 1).  In 

the case of the concentrated eluent, transfer the eluent in the test tube to pure water 

filling some 80% of a 200 mL-graduated flask, rinse the test tube with pure water more 

than two times to add to the pure water in the graduated flask, and fill the flask with 

pure water to the mark.  

 

Apply an appropriate voltage to the suppressor as directed by the manual of your 

instrument where some 50 mV is usually applied for CH3SO3H.  The applied voltage 

will increase with the eluent concentration whereas the higher voltage would deteriorate 

the suppressor the more.  After the baseline is well stabilized, confirm the stability by 

complete returns after repeated injections of pure water.  

 

Confirm if the tubing system and the needle are free from contamination when 

supplying the rinsing water to the automatic sampling unit and that the pumping is 

started.  The contamination will be detected by measuring electric conductivity of the 

rinsing water.  

 

(2) Calibration curve  

 

a.  Inject standard solutions through the loop injector (50 or 100 μL) and start 

analysis.  It is preferable that calibration curve will be constructed from at least 5 

working standard solutions 

b.  Turn on the auto sampler switch to start analyzing samples.  The injection should 

start from the highest concentration standard, followed by standards with 

decreasing concentrations to prevent erroneous high values for the first sample 

injected after the calibration series. In the case that there is little affect on sample 

analysis, for example, if injecting pure water between the standard series and the 

first subsequent samples injection, injecting standard solution from lower to 

higher concentration could be acceptable. 

c.  Inject precipitation sample solution in the same manner as standard solutions. 

d.  Arrange standard solutions every thirty samples in the automatic sampling unit. 

Also arrange a pure-water sample as a blank in the unit.  Prepare a calibration 
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curve with standard solutions covering the full concentration range of the 

automatically injected samples.  

e.  Turn on the auto sampler to start analyzing samples. 

f.  Apply the high concentration-level standard on the day when the sample 

concentration is expected to be high enough to utilize the standard.  If a sample 

concentration exceeds the high level standard, dilute the sample to repeat the 

analysis with care. 

 

Example 2 

 

(1) Preparation 

 

Prepare the eluent with methanesulfonic acid, CH3SO3H, and pure water.  Apply the 

freshly prepared pure water to the eluent container.  Do not allow the pure water to 

flow through the column for so long a time because the ions to be eluted would be 

trapped in the column.  Pure water is applied also to the regenerant container where 

remaining rinsing water for the automatic sampling unit is allowed for this use. 

Regenerant is also purged with pressed air. 

 

(2) Making calibration curve and sample analysis 

 

Same as example l. 

 

6.12.5 Calculation 

 

The concentration will be automatically provided when the analytical software is 

available to the instrument.  However, alternative calculation should be also carried out 

based on the signal output.  Some spreadsheet software will be useful for such an 

application so that peak identifications and baseline calibrations could be decided.  The 

file name of the analytical datasets is recommended to include the date of the analysis, 

like “100923” meaning 23 September 2010, for easy accesses to the right files. 

 

On the bases of the responses to the standard solutions inserted to every thirty samples 

and to pure water blanks, prepare a calibration curve with least-mean square method for 

first or second order regression.  Calculate the sample concentrations with the 

calibration.  When one sample blank is significantly high, subtract this quantity from 
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the calibrated value or reanalyze the sample blank with care after ensuring integrity of 

the injection and automatic sampling units. 

 

Calibration of the baseline 

a. Define the start and end points for all peaks of interest. 

b. Consult the operation manual the manufacturer provided. 

c. Subtract the pure water blank when a filter is applied. 

 

6.12.6 Quality control 

 

Quality of measured cation concentration can be controlled by the ion balance and 

conductivity balance check by using all mandatory ions concentrations.  Periodic 

measurement of SRM, participation to Inter-laboratory comparison project, and 

duplicate analysis are also effective for controlling data quality of cation concentration. 

Detailed procedure is described in Chapter 7. 

  

When R1, R2 or both do not meet the standard, these samples should be subjected to 

reanalysis and the new set of the measurements should be evaluated again with the 

previous results.  If the reanalysis does not solve the problem, most probable reason(s) 

is to be noted in an appropriate slot of the data format. Imbalance is frequently 

associated with the following factors: 

a. chromatographic interference suggested by additional peaks due to organic 

acids or unknown compounds 

b. significant contribution of unanalyzed HCO3
- ion suggested by low pH and a 

high concentration of Ca2+ 

c. very low accuracy and precision associated with low concentration levels of 

the sample with low electric conductivity, less than 0.2mS m-1. 

If some other reason(s) is recognized, the description should be provided with the slot.  

Otherwise, the slot is filled with “unknown”.   

 

It should be noted that the retention times of the ion chromatogram vary with a number 

of factors; 1) the concentration level of the eluent, 2) the aging of the analytical column, 

3) a contaminated series of the standard solution, 4) contaminated flow-line due to the 

memory of the previous sample or the accumulated contaminant accumulation. 

 

These issues suggest the laboratory chemists to evaluate the variations of retention 
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times, and the reproducibility of the standard series in order to detect potential problems 

of the analytical system as early as possible.  Experiences imply that the cation 

analysis system could frequently produce overestimated measurements attributable to 

accumulated contaminants on the inside of the flow line.   

 

The retention time varies with the eluent concentration and the degree of the column 

aging whereas the peak response of each ion in the standard solution is affected by the 

degradation of the standard solutions and the flow line.  In consideration of the facts, 

monitor the chromatographic system to confirm the sufficient stability of the analysis 

system by comparing the previous results in terms of retention times and the peak 

responses of the ionic species of different concentration levels in the standard series.  

 

It should be noted that chromatographic analysis of cations are sometimes associated 

with overestimations due to frequently occurring contamination of the flow path.  

 

6.13 Ammonium ion determination by spectrophotometry 

 

6.13.1 Background  

 
Determination of ammonium ion, NH4

+ is usually carried out with prevailing automated 

or manual spectrophotometry with phenolate. In the manual spectrophotometric analysis, 

a water bath which is regulated at 50oC is strongly recommended to set the system ready 

for the determination in a shortened time.  

 

The detection limit of NH4
+ with this method is 2 mol L-1 and the concentration range 

is 2-110 mol L-1.  This range can be extended to by sample dilution. The test tubes 

have to be closed throughout the analysis except when the reagents are added.  The 

analytical sample is easily contaminated with ammonia gas, NH3, since the laboratory 

atmosphere frequently contains at a non-negligible level.  All vessels to employ for the 

analytical procedures should be washed with pure water immediately before the practice, 

and rinsed with some portions of the very samples of interest.  This technique actually 

requires some experienced skills and practical training with a qualified chemist whereas 

higher quality measurements are expected.  

 

6.13.2 Apparatus and equipment 
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(1) Manual spectrophotometric method 

 

- Spectrophotometer with a 630 nm setting 

- Heating bath (50oC) 

- Glass test tubes with ground-in stoppers 

 

(2) Automated spectrophotometric method  

 

- Automated spectrophotometry (e.g., BL-TEC K.K. Autoanalyzer) 

 

6.13.3 Reagent solutions and consumable materials 

 
(1)  Manual spectrophotometric method 
 

a.  Stock standard solution 5.54 mmol L-1 - dissolve 0.2965 g NH4Cl (dried at 

105oC) in pure water and dilute to 1000 mL. 

b.  Alkaline phenol: 3.5 g of sodium hydroxide (NaOH) + 8.5 mL phenol + 0.04g 

sodium nitroprusside in 100 mL pure water; refrigerate the solution at 4 oC for 

a period not exceeding 1 week; prepare freshly on a weekly basis.  

c.  Sodium hypochlorite (NaClO) solution - dilute 250 mL of 5.25 % NaClO to 

500 mL with pure water 

d.  Buffer solution 

 

One should note that the color development is affected by the solution pH.  The buffer 

solution might affect measurements, and buffer solutions apply only if necessary. 

 

(2) Automated spectrophotometric method  

 

According the handling manual 

Example (e.g., BL-TEC K.K. Autoanalyzer) 

a. Stock standard solution (5.54 mmol L-1): dissolve 0.2965 g NH4Cl (dried at 

105 oC) in pure water and dilute to 1000 mL. 

b. Buffer solution: dissolve 18g CyDTA (C14H22N2O8 H2O) , 5g NaOH, and 5g 

Na2CO3 in pure water and dilute to 1000 mL by pure water while controlling 

the pH to 10; prepare fresh weekly. 

c. Sodium nitroprusside solution: dissolve 0.6g sodium nitroprusside in pure 

water and dilute to 1000 mL; prepare fresh weekly. 
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d. Mixed solution: mix buffer solution with sodium nitroprusside solution in the 

rate of 4 : 1 and add 1ml of 15% CH3(CH2)11OSO3Na solution to 100 mL of 

mixed solution; prepare fresh daily. 

e. Alkaline phenol solution: dissolve 47.5 g phenol and 19 g NaOH in pure 

water and dilute to 500 mL by pure water; prepare fresh weekly. 

f. NaClO solution: effective chlorine concentration is more than 1.5%; prepare 

fresh daily and store in a colored bottle. 

 

6.13.4 Measurement procedure 

 
(1)  Manual spectrophotometric method 
 

a. The spectrophotometer should be on for 30 minutes before the measurement   

operation 

b. Put the 5 mL of sample in the test tube. Add 15 mL of pure water, 0.5 mL of 

alkaline phenol solution, and 0.5 mL of sodium hypochlorite solution; close 

the test tube with the glass stopper.  In the case of low concentration-level 

samples, use the 20 mL sample for the analysis without adding pure water. 

c. Set the heating bath to 50 oC, leave the sample in the heating bath for 2 hours 

and measure the sample with the spectrophotometer at 630 nm 

d. Never fail to measure the blank solution. 

 

(2)  Automated spectrophotometric method  

 

a. Flow three kinds of solutions with different flow rates: Mixed solution; 0.641 

mL min-1, Alkaline phenol solution; 0.381 mL min-1, NaClO solution; 0.151 

mL min-1. 

b. Select a wavelength of 630 nm for the optical filter. 

c. Confirm the stabilized baseline. 

d. Inject an aliquot of standard solution of the highest concentration in the series 

and inject twice the blank pure water. 

e. Confirm the square-shaped peaks, no interference of the highest concentration 

standard with the proceeding pure water peak, and sufficient reproducibility 

(e.g., within 3%) of the two successive pure water peaks.  If the three 

requirements are not fulfilled, rinse the tubing system with care or replace 

tubing in order to satisfy all three conditions.  
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6.13.5 Calculation 

 

Whereas the systems offer highly sensitive analysis, the dynamic range is not so broad 

for the sensitivity, which requires dilution of high concentration samples.  A dilution 

line is provided with automated spectrophotometric instruments, divide the analytical 

samples into two groups, high and low concentration groups, before proceeding to the 

measurement operation.  

 
(1)  Manual spectrophotometric method（0.05-1.0 mg L-1） 
 

a.  Five calibration solutions, 0.2，0.4，0.6，0.8，1.0 mg L-1, and one zero standard 

(blank, normally pure water) are needed to generate a suitable calibration 

curve with the least-mean-square regression analysis.  

b.  Analyze the standard solutions before and after the samples.  When 

significantly more samples are to be measured than the average, analyze the 

highest concentration standard in between the samples to confirm the peak 

response is not very different from the other runs of the standard.  

c.  In the linear regression analysis of the standard series, some high 

concentration standards may deviate downward from a linear regression line, 

in which case appropriately dilute the high concentration to attain the linearity 

for further analysis.  

 

 (2)  Automated spectrophotometric method  

 

a.  a., b., and c. are same as (1) 

b.  In most cases, the calibration curve will be generated automatically with the 

software attached to the analytical system.  Even in this case, confirm that 

the peak outputs and linearity of the calibration solutions are all within the 

usual variations. 

 

6.13.6 Quality control  

 

Quality of measured ammonium ion concentration can be controlled by the ion balance 

and conductivity balance check by using all mandatory ions concentrations.  Periodic 

measurement of SRM, participation to Inter-laboratory comparison project, and 

duplicate analysis are also effective for controlling data quality of ammonium ion 
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concentration.  Detailed procedure is described in Chapter 7. 

 

In manual and automated spectrophotometric methods, no pretreatment is needed for 

precipitation samples in terms of interfering species and the sample pH.  If some 

precipitation occurs in samples, coagulation sedimentation treatment or steam 

distillation should be applied for the pretreatment of samples as needed.  

 

It should be noted that the absorbance reading could be smaller than really is when the 

addition of NaClO is delayed or the available chlorine amount is insufficient.  The 

details of the NaClO techniques, particularly in terms of the absorbance, should have 

been investigated for some standard solutions. 

 

6.14 Metal determination by atomic absorption/emission spectrometry 

 

6.14.1 Background  

 

Atomic absorption spectrometry is a simple and rapid procedure that can be used to 

determine Na+, K+, Ca2+ and Mg2+ in precipitation.  Detection limits, sensitivity, and 

optimum range vary depending on the manufacturer and the atomic absorption 

spectrophotometer model. 

  

The low concentration of Na+, K+, Ca2+ and Mg2+ in precipitation requires using very 

sensitive procedures (see Table 6).  In flame atomic absorption spectrometry these 

metals are atomized directly in a flame.  A light beam from a lamp, whose cathode 

contains a specific metal, first passes through the flame containing the atomized sample 

and then enters a monochromator whose detector measures the current caused by the 

absorption of light.  Since the wavelength of the light absorbed is characteristic for 

individual metals, the light energy absorbed by the flame is proportional to the metal 

concentration in the sample measured. 

 

Table 6  Range of Measured Metal Concentrations and  Recommended Limits of 

Detection 

Metal Range (mol L-1) Detection Limit (mol L-1)

Na+  0.4 – 90   0.4 

 K+  1 – 30   1 

Ca2+  0.2 – 80   0.2 
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Mg2+  0.2 – 20   0.2 

Detection Limit is defined as S/N=2 

 

6.14.2 Apparatus and equipment 

 

a. Atomic absorption (and/or emission) spectrophotometer 

Single- or dual-channel, single- or double-beam instrument having 

monochromator; photomultiplier detector; adjustable slit; a wavelength range 

of 190 to 800 nm; a slot burner system, power supply and amplifier; and a 

suitable recorder of PC 

b. Hollow cathode lamps for Na, K, Ca and Mg 

Either single- or multi-element lamps are allowed to use for the analysis.  

For the determination of Na and K, flame atomic emission measurement can 

also be used, when the instruments has devices for it. 

c. Compressed gases and pressure-reducing valves 

Two cylinders of acetylene are necessary; the air may be supplied from a 

laboratory compressor (with a cleaning unit) or a cylinder of compressed air. 

 

6.14.3 Reagent solutions and consumable materials 

 

a. Standard solution: Commercially available 1000mg L-1 solution for Na, K, Ca 

and Mg. 

b. Cesium chloride solution: for example 5 g-Cs L-1    

c. lanthanum nitrate solution: for example 0.5g-La L-1  

 

6.14.4 Measurement procedure 

 

Because of the many differences between atomic absorption spectrophotometers 

detailed instructions cannot be formulated; the analyst should follow the manufacturer’s 

operating instructions for the particular instrument. In general, operations are as 

follows: 

a. Switch on the analyzer 

b. Align the light source for maximum response 

c. Ignite the flame 

d. Allow the instrument to warm up (at least 15 minutes) 

e. Reset the wavelength 
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f. Optimize and adjust the nebulization rate for maximum response 

g. Adjust the burner position for maximum response 

h. Prepare a full calibration curve and analyze one standard after every 20 samples 

 

Table 7 gives examples of the operating conditions for each metal determined by atomic 

absorption /emission spectrometry with an air/acetylene slot burner. 

 

Table 7  Atomic absorption (AA)/emission (AE) spectrometry of metals 

              

Mode 

Na K Ca Mg 

AA or AE AA or AE AA AA 

fuel and flame 

condition 

Air-acetylene 

Stoichiometric

air-acetylene 

stoichiometric

air-acetylene 

rich flame 

air-acetylene 

stoichiometric

Analytical line 

(nm) 

589.6 766.5 422.7 285.2 

  

Addition of lanthanum nitrate solution is effective to eliminate the interference of 

co-existing anions and of unequal ionization ratio in the flame between the sample and 

standard solutions.  It is important to add the correct amount of lanthanum solution so 

that the lanthanum concentration in both the samples and the working standard solutions 

are similar. 

 

6.14.5 Calibration 

 

a.  Prepare stock standard solution from high purity chemicals (preferably metals) 

using pure water and HNO3 (conc. spectrograde purity) at a concentration of 

1000 mg of metal L-1. Commercially available standard solutions may be used. 

b.  Prepare a blank (use pure water and nitric acid- and/or lanthanum nitrate or 

strontium chloride solution) and six calibration standard solutions by diluting 

the stock metal solution to various concentrations in appropriate ranges for 

each set of analyzed samples.  The same stock nitric acid-and/or - lanthanum 

nitrate solution must be added to both the samples and the calibration solutions. 

 

6.14.6 Quality control 

 

In the case of atomic absorption spectroscopy of sodium and potassium, positive 

interference is caused for either species when the other concentration is significantly 



68 
 

higher in the sample.  The extent of the interference will be leveled off over a certain 

level of the interfering species, which could fix the interference level by adding cesium 

chloride to the concentration of 1000 mg-Cs L-1.  

 

In the analysis of calcium and magnesium ions, lanthanum nitrate is added to eliminate 

interfering concomitants including silicate and aluminum. 

 

Quality of measured metal concentration can be controlled by the ion balance and 

conductivity balance check by using all mandatory ions concentrations.  Periodic 

measurement of SRM, participation to Inter-laboratory comparison project, and 

duplicate analysis are also effective for controlling data quality of metal concentration. 

Detailed procedure is described in Chapter 7. 
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7. QA/QC 

 

The data are controlled by the personnel in charge of the laboratory (PCL), the national 

QA/QC managers (NAM) in each participating country and the network QA/QC 

manager (NEM).  PCL has to collect the measurement data and other information that 

should be reported to NAM of each participating country.  A NAM is the personnel in 

charge of QA/QC activities in each country.  He/she has to control the data from PCL. 

The National Center has to report the monitoring data to the Network Center.  The 

NEM has to set up the validated database.  The validated data should be disclosed not 

only among the EANET regions but also outside EANET.  

 

7.1 Classification of data 

 

Data are classified into two types: 1) data to be controlled and reported by PCL to NEM 

through NAM, 2) data to be controlled by NAM. Later data should be reported to NEM 

by a request. 

 

7.1.1 Reporting data 

 

The data to be reported to NAM are grouped into two types: 1) information about sites, 

sampling, shipping, laboratory operation, chemical analysis, etc., 2) measurement 

results of precipitation chemistry including precipitation amounts, calculated index.  

Remarks and notes (flag) also compose major parts of the measurement results. 

 

(1) Information about sites, sampling, shipping, laboratory operation, chemical analysis 

 

 Name of country and site (Code of country and site) 

 Name of NAM 

 Name of laboratory and PCL (Code of laboratory) 

 Information of site (on -site scale, local scale, regional scale) 

 Information of sampling condition (precipitation chemistry collector, rain gauge,  

meteorological parameter and measurement devices) 

 Information of sample history (shipping frequency, packing procedure, laboratory 

operation, etc.) 

 Chemical analysis condition (Control Chart) 
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(2) Measurement results 

 

 Name of country and site (Code of country and site) 

 Name of NAM 

 Name of laboratory and PCL (Code of laboratory) 

 Sample number (Code consist of country code, site code, year, month and number)  

 Start and end of date and time of sampling 

 End of date of chemical analysis 

 SO4
2- , NO3

-, Cl- concentrations (mol L-1) 

 NH4
+, Na+,  K+ , Ca2 , Mg2+ concentrations (mol L-1) 

 Other ions concentrations (non-mandatory items) 

 Electric conductivity ( mS m-1) 

 pH (0.01 pH unit) 

 R1: cation and anion balance (for definition and calculation, see Section 7.2.2.) 

 R2: conductivity balance (see Section 7.2.2.) 

 Amount of sample solution (0.1 g unit) 

 Amount of precipitation (data from meteorological instruments or reported data) 

 Note (Flag): any other information 
 

7.1.2 Controlled data by individual country 

 

The data to be controlled by individual country (NAM) are: 1) the information which 

affects air pollution situation such as meteorological data, climate, climate vegetation 

and life style, 2) the information which affects measurement accuracy such as condition 

of chemical analysis instruments, laboratory conditions.  These data should be reported 

when there is a demand.   

 

(1) Information on the situation of air pollution 

 

 Meteorological data 

 Climate (rainy and dry season, season of sand storm, volcanic condition, etc.) 

 Vegetation (the type of tree, season of pollen dispersion, etc.) 

 Life style (agricultural operation, biomass burning, etc.) 

 

(2) Information on the precision of measurement results 
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 Condition of analytical instrument, (calibration curve, water temperature of each 

sample during analysis, etc.) 

 Laboratory condition (instrument list and etc.) 

 

7.2 Data checking 

 

Data checking or validation is based upon: 

 

・experience with the data from earlier measurements, 

・relations between chemical components in air and precipitation, 

・knowledge about spatial variation, 

・knowledge about temporal variation, 

・comparisons between measurements and estimates from theory or models. 

 

Records of old data can be used to create simple statistics including percentiles, mean 

values and standard deviations.  Log-transformed data are often preferred.  These 

statistics can be used in connection with control chart or in other comparisons of new 

data with aggregation of the old ones. 

 

Relations between various chemical components (including ion balances and 

conductivity balances), relationship between sea salt components, and relationship 

between constituents from neighboring stations and time-series plots are useful..   

 

7.2.1 Statistical test 

 

The statistical tests compare new measurements with data already stored in the database.  

The tests are carried out to identify possible outliners and results which may be wrong.   

They can be based upon assumption about the data distributions. 

 

Each precipitation component may be compared with earlier data using the lognormal 

distribution.  Data which is not within the four times the standard deviations range, 

should be checked by comparison with other components, concentrations obtained on 

earlier and later days, and concentrations from neighboring sites. 

 

7.2.2 Ion balance and conductivity balance check 
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a.  Cation and anion balance 

The principle of electroneutrality in precipitation water requires that total anion 

equivalents equal total cation equivalents.  According to this principle, ion balance in a 

precipitation sample should be checked by the method described as followings. 

  

For evaluating cation and anion balance, the following equation should be used in the 

present monitoring: 

 

R1 ＝ (C - A)/(C + A) x 100 % 

 

where C and A represents anion and cation equivalents (eq L-1), respectively. 

This is simplified from of the corresponding equation used by US EPA where the 

denominator is the average of the two sums. 

(EPA Quality Assurance Handbook for Air Pollution Measurement Systems, Vol. V: Precipitation 

Measurement Systems. EPA/600/R-94/038E US EPA Office of Research and Development, Washington, 

DC 20460, April 1994) 

 

A (eq L-1) = CAi x Vi 

 

where CAi is the concentration of i-th anion in mol L-1, Vi is the valence of the 

given ion.  

 

C (eq L-1) = 10 (6-pH) +  CCi x Vi 

 

where CCi is the concentration of i-th cation in mol L-1. If the unit mg L-1 is used, 

it should be converted as follows:  

 

(mol L-1) = (mg L-1) x 1000/M 

 

where the molecular weight (M) for cations and anions is given in Table 8. 

 

When formic acid, acetic acid, or both are measured, formate and acetate ions should be 

considered in the evaluation of R1 and R2.  The concentrations (eq/L) of these weak 

acids will be calculated from the dissociation constant, Ka and pH as follows: 

 

[HCOO-] = [HCOOH]Ka/[H+] = [HCOOH] x 10
pH-pKa 

= [HCOOH] x 10
pH-3.75
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[CH3COO-] = [CH3COOH]Ka/[H
+
] = [CH3COOH] x 10

pH-pKa 

           = [CH3COOH] x 10
pH-4.76

 

 

Constants for HCOO-, and CH3COO- are included in Table 8. 

 

Dissociation constants in terms of pKa for formic, acetic and oxalic acids are 3.75, 4.76, 

and 3.81 (2nd step), respectively.   

 

When ion chromatography is used for organic acid analysis, concentration of organic 

acid is determined by sample pH and output of ion chromatography (CIC (eq L-1)).  In 

the case of formate, CIC corresponds to the sum of concentration, [HCOO-]+[HCOOH], 

so that [HCOO-] concentration in the sample can be calculated by using the following 

equation.   

 

[HCOO-] = CIC / (1+103.75-pH) 

 

In some sites, the concentration of fluoride (F-), bromide (Br-), and nitrite (NO2
-) ions 

are significant and their concentrations should be included for the calculations of R1 and 

R2.  Constants for F
-
, Br

-
, and NO2

- are given also in Table 8. 

 

If the required criteria shown in Table 9 have not been met, the analysis should be 

repeated or a flag should be entered into the database indicating that the results did not 

meet the required criteria. 

 

Table 8   Basic constants 

Ion Molecular Weight 

(M) 

Molar Conductivity (λ), 

S cm2 mol-1 

H+ 1.008 349.7 

NH4
+ 18.04 73.5 

Ca2+ 40.08 59.5 ×2 

K+ 39.10 73.5 

Mg2+ 24.31 53.0×2 

Na+ 22.99 50.1 

NO3
- 62.01 71.4 

SO4
2- 96.06 80.0×2 
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Cl- 35.45 76.3 

HCO3
- 61.02 44.5 

HCOO- 45.0 54.6 
CH3COO- 59.1 40.9 

F- 19.00 55.4 

Br- 79.90 78.1 

NO2
- 46.01 71.8 

PO4
3-

 94.97  92.8×3 

W. H. Haynes (Edition-in-Chief) (2011) CRC Handbook of Chemistry and Physics, Ed 92nd, 

5-77, 78, CRC Press. 

 

Table 9  Required criteria for R1 

(C + A),  eq L-1 R1, % 

<50 ±30 

50-100 ±15 

>100 ±8 

 

b.  Comparison between calculated and measurement in electric conductivity 

For dilute solutions (e.g. below 10
-3 

M), the total electric conductivity can be calculated 

in mS m-1 from the molar concentrations and molar conductivity (at infinite dilution) of 

the individual ions.  The observed electric conductivity values should be checked by 

the method described below, comparing to the calculated electric conductivity values for 

precipitation samples. 

 

                             calc = ci i0 x 10-4 

 

where calc denotes the calculated electric conductivity of the solution (in mS m-1), ci 

the ionic concentration of the i-th ion (in mol L-1), i0 the molar conductivity (in S 

cm2 mol-1) at infinite dilution and 25 oC. 

Thus 

 

 calc = {349.7 x 10(6-pH) + 80.0 ×2c(SO4
2-) + 71.4 c(NO3

-) + 76.3 c(Cl-) +        

73.5c(NH4
+) + 50.1 c(Na+) + 73.5 c(K+) + 59.5×2c(Ca2+) + 53.0×2c(Mg2+)}/10000 

 

where c( ) denotes the ionic concentrations in mol L-1 of the ion in parentheses and the  
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constants are the molar conductivity of the individual ion at infinite dilution at 25 oC 

(see Table 8). 

 

The calculated electric conductivity values can then be compared to the observed values 

for precipitation samples by the relation 

 

          R2 = (calc - meas) / (calc + meas) x 100 % 

 

This is similar to the equation for the calculation of cation and anion balance. 

 

If the required electric conductivity comparison criteria shown in Table 10 have not 

been met, the analysis should be repeated or a flag should be entered into the database 

indicating that the results did not meet the required criteria. 

 

Table 10   Required criteria for R2 

Λmeas,  mS m-1 R2, % 

<0.5 ±20 

0.5 – 3 ±13 

 >3                ± 9 

 

7.2.3 Data completeness 

 

Completeness of data is defined as the proportion of valid data in a given monitoring 

period.  Data completeness should be evaluated in terms of the rainfall amount ratio of 

that by precipitation chemistry collector to rain gauge.  

 

The following value of index of data completeness should be reported.  Two kinds of 

data completeness measures are used, that is percent precipitation coverage length 

(%PCL) and percent total precipitation (%TP).   

 

・%PCL Percent precipitation coverage length is the percent of the summary 

period for which information on whether or not precipitation occurred is 

available.  If precipitation is known to have occurred during a particular 

sampling period but no measurement of the amount is available, then no 

knowledge of precipitation is assumed.  Total precipitation depth (TP) is 

the amount of precipitation occurring during the period of precipitation 
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coverage.  This data completeness measure does not include any 

consideration of the availability of the varied precipitation chemistry 

sample. 

・%TP Percent total precipitation is the per cent of the total precipitation data 

measured during the summary period that is associated with valid 

samples. 

 

The target of data completeness is different whether the objective period is a year or a 

season.       

 

7.2.4 Analytical precision 

 

The precision of laboratory chemical analyses of precipitation samples should be tested 

by the method described in the section 9.4.2 and the results should be reported to the 

national center. 

 

7.3 Data flags 

 

To indicate quality information to data users, data flags and/or data comments are 

useful; they will indicate whether a data is valid or invalid.  The function of the flags 

and comments is to ensure that the user has full knowledge of the data validity, and of 

conditions which produce that level of validity.  Thereby, the user can select the data 

most appropriate to his/her application.  

 

7.4 Data validation 

 

Monitoring data should be validated firstly in an analytical organization (analytical 

laboratory).  If the concentration or standard deviation of concentration of an ion 

differs greatly from the long term average concentrations or values or standard 

deviations of concentrations or values, respectively, during a given period, then this is 

cause for concern and should be carefully considered.  If necessary, re-measurement 

should be carried out and the adequacy of data should be checked.  Quality for 

laboratory analysis should also be confirmed by checking ion balance (R1) and 

comparison between calculation and measurement in electric conductivity (R2).  

 

Validated data in the laboratories are send to National Center and checked by NAM.  

In a country, expert group for data validation is organized.  Through those domestic 
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data validation processes in each participating country, data are sent to Network Center.  

NEM checks data hearing the monitoring situation from each National Center and some 

comments from international expert group for data validation.  Finally, validated data 

in Network Center is submitted to Scientific Advisory Committee as a draft Data Report 

for adoption. 

 

7.5 Inter-laboratory comparison program 

 

To review the accuracy of chemical analysis, Network Center should send artificial 

precipitation samples of inter-laboratory comparison program to all chemical analysis 

laboratories once a year through each National Center, evaluate statistically the results 

of the analysis of the samples, and prepare reports about the results. 

 

The results of these programs should be used to study and find solutions to existing 

laboratory problems and improve the quality of laboratory analyses. 

 

7.6 Meta data 

 

Information about sites, sampling, shipping, and laboratory operation have same 

importance as the measurement results of precipitation chemistry including precipitation 

amounts, calculated index. Since those data will provide large effectiveness in data 

analysis such as temporal trends and special distribution, they should be stored carefully 

and compiled in Network Center. 

 

8. Data Reporting 

 

8.1 Data reporting form 

 

Data reporting forms may be used for the reporting site condition (on site, local scale, 

and regional scale), sampling condition, sample history, chemical analysis condition and 

measurement results (precipitation chemistry including precipitation amounts, 

calculated index, flags and data completeness).  Staff in Network Center responsible 

for the measurements will have responsibility for ensuring that all data elements are 

properly entered into the appropriate databases.  Data should be submitted to the center 

once every year. 
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The followings should be described on every data form: name of country and site (code 

of country and site), name of NAM, name of laboratory (code of laboratory) and name 

of PCL. 

 

8.1.1 Information about sites, sampling, shipping, and laboratory operation 

 
(1)  Site condition 
 

Any change in the immediate environment of the site should be reported every year, 

even if the site selection criteria remain satisfied.   

 

Name and code of each site should be given first.  The category of a site should be 

determined by consideration of the siting criteria. No site is included in more than one 

class.   

 

The area around the collector should be described in terms of potential sources of 

contamination of samples on three different scales.  Maps of the site and potential 

contamination sources should be provided to Network Center.  The required site 

information should be updated annually. 

 

・ On-site scale (Fig. 5) 

Description of the on-site scale is given for the area within a radius of 100m from 

collector.  Locations of collector, and rain gauge, and meteorological parameter 

measurement devices should be given.  Trees, overhead wires, buildings, and other 

physical obstacles should be also described. Ground cover and slope, and farmlands etc., 

are also important factors.  Pictures of the collector and its surroundings should be 

attached. 

 

・ Local scale (Fig. 6) 

Surface storage of agricultural products, fuels, vehicles, parking lots, or maintenance 

yards and feed lots, dairy barns or a large concentration of animals within a radius of 

100m-10km should be described. Urban areas will be also described with population. 

 

・Regional scale (Fig. 7) 

Both stationary and mobile emission sources within 50 km should be described with 

emitted chemical species and emission intensities.  Urban areas with population 

greater than 10,000 should be described. Meteorological stations should be described on 
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the map with available information. 

 
(2)  Sampling condition 
 

・Precipitation chemistry collector 

The following should be reported: model and manufacturer of the collector, funnel 

diameter, materials of funnel, underside of lid, tubing, filter and filter holder, storage 

bottles, and chemical used as biocide.  Start and end times of sample collection in the 

sampling plan should be reported. 

 

Pictures of collector and design diagrams should be attached.  

 

・Rain gauge and meteorological parameter measurement devices 

Model and manufacturer should be reported together with figures or pictures.    

 

(3) Sample history 

 

Sample history plays an important role in sample handling from collection to chemical 

analysis.  

 

・Shipping 

Shipping frequency and packing procedure for collected samples should be also 

reported.  

 

・Laboratory operation 

The following should be reported: sample preparation procedure, plan of chemical 

analysis frequency, range of laboratory room temperature. 

 

8.1.2 Chemical analysis 

 

The Chemical Analysis Method and Control Chart should be reported as the laboratory 

QA/QC data for each sampling station. The following items are included in the form. 

 

SO4
2-, NO3

-, Cl-, NH4
+, Ca2+, Mg2+, Na+, K+:  

Method Applied, Instrument Name and Type, Detection limit. 

Performance: calibration curve (5 points), ions content in the pure water (when a 

dilution process is included), data obtained from analysis of standard solution 
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(commercial SRM) of known ion concentration, data from duplicate or triplicate 

analysis of samples (preferably every 10 to 20 samples), detection limit (if available). 

 

Electric conductivity:  

Instrument Name and Type 

Performance: calibration curve for KC1 solutions (2 or 3 points) and pure water used, 

data obtained from analysis of standard solution (commercial SRM) of known  

Electric conductivity value, temperature of sample and standard solutions, data from  

duplicate or triplicate samples (preferably every 10 to 20 samples). 

 

pH:  

Instrument Name and Type,  

Performance: data obtained from standard solution (commercial SRM) of known pH 

value, temperature of sample and standard solutions, data from duplicate or triplicate 

samples (preferably every 10 to 20 samples). 

 

When other chemical species are reported in the form, describe the methods and 

performance.  

 

8.1.3 Measurement results and flags 

 

Sample chemistry should be reported with the data quality (flags).  The reporting form 

should include sampling conditions, precipitation amounts, date of completion of 

chemical analysis, concentration of components and flags for each component.  An 

example of form is shown in Table 11.  Each national center should keep all the raw 

data for future reference.   

 

The following items are included in the form.  Regarding the flags for each component, 

some flags for wet deposition monitoring in EMEP system shown in Appendix 3 are 

also utilized for data reporting.  The current flag system of EANET was developed 

referring EMEP system.  It is expected to unify the system in the future in order to 

smooth data exchange between both networks.  

 

 Sample number (Code consist of country code, site code, year, month and number)  

 Start and end of date and time of sampling 

When a code name for each sample solution is adopted, put this here and then, 
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DATE (date of the sample collection, check that it should be the same as the one 

on the sample information form).  

[Unit: yyyy/mm/dd  hh:mm, e.g.,. 2010/01/31  09:00] 

 

 End of date of chemical analysis 

[Unit: yyyy/mm/dd, e.g.,. 2010/02/09] 

 

 SO4
2-, NO3

-, Cl- ,NH4
+, Na+,  K+ , Ca2 , Mg2+ concentrations 

Though the analysis may use units such as mg L-1, the report type is converted 

into the molarity, it is reported. 

[Unit: mol L-1, Format: ####.#, e.g.,. 121.2] 

Flags： 

999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783 Low precipitation, concentration unknown. 

782   Low precipitation value is obtained from diluted sample (EANET original flags) 

781   Below detection limit. 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

599   Contamination not specified. 

 

*Electric conductivity. 

[Unit: mS m-1, Format: ##.##, e.g.,. 3.25] 

Flags： 

999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample (EANET original flags) 

781   Below detection limit. 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

599 Contamination not specified. 

  

*pH. 

[Unit: pH unit, Format: ##.##, e.g.,. 4.25] 

Flags： 
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999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample (EANET original flags) 

781   Below detection limit. 

701   Less accurate than usual, reason not specified. 

699 Mechanical problem, reason not specified. 

599   Contamination not specified. 

       

* R1: cation and anion balance (for definition and calculation, see Section 7.2.2) 

[Unit: ％, Format: ####.#, e.g.,. 1030.0] 

Flags： 

999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample(EANET original flags) 

781   Below detection limit. 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

599   Contamination not specified. 

478   Inconsistency discovered through ion balance calculation. 

 

*R2: electric conductivity difference (see Section 7.2.2) 

[Unit: ％, Format: ####.#, e.g.,. 931.0] 

Flags： 

999   Missing measurement, reason not specified.. 

899   Measurement not defined, reason not specified.. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample (EANET original flags) 

781   Below detection limit. 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

599 Contamination not specified. 

477   Inconsistency between measured and estimated electric conductivity. 

 

* Amount of sample solution 
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[Unit: g, Format: #####.#, e.g.,. 3020.0] 

Flags： 

999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample(EANET original flags) 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

 

* Amount of precipitation (data from meteorological instruments or reported data) 

[Unit: mm , Format: ####.#, e.g.,.  320.5] 

Flags： 

999   Missing measurement, reason not specified. 

899   Measurement not defined, reason not specified. 

783   Low precipitation, concentration unknown. 

782   Low precipitation, value is obtained from diluted sample (EANET original flags) 

701   Less accurate than usual, reason not specified. 

699   Mechanical problem, reason not specified. 

 

*Note: any other information 

Further details of data handling and data reporting will be established on the basis of 

preliminary monitoring activities.  

 

References (Section 7 and 8) 

Vet, Robert J. (1991) "The Handbook of Environmental Chemistry", Volume 2, Part F, 

Ed. O. Hutziger, Springer-Verlag Berlin Heidelberg.          

EMEP (1996) EMEP Manual for sampling and chemical analysis. 

Krognes, T., Gunstrom, T. O. and Schaug, J. (1995) Air Quality Databases at NILU. 

WMO GAW No.85 Chemical Analysis of Precipitation for GAW: Laboratory Analytical 

Methods and Sample Collection Standards. 

W. H. Haynes (Edition-in-Chief) (2011) CRC Handbook of Chemistry and Physics, Ed 

92nd, CRC Press. 
 
 
 
 
 



84 
 

On site scale (within 150m: a sketch map should be attached) 

*Describe roads with more than 100 vehicles/day for remote sites, and roads with more than 1,000 vehicles/day for 

urban and rural sites. 

On-site Scale (within 150m) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Name :                                 
 

Fig. 5 Outline of monitoring site (On site scale) 

 

        Items North direction 
(NW-NE) 

East direction 
(NE-SE) 

South direction 
(SE-SW) 

West direction 
(SW-NW) 

Existence of trees, poles, 
buildings, and the height of 
them 

    

Existence of incinerators, 
domestic heating, parking 
lots, storage of fuel, 
agricultural products, dairy 
farm, and livestock 

    

Slope degree of the site       ° -     °      ° -      °      ° -      °      ° -      ° 

Surface condition of the site      
(         %)   

               
(         %) 

                
(        %) 

                
(        %) 

Existence of a forest, river, 
lake, marsh, farm or fields 

    

Existence of roads, and their 
traffic densities* 

    

+
5m 

20m
30m 

50m 
100m 

150m 

(N)

(E)(W) 

(S)
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Local scale (150m - 10km: a sketch map should be attached) 
(For an urban site, at least information of area within 150m-1km from the site is expected) 

Local Scale (150m – 10km) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Name :                                 

 

Fig. 6 Outline of monitoring site (Local scale) 

        Items North direction 
(NW-NE) 

East direction 
(NE-SE) 

South direction 
(SE-SW) 

West direction 
(SW-NW) 

Information on trunk roads, 
expressways, and their 
traffic densities (with more 
than 5,000 vehicles/day) 

    

Information on airports and 
railways  

    

Information on major 
emission sources such as 
large industries, and  power 
plants and their fuel 
consumptions and so on  

          

Information on houses/ 
settlements with more than 
5,000 persons, and their 
population  

                                           

Descriptive information 
around the site such as 
topography and 
meteorological condition  

    

 

(N)

(W) (E)

(S)

150m 
500m

1km 
2km 

3km 
5km 

10km 

+
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Regional scale (10km - 50km:a sketch map should be attached) 

*: For rural site, description should be made on huge emission sources larger than 10,000tons/y and other major 
pollution sources. 

Regional Scale（10km -50km） 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Name :                                 

 

Fig. 7 Outline of monitoring site (Regional scale) 

        Items North direction 
(NW-NE) 

East direction 
(NE-SE) 

South direction 
(SE-SW) 

West direction 
(SW-NW) 

Existence of main stationary 
air  pollution sources* 

    

Existence of trunk roads 
with more than 10,000 
vehicles/day, and their 
traffic densities  

    

Existence of cities with the 
population more than 10,000 
persons  

          

 

(N)

(W) (E)

(S)

10km
15km 

20km 
25km

30km 
35km 

40km 
50km 

+
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9. Overall QA/QC 

 

9.1 Introduction 

 

Quality assurance and quality control (QA/QC) plays a key role of wet deposition 

monitoring.  Measurements of wet deposition, when obtained with carefully designed 

and executed quality assured operating systems, will produce data of high accuracy, 

precision, completeness, comparability and representative.  

 

Quality control and quality assurance play an important role in all types of monitoring. 

Although they sound alike, they are actually different and their differences are 

addressed in Vet (1991).  Quality control will be defined as procedures to ensure that 

the analytical system is 'in control' while quality assurance is defined as procedures to 

ensure that the quality control procedures are effective.  Difference between QA and 

QC is often made by considering quality control to laboratory operations and quality 

assurance to be external (Vet, 1991).  In other words, quality control will be applied to 

the monitoring system before and during the measurements whereas quality assurance 

will be important after the measurement. 

 

Measurements should as much as possible follow closely the standard methods.  It is, 

however, not always possible to follow the standard methods throughout the 

measurements.  Accidents will occur.  Therefore, all aspects of measurement, 

including all problems encountered, should be recorded and reported as an important 

part of each data record.  The point is to document what was done and how it was done 

before and during the measurements, so that data users are fully informed as to the 

suitability of the data for any intended use.  It is essential that the quality of the 

conclusions from the data analysis should be consistent with known data quality.   

  

Both scientific and administrative data users have become increasingly concerned about 

the impact of data quality on the validity of their wet deposition data, and ultimately the 

conclusions of their research. 

 

In this chapter, QA/QC procedures are addressed after considering corresponding 

operation manuals of major international monitoring networks of wet deposition.  

 

9.2 Data quality objectives (DQOs)  
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The required data quality objective (DQO) values can be different, depending on the 

objectives of programs.  The DQO values define the desirable levels of accuracy, 

precision and completeness required by the program. 

  

The required DQO values in EANET for wet deposition monitoring are defined in Table 

12.  QA/QC activities mentioned in this chapter are needed to achieve such DQO 

values. The participating countries are expected to make efforts to meet these DQOs. 

 

Table 12 Data quality objective values in wet deposition monitoring 

a) Required accuracy, precision, precipitation and completeness (unit: %) 

Accuracy1) Precision2) Precipitation3) Completeness4) 

±15% 15% >90% >80% 

1) Accuracy (A) is calculated by the following formula:  

A = [(certified values)-(analytical values)] x 100 / (certified values) 

2) Precision (Si) is calculated by the following formula: 

Si = ( di2/2Ni )
1/2 x 100/Av 

where di and Av denote the difference between the duplicate analyses and 
mean, respectively (see Section 9.4.2), and Ni is the number of sample pairs in 
the reporting period. 

3) Precipitation (P) is calculated by the following formula, monthly or 
seasonally to the extent possible, and at least annually: 
P = (amount of precipitation measured by the collector) x 100 

       /(amount of precipitation measured by standard rain gage) 
4) The percentage of the total amount of the precipitation that is associated with 

valid samples during each given period (%TP). Please refer to Section 7.2.3 
for details. 
 

b) Detection limits and determination limits 

   (both determined as specified in Section 9.4.2; unit mol L-1)  
                      
   Items      Detection limits                Determination limits  
                
   SO4

2-              0.3                         1.0 
   NO3

-               0.5                         1.5 
   Cl-                0.5                         1.5 
   NH4

+              0.8                         3.0 
   Na+                0.3                         1.0 
   K+                 0.3                         1.0 
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   Ca2+               0.2                         0.6 
   Mg2+               0.3                         1.0 
   pH   Replicate measurement of RM should agree with each other within ±0.05pH 
   EC   Replicate measurement of pure water (EC: less than 0.15 mS m-1) should 
        agree within ±0.02mS m-1  
                                                   

  RM: Reference material prepared as the laboratory working standard for 
precipitation analysis 

 
9.3 Standard operating procedures (SOPs) 
 

SOPs are the procedures used in all the processes of the monitoring system, i.e. in the 

field, laboratory, and data management areas.  SOPs provide a method to ensure that 

all personnels follow the same procedures to avoid variance of data quality between 

personnels in charge, and that they conduct their works with scientific sound 

understanding of QA/QC.  Each of the sampling and chemical analysis organizations 

or laboratories should make effort to prepare SOPs that meet the actual conditions of 

respective organizations in consideration of the Technical Manuals and the national 

QA/QC programs.  The SOPs should be prepared to be specifically and clearly 

addressed even for beginners by careful reviewing, and updated timely in accordance 

with the latest technical and administrative advances.  Appendix 1 presents major 

items to be included in the SOPs for wet deposition monitoring. 
 

9.4 Data quality assessment 

 

The assurance of the precision and accuracy of the field sampling and laboratory 

measurements is the principal target of the quality assessment of precipitation data.  In 

general, precipitation data generation is a process of sample collection, sample handling 

and storage, and laboratory chemical analysis.  The precision and accuracy of the 

precipitation measurements is the product of those of individual processes. 

 

9.4.1 Sampling precision 

 

Sampling precision should be established by duplicate sampling with collocated 

precipitation collectors at an actual monitoring site with identical procedures of 

collection, handling, shipping, and storage of the sets of the duplicate samples.  Site 

visits of experts and training of the site operators on a periodic basis are required to 

ensure the on-site nature and the site operations are well in control.  
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9.4.2 Quality control of laboratory measurements 

 

Assessment of the precision, accuracy, and validation of chemical analyses required to 

ensure the quality control standards are sufficiently maintained for precipitation 

analysis. 

 

a. Analytical precision 

To estimate the analytical variability, duplicate analysis of a sample should be 

performed every some 20 samples.  Samples of a large quantity should be divided into 

two equivalents, one half for immediate analysis on a routine basis, and the other is 

immediately refrigerated at about 4oC for another analytical run within a week.  

Analytical precision is then defined as the standard deviation between the two analyses. 

The analytical precision is defined as 

              Si = (Σdi
2
/2Ni)

1/2
 

where di denotes the difference between the two measurements, and Ni is the number of 

the sample pairs for the duplicate analysis in the reporting period.  The factor, 2, is 

included in the denominator in consideration of the random error associated with both 

measurements. 

 

b. Accuracy of chemical analysis 

The accuracy of analytical measurements are evaluated by the analysis of simulated 

precipitation sample as the inter-calibration sample.  The simulated precipitation is 

prepared with an array of reagent grade chemicals and supplied to all analytical 

laboratories by the network center on an annual basis.  The analytical performance is 

evaluated with the measurements of the inter-calibration-sample, which will be helpful 

to find solutions of analytical problems and to improve the data quality. 
 

c.  Definition of “not detected” and “lowest determination limit”   

The measurement is not always addressed by a clear figure, which is the case of “not 

detected” and “lowest determination limit”.  In order to determine these measures, a 

standard solution will be prepared to be a solution with concentration levels of the lower 

determination limit.  Analyze the above standard solution five times to determine the 

standard deviation (s.d.) for the five runs. The “not detected” and “lowest determination 

limit” are defined as three and ten times of the standard deviation, respectively. 

       

Not detected = 3 (s.d.) 
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       Lowest determination limit = 10 (s.d.) 

 

The numerical figures for these measures may differ considerably depending upon 

experimental conditions including the types of instruments, the instrumental history, and 

experiences of the operator.  For this reason, the standard deviation for individual 

analytes whenever the analytical conditions are changed.  

 

9.5 Site performance audit 

 

For proper evaluation of the site operation including the on-site criteria qualification, 

the National Center should carry out a technical audit on an annual basis, which would 

provide opportunities for detailed understanding of the site including the 

instrumentation, and further for face-to-face communication between the National 

Center and site operators for techniques-transfer and finding solutions to a wide range 

of monitoring problems.  A site performance audit should include the following steps: 

 

a. Check of operation of wet-only automatic collector 

 To check the sampling operation, the auditor should apply 1-2 drops of pure water 

to the precipitation sensor.  The collector is qualified if, when the lid successfully 

moves from the dry-side collector to the wet-side collector within a few seconds. 

Confirm that the wet-side funnel surface that a sample contact is clean.  Several 

minutes after the wet-side collector is opened, check the heating of the sensor with 

hand.  Clean the sensor if necessary so that the lid can promptly respond to the 

precipitation duration.  

 

b. Check of procedure for container cleaning 

 The operator dealing with the cleaning and maintenance of all types of vessels 

including the bottles for sample shipping and storage should show how the 

operator practice the cleaning to the auditor and have a face-to-face discussion with 

each other to eliminate potential contamination of the samples.  The quality check 

of the pure-water should be included in the above practice to confirm the electric 

conductivity is less than 0.15 mS m-1.  

 

c. Review of site operations and data documentation 

 The auditor should observe how the site operator practices the site routine 

including sample handling, instrumental operation, and data reporting.  After a 
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series of the daily routine practice, the auditor should interview the operator for 

details of the instrumentation and the operations and have face-to-face 

communication on the monitoring techniques with the operator as a means of 

on-site training.  

 
9.6  Laboratory audit  

 

Laboratory operations should also be audited by the National Center with similar 

frequencies to the site and sampling audit.  Focus is placed on sample handling, 

capability of the instrumentation, the SOPs, and all QA/QC activities and their records 

and the log book.   

The audit practice should be clearly reported and stored for further discussion and 

long-term evaluations of the QA/QC of the long-term monitoring operation. 

 

9.7 Preliminary quality assurance of obtained data sets 

 

The monitoring data should be assessed at appropriate intervals in terms of accuracy, 

precision, representativeness, completeness, and comparability.  These elements will 

be quantitatively evaluated and the overall data quality will then be evaluated in terms 

of the scores representing each of the quality of the above terms. . 

 

Accuracy and precision of the measurements will be assessed on the basis of chemical 

analysis performance whereas evaluations of site representativeness will be performed 

based on the site evaluation report with three different scale maps and the site audit 

reports.  Comparability for the chemical analysis is evaluated by the analysis of 

common simulate or actual precipitation samples.  Further, comparability for sample 

collection will be quantified with collocated sampling.  The collocated sampling for a 

certain period is not straightforward because of some tough management of the 

operation. It is, however, indispensable for high quality monitoring operations. 

 

Data completeness for the precipitation amount measurement should be evaluated in 

terms of the ratio of the rainfall amount in the sample collector to that from the rain 

gauge.  Data completeness for ionic concentration measurement is described by the 

fraction of valid data in a certain monitoring period where valid samples are associated 

with acceptable measurements in terms of ion balance and conductivity check, R1 and 

R2.    
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The data report should be provided not only with the outputs of chemical analysis but 

also with verbal descriptions, flag codes, and operators’ remarks on every aspect of the 

monitoring procedures.  Suggestions and proposals are encouraged to submit to the 

national center and the audit personnel after researching these reports.  

 

9.8 External quality assurance program 

 

Throughout the monitoring activities of EANET, an external quality assurance program 

will be implemented to: 

 

- verify that the measurements are being carried out and reported with the expected 

precision and accuracy and that all measurements activities are accurately 

documented; 

- identify sources of variability and recommend changes and controls that would 

improve the accuracy, precision, and completeness of the measurements; 

- certify the measurement contractor’s assessment of precision and accuracy; and 

- assess and compare the measurement methodology and quality assurance data of 

this network to other international and domestic networks. 

 

Lessons should be fully learned from the monitoring practices since the EANET 

establishment to advance the practical techniques.  

 

9.9 Training 

 

International and national training programs of the monitoring techniques should be 

provided. Details of the program will be addressed in a separate document. 
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Appendix 1   
 

Major items to be included in SOPs in wet deposition monitoring 
 
  Standard operating procedures (SOPs) should be prepared for all elements of 
operation starting from sampling through data reporting, in accordance with the wet 
deposition monitoring manual to minimize differences of precision by different analysts.  
It is important to ensure that SOPs be complied with in actual operations.  Even if 
samplers or analytical instruments conform to the monitoring manual, their 
manufacturers and/or types may be different in different sampling organizations or 
analytical laboratories.  Therefore, SOPs should be prepared, taking into account the 
actual condition of each organization/laboratory.  Individual SOPs should clearly 
describe scope of application, designation of operational staff and their supervisors, and 
reporting formats and so on.  In the following table, the fundamental items are listed 
regarding individual SOPs on wet deposition monitoring.  The additions and/or 
deletions may be needed, taking into account the actual condition of each laboratory in 
preparing SOPs.  
 
1. Sampling 
 1.1. Appointment of sampling staff and their supervisors 
 1.2. Check of possible changes around the sampling sites 
  1) Local situation (new construction of emission and contamination sources etc.)  
  2) On-site situation 
 1.3. Check of sampling instruments apparatus  
  1) Appearance of sampler (check for corrosion etc.) 

2) Operation of sampler (rain sensor, moving of lid, documentation of repair of 
sampler) 

  3) Collection efficiency (comparison with standard rain gauge) 
  4) Cleaning of sampling parts 
 1.4. Sampling methods  
  1) Sampler (involving the documentation of check and maintenance) 
  2) Sampling interval (sampling dates) 
  3) Change of sample vessels  
  4) Addition of biocide 
 
2. Sample transportation and storage 
 2.1. Transportation of samples 
 2.2. Sample storage 
  1) On-site storage  
  2) Laboratory storage 
 
3. Measurement and chemical analysis  
 3.1. Appointment of analysis staff and their supervisors for each item  
 3.2. Development of training plan 
 3.3. Pure water 
  1) Daily maintenance 
  2) Documentation of maintenance 
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 3.4. Measurement by instruments 
  1) Measuring conditions of instruments 
  2) Calibration  
  3) Performance tests (sensitivity, stability, interference and its removal, 

documentation of repair) 
  4) Calculation of lowest detection limits and lowest determination limits 
  5) Documentation of maintenance 
 3.5. Operating procedures for measurements 
  1) Preparation of calibration curves  
  2) Measurement/analysis of samples 
  3) Repeated measurements/analyses  
  4) Check of sensitivity fluctuation 
 3.6. Treatment of measurement results 
  1) Calculation of concentrations  
  2) Measurement of sensitivity fluctuation 
  3) Repeat measurements/analyses  
  4) Calculation of ion balances 
  5) Comparison of measured and calculated electric conductivity 
 
4. Quality assurance and quality control   
 4.1. Evaluation of sample collection 
  1) Comparison of precipitation amount with standard rain gauge 
  2) Evaluation of ion balance 
  3) Evaluation of conductivities 
 4.2. Evaluation of reliability  
  1) Evaluation of sensitivity fluctuations  
  2) Evaluation of repeated measurements/analyses  
  3) Evaluation of field blanks 
  4) Comparison between measured data and lowest detection and determination limits 
 4.3. Evaluation of results  
  1) Representativeness of sampling sites 
  2) Evaluation of sample validity 
  3) Evaluation of completeness for the sampling period 
  4) Determination of total precision 
 
5. Management of sampling instruments, laboratory, measurement/analysis instruments 
   and reagent/glassware 
 5.1. Management of sampling instruments 
  1) Appointment of management stuff and their supervisors 
  2) Documentation of names of manufacturers, types, manufacture dates and operation      

methods  
3) Daily and regular maintenance and inspection methods (including troubleshooting,   

parts supply and recording) 
 5.2. Laboratory management 
  1) Appointment of management staff and their supervisors 

2) Daily and regular maintenance and inspection methods (including items and    
recording format) 
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 5.3. Management of measurement/analysis instruments 
  1) Appointment of responsible staff for each instrument, and overall measurement  

2) Documentation of names of manufacturers, types, manufacture dates and operation 
methods  

3) Daily and regular maintenance and inspection methods (including troubleshooting, 
parts supply and recording) 

 5.4. Management of reagents, standard materials, etc. 
  1) Appointment of management staff and their supervisors 

2) Receiving and disposal of reagents (recording format of dates, manufacturer names, 
dealers, purity, degree of standard and valid period) 

 5.5. Management of glassware and polyethylene vessels 
  1) Appointment of management staff and their supervisors 
  2) Cleaning methods  
  3) Storage 
  4) Confirmation of cleanliness 
 
6. External audit 
  1) Check of sampling sites 
  2) Measurement of field blank values 
  3) Operation check of samplers  
  4) Evaluation of the results of quality control  
  5) Evaluation of the measured results  
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Appendix 2 

 

List of useful websites 

 

EANET plays a role to clarify acid deposition in East Asian region as one of the 

continental scale acid deposition monitoring networks in the world.  Information of the 

networks other than EANET is available in the following websites. 

 

 EMEP (The Cooperative Programme for Monitoring and Evaluation of the Long 

range Transmission of Air Pollutants in Europe): http://www.emep.int/ 

 

 NADP (National Atmospheric Deposition Network in USA): 

http://nadp.sws.uiuc.edu/ 

 

 WMO (World Meteorological Organization - Global Atmosphere Watch) : 

http://www.wmo.int/pages/prog/arep/gaw/precip_chem.html 

 

 CAPMoN (Canadian Air and Precipitation Monitoring Network): 

http://www.msc-smc.ec.gc.ca/capmon/index_e.cfm 
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Appendix 3 

EMEP flag system  

(Norwegian Institute for Air Research, EMEP manual for sampling and chemical analysis, Section 6.4 (2001)) 

 
1. Data flags 

Several flags have in the past been used to give information about the quality of the data stored in 
the data base. These flags are revised and are currently under evaluation. The new data flag system 
contain the old flags, and it will be extended at need. 
 
Some EMEP sites are located at the coast and are from time to time highly exposed to sea salt 
particles. This will of course affect several components in precipitation which should be flagged in 
the data base. In particular the “excess sulphate” in precipitation, which will be the difference 
between two large numbers, may have a high uncertainty and should be flagged. 
 
The person responsible for the data reporting in each participating country is the data originator 
(DO). The DO will have access to NILU’s external computer and will take care of the future data 
transfer to the central data base at the CCC.  
 
Flags are sorted according to severity. Flags above 250 indicate an exception that has invalidated or 
reduced the quality of the data element.  
 
Flags below 250 indicate that the element is valid, even if it may fail simple validation tests. The 
value may for example be extreme, but has been tested and found correct.  
 
The flag 100 is used to indicate that a value is valid even if an exception in the 999-250 range has 
also been flagged. In this case the 100 flag must appear before the other flags. In all other cases, the 
most severe flag should appear first if more than one flag is needed.  
 
All flags are grouped in two categories: V (valid measurement) or I (invalid measurement). 
 
1.1 Group 9: Missing 

When a measurement is missing and no particular information is available, we cannot assign any 
numerical value to the measurement (no substitution value is applicable). The measurement value 
must have been replaced with the transfer file missing flag. For all flags in this group, the 
measurement is irrecoverably lost, and no substitution value may be computed or estimated. The DO 
assigns one of the following flags in the flag variable (in addition to setting the transfer file missing 
flag): 
 

Flag Mnemonic V/I Description 
999 MMU I Missing measurement, unspecified reason 
990 MSN I Precipitation not measured due to snow-fall. Needed for historic 

data, should not be needed for new data 
980 MZS I Missing due to calibration or zero/span check 

 
1.2 Group 8: Undefined 

In some cases a measurement may not be performed because the parameter to be measured is not 
defined. As mentioned above, the concentration of pollutants in precipitation is undefined when 
there is zero precipitation. In this situation the measurement is not missing, and the data availability 
is not reduced. It is not possible to compute or estimate a substitution value for a measurement that is 
undefined. The DO assigns one of the following flags: 
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Flag Mnemonic V/I Description 

899 UUS I Measurement undefined, unspecified reason 
890 UNP I Concentration in precipitation undefined, no precipitation 

 
1.3 Group 7: Value unknown 

This group of flags is assigned by the DO when the exact numerical value is unknown, but 
significant additional information is available. This situation exists when a measurement is below the 
detection limit of the instrument or method, or is considered to be less accurate than normal. 
 
For many data users it is important to know that the value is low, even if a numerical value is not 
available. Some users may also need to use or create a substitution value. The substitution value may 
be based on the detection limit (if reported), or on some other estimate. Statisticians have described 
methods for using the distribution function of all reported values to estimate the average of the 
values that fall below the detection limit. 
 

Flag Mnemonic V/I Description 
799 MUE I Measurement missing (unspecified reason), data element contains 

estimated value 
784 LPE I Low precipitation, concentration estimated 
783 LPU I Low precipitation, concentration unknown 
781 BDL V Value below detection limit, data element contains detection limit 
780 BDE V Value below detection limit, data element contains estimated value. 
771 ARL V Value above range, data element contains upper range limit 
770 ARE V Value above range, data element contains estimated value 
750 ALK I H+ not measured in alkaline sample 
701 LAU I Less accurate than usual, unspecified reason. (Used only with old 

data, for new data see groups 6 and 5) 
 
1.4 Group 6: Mechanical problem 

This group of flags is assigned by the DO when a measurement value is less accurate than normal 
due to severe weather or instrument malfunction. The measured value is reported, but should be 
excluded from use when strict quality control is required. 
 

Flag Mnemonic V/I Description 
699 LMU I Mechanical problem, unspecified reason 
679 LUM V Unspecified meteorological condition 
678 LHU V Hurricane 
677 LAI I Icing or hoar frost in the intake 
659 LSA I Unspecified sampling anomaly 
658 LSV I Too small air volume 
657 LPO V Precipitation collector overflow. Heavy rain shower (squall) 
656 LWB V Wet-only collector failure, operated as bulk collector 
655 LMI V Two samples mixed due to late servicing of sampler.  Estimated 

value created by averaging 
654 LLS V Sampling period longer than normal, observed values reported 
653 LSH V Sampling period shorter than normal, observed values reported 
649 LTP V Temporary power fail has affected sampler operation 

1.5 Group 5: Chemical problem 

This group of flags is assigned by the DO when a measurement value is less accurate than normal 
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due to some kind of chemical contamination of the sample. The measured value is reported, but 
should be excluded from use when strict quality control is required. 
 

Flag Mnemonic V/I Description 
599 LUC I Unspecified contamination or local influence 
593 LNC I Industrial contamination 
591 LAC I Agricultural contamination 
578 LSS I Large sea salt contribution (ratio between marine and excess 

sulphate is larger than 2.0). Used for old data only. For newer data 
use 451/450. 

568 LSC I Calcium invalid due to sand contamination 
567 LIC I pH, NH4 and K invalid due to insect contamination 
566 LBC I pH, NH4 and K invalid due to bird droppings 
565 LPC I K invalid due to pollen and/or leaf contamination 
558 SCV V Sand contamination, but considered valid 
557 LIV V Insect contamination, but considered valid 
556 LBV V Bird droppings, but considered valid 
555 LPV V Pollen and/or leaf contamination, but considered valid 
549 LCH I Impure chemicals 
540 LSI I Spectral interference in laboratory analysis 
532 LHB V Data less accurate than normal due to high field blank value 
531 LLR V Low recovery, analysis inaccurate 
521 LBA V Bactericide was added to sample for storage under warm climate. 

Considered valid 
 
1.6 Group 4: Extreme or inconsistent values 

This group of flags is assigned by the DO after evaluation of the credibility of the measured values. 
If a measured value is extremely high or low, it may in many cases be suspected to be wrong based 
on statistics alone. In a conservative presentation of the data set such elements should be excluded. 
 
Some measurements are found to be inconsistent with other measurements or with computed 
parameters (ion balance, conductivity, etc.). As above, such measurements may be used with caution, 
but should be excluded from use when strict quality control is required. 
 

Flag Mnemonic V/I Description 
499 INU V Inconsistent with another unspecified measurement 
478 IBA I Invalid due to inconsistency discovered through ion balance 

calculations 
477 ICO I Invalid due to inconsistency between measured and estimated 

conductivity 
476 IBV V Inconsistency discovered through ion balance calculations, but 

considered valid 
475 COV V Inconsistency between measured and estimated conductivity, but 

considered valid 
460 ISC I Contamination suspected 
459 EUE I Extreme value, unspecified error 
458 EXH V Extremely high value, outside four times standard deviation in a 

lognormal distribution 
457 EXL V Extremely low value, outside four times standard deviation in a 

lognormal distribution 
456 IDO I Invalidated by data originator 
451 SSI I Invalid due to large sea salt contribution 
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450 SSV V Considerable sea salt contribution, but considered valid 
 
1.7 Group 3 

This group of flags (flags 301-399) is presently not defined. 
 
1.8 Group 2: Exception flags assigned by the database co-ordinator  

This group of flags is reserved for use by the database co-ordinator. The flags in this group are 
identical to group 4 above. They are only assigned by the database co-ordinator if an inconsistency is 
found, and the data originator has not previously flagged the condition. 
 

Flag Mnemonic V/I Description 
299 CNU V Inconsistent with another unspecified measurement 
278 CBA I Invalid due to inconsistency discovered through ion balance 

calculations 
277 CCO I Invalid due to inconsistency between measured and estimated 

conductivity 
276 CIV V Inconsistency discovered through ion balance calculations, but 

considered valid 
275 CCV V Inconsistency between measured and estimated conductivity, but 

considered valid 
260 CSC I Contamination suspected 
259 CUE I Unspecified error expected 
258 CXH V Extremely high value, outside four times standard deviation in a 

log-normal distribution 
257 CXL V Extremely low value, outside four times standard deviation in a 

log-normal distribution 
251 CSI I Invalid due to large sea salt contribution 
250 CSV V Considerable sea salt contribution, but considered valid 
249 QDT V Apparent typing error corrected. Valid measurement 
211 QDI V Irregular data checked and accepted by database co-ordinator. Valid 

measurement 
210 QDE V Episode data checked and accepted by database co-ordinator. Valid 

measurement 
 
1.9 Group 1: Exception flags for accepted, irregular data 

Flag Mnemonic V/I Description 
147 QOD V Below theoretical detection limit or formal Q/A limit, but a value 

has been measured and reported and is considered valid 
120 QOR V Sample reanalysed with similar results. Valid measurement 
111 QOI V Irregular data checked and accepted by data originator. Valid 

measurement 
110 QOE V Episode data checked and accepted by data originator. Valid 

measurement 
100 QOU V Checked by data originator. Valid measurement 

 
1.10 Group 0 

This group of flags (flags 001-099) is presently not defined. The “flag” value 0 is not an error 
condition flag. It must be assigned to the flag variable for all measurements that are of normal 
quality. In this manner the DO confirm that the data element is valid (with no known exception that 
should have been flagged). 
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1. Introduction 
 

1.1 Background 

 

To assess the ecological impact caused by the acid deposition, a long term monitoring 

of the acid in both the wet and dry forms are required. The remarkable differences in 

determining the flux quantity (the amount of the acid deposition per unit area per time) 

between the wet and dry depositions are the techniques to collect and analyzed the 

samples. The wet deposition can be collected more readily by collecting the rain water 

in bulk or by an automatic wet only collector. The collected samples are later analyzed 

in laboratory to determine the chemical species. For the dry deposition, the method is 

much varied from cumbersome to highly sophisticated. The methods to determine the 

deposition amount can be done directly or indirectly. The direct method and less 

sophisticated employed natural surfaces as collectors. Collections of the rain running 

through the forest canopy (through fall and stem flow) are practical in collecting the 

samples in the forest. By this method, the dry deposition are obtained by differences 

between the chemical content in the rain flowing through the tree surfaces and the 

chemical content in the bulk rain collection. Other direct measurement is by intercepting 

the dry deposition onto the surrogated surface i.e. water surface or chemical 

impregnated surface. The deposition flux is determined in terms of the weight of acid 

collected per the area of surrogated surface per collecting time. The more sophisticated 

direct method is eddy correlation which requires simultaneous measurements of rapid 

fluctuations of vertical wind speed and concentration. The product of the vertical wind 

speed and the concentration gradient are the flux of the acid. Other meteorological 

methods are the aerodynamic and the Bowen ratio methods. They rely on the 

measurement of vertical concentration gradient and meteorological parameters which 

comprise of the wind speed, humidity, temperature, net radiation etc. The result 

obtained is the mean potential. When multiply with concentration gradient, the flux of 

acid is obtained. 

The direct and indirect methods, easy or sophisticated are tedious and not practical 

for a long term and regional scale monitoring, as well as costly and required high skill 

workers. In practice, the ambient concentrations are monitored continuously throughout 

the year. To ultimately determine the dry deposition flux using the ambient 

concentration data, the inferential method is employed. Under this application, the 

deposition velocity has to be known. The product of the deposition velocity and the 

ambient concentration is the amount of the deposition flux. The deposition velocity can 

be obtained specifically by experiment, or by estimation using the parameterization 

methods. Presently, this methodology has been employed in many applications. 
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The wet and dry acid concentrations have been monitored by EANET country members 

since 1998 during the preliminary phase and continued to a regular monitoring basis 

started in the year 2001. In the year 2005, the wet deposition has been initially 

calculated and included in the report. To complete the total acid deposition in wet and 

dry forms, a group of experts under the task force on dry deposition monitoring was 

appointed. The task is to issue a technical manual on dry deposition flux estimation in 

the EANET region. The methodology for estimation is identified for the inferential 

method by the Strategy Paper for Future Direction of Dry Deposition Monitoring. The 

guidelines for calculating the deposition flux are provided in the manual. 

 

1.2 Objectives 

 

1)  To quantify the dry deposition flux in the EANET region using the site specific 

meteorological and ambient concentration monitoring data. 

2)  To produce data for investigating a long term adverse effect of acid deposition in 

the EANET region 

 

1.3 Outline of the manual 

 

The technical manual will provide a comprehensive guideline for the EANET countries 

to estimate the amount of acid deposition using data of EANET monitoring sites. The 

manual composed of 5 chapters and 3 appendices. 

 

Chapter 1 provides general background and the objective of the work of this technical 

manual.  

 

Chapter 2 describes the fundamental items for dry deposition flux estimation. The site 

selection and the instrumentation required for measuring the meteorological data, the 

priority of chemical species to be assessed, the sampling period and the land use 

information are described in the chapter. 

 

Chapter 3 describes the technical manual will provide templates for EANET countries 

to report the calculated parameterization terms of dry deposition velocity. Data checking 

include data flags and invalid data are to be notified in the report.  

 

Chapter 4 describes the methodology for dry deposition flux estimation. The inferential 

method is outlined. The parameterization terms for dry deposition velocity calculation 

referred by the inferential method are provided for both gases and particulate matters. 
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The method to compute dry deposition flux is included. This chapter is also desired to 

evaluate the value of dry deposition flux obtained by the inferential method with the 

flux value obtained from other methods, e.g. the gradient method and the throughfall 

method. The chapter also described the uncertainty in determining air concentration, 

deposition velocity and flux. 

 

Finally, the future direction of dry deposition flux estimation is discussed in Chapter 5. 

 

Other relevant information related to the future direction of dry deposition is compiled 

as appendices in the technical manual. 

 

Appendix I reviews the methodologies to determine the dry deposition flux using 

natural surface, surrogate surface and micrometeorological data. The natural surface 

method captures the precipitation with the throughfall and stem flow techniques. The 

surrogate surface employed the prepared impregnated material with substrate in order to 

enhance its effectiveness in capturing particle and gases. The micrometeorological 

method estimates the flux of depositing chemical species over the earth surface using 

the relationship between air concentrations and meteorological data. Advantages and 

disadvantages for each method are described in the chapter. 

 

Appendix II describes the use of remote sensing information and methods to calculate 

Normalize the Difference of Vegetation index (NDVI) and the Leaf Area Index (LAI) 

from the data of NDVI. The data are useful in obtaining the parameterized terms to be 

used for estimating the dry deposition flux. 

 

Appendix III describes how to operate Microsoft Excel macro program for calculation 

of deposition velocity in order to the staffs in EANET participating countries can 

calculate deposition velocity by themselves. 
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2. Fundamental items for dry deposition flux estimation 
 

2.1 Air quality measurements 

 

2.1.1 Siting of air quality monitoring  

 

Dry deposition monitoring sites are classified into three categories: remote sites, rural 

sites and urban sites according to the objectives of the monitoring. 

 

(a) Remote sites 

Remote sites are to be established for the assessment of the state of acid deposition in 

background areas. The monitoring data can be used to evaluate long-range transport and 

transmission models of acidic substances in East Asia. 

The location of these sites should be selected in areas with no or least influence from 

local emission and contamination sources. Therefore, remote sites should be located 

with sufficient distance from significant stationary sources such as urban areas, thermal 

power plants, large factories and significant mobile sources such as major highways, 

ports and railways to minimize these influences. It is desirable for remote sites to be 

located at existing meteorological stations, in particular, upper wind monitoring stations 

or in their vicinity 

 

(b) Rural sites 

Rural sites are to be established for the assessment of the state of acidic deposition in 

rural areas or hinterlands. The monitoring data can be used, for instance, to evaluate the 

effects of acid deposition on agricultural crops and forests. 

The location of these sites should be selected in areas with minor influence from local 

emission and contamination sources. Therefore, rural sites should be sited away from 

significant stationary and mobile sources and should be free from these influences to the 

extent possible. 

Some rural sites which generally satisfy the criteria for remote sites may also be used 

to evaluate long-range transport and deposition models of acidic substances.  

 

(c) Urban sites 

Urban sites are to be established for the assessment of the state of acidic deposition in 

urban areas. Urban and industrialized areas, and the areas immediately outside such 

areas, can be included. The monitoring data can be used, for instance, to evaluate the 

effects of acid deposition on buildings and historical monuments. Monitoring data at 

these sites may also be useful for the assessment of acidity of precipitation and the 
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trends in urban areas. 

 

2.1.2 Priority chemical species for dry deposition monitoring in EANET 

 

2.1.2.1 Major chemical species for flux estimation 

 

The purposes of dry deposition monitoring are (i) to provide data for the evaluation 

of total acid deposition on soil, vegetation etc. for the assessment of the adverse effects 

on specified ecosystems, (ii) to provide data for the evaluation of the regional budget of 

sulfur and nitrogen with the aid of numerical model. Although O3 is not an acidic but 

rather an oxidizing species, it is known to be very harmful to plants. Its deposition rate 

on vegetation is large and is generally believed to affect ecosystems synergistically with 

acid deposition. Thus it is highly recommended to evaluate O3 deposition together with 

acid deposition. Moreover Na+ in particles also concerns the regional budget of sulfur to 

estimate sea-salt or non-sea-salt sulfate. For these purposes, the concerned chemicals 

are primarily gaseous SO2, NO, NO2, O3, HNO3, HCl, NH3 and the particulate SO4
2–, 

NO3
–, Cl–, NH4

+, Na+ and Ca2+. 

Hourly data are expected where diurnal cycles in deposition velocity are to be 

monitored explicitly. However for evaluation of dry deposition, the sampling period of 

air concentrations could be longer than one day, e.g., a week for certain circumstances at 

monitoring site. 

 

2.1.2.2 Major chemical species for air quality monitoring 

 

From the viewpoint of air quality monitoring, major substances of concern are 

gaseous SO2, NO/NO2, O3 and the particulate mass. Among these substances, SO2, NO2, 

O3 and particulate matter (PM) are well-known air pollutants from the viewpoint of 

health impacts etc. Although NO is not very harmful per se, it is a primary pollutants 

and it easily converts to NO2 in the atmosphere. It is also a precursor of O3. Thus, it is 

highly recommended to measure NO whenever feasible. For the measurement of PM, 

PM10 is important to detect total amounts of acid and base components in particle; PM2.5 

is effective to define national, regional and hemispheric transport characteristics. 

 

2.1.2.3 Priority chemical species in EANET 

 

The priority chemical species for EANET dry deposition monitoring are 

recommended to be as follows: 
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First priority: SO2, O3, NO, NO2 (urban), HNO3, HCl, NH3 

Particulate component ( SO4
2–, NO3

–, Cl–, NH4
+, Na+, Mg2+, K+ and Ca2+), 

PM10 

Second priority: NO2 (rural and remote), PM2.5 

Data of PM mass concentration can be used for comparison with particulate 

component concentrations and clarification of the state of air quality. Since there is 

currently no methodology to estimate dry deposition flux of PM mass concentration, 

PM mass concentration should be excluded from flux estimation. 

 

2.1.2.4 Selected chemical species for flux estimation 

 

Considering the practical conditions, the following chemical species for EANET dry 

deposition monitoring are recommended to be selected as: 

 

First priority: SO2, NO, NO2, HNO3, NH3, O3, 

Particulate component (SO4
2–, NO3

–, and NH4
+) 

Second priority: HCl, Particulate component (Cl–, Na+, Mg2+, K+ and Ca2+) 

 

Only passive sampling is recommended for measuring NO2 in rural and remote sites 

because the commercial chemiluminescence NOx instrument is known to be vulnerable 

to overestimate it. Although the acidity of HCl is comparable to that of sulfuric acid, the 

ambient HCl concentration is usually negligible in East Asia. The same reason can be 

applied to NO.  

 

2.1.3 Instrumentation 

 

HNO3, HCl, NH3 and particulate components require the use of filter pack. Automatic 

instruments for SO2 (UV fluorescence method), O3 (UV photometric method) and NO 

(Chemiluminescence detection method) are suitable to obtain one-hour averaged values 

of these species for air quality monitoring. Unit of ppb for gas and ug/m3 for particle 

can be used for data reporting. For calibration of the ozone monitoring, traceability to 

the international standard of National Institute for Standard and Technology (NIST), 

USA should be considered. These one-hour averaged values can of course be used for 

the purpose of the evaluation of dry deposition after averaging over longer period. (e.g. 

one week) 

It should be emphasized that commercial “NOx chemiluminescence instruments” 

with molybdenum converter should not be used for NO2 measurement at rural and 

remote sites since its NOx mode responds not only to NO/NO2 but also to HNO3 and 
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other organic nitrates unspecifically. The instruments could be used for NO/NOx* (NO, 

NO2, PAN and partial HNO3). Its use in urban sites near emission sources may be 

acceptable for NO2 measurement since a major component of NOx would be NO2 and 

NO in urban area. In remote and rural areas, passive sampler could be used to measure 

NO2, unless advanced research-grade method can be used. Passive sampler also could 

be used to measure O3. 

 

 

Table 1. Methods suggested for concentration monitoring 

 

Parameters Method for automatic instrument Manual Method 

SO2 

Ultraviolet fluorescent(UVF) method Filter packs 

Denuder 

Passive sampler 

NO 
Chemiluminescence detection (CLD)  

Method 

 

NO2 
Chemiluminescence detection (CLD)  

Method (urban) 

Passive sampler 

(urban, rural, remote) 

HNO3 – 

Filter packs 

Denuder 

Passive sampler 

NH3 – 

Filter packs 

Denuder 

Passive sampler 

HCl – Filter packs 

O3 Ultraviolet photometric method 

CLD method 

Passive sampler 

(rural and remote) 

Ionic 

components  

– Filter packs 

Denuder 

Low-volume sampler 
 
(Note) The analytical methods used for wet deposition (e.g. Ion Chromatography) can 

also be used for analysis of manual methods. 

 

2.1.4 Sampling period 

In case of automatic instruments, hourly data are expected to be gathered. One-hour 

averaged values can be used for the purpose of the evaluation of air concentration after 

averaging for one-week. It is desirable that the air concentration monitoring by 
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automatic instruments is carried out throughout a year. If it is difficult, adequate 

measurement duration in every month should be determined, taking account of the 

situation in respective countries. 

In case of concentrations of ions by denuder and/or filter pack methods, weekly data 

are expected. Daily data are also acceptable. 

 

2.2 Meteorological measurements 

 

2.2.1 Siting of meteorological instruments 

 

Meteorological measurements should be conducted in the clearing adjacent to the air 

quality measurement instruments. As in the case of wet deposition monitoring, 

meteorological instruments should be installed at the place well away from trees, hills, 

buildings, and other obstructions, e.g. distance between meteorological instrument and 

obstruction should be at least twice the obstruction height. It is recommended that all of 

meteorological instruments are installed in the observation field with area of at least 

20m x 20m square covered with short grass. Detailed instructions for installing each 

meteorological instrument are described in 2.2.3.  

 

2.2.2 Meteorological parameters necessary for dry deposition flux estimation 

 

For the purpose of calculations of deposition velocity, following meteorological 

parameters are required;  

     <Mandatory> 

  - Wind speed 

 - Temperature 

  - Relative humidity 

  - Solar radiation 

 - Precipitation amount 

     <Optional> 

 - Wind direction (Standard deviation of wind direction*) 

  - Net radiation* 

 - Cloud cover* 

 - Surface wetness 

 

All of those parameters, except cloud cover, should be measured at the monitoring 
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sites by using installed equipment. If available, cloud cover data measured at the nearest 

meteorological station should be used. 

 

*As described in 2.2.5, atmospheric stability can be determine by three different 

schemes using one of three parameters, standard deviation of wind direction, net 

radiation and cloud cover. Therefore, it is not necessary to measure all of those three 

parameters simultaneously.  

 

2.2.3 Instrumentation 

The typical instruments for measuring above selected meteorological parameters are 

summarized in Table 2.1. 

The sensors for wind speed, wind direction, temperature and relative humidity should 

be installed at a top of meteorological mast or tower, 10 m above the ground. The 

sensors for temperature, relative humidity, solar radiation and net radiation should be 

installed at 1.5-2.0 m above ground out side the sun shadows of meteorological 

mast/tower and surrounding obstructions. The rain gauge should be installed on the 

ground. The surface wetness sensor should be installed at 20-30 cm above the ground. 

 

 

Table 2.1  Typical instruments for selected meteorological parameters  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Instrument 

<Mandatory>  

Wind speed Anemometer 

Temperature Ventilated platinum resistance thermometer 

Relative humidity Ventilated capacitance humidity sensor 

Solar radiation Pyranometer 

Precipitation amount Tipping bucket rain gauge 

<Optional>  

Wind direction 

(Standard deviation of wind 

direction) 

Wind vane 

Net radiation Net radiometer 

Surface wetness Conductivity bridge 
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In addition to those meteorological sensors, a programmable data logger is required 

to record measured meteorological data on the site. The logger should be mounted in a 

weatherproof box at easily accessed place, e.g. at the base of meteorological mast/tower. 

All of instantaneous data of measured parameters and calculated various statistics (see 

below) should be recorded in memory card equipped in the logger.  

 

2.2.4 Monitoring period 

 

All meteorological parameters should be measured continuously throughout a year. 

The instantaneous data of measured parameters (1-10 minutes interval), and to calculate 

various statistics (e.g. hourly means of wind speed, wind direction, temperature, relative 

humidity; solar radiation, and net radiation; hourly standard deviation of wind direction 

hourly sum of precipitation amount; duration of wetness) should be stored in the data 

logger. 

At intervals no longer than one month, recorded data in memory card of the logger 

should be transferred to PC or other memory module and returned to laboratory for 

processing. All hourly data should be tabulated separately in each measurements period 

of air concentration of gases and particles. Based on those summarized hourly data set, 

hourly deposition velocities for gases and particles will be calculated (see Chapter 4). 

 

2.2.5 Atmospheric stability 

 

As described in Chapter 4, atmospheric stability is one of the key factors for 

determine the dry deposition velocity. In case of adopting the inferential method for 

calculating dry deposition velocity, the aerodynamic resistance (Ra) and the 

quasi-laminar layer resistance (Rb) are estimated by the parameter of atmospheric 

stability, i.e., the Monin-Obukhov length (L). Using one of following estimation 

methods, the atmospheric stability and/or the Monin-Obukhov length will be 

determined. 

 

(1) Pasquill stability classes (Seinfeld and Pandis, 2006)  

In this method, the stability classes A, B, C, D, E and F are defined by the prevailing 

meteorological conditions of: (a) measured surface wind speed and (b) day-time 

incoming solar radiation or the night-time fraction of cloud cover. 
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Table 2.2  Estimation of Pasquill stability classes  

 

 
 

Once the stability class is determined, the Monin-Obukhov length (L) can be 

estimated according to the following correlation proposed by Golder (1972): 

 

       1/L = a + b log z0  (2.1) 

 

where a and b are the corresponding coefficients listed in Table 2.3, and z0 is the 

roughness length. 

 

Table 2.3  Correlation parameters for the estimation of L 

.  
 
 
 
(2) Modified Pasquill stability classes (Japan Atomic Energy Commission, 1982)  

In this modified method, although the day-time stability classes are defined by the 

same parameters as the original Pasquill's method, night-time procedures are modified. 

The night-time stability classes are defined by the measured surface wind speed and the 

measured net radiation (Q). This method is useful for the area where no cloud cover 

data is available in night-time. 
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Table 2.4  Estimation of Pasquill stability classes (Japanese method) 
 
 
 
 
 
 
 
 
 
 
 
 
(3) Method based on standard deviation of wind direction 

Hicks et al. (1987) proposed the method for estimation stability classes based on the 

measured standard deviation of wind direction. 
 

Table 2.5  Estimation of stability classes (method) 

 

Meteorological condition Stability 

T > 100 (Wm–2) ���and > 10 
(degree) 

unstable 

other conditions neutral, stable 
 
  T : solar radiation 
  : standard deviation of wind direction 
 

2.3 Land use information 

 

Dry deposition is of our concern for different special areas, i.e., at the monitoring site 

and for the area of several square kilometers and for meso-scale areas. The target area 

may be composed of various vegetation (land use) at different vegetation fraction. Even 

if the pollutant concentration and the meteorological parameters like wind speed are the 

same for areas with different vegetation and vegetation fraction, the dry deposition flux 

could be different. It is due to their different roughness length and characteristic length. 

In the case when the changes of the pollution concentration and meteorological 

parameters are small in a certain finite area, the dry deposition over it can be estimated 

by means of information on the vegetation species or the land uses which compose that 

region. Thus, to estimate dry deposition flux in a certain finite area, land use 

information is indispensable. Most of the governments in East Asia have prepared the 

gridded land use information, and if it is available, we can use it for the total dry 

deposition over the target area. 

Windspeed 
(U) 

Solar Radiation (T) Net Radiation (Q) 



 

13 

However, the global land cover characteristic data (GLCC) is available and can be 

easily accessed at the USGS (US Geological Survey) Web site;  

http://educ.usgs.gov/#/Find_Data/Products_and_Data_Available/Land_Cover_Products, 

which is derived from the Advanced Very High Resolution Radiometer (AVHRR) data 

obtained by polar orbiting NOAA satellites.  

It is given for regular longitude-latitude terrain with the highest resolution of 30 sec. 

(about 1 km). This data set has been converted to several groups for different purposes 

and also for lower resolutions, i.e., 1 degree, 30-, 10-, 5- and 2-mimutes. The one 

adopted by Zhang et. al (2001) in their dry deposition studies is mainly the Biosphere 

Atmosphere Transfer Scheme, BAT (Dickinson, 1986) with the highest 30 sec. 

resolution. They regrouped the BAT’ original 20 LUCs into 14 land use categories and 

add “urban” as the 15th land use category. Dry deposition velocity is calculated for all 

LUCs existing inside the certain finite area and then averaging according to the area 

fraction of each LUC. Here in this manual we will follow this categorization. 

Since some parameters change with season of the year, it is necessary to define 

several different seasonal categories. The one used here is the same as in Brook et al. 

(1999), which was originally reported in Wesely (1989). Five seasonal categories are 

defined. The 15 land use categories and five seasonal categories used here are listed in 

Table 2.3.1. Otherwise, global monthly vegetation fraction may also be used, but its 

resolution is 10-minutes (18.5 km) for 12 months at each of latitude-longitude grid 

points and covers only from 55 degree north to 75 degree north. To make the data file 

have global coverage, a zero value of vegetation fraction is usually assigned over the 

higher latitude area. 

In the dry deposition estimation important properties for each land use categories and 

seasonal category are the roughness length “zo” and characteristic radius “A” such as 

mean radius of plant leaves and that of surface obstacles. They are listed in Table 2.3.2. 

The other important parameter relevant to the vegetation is the Leaf Area Index (LAI). 

It is defined as the leaf area per unit ground area on which dry deposition of air 

pollutants mainly occurs. It also represents the activity of vegetation which changes in 

the course of year. On-site observation of the LAI can be done by means of XX meter, 

but costly. Recently, extensive trials to estimate the LAI from the satellite data have 

been done. Advanced Very High Resolution Radiometer (AVHRR) data and 

Moderate-resolution Imaging Spectroradiometer (MODIS) data are used to determine 

the LAI, and the detailed procedure is presented in the Appendix II. At the present stage, 

the estimated LAI has not reach to the level which represents accurately the on-site 

value, but gives its information on meso and regional scales. 
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Table 2.3.1  Land use categories (LUC) and seasonal categories (SC) 
 

Category                        Description 

Land use categories (LUC) 
1 Evergreen-needleleaf trees 
2 Evergreen-broadleaf trees 
3 Deciduous-needleleaf trees 
4 Deciduous-broadleaf trees 
5 Mixed broadleaf and needleleaf trees 
6 Grass 
7 Crops, mixed farming 
8 Desert 
9 Tundra 
10 Shrubs and interrupted woodlands 
11 Wet land with plants 
12 Ice cap and glacier 
13 Inland water 
14 Ocean 
15 Urban 
 
Seasonal categories (SC)   
1 Midsummer with lush vegetation 
2 Autumn with cropland that has not been harvested 
3 Late autumn after frost, no snow 
4 Winter, snow on ground and subfreezing 
5 Transitional spring with partially green short annuals 

 

Table 2.3.2  Roughness length “z0“(m) and characteristic radius of plants “A”(mm) for 

15 land use categories (LUC) and five seasonal categories (SC) 
 

LUC   1    2    3    4    5      6   7    8    9   10    11   12    13   14   15 

    SC1  0.8  2.65  0.85  1.05  1.15  0.10  0.10  0.04  0.03  0.1  0.03  0.01  f(u)  f(u)  1.0 

    SC2  0.9  2.65  0.85  1.05  1.15  0.10  0.10  0.04  0.03  0.1  0.03  0.01  f(u)  f(u)  1.0 

Z0  SC3  0.9  2.65  0.80  0.95  1.15  0.05  0.02  0.04  0.03  0.1  0.02  0.01  f(u)  f(u)  1.0 

    SC4  0.8  2.65  0.85  1.05  1.15  0.02  0.02  0.04  0.03  0.1  0.02  0.01  f(u)  f(u)  1.0 

    SC5  0.8  2.65  0.85  1.05  1.15  0.05  0.05  0.04  0.03  0.1  0.03  0.01  f(u)  f(u)  1.0 

 

    SC1  2.0  5.0   2.0   5.0   5.0    2.0  2.0   na   na  10.0  10.0   na   na   na  10.0 

    SC2  2.0  5.0   2.0   5.0   5.0    2.0  2.0   na   na  10.0  10.0   na   na   na  10.0 

A   SC3  2.0  5.0   5.0  10.0   5.0    5.0  5.0   na   na  10.0  10.0   na   na   na  10.0 

    SC4  2.0  5.0   5.0  10.0   5.0    5.0  5.0   na   na  10.0  10.0   na   na   na  10.0 

    SC5  2.0  5.0   2.0   5.0   5.0    2.0  2.0   na   na  10.0  10.0   na   na   na  10.0 
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Note: f(u) represents a function of wind speed (u) and na represents not applicable. 
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3. Data reporting 
 

The data are processed by the personnel in charge of the laboratory (PCL), the 

national QA/QC managers (NAM) in each participating country and the network 

QA/QC manager (NEM). The PCL has to collect the measurement data of air 

concentrations and meteorological parameters and input these data to the reporting 

format. In addition, other relevant information regarding dry deposition should be 

reported to NAM of each participating country. The National Center and the NAM have 

to report monitoring data to the Network Center. The Network Center and the NEM has 

to compile, compute and verify the database of dry deposition and provide a copy of the 

database to the participating countries when requested. 

 

3.1 Classification of data 

 

Data are classified into two types: 1) Data to be processed and reported by PCL to 

NEM through NAM, 2) Data to be processed by NEM or Supplemental data should be 

reported to NEM by a request. 

 

3.1.1 Reporting data 

 

The data to be reported to NAM are grouped into two types: 1) Information about 

sites, monitoring condition, shipping of the filter pack samples, laboratory operation, 

chemical analysis, etc., 2) Measurement results of air concentrations by automatic 

monitors and the filter pack methods, measurement results of meteorological parameters, 

and other parameters required to calculate dry deposition fluxes. Remarks and notes 

also compose major parts of the measurement results. 

 

(1) Information about sites, sampling, shipping, laboratory operation, chemical analysis 

 Name of country and site (Code of country and site) 

 Name of NAM 

 Name of responsible laboratory and PCL (Code of laboratory) 

 Information of site (on -site scale, local scale, regional scale) 

 Information of monitoring condition (automatic monitors, a filter pack sampling 

instrument, meteorological instruments) 

 Information of filter pack samples history (shipping frequency, packing procedure, 

laboratory operation, etc.) 

 Chemical analysis condition by ion chromatography (Control Chart) 
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(2) Measurement and calculated results 

 Name of country and site (Code of country and site) 

 Name of NAM 

 Name of responsible laboratory and PCL (Code of laboratory) 

 Sample number (Code consist of country code, site code, year, month and number) 

 Start and end of date and time of monitoring 

 Date of chemical analysis for the filter pack samples 

 Air concentration measured by automatic monitors (SO2, NO, NO2, O3) 

 Air concentration measured by the filter pack method (SO2, HNO3, HCl, NH3, 

Particle matter components) 

 Meteorological parameters (Wind Speed, Wind direction, Temperature, Relative 

humidity, Solar radiation) 

 Leaf Area Index (Optional) 

 Notes and any other information 

 

3.1.2 Local circumstances information 

 

The local circumstances information to be reported by individual country (NAM) are: 

1) the information which affects air concentrations such as specific meteorological data, 

climate, climate vegetation and life style, 2) the information which affects measurement 

accuracy such as conditions of monitoring instruments, laboratory conditions. These 

data should be reported when there is a demand. 

 

(1) Information of effects on air concentrations 

 Specific meteorological data 

 Climate (rainy and dry season, season of sand storm, volcanic condition, etc.) 

 Vegetation (the type of tree, season of pollen dispersion, etc.) 

 Life style (agricultural operation, biomass burning, etc.) 

 

(2) Information on the precision of monitoring results 

 Conditions of monitoring instruments, (calibration methods, failure and incidents on 

instruments, maintenance conditions, etc.) 

 Laboratory condition (maintenance conditions for ion chromatography, instrument 

list, chemicals, etc.) 

 

3.2 Data checking 

 

Data checking or validation is based upon: 
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 Experience with the data from earlier measurements, 

 Knowledge about spatial and temporal variation. 

 

Records of old data can be used to create simple statistics including percentiles, mean 

values and standard deviations. Log-transformed data are sometimes considered. These 

statistics can be used in connection with control chart or in other comparisons of new 

data with aggregation of the old ones. 

Relations between various chemical components (including ion balance of particulate 

matter components), relationship between sea salt components, and relationship 

between air concentrations from neighboring stations and time-series plots are also 

useful. 

 

3.2.1 Statistical tests 

 

The statistical tests are comparisons between new measurement and calculated results 

and data already stored in the database. The tests are carried out to identify possible 

outliers and results which may be wrong. They can be based upon assumption about the 

data distributions. In some cases, respective air concentrations and calculated dry 

deposition fluxes may be compared with earlier data using the lognormal distribution. 

Data which is not within the four times the standard deviations range, should be 

checked by comparison with air concentrations and other results obtained on earlier and 

later days, and results from neighboring sites. 

 

3.2.2 Data completeness 

 

Data completeness should be evaluated in terms of the flagged or invalid data for 

automatic monitoring and the filter pack method. Data completeness describes the 

fraction of valid data coverage length in a certain monitoring period. Data completeness 

also should be described in the report form. The definition of data completeness is 

expressed as follows; 

 

(Data completeness for automatic monitor) 

= (Number of valid hourly data) / (Number of total measured hourly data)  (3.1) 

 

(Data completeness for filter pack method) 

= (Number of valid measurement days) / (Number of total measurement days) (3.2) 

 

In order to evaluate monthly and annual dry deposition fluxes, data completeness should 
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be no less than 70%. Otherwise, those data will be flagged in the report. 

 

3.2.3 Analytical precision 

 

The precision of laboratory chemical analyses of blank samples for the filter pack 

method should be tested and be reported by the method described on “the Technical 

Document for Filter Pack Method in East Asia”. 

 

3.3 Data flags and invalid data 

 

To indicate quality information to data users, data flags and/or data comments are 

useful; they will indicate whether a data is valid or invalid. The function of the flags and 

comments is to ensure that the user has full knowledge of the data validity, and of 

conditions which produce that level of validity. Thereby, the user can select the data 

most appropriate to his/her application. 

(Code number of data flags) 

999  Missing measurement 

781  Below detection limit 

701  Less accurate than usual 

699  Mechanical problem 

599  Contamination of the samples or the sampling system 

 

3.4 Data reporting form 

 

Data reporting forms may be used for the reporting site condition (on site, local scale, 

regional scale), monitoring condition, sample history, chemical analysis condition and 

measurement results (air concentrations, meteorological parameters and other necessary 

results, flags and data completeness). Staffs in the Network Center in charge of dry 

deposition data will have responsibility for ensuring that all data elements are properly 

entered into the appropriate databases. Data should be submitted to the Network Center 

once every year. 

The Network Center will provide the formatted data reporting form as a Microsoft 

Excel file. All data should be input in the distributed data form. The followings should 

be described on every data form: name of country and site (code of country and site), 

name of NAM, name of laboratory (code of laboratory) and name of PCL. 

 

3.4.1 Information about sites, sampling, shipping, laboratory operation 
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(1) Site condition 

Any change in the circumstances of the site should be reported every year, even if the 

site selection criteria remain satisfied. Name and code of each site should be given first. 

The category of a site should be determined by consideration of the siting criteria. No 

site is included in more than one class. 

The area around the site should be especially described in terms of potential sources 

of contamination of samples on three different scales. Maps of the site and potential 

contamination sources should be provided to the Network Center. 

 

• On-site scale 

Description of the on-site scale is given for the area within a radius of 100m from the 

site. Locations of automatic monitors, a filter pack instrument, and meteorological 

instruments should be given. Trees, overhead wires, buildings, and other physical 

obstacles should be also described. Ground cover and slope, and farmlands etc., are also 

important factors. Pictures of the monitoring instruments and their surroundings should 

be attached. Seasonal specific condition such as snowfall, dust storm and seasonal 

variation of site conditions should be reported. This information will be used for land 

use information described in Chapter 2.3. 

 

• Local scale 

Surface storage of agricultural products, fuels, vehicles, parking lots, or maintenance 

yards and feed lots, dairy barns or a large concentration of animals within a radius of 

100m-10km should be described. Urban areas will be also described with population. 

 

• Regional scale 

Both stationary and mobile emission sources within 50 km should be described with 

emitted chemical species and emission intensities. Urban areas with population greater 

than 10,000 should be described. Near meteorological stations should be described on 

the map with available information. 

 

(2) Sampling condition 

 

• Automatic monitors 

The following should be reported: model and manufacturer of the monitors, kind of 

calibration gas, calibration methods, calibration frequency, shapes of a manifold or a 

sample inlet, tubing, air condition status in the monitoring station. Start and end times of 

sample collection in the sampling plan should be reported. Pictures of collector and 

design diagrams should be attached. 
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• Filter pack instrument 

The following should be reported: model and manufacturer of a filterpack, suction 

pump, and a flow meter, calibration method of flow rate, arrangement of instrument 

components, tubing, air condition status in the monitoring station. Start and end times of 

sample collection in the sampling plan should be reported. Pictures of collector and 

design diagrams should be attached. 

 

• Meteorological instruments 

The following should be reported: model and manufacturer of the instruments, 

maintenance records, arrangement of the instruments in the site, and monitoring 

frequency (duration interval). Pictures of collector and design diagrams should be 

attached. 

 

(3) Sample history 

Sample history plays an important role in sample handling from collection to 

chemical analysis of the filter pack samples. 

 

• Shipping 

Shipping frequency and packing procedure for collected samples should be also 

reported. 

 

• Laboratory operation 

The following should be reported: sample preparation procedure, plan of chemical 

analysis frequency, range of laboratory room temperature. 

 

3.4.2 Analytical condition for filter pack samples 

 

The chemical analysis of the filter pack samples and control chart should be reported 

as the laboratory QA/QC data for each sampling station. The following items are 

included in the form: Method applied, instrument name and type, detection limit, 

calibration curve (5 points), ion concentrations in the deionized water (when a dilution 

process is included), data obtained from analysis of standard solution (commercial 

SRM) of known ion concentrations, data from duplicate or triplicate analysis of samples, 

data of blank filters. 

 

3.4.3 Measurement results and flags 
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Air concentrations obtained by automatic monitors and analytical results obtained by 

the filter pack methods must be accurately input in the proper place in the formatted 

data report form. Items to be input are listed as follows: 

 

1) Gas concentration unit with the unit of ppb (SO2, NO, NO2, NOx*, O3) 

2) Analytical results of the filter pack method with the unit of mg L–1 (F0: SO4
2–, NO3

–, 

Cl–, NH4
+, Na+, K+, Mg2+, and Ca2+; F1: SO4

2–, NO3
–, Cl–, NH4

+; F2: SO4
2–, Cl–; F3: 

NH4
+). Duration time of the filter pack monitoring. 

3) Meteorological Parameters (Wind Speed with the unit of m/s, Wind direction, 

Temperature with the unit of oC, Relative humidity with the unit of %, Sunshine 

duration with the unit of hours, Solar radiation with the unit of MJ/m2) Duration 

time of meteorological measurement. 

4) Class of vegetation. 

 

If data are flagged or failed results, corresponding cells must be kept the blank. The 

reporting form should also include sampling conditions, date of chemical analysis, and 

other remarks. An example of the data report form is shown in Table X. Each national 

center should keep all the raw measurement data for future reference. 
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4. Methodology for dry deposition flux estimation in EANET 
 

4.1 Fundamental items of the Inferential Method in EANET 

Based on the Strategy Paper for Future Direction of Dry Deposition Monitoring of 

EANET, the Inferential Method is adopted to estimate the dry depositions of the target 

species defined in Chapter 2.1. The method can estimate the dry depositions around the 

monitoring sites using the data measured at the sites. Since deposition velocity depends 

on height, a reference height zref = z-d, where z is height above ground d is the so-called 

zero-plane displacement height, should be determined. This manual recommended that 

the target area and reference height for the estimation should be set at 1 km around the 

sites and 10 m the respectively. 

 

 

4.2 Parameterization of dry deposition velocity 

 

Suitable parameterizations to estimate the deposition velocities of the target species 

were arranged by Matsuda (2008) fundamentally based on Wesely’s parameterization 

(Wesely, 1989). The parameterizations were arranged taking into account previous field 

studies performed in East Asia (e.g. Takahashi et al., 2002; Matsuda et al., 2002; 

Sorimachi et al., 2003; Sorimachi et al., 2004; Takahashi and Wakamatsu, 2004; 

Matsuda et al., 2005; Matsuda et al., 2006; Hayashi et al., 2006). The parameterizations 

are described in Chapter 4.2.1. Fundamental theory of the deposition velocity 

parameterizations were introduced in the texts of Erisman and Draaijers (1995) and 

Seinfeld and Pandis (1998).  

 

4.2.1 Gaseous species 

 

Framework of deposition velocity parameterizations for gases is determined by the 

equation on the basis of Wesely and Hicks (1977): 

 

Vd
i(z) = (Ra(z) + Rb

i + Rc
i )－1,           (4.1) 

 

where Vd
i(z) is deposition velocity of i species at z (= zref+d), height above the ground, 

Ra is the aerodynamic resistance, Rb is the quasi-laminar layer resistance and Rc is the 

surface resistance. Ra is obtained by the following equation (Erisman & Draaijers, 

1995): 

 

Ra(z) = (ku*)－
1[ln((z－d)/z0)－Ψh((z－d)/L)＋Ψh(z0/L)],     (4.2) 
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where k is the Von Karman constant, u* is the friction velocity, z0 is the roughness 

length, d is the zero-plane displacement height, L is the Monin-Obukhov length and h 

is the stability correction function for heat. Friction velocity is obtained by the 

following equation (Erisman & Draaijers, 1995): 

 

u* = (ku(z)) [ln((z－d)/z0)－Ψm((z－d)/L)＋Ψm(z0/L)]－1     (4.3) 

 

where u(z) is wind velocity at height z, Ψm is the stability correction function for 

momentum. Ψh and Ψm are calculated from the following equations. 

 

Ψm((z－d)/L) = Ψh((z－d)/L) = －5.2 (z－d)/L       (4.4) 

for stable conditions and, 

 

Ψm((z－d)/L) = 2ln((1+x)/2)＋ln((1+x2)/2)－2arctan(x)＋π/2 

Ψh((z－d)/L) = 2ln((1+ x2)/2)           (4.5) 

x = [1－16(z－d)/L]0.25 

for unstable conditions. 

 

Rb is obtained by the following equation (Erisman & Draaijers, 1995): 

 

Rb = (2/k u*) (Sc/Pr)2/3,             (4.6) 

 
where Sc is the Schmidt number and Pr is the Prandtl Number. 
 

When the method based on standard deviation of wind direction is adopted for the 

atmospheric stability estimation, Ra and Rb can be calculated directly by following 

empirical formulas without estimation of the Monin-Obukhov length (L): 

 

 Ra =  4/ (u
2)    (neutral, stable) (4.7) 

 Ra =  9/ (u
2)    (unstable) 

 

 Rb =  (2/ ku*)(Sc/Pr)2/3 (4.8) 
 
 
On the basis of Wesely (1989), Rc is expressed by: 
 

Rc = [(Rs +Rm)–1 + (Rlu)
–1 + (Rdc + Rcl)

–1 + (Rac + Rgs)
–1]–1,     (4.9) 
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where the first and second terms are resistances in the upper canopy, which include the 

stomatal (Rs), mesophyll (Rm) and outer surface (Rlu) resistances; the third term 

represents resistances in the lower canopy, which include the resistance to transfer by 

buoyant convection (Rdc) and the resistance to uptake by exposed surfaces (Rcl); and the 

fourth term represents resistances to transfer (Rac) and uptake (Rgs) on the ground. Each 

resistance (s m–1) is calculated from the following equations (Wesely, 1989): 

 

Ri
st + Ri

m = Rst (DH2O/Di) +1/(3.3×10－4 Hi* + 100 f i0)      (4.10) 

Rst = Rj [ 1+ (200/(G+0.1))2 (400/(T (40－T))) ] 

 

Ri
lu = Rlu /(10－5 Hi* + f i0)            (4.11) 

 

Rdc = 100 (1+1000/(G+10)) / (1+1000θ)         (4.12) 

 

Ri
cl = (10－5 Hi*/RclS + f i0/RclO)－1          (4.13) 

 

Ri
gs = (10–5 Hi*/RgsS + f i0/RgsO)－1          (4.14) 

 
where, DH2O/Di is the ratio of the molecular diffusivity of water to that of specific gas,  

H* is the effective Henry’s law constant (M atm–1) for the gas, and f0 is normalized (0 to 

1) reactivity factor for the dissolved gas, G is solar radiation (W m–2), T is temperature 

(Celsius degree), θ is the slope of the local terrain (rad). H* and f0 are based on Wesely 

(1989). Input resistances (Rj，Rlu，RclS，RclO，Rac，RgsS，RgsO) in each land use type and 

each seasonal category are also defined by Wesely (1989). 

For soluble gaseous components (not only SO2 but also NH3), the Rlu 

parameterization (Wesely, 1989) should be changed to following parameterizations 

taking into account the effect of enhanced uptake by wet canopies: the canopy cuticle or 

external leaf resistance defined by Erisman (1994) for SO2 and the single non-stomatal 

resistance for uptake primarily to water films defined by Smith (2000) for NH3. 

 

Rlu for SO2 (Erisman, 1994): 

during or just after precipitation: Rlu = 1 

in all other case: 

Rlu = 25000 exp [－0.0693 RH]  at RH<81.3% 

Rlu = 0.58x1012 exp [－0.278 RH]  at RH>81.3%       (4.15) 

 

Rlu for NH3 (Smith, 2000): 
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Rlu = 10log(T+2) exp[(100－RH)/7]  at T>0 

Rlu = 200  at －5<T<0 

Rlu = 1000  at T<－5             (4.16) 

where RH is relative humidity (%). 

 

For HNO3, the default parameterization could be used because the surface resistance 

is extremely small and negligible compared with the Ra and Rb. 

 

4.2.2 Particulate matter 

 

Framework of deposition velocity parameterization for particulate matter is 

determined by modified Slinn (1982) model (Erisman et al., 1997): 

 

Vd = (Vds
–1 + Ra)

–1 + Vs             (4.17) 

 

where Vs is the deposition velocity due to sedimentation. For fine particle, Vs can be 

negligible. 

Vds for grass surface is calculated from (Wesely et al., 1985): 

 

Vds = u*／500 

for stable conditions and, 

 

Vds = (u*／500) [1＋(300／(－L))2/3]         (4.18) 

for unstable conditions. 

 

Vds for forest surface is calculated from (Ruijgrok et al., 1997): 

 

Vds = E u*
2/uh               (4.19) 

 

where uh is the wind speed at canopy height; E is the collection efficiency. E 

parameterization is given for deferent components and conditions. Erisman et al. (1997) 

mentioned that the most important parameters used for generalization to other forests 

are well represented in the parameterization of E. Matsuda et al. (2010) also mentioned 

the parameterization is considered to be most applicable to this forest, and possibly 

broadly to deciduous forests in Japan. 
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4.3 Computation of dry deposition flux 

 

4.3.1 Setting of fundamental parameters at each monitoring site 

 

At first the following parameters at each monitoring site should be set taking Chapter 

2.3 and Wesely (1989) into account. 

 Land use type around 1 km from each site, 

 Seasonal category based on the climate at each site, 

 Roughness length (z0), 

 Zero-plane displacement height (d). 

Typical values for the zero-plane displacement height (d) and the roughness length (z0) 

range from 0.5 hc to 0.85 hc and 0.05 hc to 0.12 hc, respectively. A parameterization is 

available to determine d and z0 as functions of profile shape and LAI (Meyers at al., 

1998). LAI data obtained by satellite remote sensing is introduced in Appendix. 

Next deposition velocities are calculated by observed data in each site such as wind 

speed, solar radiation, temperature, relative humidity and precipitation. Net radiation or 

cloud coverage information should be obtained to determine Pasquill class taking 

Chapter 2.2 into account.  

 

Updated external resistance and E parameterization request the information of period 

of wet or dry surface. For example, the period during or just (3 hours) after precipitation 

is regarded as wet surface, otherwise dry surface. 

 

4.3.2 Computation of dry deposition flux 

Dry deposition flux of gaseous and particulate species is calculated from the product  

of air concentration and deposition velocity: 

 

Fi ＝ Vd
i × Ci               (4.20) 

 

where Fi is flux of i specie and Ci is concentration of i species. At first hourly deposition 

velocity is calculated, and then the deposition velocity is averaged in the time resolution 

of air concentration. 

 

4.3.3 Program file for dry deposition velocity and flux calculation 

 

The NC provides the program file for dry deposition velocity and flux calculation. 

This program file is executed by a Microsoft Excel macro file, and one can download at 

the EANET Web site (http://www.eanet.cc/product/index.html). If the necessary data 
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listed in the Chapter 3.4.3 and the macro program is run, the dry deposition velocities 

and dry deposition fluxes for respective components will be automatically calculated. If 

error is occurred, one should check the input data. Detailed explanation of how to 

operate Microsoft Excel macro is shown in Appendix III. 

The methodology of dry deposition flux estimation has room for improvement. 

Further details of data handling and data reporting will be established on the basis of 

preliminary monitoring activities. Therefore, the program file for dry deposition 

velocity and flux calculation will be updated as needed. 

 

4.4 Evaluation of dry deposition flux determined by the Inferential Method 

 

4.4.1 Uncertainties of the inferential method 

 

4.4.1.1 Air concentration 

 

Evaluation of measured air concentrations is achieved by the QA/QC protocol of 

EANET. The precision and accuracy of measurement can be raised technically. It is, 

however, impossible to perfectly eliminate the uncertainty attributed to air concentration. 

Because, the inferential method assumes that there is no process except dry deposition 

which changes the air concentrations of target substances. But, such processes exist in 

the atmosphere and cause errors in estimation of dry deposition flux. Three possible 

processes are as follows: 

 

- Emission from the ground surface, e.g., NH3, NO, HNO2. 

- Gas-to-particle conversion, e.g., NH3-particulate NH4
+, HNO3-particulate NO3

–, 

SO2-particulate SO4
2–, HCl-particulate Cl– , and HNO2-particulate NO2

–. 

- (Photo-) chemical reactions in the atmosphere and on surfaces, e.g., photochemical 

formation and removal of HNO2, and heterogeneous reaction of NO2 on surfaces. 

 

Regarding the surface emission, Andersen et al. (1999) reported the occasional NH3 

emission even from a forest as natural vegetation. Surface emission directly increases 

air concentrations of corresponding substances near the ground surface. It is, however, 

difficult to separate the effect of emission from the observed air concentrations. For 

NH3, well known its occasional surface emission, an alternative inferential method has 

been developed to correct the deposition velocity by considering the effect of surface 

emission instead of correcting air concentrations (e.g., Sutton et al., 1998; Spindler et al., 

2001). In the improved method, the effect of surface emission is treated as an enhancing 

factor of surface resistance. 
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Regarding the gas-to-particle conversion, the one-way formation of ammonium 

sulfate from the condensation of NH3 with SO2 (or H2SO4) is relatively well known 

(e.g., Cape et al., 1998; van Oss et al., 1998). Bidirectional gas-to-particle conversion 

also exists, e.g., NH3-HNO3-NH4NO3 system. The condensation of particles reduces 

gaseous concentrations which results in an underestimation of gaseous deposition when 

the inferential method was applied, and inversely, the evaporation of particles causes an 

overestimation of gaseous deposition. 

Regarding the chemical reactions, changes in air concentration of target substances 

due to the formation and removal in the atmosphere and/or on surfaces lead to errors of 

gaseous deposition. There is some trial (e.g., Watt et al., 2004) that the effects of 

formation and removal were eliminated using the flux gradient, not the concentration 

gradient, and then the actual exchange fluxes not affected by chemical reactions were 

estimated. 

 

4.4.1.2 Deposition velocity 

 

To begin with, the inferential method was originally developed to substitute 

micrometeorological techniques such as the gradient method requiring high cost of 

devices. In the inferential method, deposition velocity is obtained by the resistance 

model based on parameterization (Hicks et al., 1987; Wesely, 1989). Therefore, the 

derived deposition velocity perhaps has considerable degree of uncertainty. Furthermore, 

direct evaluation of the derived deposition velocity is impossible unless 

micrometeorological measurements are used at the same time. 

The resistances in the resistance model are broadly divided into the aerodynamic 

resistance (Ra), the sub-laminar resistance (Rb), and the surface resistance (Rc); Rc also 

composes of sub-resistances such as stomatal, mesophyll, cuticular, and soil resistances 

(see Chapter 3). 

Ra governed by the eddy diffusion in the atmosphere is common regardless of 

gaseous species. Although, further research themes remain in the field of 

micrometeorology, Ra can be determined relatively strictly. 

Rb is slightly different among gaseous species due to the differences in molecular 

diffusion in sub-laminar flow. However, these differences can be determined precisely 

using the theory of molecular diffusivity. 

In contrast, each of the sub-resistances composing Rc largely varies among gaseous 

species due to the differences in physicochemical properties such as hydrophobic or 

hydrophilic and high or low in chemical activity. The early studies of inferential method 

treated the surface resistance as the residue subtracting Ra and Rb from the total 

resistance derived from micrometeorological measurements; this is why Rc was once 
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called the residual resistance. The early studies such as Wesely (1989) and Erisman et al. 

(1994) provided the excellent parameterizations for each of sub-resistances of Rc, which 

have been widely adopted in relevant studies; a revised parameterization is now also 

available (e.g., Zhang et al., 2003). However, a large part of the uncertainty of 

inferential method might be attributed to the parameterization of Rc. It is expected that 

the parameterization of Rc well agrees with the actual status when applied to the same 

conditions in relation to vegetation type and climate. On the other hand, it is concerned 

that the parameterization of Rc established in Europe and the U.S.A. causes considerable 

uncertainty when applied to East Asia where its climate, vegetation, and soil conditions 

are diverse and largely different from those in Europe and the U.S.A. 

For example, Wesely (1989) gives the stomatal resistance (Rstom) with a correction 

function of global solar radiation and air temperature which affects the stomatal aperture. 

This correction function is common regardless of plant species. The optimum solar 

radiation and temperature should vary among plant species. Erisman et al. (2004) also 

recognized the large uncertainty in surface resistance parameterizations, and concluded 

that the uncertainty would be 40% or more. It is important to compare the 

parameterizations, particularly for the surface resistance, with micrometeorological 

measurements. 

 

4.4.1.3 Flux calculation 

 

In the inferential method, a deposition flux is expressed as the product of air 

concentration by deposition velocity. Although, high-frequency measurements are ideal, 

weekly or biweekly measurement for air concentrations seems realistic in a long-term 

monitoring activity. A flux is expressed by the product of “mean” concentration by 

“mean” deposition velocity during one measurement. However, this calculation causes 

the uncertainty of calculated deposition flux. More specifically, 

 

'CCC        (4.21) 

'ddd VVV        (4.22) 

'' ddd VCVCVCF       (4.23) 

 

where C, Vd, and F denote the air concentration, deposition velocity, and flux, 

respectively. The crossbar and apostrophe are the mean value and the deviation from 

mean value, respectively. What we want to know is the leftmost side in Eq. 4.23, i.e., 

the mean flux. But, what we can know from a long-term measurement is only the first 

term in the rightmost side in Eq. 4.23, i.e., the product of the mean air concentration by 

the mean deposition velocity. The second term in the rightmost side in Eq. 4.23, i.e., the 
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covariance between air concentration and deposition velocity has a potential of 

uncertainty. In other words, the correlation between air concentration and deposition 

velocity results in the uncertainty of flux calculation, regardless whether the correlation 

is apparent or not. 

Many gaseous species show a diurnal change in air concentration, and simultaneously 

atmospheric stability also has a diurnal change and then leads to a diurnal change in 

vertical transportation including deposition velocity, i.e., large in daytime and very 

small in nighttime. Therefore, the uncertainty due to the correlation between air 

concentration and deposition velocity tends to increase when an averaging time 

becomes long, particularly in the case of lumping day and night. For example, a positive 

correlation was found for NH3 (e.g., Hayashi et al., 2009a). Hansen et al. (1998) 

reported that the uncertainty in annual flux of NH3 at a heath in Denmark based on 

weekly monitoring was estimated to 10-50%. Clarke et al. (1997) also reported that the 

uncertainty in dry deposition of SO2 and HNO3 for all data in CASTNET in the USA 

based on weekly monitoring underestimated the flux by 5-15% and 5-20%, respectively. 

 

4.4.2 Evaluation of the inferential method for gaseous species 

 

The target gaseous species for dry deposition flux estimation are primarily what 

monitored in the EANET activities, i.e., SO2, HNO3, HCl, NH3, NO, NO2, and O3. It is 

also suggested that HNO2 should be involved in dry deposition flux estimation in future 

activities. 

The inferential method gives a dry deposition flux as the product of the air 

concentration at a target height by the deposition velocity at the same height (Hicks et 

al., 1987; Wesely, 1989). The air concentration is obtained from observation. On the 

other hand, the deposition velocity is inferred from parameterization. It is, therefore, 

desirable that the estimated flux by inferential method is evaluated with comparisons to 

fluxes obtained from other methods, e.g., the gradient method (e.g., Matsuda et al., 

2005; Hayashi et al., 2009b) and the throughfall method (e.g., Horváth, 2003; Schmitt et 

al., 2005; Zimmermann et al., 2006). In particular, the gradient method on the basis of 

micrometeorology gives exchange fluxes of high precision. On the other hand, the 

throughfall method is practically and then only applicable to forests, which also has 

uncertainly originated from the nutrient exchange within the canopy. 

Direct measurements of fluxes are required for improved parameterizations of the 

inferential method, and micrometeorological approaches have been used extensively 

(Wesely and Hicks, 2000). It is, however, unrealistic on the cost front that the gradient 

method is conducted at all monitoring stations; consequently, the inferential method is 

chosen as the possible best way. Moreover, East Asia has diverse climate and vegetation. 
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It is, hence, suggested that quantitative evaluation of the uncertainty of inferential 

method is made in conjunction with the gradient method (or other adequate 

micrometeorological technique) per typical combination of climatic zone and vegetation 

type. Once the uncertainty could be evaluated, the results can be applied to correct the 

dry deposition flux obtained from the inferential method. 

When a deposition flux is obtained by a direct measurement (e.g., gradient method) 

(Fobs), the deposition velocity derived from the observation (Vd obs) is expressed by, 

C

F
V obs

obsd         (4.24) 

Since the inferential method gives well estimation of Ra and Rb (Acid Deposition 

Monitoring Network in East Asia, 2005), Rc based on the observation (Rc obs), i.e., the 

residue of the total resistance, is expressed by, 

ba
d

obsc RR
V

R 
1        (4.25) 

A systematic error of dataset between Rc obs and Rc by the inferential method is ascribed 

to the parameterization of the inferential method which should be revised. 

 

4.4.3 Evaluation of the inferential method for particulate matter 

 

The most well known equation to calculate the deposition velocity of particulate 

matters is obtained by Wesely et al. (1985), which was derived from the measurements 

of fine fraction of particulate sulfate at short grassland. It is, therefore, possible that this 

equation causes errors when applied to coarse particles. Furthermore, it is highly 

possible that this equation underestimates the deposition velocity of particulate matters 

when applied to vegetation with large aerodynamic roughness, e.g., forest. Erisman et al. 

(1997) pointed out that the early parameterization for deposition velocity of particles 

underestimated the particulate dry deposition in forests. Unfortunately, little is known 

about the canopy exchange of particulate matters. 

Temporal changes in air concentration of particulate matters are smaller than those of 

gases. It is, hence, expected that the uncertainty originated from the flux calculation, i.e., 

the product of mean air concentration by mean deposition velocity, is small for 

particulate matters compared to gases. On the other hand, the gas-to-particle conversion 

in the atmosphere also affects the estimated dry deposition of particulate matters as well 

as gases. 

The deposition velocity of particulate matters is expressed by the aerodynamic 

resistance (Ra) and the sub-laminar resistance (Rb) adding the effect of atmospheric 

stability (e.g., Wesely et al., 1985). It can be said that the surface resistance (Rc) is out of 

consideration for dry deposition of particulate matters. However, particulate matters are 
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not necessarily unreactive with various surfaces on the ground. The reaction of 

particulate matters on the ground surfaces, which may affect the deposition velocity of 

particulate matters, is an important theme in future studies. 

Earnest trials to revise the estimation of deposition velocity of particulate mattes have 

recently been increasing (e.g., Zhang et al., 2001; Pryor, 2006; Pryor et al., 2008). It is 

desired strongly that relevant studies will progress in East Asia. 

 

4.4.4 Evaluation of the inferential method for total deposition 

 

A method for direct measurement requires instruments of high expense such as 

ultrasonic anemometer-thermometer. A comparison between the inferential method and 

the throughfall method (e.g., Zimmermann et al., 2006; Schmitt et al., 2005) is a 

cost-effective way to evaluate the inferential method; however, this procedure is limited 

to forest vegetation. In this procedure, the required measurements other than the 

inferential method related are wet-only deposition, throughfall, and stemflow. It is, 

therefore, desired that this procedure should be performed at a site where monitoring 

both for wet and dry deposition is conducted. This procedure handles the total 

deposition, i.e., the sum of wet and dry deposition in addition to the canopy exchange. 

Furthermore, the fraction of dry deposition is the sum of dry deposition of gases and 

particles. For example, the total deposition of ammoniaal nitrogen composes of the wet 

deposition of ammonium ion, the dry deposition of ammonia, the dry deposition of 

particulate ammonium, and the canopy exchange of ammonium ion. 

The fraction of dry deposition to the total deposition of component i is expressed by 

(modified from Schmitt et al., 2005), 

 

)()()( iWDiTDiDD       (4.26) 

)()()()( iCEiSFiTFiTD       (4.27) 

 

where, DD, TD, WD, TF, SF, and CE denote the dry deposition, total deposition, 

wet-only deposition, throughfall, stemflow, and canopy exchange (a positive value 

indicates uptake). WD, TF, and SF are obtained by observation, whereas CE should be 

estimated by an adequate model, e.g., the canopy budget model (EC-UN/ECE, 2001); 

however, the canopy exchange of sulfate and nitrate is assumed negligible in the canopy 

budget model. In this regard, the main target substance for the canopy exchange model 

is ammoniacal nitrogen. 

A simple way of the canopy budget model, which excludes weak acid leaching, is as 

follows (modified from EC-UN/ECE, 2001; please refers to the original report for the 

model including weak acid leaching): 
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TDSFTFCE BCBCBCBC       (4.31) 

 

where, BC denotes Ca, Mg, and K (as equivalent concentration), xH, an efficiency 

factor of H in comparison to NH4 (= 6). 
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5. Future direction of dry deposition flux estimation 
 

This manual recommends available and practical method for dry deposition flux 

estimation taking present situations into account. In order to elaborate the method in the 

future, the following items should be considered. 

 For atmospheric stability estimation, available method is selected based on Chapter 

2.2 at first. After that most practical method should determined taking the 

experiences of the first attempt into account. 

 Suitable sites to estimate dry deposition should be selected taking the experiences 

of the first attempt into account. Criteria of the site selection should be determined 

taking into account the step-wise approaches defined by the Strategy Paper for 

Future Direction of Dry Deposition Monitoring of EANET. 

 Reference height should be reconsidered taking into account advantage and 

disadvantage of recommended height (10 m). 

 The parameterization in Chapter 4 should be updated based on future studies on 

comparison with direct measurement method, introduced in Appendix I, at special 

sites defined by the Strategy Paper for Future Direction of Dry Deposition 

Monitoring of EANET. Especially the studies on aerosols and nitrogen compounds 

should be encouraged, because of their large uncertainties. Advanced deposition 

velocity estimation such as multilayer numerical model would be considered for the 

next step of deposition velocity estimation. 

 In order to elaborate setting of seasonal categories (SC), roughness length (z0) and 

zero-plane displacement height (d), LAI data from satellite remote sensing could be 

used (see Appendix II). 

 



 

39 

Appendix I Direct measurement for determining dry deposition flux 
 

Dry deposition can be measured explicitly by employing the natural surface, the 

surrogated surface, or the micrometeorological instrument to determine the flux of the 

material. Analysis of material deposited on natural surfaces represents a method to infer 

dry deposition rates especially when micrometeorological methods are difficult to apply 

i.e. the complex terrain, forest edges (Seinfeld and Pandis, 1998). The surrogate surface 

method is to use filter substrates to collect depositing material. The method is most 

suitable when the aerodynamic resistance is prevailed. Measurement of fluxes by 

micrometeorological approach can be carried out either by direct and indirect methods. 

The direct methods, known as eddy correlation requires simultaneous measurements of 

rapid fluctuations of vertical windspeed and the eddy concentration. The product of the 

magnitude of the fluctuations is a direct measurement of the instantaneous flux at the 

point. The indirect methods rely on the measurement of vertical gradients of the mean 

concentration of the depositing material, and relating these quantities to the flux. They 

are usually referred to as the aerodynamic gradient and Bowen ratio methods. The 

following section describes differences of various direct measurement methodologies. 

 

AI.1 Natural Surface Method 

 

Throughfall and stemflow 

 

The quantity and quality of precipitation as it passes through vegetative cover are 

important components of nutrient budget studies. Water dripping from leaves and 

branches, and falling through gaps in the canopy is referred to as throughfall, whereas 

water running down tree trunks is called stemflow. Both throughfall and stemflow 

methods have been used also to measure the amount of total acid deposition. The 

difference between the total deposition and the open field wet deposition provides 

information on the dry deposition. 

 

The throughfall and stemflow methods have some advantages  over the 

micrometeorological methods in several aspects: 1) the methods are more suitable to 

measure the acid deposition in a complex terrain whereas the micrometeorological 

method requires a continuous flat land to ensure the constant flux; 2) the throughfall and 

stemflow contain all gases and particles deposited, including coarse particles; 3) the 

throughfall and stem flow methods allow fairly easy continuous monitoring, and thus 

provides the opportunity to study deposition processes;  and 4. the throughfall and 

stem flow methods are less expensive than micrometeorological measurements and 
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relatively easy to implement. For this reason, the throughfall method is well suited for 

monitoring at a large number of sites (Erisman and Draaijers, 1995). 

 

The throughfall and stemflow methods also have several weak points. The methods 

are related to the large spatial variability of fluxes, usually observed within forest stands, 

and hence the deposition estimates will be obscured (Beier et al., 1992). The presence of 

litterfall, insects, pollen, bird excrements in the throughfall and stemflow will affect the 

chemical contents in the collected rain water and hence alter the true causes of acid 

deposition. Figure AI.1 presents the technique of throughfall and stemflow sample 

collection. 

 

         

       Throughfall collection1                 Stemflow collection2  

 

Figure AI.1  Measurement of acid deposition by throughfall and stemflow methods. 

Reference 1: www.fs.fed.us/.../resin_collectors/index.shtml 

Reference 2: www.ucd.ie/.../Projects/FOREM/Stemflow.html 

 

AI.2  Surrogate Surface Method 

 

The surrogate surface method is to use flat plates, petridishes or other devices 

intended to represent natural surfaces to collect depositing material. The approach is 

most suitable when the aerodynamic resistance is the dominant resistance. If other 

resistances such as canopy resistance is significant, a surrogate surface is unlikely to 

represent the correct behavior of the natural surface of interest.  
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The surrogate surface is mostly impregnated with substrates in order to enhance its 

effectiveness in capturing particle and gases. This is to prevent rebounding of the 

particle captures and re-evaporating of depositing gases. 

The wide range of dry deposition rates estimated from the variety of deposition 

surfaces emphasizes the uncertainty of the surrogate surface techniques. In spite of these 

limitations, surrogate surfaces provide an estimate of sulfate flux rates not currently 

obtainable from natural surfaces. Figure A1.2 depicts the experimental set up to collect 

dry depositions near the small industrial areas in the northern Thailand. 

 

 

Figure AI.2 Measurement of dry deposition using surrogate surface in the northern 

Thailand. 

AI.3 Micrometeorological Method 

 

Surface methods and micrometeorological methods are distinguished, in part, by the 

spatial scales over which they are representative. Surface methods yield dry deposition 

fluxes representative of the spatial scales of the foliage or surrogate surface element 

sampled, typically on the order of fractions of a square meter. If these surface elements 

dominate the overall surface, they may account for more area than just the local area 

where the measurement was made. The micrometeorological methods most commonly 

used provide data that are representative of the flux over a larger spatial scale than that 

associated with a surface method. This is because the turbulent eddies responsible for 

the flux inherently include a degree of spatial averaging of the conditions in the vicinity 

of the measurement site. The nondivergence assumption depends on the degree of 

variability within this vicinity. The micrometeorological methods generally meet the 

nondivergence criterion more frequently than do surface sampling methods (Seinfeld 

and Pandis, 1998). 
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The flux of the total system may be determined by relationship between air 

concentrations and meteorology. A flat homogeneous terrain is required for the constant 

flux layer over a canopy to exist. Over a uniform stand of level vegetation, fluxes of 

momentum, heat, water vapor and any other entrained gas are constant with height. 

Bulk rates of exchange between the canopy and the air flowing over it can be 

determined by measuring vertical fluxes in this part of the boundary layer (Moneith and 

Unswsorth, 1999). Several micrometeorological measuring methods exist for measuring 

dry deposition. The Eddy Correlation, Eddy accumulation, Aerodynamic gradient and 

Bowen Ratio methods are summarized here. Figure A1.3 shows the 

micrometeorological instruments installed at a tower for measuring the deposition flux. 

 

Eddy Correlation Method  

 

Eddy correlation is the most common of the direct micrometeorological techniques to 

measure dry deposition rates. This method relies on measurements of the vertical wind 

velocity, w and the concentration, C of the gas or particles. The deposition flux can be 

considered as the sum of two components, the product of mean vertical wind speed w  

and concentration C  and the fluctuating components about the means of the same 

quantities, 'C'w . Hence, the instantaneous heat flux is   

 

    ''CwCwF        (AI.1) 

 

where 'w  and 'C  are the instantaneous vertical wind velocity and the departure from 

the mean concentration, respectively. This technique requires fast-response 

instrumentation i.e., the sonar anemometer and gas analyzer to resolve the turbulent 

fluctuation that contribute primarily to the vertical flux. These requirements are 

particularly severe under stable conditions where response times on the order of 0.2 s or 

less may be required. In practice, it is often possible to use somewhat slower 

instruments and apply various corrections to the computed fluxes as compensation 

(Seinfeld and Pandis, 1998). The deposition velocity can be obtained from the measured 

value of F by dividing the mean concentration at a chosen reference height.  
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Figure AI.3  Micrometeorological instruments installed at a tower for 

               measuring the deposition flux in Ratchaburi site, Thailand. 

 

 

Relaxed Accumulation Method 

 

Eddy accumulation depends on essentially the same conditions and assumptions as 

those for eddy correlation. In this method, air is collected on two separate filters, with 

the vertical velocity determining which filter receives the sampled air (Hicks and 

McMillen, 1984). One filter is used for positive vertical velocities and the second is 

used for negative vertical velocities; the instantaneous sampling rate for each filter is 

proportional to the magnitude of the velocity. The deposition flux of the aerosol can be 

calculated by 

 

Filter pack  

Sonic anemometer 

Wind speed 

Temperature & Relative 

humidity 

Net radiometer 

Solar radiometer 

Soil heat plate 

Filter pack 

Temperature & Relative 

humidity 
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 downupw CCbF       (AI.2) 

 

where b is the experimental coefficient obtained from the probability distribution of 

vertical wind velocity,  is the standard deviation of the vertical wind velocity and Cup 

and Cdown are the average concentration of the pollutant depending on the wind velocity 

is upflow or downflow. The filter is then analyzed for the species of interest and the 

results are used to calculate the net flux (Businger, 1986). Figure A1.4 represents a 

schematic diagram of the eddy accumulation sampling system. 

 

 

 

Figure AI.4  A schematic diagram of the eddy accumulation sampling system. 

 

 

Aerodynamic Gradient Method 

 

In the aerodynamic gradient method, the flux is determined by measuring the vertical 

concentrations gradient and the meteorological variables at a height above the canopy. 

The following derivation to determine the flux by aerodynamic gradient method is 

obtained from Erisman and Draaijers (1995). For the mass flux, 
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where KC is diffusion coefficient for turbulent transfer in air. For the momentum 

transport of the deposition species, 
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 /      (AI.4) 

 

where  is the shear stress or momentum flux. It is defined as the drag force per uni area 

of a horizontal plane caused by horizontal air motion.  

 

For sensible heat flux (H), 
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In neural stability, KC = KM = Kh and consequently,  
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The shear stress,  is related to the air density and the effectiveness of vertical turbulent 

exchange in the air flow over the surface: 2
*

u . 

 

The eddy velocity or friction velocity associated with the momentum flux is *u . In 

neutral stability, *u  can be estimated from the wind profile alone, and so the gradient 

method requires only two sets of profiles: concentration of deposition species at series 

of heights above the canopy, and wind speed measured at identical heights. The friction 

velocity is found from the wind profile by differentiating the wind profile equation, 
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where k is thermal conductivity constant of air. Hick defined the term *u  in terms of 

gradient theory, 
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where L is the mixing length for momentum, or rather the effective eddy size, at level z. 

The value for L may be given by, 

 

    
 

m
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        (AI.9) 

 

where  is the Von Karman constant, established experimentally to be about 0.41 

(Pasquill and Smith, 1983) m is the empirically estimated dimensionless correction for 

stability effects upon this ratio, while d is the zero displacement height. 

 

U* is derived as 

 

    
 

z

udz
u

m 


  * 
      (AI.10) 

 

The eddy diffusivity KM may be found from 
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This equation may be used to estimate Kc, given the similarity between Km, Kh and Kc. 

For Kc, h is used rather than m. Thus given the equality of h and c : 
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which may be substituted into the mass flux, yielding 
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The eddy concentration can be defined as 
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and thus the mass flux becomes, 

 

    **CuF         (AI.15) 

 

As a result, the flux of a pollutant may be derived from information on the wind 

profile, the concentration gradient and the effect of stability. The stability function is a 

correction for the departure of the neutral profile. Under the neural conditions m =   

h = c = 1. The stability correction is a function of height. Therefore  should be 

included in the integration. In the literature, results obtained by Dyer and Hicks (1970) 

are widely used (e.g. Thom, 1975; Denmead, 1983). Under stabled conditions, 
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 2.51     (AI.16) 

 

and unstable conditions, h and c are represented by the square of m, 
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where L is the Monin-Obukhov stability length used as stability parameter (L > 0: 

stable; L < 0: unstable; L  : neutral), given as 

 

   
hH

ucT
L pa


 *

        (AI.18) 

 

where T is the absolute temperature and g, the acceleration of gravity. The sensibleheat 

flux H can be calculated from the net radiation using the Priestly-Taylor model 

parameterized (modified by Holtslag and De Bruin, 1988). This modified model was 

tested using experiments as a meteorological mast and Cabauw in the center of the 

Netherlands. The model was used in subroutines for the calculation of H, L and u* by 

Beljaars et. al. (1987). 

 

Integration between the roughness length zo and z, yields: 
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where 
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for stable conditions and 
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For unstable conditions,   Ldzm /  is the integrated stability correction for 

momentum and   Ldzh /  is the integrated stability correction for heat. Whereas 

the gradient method is theoretically straightforward, it requires relatively accurate 

concentration values at two or more heights, since the difference between such values 

can be very small if the deposition rate is small. For example, for a deposition velocity 

of 0.2 cm s–1 and u* of 0.4 m s–1, the concentrations at 2 and 4 m above the surface will 

differ by less than 1% under neutral conditions. The difficulty of achieving such relative 

accuracy can be addressed by using a single detector for the species of interest, thereby 

eliminating inter-instrument differences, to sample the air at different heights, for 

example, with a movable sample probe or with a mechanism that switches between 

sampling lines. The gradient method tends to be impractical over extremely rough 

surfaces, because the measuring heights should satisfy the criterion z/zo >> 1; however, 
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that condition can actually place the measurement above the constant-flux layer. In such 

a case the turbulent diffusivity based on the gradient-transport assumption may then be 

poorly known. 

 

Bowen Ratio Method 

 

The Bowen ratio method for flux measurement is derived from the energy balance 

above the canopy, 

 

    Rn  G = l + E      (AI.25) 

 

Where Rn is the net radiation, G is the soil heat flux,  is the latent heat of vaporization 

of water and E is the flux of water vapor per unit area. 

 

It can be rewritten in the form  

 

    E = (Rn  G) /(1 + )    (AI.26) 

 

where  is the Bowen ratio (l/E). Measurements of the net radiation (Rn  G) and is 

found from measurements of temperature and vapor pressure at a series of heights 

within the constant flux layer. Assuming that the transfer coefficients of heat and vapor 

are equal,  

 

      =  l / E  =  T / e   (AI.27) 

 

and T/e is found by plotting the temperature at each height against vapor pressure at 

the same height. 

 

By writing the heat balance equation as 

 

  Rn  G = -Dw.a.Cp(T / z)  DH(e / z)  (AI.28) 

or 

  Rn  G = D.aCp(Te / e)      (AI.29) 

 

where D is a turbulent transfer coefficient and Te is the equivalent temperature (T + (e 

/)). The Bowen ratio equation can be derived from following equation. 

 

Te  = T + (e /)    (AI.30) 
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By writing the sensible heat flux as l = -DH.aCp(T / z) and forming similar 

expressions relating the heat flux E to –1(e/z) and the flux F of any other gas to 

Cs/z, it can be presented with equation,  

 

L = (Rn  G)(T / Te)    (AI.31) 

 

E = [(Rn  G) (T / Te)] /   (AI.32) 

 

F = [(Rn  G) (T / Te)] / Cp  (AI.33) 

 

In the addition, the flux, F can be written in form of the absolute gaseous concentration 

C, 

 

F = [(Rn  G) / aCp] (Cs / Te)  (AI.34) 

Te =  (T + e / )     (AI.35) 

Te   T + e / (CpP / E)]    

= T +  (Ee / CpP)    

= T + (Ee / CpP) / CpP  (AI.36) 

 

F = [(Rn  G)(Cs1  Cs2)] / [aCp[T + (e / CpP) e] (AI.37) 

 

F = [(Rn  G)(Cs1  Cs2)] / [aCpT + ( / CpP) CpP e]  (AI.38) 

 

F = [(Rn  G)(Cs1  Cs2)] / [(0.622 /P)(e1  e2)] + [Cp( T1 – T2)] (AI.39) 

 

By Fick’s law, CvF d   F = - D C/z   (AI.40) 

 

Therefore, D1-2 = (Rn  G) / [a(0.622 /P)(e1  e2)] + [aCp( T1 – T2)]  (AI.41) 

 

where D1-2 is the transport velocity between two heights. 

 

D1-2 = (Rn  G) / [a∆e (0.622 /P) + Cp∆T  (AI.42) 

 

where 0.622 is a ratio of the molecular weight of water to the molecular weight of air,  

P is a total pressure; and CS1 and CS2 are the absolute gaseous concentrations at height z1 

and z2, respectively.  
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The Bowen ratio methods of flux calculations are generally applied to measurements 

averaging for periods of a half to one hour. Fluctuations in the measuring parameters, 

especially on a day of intermittent cloud cover, will affect the estimation of mean fluxes 

for shorter periods. The diurnal changes make time-averaging objectionable for periods 

of more than two hours, especially near sunrise and sunset (Moneith and Unswsorth, 

1999). 
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Appendix II Use of remotely sensed information 
 

AII.1 Use of remote sensing 

 

Land Use/Land Cover (LULC) data obtained by satellite remote sensing can express 

surface characteristics which will be used for dry deposition flux estimation. In this 

chapter, resources of LU/LC data and important parameters for calculation of dry 

deposition flux will be introduced. 

 

Some of LU/LC datasets can be obtained via the Internet. The two major resources of 

LU/LC dataset are listed below.  

 

 Advanced Very High Resolution Radiometer (AVHRR) 

AVHRR is an electromagnetic radiation sensor mounted on polar orbiting satellites 

operated by National Oceanic and Atmospheric Administration (NOAA). The AVHRR 

instrument measures the reflectance of the Earth in 5 spectral bands. The first two are 

located in the visible (0.6 micrometer) and near-infrared (0.9 micrometer) regions, the 

third one is located around 3.5 micrometer, and the last two monitor thermal radiation 

emitted from the earth and are located around 11 and 12 micrometers. The highest 

ground resolution that can be obtained from the AVHRR is 1.1 km. AVHRR data have 

been collected continuously since 1981. Initially, the NOAA/ AVHRR satellites were 

designed to observe the Earth's weather in the form of cloud patterns. However, further 

research on the sensors clearly demonstrated that they could be used for more than just 

monitoring weather phenomena. Today the AVHRR are used in many applications such 

as monitoring land-surface processes and other characteristics of the Earth. 

Institute of Industrial Science (IIS) at the University of Tokyo has been receiving the 

AVHRR data at Tokyo in Japan since 1984, and Asian Institute of Technology at 

Bangkok in Thailand since 1997. The combined AVHRR datasets covers whole East 

Asian region. Raw data of the AVHRR can not be freely downloaded because of their 

enormous data size. Furthermore, the raw data have to be conducted data processing 

such as general array processing operations, reading and writing properly formatted files, 

conversion of radiometer counts to radiance, reflectance and brightness temperature and 

mapping data from the satellite coordinate system to standard geographic coordinates. 

IIS developed an AVHRR data processing system, named as PaNDA, on the Web site. 

Using this system enables us to process the AVHRR data on the Web site with a few 

input parameters and download the processed data by FTP access. The URL of PaNDA 

is http://webpanda.iis.u-tokyo.ac.jp/index.php. 
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 Moderate-resolution Imaging Spectroradiometer (MODIS) 

MODIS is a payload scientific instrument launched into an Earth orbit by National 

Aeronautics and Space Administration (NASA). It is on board the Terra Satellite in 

1999 and the Aqua satellite in 2002. Terra's orbit around the Earth is timed so that it 

passes from north to south across the equator in the morning, while Aqua passes south 

to north over the equator in the afternoon. Terra MODIS and Aqua MODIS are viewing 

the entire Earth's surface 1 or 2 times a day, which enables more frequent monitoring 

than AVHRR. The MODIS instrument acquire data in 36 spectral bands ranging in 

wavelength from 0.4 m to 14.4 m and at varying spatial resolutions (2 bands at 250 m, 

5 bands at 500 m and 29 bands at 1 km). They are designed to provide measurements in 

large-scale global dynamics including changes in Earth's cloud cover, radiation budget 

and processes occurring in the oceans, on land, and in the lower atmosphere. The 

detailed information of MODIS is provided at the NASA Web site 

(http://modis.gsfc.nasa.gov/index.php). 

IIS has been retrieving also MODIS dataset at Tokyo and Bangkok since 2001, and it 

covers whole East Asian region. As well as AVHRR data processing system (PaNDA), 

IIS also developed an MODIS data processing system including following functions: 

spectral subset (250m, 500m and 1000m resolutions), radiometric correction to radiance, 

spatial subset of geo-referenced data as a rectangular area with latitude-longitude grid 

system in HDF format and generation of a quick look file in JPEG format. Using this 

system enables us to process the MODIS data on the Web site with a few input 

parameters and download the processed data by FTP access. The URL of WebMODIS 

site is http://webmodis.iis.u-tokyo.ac.jp/index.php. 

 

AII.2 How to calculate Normalized Difference of Vegetation Index (NDVI) 

 

The AVHRR and MODIS sensor is also a useful tool for monitoring vegetation, land 

cover, and climate, and enables scientists to observe how these three elements interact. 

These data can be used to assess the quantity and vigor (photosynthesis activity) of 

vegetation through a measure of "greenness", referred to as the vegetation index or the 

Normalized Difference Vegetation Index (NDVI). Using AVHRR and MODIS, 

scientists monitor the growing season of crops - which can change with variations in 

regional climates - and can provide potentially life saving information to developing 

countries that heavily rely on an abundant and reliable harvest. From AVHRR data it is 

relatively easy to identify green vegetation and non-vegetated features such as water, 

barren land, ice, snow, and clouds. 

 

NDVI is a non-linear transformation of the visible (red) and near-infrared bands of 
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satellite information. NDVI is defined as the difference between the visible (red) and 

near-infrared (nir) bands, over their sum, as shown in the equation 7.1. NDVI is an 

alternative measure of vegetation amount and condition. It is associated with vegetation 

canopy characteristics such as biomass, leaf area index and percentage of vegetation 

cover. 

 

NDVI = (nir – red) / (nir + red)  (AII.1) 

 

For vegetation monitoring, the NDVI obtained by the combination of Channels 1 

(0.54-0.68 m for AVHRR, 0.62-0.67 m for MODIS) and 2 (0.725-1.10 m for 

AVHRR, 0.841-0.876 m for MODIS) [(Ch2-Ch1)/(Ch2+Ch1)], visible and near infrared 

respectively of AVHRR or MODIS data, are commonly used. The NDVI is 

representative of plant assimilation condition and of its photosynthetic apparatus 

capacity and biomass concentration (Groten, 1993; Loveland et al., 1991). In particular 

vegetation index dynamics in time are correlated with the Canopy Leaf Index (LAI) and 

other functional variables (Cihlar et al. 1991). These variables are strongly conditioned 

by the behavior of precipitation, temperature and daily radiation of the observed area 

(Davenport et al., 1993). Vegetation index therefore is representative of plants' 

photosynthetic efficiency, and it is time varying due to changes in meteorological and 

environmental parameters. The NDVI values range from -1 to +1 (pixel values 0-255). 

 

AVHRR- data is particularly suited to monitoring seasonal and inter-annual changes 

in land cover/land use because of its low cost and temporal and spatial characteristics. 

There have been a number of studies which have directly linked AVHRR-NDVI to plant 

phenology (DeFries 1995; Reed et al., 1994). For instance, the number of periods when 

the NDVI exceeded a threshold might indicate the number of growing seasons, the time 

integrated NDVI might indicate gross primary production and the length of the period 

when NDVI exceeded a threshold might indicate the length of the growing season. 

Seasonal and inter-annual variations can be derived form multi-temporal series of NDVI 

that can be associated with other ecological variables (Mora and Iverson 1995).  

 

AII.3 How to calculate Leaf Area Index (LAI) from the data of NDVI 

 

Leaf Area Index (LAI) is defined as the leaf area per unit ground area. LAI is a factor 

that indicates how many leaf (or photosynthetically active) surfaces are in a column 

extended from, the ground area under the canopy diameter, up through the canopy. LAI 

is the necessary index to calculate dry deposition velocity as shown in section X.X. 

LAI can be estimated from NDVI, because NDVI represent the relative seasonal 



 

55 

changes in vegetation rather than vegetation amount. There is a significant relationship 

between NDVI and LAI. Assuming that NDVI/LAI relationship is linear (Wiegand C.L. 

1979, Tucker 1980, Wardley and Curran 1984); and the maximum NDVI value in a 

season correspond to the maximum LAI of vegetation cover (Justice 1986). LAI can be 

inferred from NDVI as (Zhangshi and Williams 1997) the following equation. 

 

LAIi = LAImax * (NDVIi – NDVImin) / (NDVImax – NDVImin)  (AII.2) 

 

Where max, min and 'i' are the maximum, minimum and period values observed, 

respectively. 

Maximum and Minimum NDVI values can be determined by multi-temporal NDVI 

observations from the AVHRR sensor. The formulation of LAI as a fraction of the 

maximum NDVI observed in a season facilitates the integration of data from different 

sensors. High and coarse resolution satellite observations can be combined to get more 

reliable estimates of LAI patterns in a landscape.  

 

LAImax can be determined empirically by assigning different values to a land cover 

categories, and LAIi can be then obtained by combining NDVI information from 

different dates. 

Even when a linear relationship between NDVI/LAI is often assumed, the relationship is 

not always linear since the vegetation indices approach a saturation level asymptotically 

for LAI ranging from 2 to 6, depending on the type of vegetation cover, and 

environmental conditions (Clevers 1989; Carlson and Ripley 1998). However, by 

assuming a non-linear relationship, the LAI estimates from NDVI are then highly 

dependent upon certain factors such as canopy geometry, leaf and soil optical properties, 

sun position and cloud coverage. The variation of NDVI as a function of LAI can be 

expressed by a modified Beer's law (Baret and Guyot 1991) as shown below:  

 

NDVI = NDVIa + (NDVIbs – NDVIa) * exp (-Kndvi * LAI)  (AII.3) 

 

Where NDVIbs = vegetation index corresponding to that of the bare soil; NDVIa is 

the asymptotic value of NDVI when LAI tends towards infinity; and Kndvi is the 

coefficient that controls the slope of the relationship (extinction coefficient).  
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Appendix III How to operate Microsoft Excel macro program for 
calculation of deposition velocity 
 

(1) Installation of Vd calc add-in program 

 

Add-in Menu of MS Excel 

 

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Window(W) Help(H)

Spelling(S)

Macro(M)

Add-Ins(I)

Tool(T)

Start

Draw(D) AutoShape(D)

Arial

Command

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Window(W) Help(H)

Spelling(S)

Macro(M)

Add-Ins(I)

Tool(T)

Start

Draw(D) AutoShape(D)

Arial

Command

 
 

Choose reference menu and Choose the file “C:¥Program Files¥VdCalc¥VdCalc.xla” 

 

        

Add-Ins

Enabled Add-Ins(A)

Internet Assistant VBA
Solver Add-in

Temperate Utility
Euro currency Tool
Conditional Sum Wizard
Auditing Tool
Auditing Tool - VBA

Lookup Wizard

Data Tracking Wizard
Cancel

Browse(B)

Automation(U)

Lookup Wizard

 

        

Add-Ins

Enabled Add-Ins(A)

Internet Assistant VBA
Solver Add-in

Temperate Utility
Euro currency Tool
Conditional Sum Wizard
Auditing Tool
Auditing Tool - VBA

Lookup Wizard

Data Tracking Wizard
Cancel

Browse(B)

Automation(U)

Lookup Wizard
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CancelAdd-Ins (*.x?a;*.xll)

Browse

File Name(N):

File Type(T):

Tool(L)Directory(I):

Desktop

My Document

My Computer

Recently Used
Documents

CancelAdd-Ins (*.x?a;*.xll)

Browse

File Name(N):

File Type(T):

Tool(L)Directory(I):

Desktop

My Document

My Computer

Recently Used
Documents

 

 

Choose Vdcalc 

 

Add-Ins

Enabled Add-Ins(A)

Internet Assistant VBA
Solver Add-in

Temperate Utility
Euro currency Tool
Conditional Sum Wizard
Auditing Tool
Auditing Tool - VBA

Lookup Wizard

Data Tracking Wizard

Cancel

Browse(B)

Automation(U)

Add-Ins

Enabled Add-Ins(A)

Internet Assistant VBA
Solver Add-in

Temperate Utility
Euro currency Tool
Conditional Sum Wizard
Auditing Tool
Auditing Tool - VBA

Lookup Wizard

Data Tracking Wizard

Cancel

Browse(B)

Automation(U)

 
 

Vd Calc menu will be shown. 

Data(D) Window(W) Help(H) VdCalcData(D) Window(W) Help(H) VdCalc
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(2) Input of initial condition data 

 

Setting of system definition file (VdCalcConf.csv) 

“File name of input csv file”, “File name of Vd calculation model” 

Notepad

File(F) Edit(E) Format(O) View(V) Help(H)

Input Filename(CSV), Modelname(Excel)

Notepad

File(F) Edit(E) Format(O) View(V) Help(H)

Input Filename(CSV), Modelname(Excel)

 

Input meteorological parameter. 

(Date and Time, Temperature [degree], Relative Humidity [%], Wind Speed [m/s], Solar 

radiation [MJ/m2], Precipitation [mm], Cloud coverage [0～10] 

Notepad

File(F) Edit(E) Format(O) View(V) Help(H)

Notepad

File(F) Edit(E) Format(O) View(V) Help(H)
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Start of Vd calculation 

 

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Help(H)Window(W)Tool(T)

Draw(D) AutoShape(D)

Command

VdCalc

Start

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Help(H)Window(W)Tool(T)

Draw(D) AutoShape(D)

Command

VdCalc

Start

 

 

Choose the Vd model, input meteorological data and system definition file 

 

Add-Ins

Calculation by Selected File

Selected Model

Input Data File

Browse

Calculation by Selected Folder

Start Calc End Application

Browse

Add-Ins

Calculation by Selected File

Selected Model

Input Data File

Browse

Calculation by Selected Folder

Start Calc End Application

Browse
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Calculated Vd results 

 

Draw(D)

Command

AutoShape(D)

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Help(H)Window(W)Tool(T) VdCalc

Calculation by Selected File

Calculation by Selected Folder

Input data file

Selected Model

Browse

Start Calc Application End

Calculation was completed.

Browse

Draw(D)

Command

AutoShape(D)

File(F) Edit(E) View(V) Insert(I) Format(O) Data(D) Help(H)Window(W)Tool(T) VdCalc

Calculation by Selected File

Calculation by Selected Folder

Input data file

Selected Model

Browse

Start Calc Application End

Calculation was completed.

Browse
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1. Introduction 
 
1.1. Background 
 
In Northern Europe and North America, pH of lake water decreased in the 1970’s 
compared with that of the 1930’s and damages resulting from this decrease, such as 
declining fish populations, was reported. The cause of this pH decline is believed to 
have been deposition of acidic substances into lakes in excess of their neutralization or 
buffering capacity. According to the results of discussions at the specialist meeting of 
the Stockholm Conference on Acidification of the Environment held in 1982, 
acidification was acknowledged in many lakes, in Sweden, Norway, Canada and the 
United States that are highly sensitive to acid deposition (i.e., lakes having low 
alkalinity and receiving considerable deposition of sulfate ions over about 0.5 gS m−2 in 
their catchment basins) (Hileman, 1983).  
 
In East Asia also, acidification of lakes and rivers/streams have been recently reported. 
Yamada et al. (2007) reported that river and lake waters had been acidified since the 
mid-1990s in the Lake Ijira catchment, one of the EANET monitoring sites, in Gifu 
Prefecture, Chubu region (central region) of Japan, where the rate of acid deposition 
was among the highest of all the monitoring sites in Japan. In the Chubu region of Japan, 
more widespread acidification of river waters has been reported. A significant long-term 
declining trend in river water pH was found in several watersheds in Nagano, Niigata 
and Gifu prefectures. Especially in Niigata, the pH declining trend was observed only in 
the areas receiving drainage from granitic rocks, and the acid neutralizing capacity of 
the river waters was in fact low in those areas (Matsubara et al., 2008). Niigata receives 
also the highest level of acid loading from the atmosphere in Japan. Effects of acid 
deposition or nitrogen deposition on inland water was observed also in other regions of 
Japan; e.g. Lake Sawanoike in Kyoto Prefecture (Yoshikawa et al., 2000); streams in 
Yakushima Island in Kagoshima Prefecture (Ebise and Nagafuchi, 2005); and streams in 
Kureha Hill, Toyama Prefecture (Kawakami et al., 2001). Moreover, temporary 
(short-term) changes in water chemistry in acid-sensitive regions were reported during 
periods of high flow discharge (water level), including during snowmelt and rain/storm 
events (e.g. Komai et al. 2001).  
 
In Russia, the acidification of surface waters is typical of the regions, in which the 
geological conditions determine the low content of total dissolved solids in the waters, 
their low saturation in cations, and high vulnerability to the influence of acidifying 
substances. Surface waters of the taiga zone, which occupies a large area of the Russian 
territory, contain high concentrations of humic substances, causing an acidic water 
conditions. Almost 70% of the lakes in the Russian taiga zone have the waters with pH 
values less than 7.0 (Zalicheva et al., 2006). More than 10% of the 460 small lakes 
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studied in the northern European part of Russia are acidified; up to 30% of them are in 
critical condition. In this region, up to 80% of the atmospheric precipitations have pH 
<5.0, which is a result of both transboundary transport of pollutants from Western 
Europe and emissions of metallurgical plants “Severonikel” and “Pechenganickel” 
(Moiseenko, 2009). Strongly acid and acid sulfate waters (pH 3.6-5.5) are spread in 
lowland bogs located in the zone affected by the Norilsk mining and metallurgical 
complex, the largest one in the north of Western Siberia. There is an acidification of 
water bodies in the basin of the Lower Volga River (pH in the water has decreased from 
7.4-7.6 to 6.0-6.2). Reduction of acid neutralizing capacity (ANC) of surface waters is 
observed in the mountain lakes and rivers of the Caucasus (Moiseenko, 2010) and of 
Southern Baikal (Khodzher et al., 2005, Sorokovikova et al, 2005; 2009). For many 
decades atmospheric precipitation with low acidity (pH 4.5-4.8) has been falling to the 
catchment area of Southern Baikal tributaries (East Siberia). The chemistry of these 
riverine waters is formed under severe climatic conditions of the highland. Most 
catchment areas of the rivers are composed of massive crystal rocks, on which podzol 
and brown taiga soils with acid reaction develop. The rivers are fed mainly by 
atmospheric precipitation. Water of these rivers is of low buffer capacity with pH ranged 
between 5.7 and 7.8. Resistance of river waters to acidification gradually decreases 
under the influence of acid atmospheric precipitations. Now, ANC values in some 
riverine waters dropped to 151 μeq L−1 compared to 778 μeq L−1 recorded in the 
1950-1960s. 
 
According to the Periodic Report on the State of Acid Deposition in East Asia (EANET, 
2006), although no obvious acidification of inland aquatic environment was found for 
the five years from 2000 to 2004 in the EANET countries, lakes or rivers with low 
alkalinity below 200 µeq L−1 were found, which may be susceptible to acid deposition.  
In East Asia, rapid industrialization has increased emissions of air pollutants, and 
therefore, it may be possible that effects of acid deposition on inland aquatic 
environment will become obvious also in other countries than Japan and Russia in near 
future. 
 
Therefore, it is necessary to conduct continuous monitoring of water bodies and aquatic 
fauna and flora. Moreover, inland water can be considered as a result of biogeochemical 
processes in the watershed/catchment as shown in Fig. 1.1 (NAPAP, 1990). Rainwater 
precipitated in the watershed is partly flowed into the stream or into the lake through 
hydrological processes in the watershed. Dissolved materials/ions deposited by wet or 
dry are transported with the water flow in the watershed and receive the biogeochemical 
processes, such as plant uptake, microbial consumption/transformation, cation/anion 
exchange on clay mineral surface, and mineral weathering. Therefore, water chemistry 
of streams and lakes must reflect such processes. Major processes hydrological 
flowpaths in the watershed are shown in Fig. 1.2 (NAPAP, 1990). Effects of acid 
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deposition on inland water should be evaluated taking the biogeochemical processes on 
the watershed/catchment scale into account (refer the chapter 8.1).  
 
1.2. Objectives 
 
Inland aquatic environment monitoring is conducted mainly for the following 
objectives: 
i) To accumulate baseline data on inland aquatic environment and to evaluate the 

current situation 
ii) To detect possible impacts of acid deposition on inland aquatic environment in 

early stages 
 
1.3. Major revised part 
 
Technical Manual for Inland Aquatic Environment Monitoring-2010 was prepared as 
the revised version of the Technical Manual for Monitoring on Inland Aquatic 
Environment in East Asia, which was adopted at the Second Interim Scientific Advisory 
Group Meeting of EANET in March 2000. Taking the latest scientific information and 
current situations of the EANET monitoring sites into account, the Technical 
Manual-2010 was developed by the Expert Group as shown in the list of contributors.  
 
The Technical Manual-2010 includes 1) criteria for selection of monitoring sites, 2) 
standard sampling and monitoring methods for lakes and rivers, 3) standard monitoring 
parameters (both mandatory and optional) and analytical methods, and 4) data quality 
assurance/quality control, and data reporting and evaluation.  
 
The basic procedures in the Technical Manual-2010 were mostly same as the previous 
version, although the following subjects were adopted as major revised part: 
 Rivers and streams can be selected as the monitoring site more freely. Consequently, 

modification on sampling frequency and measurement parameters was proposed.  
 Clearer criteria on selection of lakes and rivers was described, including size of the 

catchment, priority among natural lake, rivers/streams, and reservoir/dam, etc. 
 Parallel measurements by the end-point pH 4.8 method and the Gran’s Plot titration 

method were recommended for alkalinity. 
 The reporting forms are included in the same book. 
Moreover, analytical procedures were described in further detail, and definition and 
meaning of the parameters were clarified for surveyors and analysts.  
 
This manual will be reviewed and revised as appropriate, taking account of the latest 
scientific information and experiences accumulated in East Asia. 
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Fig. 1.1. Natural watershed and aquatic processes influencing the effects of acidic 
deposition on surface water chemistry (NAPAP Report No.14, 1990) 
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Fig. 1.2. Conceptual framework of major processes and hydrologic flowpaths that 
influence surface water chemistry (NAPAP No. 10, 1990)
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2. Monitoring sites and parameters  
 
2.1. Selection of monitoring sites 
 
2.1.1. Classification of sampling site 
EANET monitoring sites are classified into two basic categories, namely deposition 
monitoring sites and ecological survey sites. Deposition monitoring sites are sampling 
sites to collect fundamental data on the temporal and spatial distribution of acid 
deposition, and are further classified into three sub-categories: remote sites, rural sites, 
and urban sites for the objectives of the monitoring. Ecological survey sites are those to 
provide basic data for assessing the effects of acidification on terrestrial ecosystems, 
and further classified into two sub-categories: basic survey sites, and ecosystem analysis 
sites. All sites in each country should be classified according to these categories.   
 
a. Deposition monitoring sites 
Deposition monitoring sites in this network should be classified into three 
sub-categories: remote sites, rural sites and urban sites according to the objectives of the 
monitoring. Wet deposition monitoring, and desirably dry deposition monitoring as well, 
should be carried out at these sites.  
 
b. Ecological survey sites 
Ecological survey sites should be classified into two sub-categories: basic survey sites 
and ecosystem analysis sites, according to the objectives of the monitoring. Soil and 
vegetation monitoring and monitoring for inland aquatic environment should be carried 
out at these sites. 
 
1)  Basic survey sites 
Basic survey sites are to be established at the deposition monitoring sites or in their 
vicinity in order to accumulate basic data on soil, forests and inland aquatic 
environment, and trends in properties. At these sites, chemical and physical analysis of 
soil, description of trees, survey of understory vegetation, forest decline, and inland 
aquatic environment should be carried out. 
 
2)  Ecosystem analysis sites 
Ecosystem analysis sites are to be established for the assessment of acid deposition 
impacts on whole ecosystems through application of, for instance, terrestrial ecosystem 
analysis and/or catchment analysis. The location of these sites should be selected in 
areas where terrestrial ecosystems are sensitive to changes in atmospheric acidity.  
Some of these sites should also be located in ecologically conserved areas.  At these 
sites, elemental dynamics in ecosystems should be surveyed, and environmental 
capacity for acid deposition should be estimated. Acidification models may also be 
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developed for these sites. 
 
2.1.2. Criteria for site selection of lakes and/or rivers (streams) 
Lakes will be selected as monitoring sites. If appropriate lakes are not available, rivers 
(streams) that are potentially susceptible to acidification and have little artificial 
influence should be selected. 
 
Because the sampling point should be representative in the water bodies, it should be 
confirmed within half a year from the start of sampling, that the sampling site represents 
the water quality of the water body, by analyzing relevant items of surface water in 
several points (more than five sites including the center of the water body). In the case 
that there are islands at the center of site, the detailed survey is needed to decide a 
representative point in the site. It is desirable that the monthly and ten-days period 
variations be investigated to evaluate the representativeness of a sampling site (more 
than 4 times, in each season). For the time being, on-site measurement of water 
temperature, electric conductivity and pH values can be deemed as a substitute method 
for these investigations. 
 
a. Criteria of lakes 
It is recommended that harmonic lakes which are considered to be potentially 
susceptible to acidification should be selected. Natural lakes have higher priority for 
selection of sites than artificial lakes. If the management such as dredge is carried out, 
effects of the management should carefully be investigated. Oligotrophic or 
Mesotrophic of harmonic lake is recommended (Table 2.1). If there is no harmonic lake, 
dystrophic lakes could be selected for monitoring. However, in this case, appropriate 
monitoring methods should further be investigated.  
 
It is desirable to choose monitoring lakes which are harmonic type with low BOD, COD, 
or TOC (inorganic acidic lakes, organic acidic lakes or alkaline-based eutrophic lakes is 
not good for the monitoring), preferably having a maximum depth of approximately 10 
m or less, a water retention time of 1 year or less, water area from 1 hectare to 100 
hectares, low alkalinity (less than 200 µeq L−1) or electric conductivity (less than 10 mS 
m−1), minimal anthropogenic water pollution and no coverage of the surface with 
aquatic plants. 
 
The lakes’s catchment area is desirable to be not so big. It is also desirable that the 
catchment is covered by acidic or neutrality bedrock geology, nature protection 
(conservation) areas and natural vegetation. The access from the site to the laboratory is 
desirable to be short for preventing change of the sample qualities.   
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Table 2.1. Classification of harmonic lakes by trophic level (OECD, 1982) 

Classification TP 
mg m−3 

 

Chlorophyll-a 
mg m−3 

mean     max 

Transparency     
m         

mean      min 

Extreme oligotrophic 
Oligotrophic 
Mesotrophic 
Eutrophic 
Hypereutrophic 

   ≤ 4.0 
   ≤ 10.0 
 10 ~ 35 
 35 ~ 100 
   ≥ 100 

   ≤ 1.0    ≤ 2.5 
   ≤ 2.5    ≤ 8.0 
   2.5~8    8~25 
   8~25    25~75 
   ≥ 25     ≥ 75 

   ≥ 12.0    ≥ 6.0 
   ≥ 6.0     ≥ 3.0 
   6~3      3~1.5 
   3~1.5   1.5~0.7 
   ≤ 1.5     ≤ 0.7 

 

Pleliminary chemical analysis is recommended for site selection on items as follows, 

●Water temperature (W.T.), ●pH, ●electric conductivity (EC), ●transparency, ●water 
color, ●alkalinity, ●dissolved oxygen (DO) and ●dissolved organic carbon (DOC) (if 
impossible, chemical oxygen demand (COD))  
●Cations: NH4

+, Na+, Ca2+, Mg2+, K+ and total dissolved Al  
 ●Anions: SO4

2−, NO3
− , NO2

−, Cl− and PO4
3− 

 
b. Criteria of rivers (streams) 
Rivers or streams that are potentially susceptible to acidification may be selected, where 
the impacts of human activities such as deforestation, slash-and-burn farming, 
stock-farming or cultivation is not being conducted or planned in the future in the upper 
stream area of the water sampling site. The river/stream’s catchment area is desirable to 
be not so big. It is also desirable that the catchment is covered by acidic or neutrality 
bedrock geology, nature protection (conservation) areas and natural vegetation. 
 
Especially, to prevent the influence of other pollutions and storm runoff, streams have 
higher priority than rivers in the site selection. In the case of selecting rivers, the upper 
streams of a river or first-order streams (as stream order) is desirable for the areas with 
storm events. At upper reach of the stream area, monitoring should be done at one point, 
and measurement of the flow is desirable.  
 
It is desirable to choose monitoring rivers (streams) which are natural rivers (streams), 
having low alkalinity (less than 200 µeq L−1) or electric conductivity (less than 10 mS 
m−1) with low BOD, COD, or TOC. The recommendations for catchment properties and 
accesssibility are the same as the lakes.  

 
In the case of river (streams), flow volume and ion concentrations change dramatically 
with intense rainfall. Therefore, sampling should be carried out when there is no or 
small rainfall (below 10 mm per day) within 2 days before monitoring for average 
samples. Samples should also be collected during flood and after intensive rainfalls or 



  

13 
 

snow melting, if possible. This will allow us to get more reliable information already on 
the stage of a plot selection. On this stage, the most important parameters to be 
measured are the temperature, electric conductivity, and рН values. 
 

Preliminary chemical analysis is recommended for site selection on items as follows, 

●Water temperature (W.T.), ●pH, ●electric conductivity (EC), ●transparency, ●water 
color, ●alkalinity, ●dissolved oxygen (DO) and ●dissolved organic carbon (DOC) (if 
impossible, chemical oxygen demand (COD))  
●Cations: NH4

+, Na+, Ca2+, Mg2+, K+ and total dissolved Al  
 ●Anions: SO4

2−, NO3
−, NO2

−, Cl− and PO4
3− 

 
Recommended criteria for site selection are summarized in Table 2.2. 
 
Table 2.2. Recommended criteria for site selection 

Recommendation items Lakes Rivers (streams) 
Alkalinity less than  200 µeq L−1  

EC less than 10 mS m−1 
Trophic level oligotrophic - 

BOD (COD), TOC low 
Retention time Less than 1 year - 

Depth Less than 10 m (max) Less than 2 m 
(cross-sectional mean) 

Discharge - < 5 m3 s−1 
Water area 1~100 ha - 

Surface situation No coverage of aquatic plants 
Human activities  No or minimal 

Recommendation items for the catchment of the site 
Location of river Rivers in the mountain areas 
Catchment Area < 500 ha 
Bedrock geology Acidic or neutrality 

Vegetation Natural 
 
 
2.2. Collection of information concerning monitoring site 
 
An inventory of lakes (including man-made reservoirs) based on their limnological 
significance and/or with water area of larger than 1 ha in the area in question should 
first be prepared. The monitoring site should be selected from the inventory, based on 
the criteria for site selection. Then the following information on both the selected site 
and its watershed/catchment should be collected as much as possible from the past to 
the present. The standard format and an example of information on the site and its 
watershed/catchment are shown in Table 2.3 and 2.4 respectively. A colored photograph 
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of the site is useful (Photo.1). An aerial view of the site is most preferable. 
 
2.2.1. Lakes 
a. Characteristics of lakes 
● location and location map, ●elevation, ●origin, ●area, ● shore line length, 
● lake hydrologic type (seepage, closed, drainage, and reservoir ) 
● lake trophic type (oligotrophic, mesotrophic, eutrophic and dystrophic with 
indication of OECD criteria etc.), ●water depth (mean and maximum),  
●water volume, ●bathometric map, ●range of annual water level fluctuation, 
●residence time of water, ●lake utilization (irrigation, domestic water, electric power, 
fish culture, sightseeing, and others) 
 

b. Watersheds/catchments 
● area, ●elevation and topography, ● surface geology, ●soil types, ●vegetation,  
●land use, ●population, ● numbers and discharge of streams (inlets and outlets ), 
● numbers, discharge and water qualities of spring or ground waters around the shore 
● wind direction and speed (mean and prevailing), ●precipitation, ●solar radiation 

 
c. Living organisms in lakes 
● chlorophyll pigments, ● fauna, ● flora, ● biomass of bacteria and phytoplankton,  
● primary productivity of phytoplankton, ●zooplankton, ●fish, ●benthic organisms 

 
d. Sediment in lakes 

Physico-chemical properties: 
● texture, ●grain size, ●volumetric water content(bulk density) 
● electoric potential of hydrogen (Eh), ●organic carbon, ●SO4

2− , ● NO3
− 

● sulfur stable isotope ratio of sulfate (if available), ●sedimentation rate (if available) 
 Biological properties: 
● Diatom species 
 

2.2.2. Rivers (streams) 
a. Characteristics of rivers (streams) 
● location and location map, ●elevation, ●origin, ●area,  
●range of annual discharge fluctuation (at the sampling site),  
●river utilization (irrigation, domestic water, electric power, fish culture, sightseeing, 
and others) 
  

b. Watersheds/catchments of rivers (streams)  
● area, ●elevation and topography, ●surface geology, ●soil types, ●vegetation,  
● land use, ●population, ●numbers, discharge and water qualities of spring or ground 
waters around the river, ●precipitation, ●solar radiation,  
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●wind direction and speed (mean and prevailing) 
 
c. Living organisms rivers(streams) 
● fauna, ●flora, ●fish, ●benthic organisms 

 
d. Sediment in rivers (streams) 

Physico-chemical properties: 
● texture, ●grain size, ●volumetric water content(bulk density),  
●electoric potential of hydrogen (Eh), ●organic carbon, ●SO4

2−, ● NO3
−,  

● sulfur stable isotope ratio of sulfate (if available), ●sedimentation rate (if available) 
Biological properties: 

● attached algae (diatom species), ●chlorophyll pigments 
  

2.2.3. Standard format 
Each laboratory makes the effort for submission following standard format for the lake 
or the river (Table 2.3) every year. There is an example of information concerning 
monitoring site (Table 2.4).  
 
Table 2.3. Standard format for the site properties           (research year     ) 
Country  
Location  
Kind 1. Lake   2. River (stream)   3. Other (            ) 
Site name  
Altitude         m above sea-level 
Site Classification 1. Urban   2. Rural    3. Remote  
Latitude  Longitude  
Origin (for 
lakes/ponds) 

 

Nearest Wet deposition monitoring site                        (       km) 
Living organisms  
Catchment Area km2 (based on the sampling site) 
Catchment elevation and topography         m~         m 
Surface geology  
Soil types  
Vegetation  
Land use  
Population  
Lake area          m2 Lake shape  
Shore line length          m   
Lake trophic type  
Water depth(mean)          m (maximum)           m 
Water volume           m3 
Annual water level fluctuation       m ~   m（mean     m）    
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Residence time of water   
Lake utilization  
Number of inflow river  Number of outflow river  

River length  
River water depth 
(mean) 

           m Minimum & 
maximum 

          m 

Flow discharge 
(m3 sec-1) 

Mean  
Minimum 
Maximum           

Drought or freeze 1. Nothing   2. Existence(          ~           ) 
Lake or river (flows into)  
Precipitation (mm) Annual and monthly data                 
Evaporation (mm) At least annual 
Solar radiation  
Wind speed mean                 
Prevailing Wind 
direction 

                        

Annual air 
temperature 

 

Relative humidity  
Nearest meteorological station  
Soil chemical properties in the catchment 
area 

 

Bottom sediment   
 

Table 2.4. The example of information concerning lakes 

Lake Name: Ijirako Lake (Pond)  
 
Lake Characteristics 
   Country: Japan 
   Location: Yamagata-shi, Gifu Prefecture, 35°34′N,  136°56′E, refer to attached Map 
   Altitude: 110m above sea-level 
   Origin: Artificial (dam-made lake) 
   Area and shape: 0.1 km2, refer to attached Figure 
   Shore line length: 1.8 km 
   Lake hydrologic type: Reservoir 
   Lake trophic type: Oligotrophic to mesotrophic  
   Water depth (mean and maximum): 5.4 m and 10.9 m 
   Water volume: 540× 103 m3  
   Annual water level fluctuation: 0 to 740 mm (mean 220 mm) 
   Precipitation: 1985mm/year (1983-1988) 
   Solar radiation: Daylight time 173 hr. month−1 (1983-1988) 
   Wind speed (mean and dominant): 1.8-2.8m s−1 
   Wind direction(dominant) : SE,S(summer),NW,N(winter) 
   Residence time of water : 23 days 
   Lake utilization : Irrigation, sightseeing and fishing 
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Watershed 
   Area: 5.4 km2 
   Elevation and topography: 110 – 696 m above sea-level 
   Superficial geology: Chert 
   Soil types: Brown forest soil 
   Land use: Forests(99.6%) 
   Vegetation: Coniferous trees (Japanese red pine, cedar,cypress, and red pine) 
   Population: None 
   Numbers of streams: 2 inlets ;  8300× 103 m3 year−1 
   Ground water: (No spring water: 1 well with pumping-up rate 4 × 103 m3 year−1) 
    
Sediment 
   Water contents: 42.6%, Ignition loss: 11.8% 
   Texture: Grayish clay, Particle size: below 0.074mm (72% wt.) 
   Benthos: Tubifex sp., Chironomus sp. 
 
 
Data Source; Gifu Prefecture (1989,1990), Murase et al. (1990,1991) 

 

 
Lake Area: 0.1km2 

                                      Watershed Area: 5.4km2 
 
Fig. 2.1. Location of Ijirako Lake and Its Watershed 
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Fig. 2.2. A view from the lakeside of Ijirako Lake (Photo: by H. Murase) 
 

2.3. Measurement parameters and frequency of monitoring 
 
Measurement parameters should be classified into two categories: mandatory and 
optional parameters presented in Table 2.5. Frequency of monitoring depends on 
parameters and items. The information on the definition and/or meaning of the 
respective parameters were summarized in Appendix 3 

 
2.3.1. Lakes 
1) Mandatory parameters 

Frequency: 4 times a year 
 Water Temperature (W.T.) 
 pH 
 Electric Conductivity (EC)  
 Alkalinity (Gran’s plot titration and/or the pH 4.8 endpoint)  
 Major cations: NH4

+, Ca2+, Mg2+, Na+ and K+ 
 Major anions: SO4

2−, NO3
− and Cl− 

 Transparency 
 Water color 
 Dissolved organic carbon (DOC) or Total organic carbon (TOC)  
 Other anions: NO2

− and PO4
3− 

 Chlorophyll a  
 Total P 
 Total N 
 Dissolved oxygen (DO)  
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Frequency: every 3-5 years 
 Sediment: SO4

2−, NO3
− and NH4

+ (in pore water) 
 
2) Optional parameters 

Frequency: 4 times a year 
 Total dissolved Al  
 Reactive Al (if total dissolved Al > 200 µg L−1) 
 Chemical oxygen demand (COD)  
 Phytoplankton (Diatom species)  

 
Frequency: every 3-5 years 
 Living organisms other than phytoplankton 
 Sediment (Pb, Pb-210 and stable isotope of S)  

 

2.3.2. Rivers (streams) 
1) Mandatory parameters 

Frequency: every one month or two months 
 Water Temperature 
 pH 
 Electric Conductivity (EC)  
 Alkalinity (Gran’s plot titration and/or the pH 4.8 endpoint)  
 Major cations: NH4

+, Ca2+, Mg2+, Na+ and K+ 
 Major anions: SO4

2−, NO3
− and Cl− 

 Water color 
 Dissolved organic carbon (DOC) or Total organic carbon (TOC)  
 Other anions: NO2

− and PO4
3− 

 Total P  
 Total N 
 Suspended solids (SS) 

 
2) Optional parameters 

Frequency: every one month or two months 

 Hydrological flow (at sampling time) 
 Total dissolved Al 
 Reactive Al (if total dissolved Al > 200 µg L−1) 
 Chemical oxygen demand (COD)  
 
Frequency: 4 times a year 
 Epilithic algae (diatom species) 

 
Frequency: once 3-5 years 
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 Living organisms other than epilithic algae 
 
Table 2.5. Mandatory and optional parameters   
Mandatory Parameters Optional Parameters Frequency 

W.T., pH, EC, Alkalinity, 
Major cations, Major anions, 
Transparency*, water color,  
DOC or TOC, NO2

− and 
PO4

3−, Chlorophyll a*, Total 
P, Total N, DO*, SS** 

Hydrological flow**, Total 
dissolved Al, Reactive Al (if total 
dissolved Al > 200 µg L−1), COD, 
Phytoplankton (diatom species)* 
Epilithic algae (diatom species)**
 

4 times a year 
for lakes 
Every one or 
two month(s) for 
rivers  

Sediment (SO4
2−, NO3

− and 
NH4

+ in pore water)* 
Other living organisms, Sediment 
(Pb, Pb-210 and stable isotope of 
S)* 

Once 3-5 years 

*, parameter for lakes only; **, parameter for rivers only. 
 
The minimum frequency of water sampling in each region is presented on Table 2.6. 
 
Table 2.6 Minimum frequency of sampling times in each region* 
Region Water sample in lakes, and 

rivers 
Sediment 

in lakes 

Attached matter in rivers 

Tropical Lake: 4 (wet, dry, 2 
between in one year) 

River: 12 or 6 at least 
(every month or two 
months at least) 

1 (in 3-5 years) 4 (wet, dry, 2 between in 
one year) 

Temperate Lake: 4 (high water level, 
low water level, 2 between 
in one year) 

River: 12 or 6 at least 
(every month or two 
months at least) 

1 (in 3-5 years) 4 (high water level, low 
water level, 2 between in 
one year)              

Boreal Lake: 4 (high water level, 
low water level, 2 between 
in one year) 

River: 6 (no-frozen season)

1 (in 3-5 years) 4 (high water level, low 
water level, 2 between in 
one year) 

  * This table is prepared for items measured more than 4 times and once in 3-5 years. 
The iced stream in frigid region and dried stream in tropical region should be avoided 
for sampling.  
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Dry-day runoff and storm runoff 
 
The concentration of water quality in mountainous streams is hydrologically 
influenced by a magnitude of preceding storm event and a length of preceding dry 
days. Furthermore, it is water-chemically affected by a course of flowing-path and a 
retention time in the path. 
  
Generally, the stages and conditions of stream flow are hydrologically classified by 
flow rate and water level. The runoff loadings of pollutants and nutrient salts are 
classified to two stages, that is, a dry day stage and a stormy day stage in the 
research field of water pollution. 
 
During the rising stage of stream flow the dissolved components of water quality are 
diluted with swollen stream water by a storm event and a melting-snow event, but the 
particulate components become higher concentrations by erosion of surface soil layer 
and stream bed in the water-course. In the flooding stage, the concentrations of 
dissolved components become low, though the surface runoff components of mainly 
“new rainwater (this rain event)” with low concentration due to its short detention 
time (that is, reaction time) on the ground surface dilute the interflow and 
groundwater runoff components of “old rainwater (of preceding rain events)” with 
high concentration owing to their long detention time in the soil and basic rock layers. 
 
However, in the case when the component of surface runoff is small negligibly as 
compared to the component of interflow runoff in the first half of a storm event with 
long preceding dry days (i.e. if the rain intensity exceeds the infiltration capacity of 
the ground surface in the catchment), the dissolved components of stream water 
become higher due to the higher concentration of interflow runoff component (that is, 
old rainwater) owing to its long detention time in the soil layer. 
 
Therefore, to measure the quantitative analysis of neutralizing ability in a catchment 
to acid deposition load, we must take strictly account of both runoffs of dry-day 
runoff and storm runoff in the hydrological condition. 
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3. On-site measurement and sampling 
 
3.1. On-site measurement 
Methods for measurements of water quality at the site are as follows. 
 
Water temperature (W.T.): The measurement of W.T. should be conducted by using a 
thermometer and/or a portable pH or EC meter with a temperature sensor.  
 
pH: The measurement of pH at the site should be carried out by using a portable 
electrometric pH meter with glass electrode as reference data (Fig. 3.1). Before 
determination at the site, the pH meter must be calibrated at pH 4, 7 and/or 9 by using 
standard solutions for the instrument. When not in use for long time, the glass electrode 
should be kept clean.  
 
Electric conductivity (EC): The measurement of electric conductivity at the site should 
be carried out by using a portable EC meter as reference data (Fig. 3.2). When the 
electric conductivity is measured at the water temperature of the site, it may be 
corrected to the value at 25°C. The equation for correcting is as follow. 
 

  (EC(t))＝(EC(25))×[1+ 0.022 × (t-25)] 

                              where,  t : water temperature at the site  
 

DO (dissolved oxygen): The DO is measured vertically (if possible, in some vertical 
points) by portable DO meter at the water sampling point instead of Winkler-modified 
method. Before using it, it should be calibrated. For further procedure refer to 5.1.15.1. 
 
Water color: It is recommended to measure water color by using Forel's and Ule’s color 
standards and so on for more objective measurement instead of measurement by your 
eyes. The water color of surface water should be measured from the center of lake (on 
boat) or main flow of river.  
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Fig. 3.1. Portable pH meter 
 

  
Fig. 3.2. Portable electric conductivity meter 
 
3.2. Collection of samples 
 
3.2.1. Lake water 
Surface water is sampled directly at the center of the lake or another representative 
point of the lake. Use of GPS, anchors or ropes for fixation of the boat is recommended. 
For the surveyors’ safety, life jackets or lifelines should be weared. As reference data, 
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the measurements of W.T., pH and EC are recommended to be conducted at the site by 
using portable instruments. The water sample for determining EC, pH and alkalinity 
should be taken in glass or polyethylene/polypropylene bottles without air. The water 
sample for later chemical analysis should be filtered and put in a tightly stoppered glass 
or polyethylene bottle, and be stored in a cool and dark place. The bottles for chemical 
analysis should be cleaned well beforehand using 10% HCl solution.  
 

Surface water should be sampled directly by a clean polyethylene bucket or a dipper at 
the representative point of the lake. The duplicate samples should be collected at the 
same point. The water sample should be taken full up in two well-washed 1 L glass or 
polyethylene (polypropylene) bottles without air after washing twice by sample water. It 
is desirable that the samples for analysis of chemical components other than pH, EC and 
alkalinity are filtered at the site when the samples will not be measured for longer time 
than several hours after sampling (Whatman GF/C,GF/F or Millipore GF filter 
whichpore size is about 1 μm with 47 mm diameter, dried at 100 ± 5°C for 2 hours).  
 

Water sampling and fixation for DO analysis: (Winkler-modified method) 
Water for measuring dissolved oxgen (DO) concentration should be collected vertically 
using a Van Dorn water sampler. 
 
Insert the tube of the water sampler into the bottom of the oxygen bottles (two bottles 
for one depth). Allow the water to overflow carefully to two or three times its volume 
without introducing air bubbles. Gently remove the tube while letting the flow continue, 
then stopper the bottles. Add 0.5 ml of manganese sulfate solution by inserting the tip of 
a pipette into the bottle, and then add 0.5 ml of alkali-iodine azide reagent in the same 
way. After carefully stoppering the bottle without retaining air bubbles, mix by 
inverting the bottle about thirteen times. Store the bottles in buckets of lake water, and 
transport them to a laboratory in dark condition. For further procedure refer to 5.1.15.2. 
 
If possible, DO should be measured vertically by portable DO meter at the water 
sampling point instead of Winkler-modified method. 
 
Transparency: It is measured by secci disk at the sampling point (on boat). 
 
It is recommended to measure the lake water level for estimating the hydrological 
condition of lake at the sampling time. 
 
3.2.2. River (stream) water 
Surface water is collected directly at the center of main flow without floating material.  
For the surveyors’ safety, life jackets or lifelines should be weared. As the reference data, 
the measurement of water temperature, EC and pH are conducted at the site by using 
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portable instruments. The treatment of water samples and on-site measurement is 
carried out in the same way as for lake water. It is recommended to measure discharge 
as the hydrological condition at the sampling time (refer to Appendix 3). 
 
3.2.3. Phytoplankton and epilithic algae (diatom) 
Column sampling: 
Small cells of phytoplankton species, much smaller than the mesh openings of usual 
plankton nets, are abundant in lake water, a simple column sampler having 30 to 50 mm 
diameter and 1-1.5 m length (Fig. 3.3) is recommended for sample collection. The water 
sample is collected from the surface water layers. It is transferred into a clean bucket, 
then dispensed into polyethylene bottles with appropirtae volume of 100 mL – 2L, 
depending on phytplankton density. Add Lugol’s solution* to the sample water to make 
a 1% solution or neutral formaldehyde solution to water giving 2 - 3% solution for 
preservation of phytoplankton. Bottles are transported to the laboratory under dark 
conditions. For further procedure refer to 5.2.  
*Lugol’s solution: Dissolve 5 g of iodine, 10 g potassium iodine and 10 mL glacial 
acetic acid in 100 mL distilled water. 
 

 
Fig. 3.3. Column sampler 
 
Epilithic algae (Diatom) (from river) 
Stable submerged stones with about 15 - 20 cm are picked out from more than five 
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places in the middle of rapid main flow. Then attached substances containing algae to 
the upper surfaces of the stones are stripped off with a stiff nylon brush (teeth brush) in 
a shallow plastic pan, rinsing the brusshing side of stones with a small amount of clean 
water in a washing bottle. If the amount of algae is not sufficient, samples should be 
gathered from several stones. Water containnig attached algae should be fixed by adding 
neutral formalin* to make about 3% solution. For further procedure refer to 5.2. 
*Neutral formalin: Saturate 37% formaldehyde solution with magnesium carbonate 

 
3.2.4. Sediment and attached matter 
a. Lakes 
It is desirable, if possible, to estimate past changes in water quality by examining 
samples of lake sediment for the information recorded within. Analysis of the sediment 
core samples is used to provide clues to assess the yearly trends of lake acidification 
when data of the past water quality are not available. 
 
A lake sediment core of 150 to 300 mm length is obtained at one location at the center 
of lake by using a core sampler (Fig. 3.4 and 3.5) with at least 50 mm diameter. For 
further procedure refer to 5.3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.4. Sampling of bottom mud core sample by using a simple core sampler (left) 

and put on a rubber cork in the bottom side of a column in water (right) 
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Fig.3.5. Treatment procedure for cuttin sample in laboratory 
 
b. Rivers  
Attached matter (river): 
The matter attached to the stones or rocks of a river bed can be used for chemical 
analysis and algal species composition analysis. Fixation method of samples is 
described in 3.2.3. The attached matter scraped off (5 × 5 cm) with water is separated 
into two parts; one for species composition analysis of diatoms, and the other for 
chemical analysis of the attached substances . For further procedure of species 
composition analysis refer to 5.2. 
 
The sample for chemical analysis should be stored in a cool and dark place. After 
coming back to a laboratory, the samples should be analyzed as soon as possible.  
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4. Transportation and storage of samples   
 
4.1. Water samples 
 
 
 
at sampling site 
 
 

for EC, pH and alkalinity                        for other items 
   
                
                                                              
                                                                
 
 
 
 
transportation 
 
                                                              
 
in laboratory 
 
 
 
                                            if measurement is done  
                                            more than several days 
                                             
                                            
 
 
 
 
 
 

Fig. 4.1. Treatment procedure of inland water samples 
 

The water samples for analysis of chemical components other than pH, EC and 
alkalinity should be filtered at the sampling site, and are done with a glass fibre filter 
(Whatman GF/C or Millipore GF filter which pore size is about 1 μm with 47 mm 
diameter, dried at 100 ± 5°C for 2 hours in an oven: preliminary filtration for SS 
analyses). For the chemical components, aliquot of the water samples should be filtered 
again via membrane filter of 0.45 μm pore size (with 47 mm diameter). The water 
samples should be carried to the laboratory in a cool and dark box with cooling gel. If 

inland water 

measure W.T. EC, DO and pH on site 

filter on site 

store in cool and dark 

measure EC, pH and 
alkalinity immediately

store in cool and dark 

measure parameters  
except pH, EC and 
alkalinity again 

measure parameters  
except EC, pH and 
alkalinity in several days

store in − 20°C~ − 40°C 

do not filter DO fixation (if DO 
meter is not used)

store in dark 

measure DO by 
Winkler-method 
immediately
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the time of transfortation is within several hours, the water samples could be filtered in 
laboratory immediately after arrival at the laboratory.  
  

The measurement of parameters of pH, EC and alkalinity must be carried out as soon as 
possible after the water samples arrive at the laboratory in the same day. The non- 
filtered sample should be stored in refrigerator less than 5°C for measuring the sample 
again. The filtered water samples should be measured within several days after arriving 
at the laboratory.  
 
If the filtered water samples must be stored for more than several days in the laboratory, 
they should be frozen in a freezer at −20 °C to −40 °C. It is recommended that a part of 
these samples at least more than 100 mL should be in storage in freezing condition for 
one year because of measuring some ions again. Fig.4.1 shows the treatment procedure 
of water samples from sampling site to the laboratory. Transport and storage situation 
and its photo should be recorded. 
 
 
 
 
at sampling site 
 
 
transportation 
 
 
 
 
in laboratory 
 
                                                              
 
 
 
  
 
 
 
 
 
 
 

 
Fig. 4.2  Treatment procedure of lake sediment sample 

 

Lake Sediment 

seal upperside of tube rubber cork 
transport in standing stage 

Centrifuge 
(≥ 4,000 rpm) 

dry in air 

measure species 
composition of diatoms 

analyze chemical 
composition in 
pore water 

put into glass bottle 
(or polyethylene bottle or bag) 

take core sample 

cut at 10mm intervals 

analyze chemical 
composition in mud
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4.2. Sediment 
 
The sediment sample is divided into strata as appropriate based on its condition and 
structure, and applied to determine the chemical composition and the species 
composition of diatoms in the various strata. Each sediment sample is cut to 10 mm 
thickness by using a knife that does not contaminate the sample. Each sample is 
air-dried and stored in clean glass or polyethylene bottles or bags (Photo.6). The 
sediment sample should be stored in refrigerator less than 5 °C for measuring the 
sample again. Treatment procedure of the sediment sample is shown in Fig. 4.2. 
 
4.3. Plankton (diatom) 
 
The collected plankton should be dispensed into polyethylene bottles and transported to 
the laboratory under dark conditions. 
 
Identification of diatom species should be carried out by a specialist in the group. If the 
lake monitored is at risk of acidification and identification of diatoms is not possible, it 
is desirable to store fixed samples or diatom slides. Taking microscopic photographs of 
algal samples is also recommended. Fig. 4.3 shows the treatment procedure for the 
attached matter of rivers. 
 
 
 
at sampling site 

 
 
 
 
 
 
 
  
transportation                                           
 

in laboratory  
 
 
 

 
 

Fig. 4.3.  Treatment procedure for attached matter in rivers 

Attached Matter in Rivers

pick up stones or rocks with 15-20 cm

scrape off attached matter in 5x5 cm area by brushing, put it in water 

Add formalin Do not add formalin 

Store in cool and dark 

Analyze chemical composition 
Measure species        
composition of diatom 

centrifuge or filtlation 
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5. Analysis in laboratory 
 
5.1. Water  
 
The analytical methods for water quality are listed in Table 5.1. Analytical procedures 
for these parameters are described below. 
 
Table 5.1. Analytical methods suggested for water quality 

 Parameters Analytical Methods 

1)a pH Glass electrode (preferably with the electrode of 
non-leak iner cell) 

2) a EC Conductivity Cell 

3) a Alkalinity Gran’s plot titration method and/or pH4.8 endpoint 
method; Titration by Burette or Digital Burette with 
pH Meter 

4) NO3
−, NO2

−, PO4
3− and 

SO4
2− 

Ion Chromatography (preferably with suppressor) 
or Spectrophotometry 

5) NH4
+ Ion Chromatography 

or Spectrophotometry (Indophenol blue)b 

6) Ca2+, Mg2+, Na+ and K+ Ion Chromatography or Atomic Absorption/Emission 
Spectrometry  

7) Cl− Ion Chromatography or Titration 

8) DOC or TOC TOC analyzer Method or Wet-Oxidation Method 

9) Chlorophyll a SCOR/UNESCO Method  

10) Total P Potassium Peroxodisulfate Decomposition Method 

11) Total N Ultra-violet absorption spectrophotometry method 

Hydrazinium sulfate reduction Method  

12) a SS 1 μm Glass Fiber Filter method 

13) Total dissolved Al  Atomic Absorption Spectrometry with Graphite 
Furnace, ICP Emission Spectrometry or ICP/MS  

14) Reactive Al  Lumogallion method, spectrophotometry  

 COD Potassium Bichromate Method (or Acidic Potassium 
Permanganate Method) 

15) DO DO Meter Method or Winkler-Modified Sodium 
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Azide Method  

Note: a, applied for non-filtered sample; b, not recommended if the biocide, thymol, is 
used in sample collection. 
 
 
Pure water and reagent etc. for analysis should be confirmed to be not interfare with the 
target analysis matter before analysis. Moreover, the blank value for the target analysis 
matter should be needed to decrease as possible. 
 
i) Pure water 
Pure water for analysis, rinse and dilution for sample should be used less than 0.15 mS 
m−1. 
 
ii) Standard solution and standard sample 
Because the measured values are calculated based on measered results of the collected 
sample and standard samples, the standard solution and standard matter certified for the 
traceability shouled be used. 
 
iii) Certified Refference Material 
Certified Refference Material (CRM) is used for management of the analysis instrument. 
For daily management of the instrument, for instance, artificial lake water for the 
inter-laboratory comparison projects can also be used as working standards.  
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5.1.1. pH 
The pH of a sample is related to the free acid activity as the negative logarithm of the 
hydrogen ion concentration by the equation. 

                        pH = - log (H+)       
where (H+) is the activity or concentration of free hydrogen ions. The pH of a sample is 
determined electrometrically, using a standard pH meter with a glass (H+) electrode in 
combination with a reference electrode. The glass electrode potential varies as the 
activity of H+ ion in solution. The pH meter should be sensitive enough to measure pH 
up to ± 0.01 pH unit and be calibrated before and after measurement at least at two 
points (among pH values of 7.0 and 4.0 or 7.0 and 9.0) in the expected pH range. The 
temperature, which effects on electrometric pH measurements, can be controlled by 
using instruments that have temperature compensation. Measurement of the standards 
and samples at 25 ± 0.5 °C in a water bath is recommended. 
 
i) Apparatus 
a. A pH meters are commercially available with different specifications and options. A 

pH meter should have both an intercept and slope adjustment and should be capable 
of measuring to ± 0.01 pH unit. Two electrodes should be used with the pH meter. A 
measuring glass electrode is sensitive to hydrogen ions. The reference electrode can 
be calomel, or silver/silver chloride; other reference electrodes can also be used as 
long as they have a constant potential. Combination electrodes with both measuring 
and reference functions are preferable since they require less of the sample to be 
used. 

 
 The pH electrodes should be stored in deionized water (when the room temperature 

is above 25 °C, it is not recommended to keep an electrode in deionized water for a 
long time, because electrodes are prone to be attacked by photosynthetic algae), in a 
7.4 mS m−1 KCl standard, in 10−4 M acid (H2SO4) solution or in filling solution. Prior 
to use, the pH electrode should be thoroughly rinsed with deionized water. 

 
 One of the chief problems that occur with pH measurements is the aging of the 

electrode. Reference solutions, which have a known pH and conductivity similar to 
those of the samples, should be used for checking the pH electrode. These solutions 
should be stored under refrigeration and replaced when solution pH or conductivity 
are seen to have changed. If the pH of the reference sample has changed from the 
previous measurement by more than 0.10 pH unit but conductivity has not changed, 
the electrode should be checked. The measured pH value is recommended to agree 
within ± 0.02 pH unit of the expected value. If large differences are observed, a new 
solution is prepared from a concentrated calibration solution (commercially available 
standard reference materials). If performance is still inadequate, the electrode must 
be replaced. If possible, checking pH calibration with a series of dilute mineral acids 



Manual for Inland Aquatic Environment 

 34

(ex. pH 4.0, 4.2, 4.4, 4.6, 4.8, 5.0 with HCl) once in a month is recommended to 
obtain good pH values. For the preparation of these solutions, dilute 10, 6.3, 4.0, 2.5, 
1.6, and 1.0 mL of 10−3 mol L−1 HCl solution to 100 mL with deionized water, 
respectively. 

 
b. Thermometer 
c. Water bath of 25 °C temperature is recommended. If a temperature controlled water 

bath is not available, use of water bath without temperature control but containing at 
least 5 L of water may be considered. 

d. Plastic or glass vessel corresponding to the diameter of the cell used 
 
ii) Reagent solution 
A commercially available primary standard buffer solution with a pH of 4.01 (4.0), 6.86 
(7.0) and 9.18 (9.0) should be used, having guaranteed traceability. 
 
iii) Calibration 
a. Switch on the pH meter and install the electrodes and thermometer. 
b. Rinse the pH electorodes with deionized water carefully and wipe drops off the 

electrode with soft paper or something. 
c. Use the pH 6.86 (7.0) buffer solution to set the intercept of pH response and 

temperature control. Then repeat b. 
d. Use the pH 4.01 (4.0) or 9.18 (9.0) buffer to adjust the slope control of pH response 

and temperature control. Then repeat b.  
e. Check the measured pH value to be within 0.02 pH unit of the buffer value. 
 
iv) Measurement procedure 
The manufacturer’s directions for operation of the instrument should be followed. 
a. Place the sample solution in a clean plastic or glass vessel to cover the sensing 

elements of the electrode. 
b. Rinse the pH electorodes with deionized water carefully and wipe drops off the 

electrode with soft paper or something. 
c. Immerse pH electrode in the sample vessel and swirl the sample gently. 
d. Allow the electrode to equilibrate and measure the pH of the sample until a constant 

value is obtained unit. Record the pH value and temperature of the sample.  
 
Notice: 
i) The pH electrode in long time dried condition should be filled in the deionized water 

until achieve equilibrium. 
ii) If the pH electrode is unclean, wash it with a cleanser or hydrochloric acid in short 

time and wash with deionized water enough. 
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5.1.2. Electric Conductivity (EC or Λ) 
Electric conductivity (EC) is recommended to be measured by a conductivity meter at 
25 ± 0.5 °C using a water bath. If it is measured at any other water temperature (t °C), 
its value (EC (t)) is corrected with the following equation to the value (EC (25)) at 
25 °C.  

EC(t) = EC(25) × [1 + 0.022 × (t – 25)] 
 
The EC of a solution is the reciprocal value of its resistance and can be directly 
measured using a conductivity bridge with a measuring cell. The conductivity varies 
with the temperature of the solution and is proportional to the concentration and the 
species of free ions present in the solution. Since the conductivity also depends on the 
electrode area and its spacing, the measuring apparatus has to be calibrated to obtain the 
cell constant or to adjust the meter. A KCl solution of known concentration and 
conductivity is used for calibration. The conductivity has to be measured before the pH 
to avoid any possible error due to salt contamination from the pH electrode. 
 
i) Apparatus 
a. The conductivity bridge and cell must have a measurement range of 0.1−100 mS m−1.  

The precision of the conductivity meter has to be within ± 0.5% of the range and 
have an accuracy of ± 1% of the range. 

b. Platinum conductivity cell 
c. Thermometer 
d. Water bath of 25 °C temperature is recommended. If a temperature controlled water 

bath is not available, use of water bath without temperature control but containing at 
least 5 L of water may be considered. 

e. Plastic or glass vessel corresponding to the diameter of the cell used 
 
ii) Reagent solution 
a. Stock solution A, 0.1 M KCl: 7.456 g of pre-dried (2h at 105 °C) KCl dissolved in 

deionized water, and diluted to 1000 mL at 25 °C with deionized water. 
b. Stock solution B, 0.01 M KCl: 10 mL of 0.1M KCl, dilute to the mark of 100 mL at 

25° C with deionized water.  
 
iii) Calibration 
Calibration for conductivity measurement is multipoint. With each set of samples, a set 
of 0.0001 M, 0.0005 M, and 0.001 M KCl solutions should be prepared from 0.01 M 
KCl stock solution by dilution with deionized water. The conductivity of the deionized 
water should also be measured. The specific conductivity of known KCl solutions 
(Table 5.2) should be expressed in a graph. The sample conductivity can then be read 
directly from this plot of measured conductivity vs. the specific conductivity. 
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Table 5.2. Conductivity of KC1 solution at 25°C 

Concentration Conductivity 
M mS m−1 

0.0001 1.494 
0.0005 7.390 
 0.001 14.700 

 
iv) Measurement procedure 
The manufacturer’s directions for operation of the instrument should be followed.  
a. The samples and the standard solutions are recommended to be measured at 25 °C in 

a water bath if available．  
b. The cell must be rinsed thoroughly with deionized water between measuring each 

sample and excess water should be shaken off. The conductivity cell must be kept 
clean. 

c. The measured value should be expressed to 0.01 mS m−1. If the temperature of the 
sample is not 25 °C, correct the measured value to 25 °C (Table 5.3). 

 
Table 5.3. Conductivity of 0.0005 M KC1 

Temperature Conductivity 
°C mS m−1 
20 6.68
21 6.82
22 6.95
23 7.10
24 7.24
25 7.39
26 7.54
27 7.69
28 7.84

 
v)  Reporting 
EC is expressed as mS m−1
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5.1.3. Alkalinity  
5.1.3.1.  Gran’s plot titration method 
Gran’s plot titration method is recommended for meaurement of alkalinity. Detail 
theoretical points are explanated in Appendix 4. 
 
i)  Gran’s ANC and alkalinity 
The previous manual has adopted the fixed endpoint titration with an end point of 
pH=4.8 as a method to measure alkalinity; however, the Gran’s plot titration method is 
recommended to avoid many of the problems encountered with the fixed endpoint 
titration. Gran’s plot titration method is considered to be one of the most precise 
methods to measure acid neutralizing capacity (ANC). ANC is defined as the sum of 
base cation equivalent concentration (CB) minus the sum of strong acid anion equivalent 
concentration (CA) as shown in equation (1). 
 
ANC = ΣCB − ΣCA                                      (1) 
where 
ΣCB = Na+ + K+ + NH4

+
 + Ca2+ + Mg2+

 + Aln+ + Mn2+ + Fe3+     (2) 
ΣCA = F− + Cl− + NO3

− + SO4
2−

                                       (3) 
 
For most of the clear surface water, in which organic acid anion contributes little to 
ANC, electroneutrality requires that the positive electric charge equals to the negative 
electric charge in the solution as shown in equation (4). 
 
CB + H+= CA + HCO3

−                                  (4) 
 
Combining equations (1) and (4), ANC can be expressed as  
 
ANC = HCO3

− − H+                                      (5) 
 
Different from the alkalinity by the fixed endpoint titration, ANC has not only positive 
value but also negative value, and a negative value of ANC is recognized as a definition 
of acidification of surface water in many reports.  
 
For most of the clear surface water, the relationship between the alkalinity and ANC is 
described as, 
 
ANC = Alkalinity − H+                  (6) 
 
because the alkalinity measurement by the fixed endpoint titration with an end point of 
pH = 4.8 is designed to measure HCO3

−. 
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Comparison data between pH4.8 method and Gran’s plot titration method was shown in 
Appendix 5. 
 
ii) Equipment and reagent 
Gran’s plot titration method requires a pH meter with a precise electrode, an automatic 
titrator or a micro pipette which can dispense 0.5 mL of solution precisely and a 
magnetic stirrer with a Teflon coated magnet. 0.01N HCl is recommended as an acid 
titrant. 0.01N H2SO4 is also usable. 
 
Since all of the solution including sample solution and standard solution should be kept 
at the same temperature, a constant temperature room is preferred for this method. 
When a constant temperature room is not available, heating and coloring devices such 
as a peltier device are required to keep the temperature of the solution constant. 
 
A pH meter which indicates at least three places of decimals of the pH value or a pH 
meter which indicates mV below decimal points is required. 
  
iii) Procedure 
a. All of the sample solution and the standard solution should be kept at the same 

temperature within ± 0.5 °C. 
b. The pH meter should be calibrated with standard solution with pH values of 4 and 

1.68, since the determination of ANC by Gran’s plot titration method uses pH 
region between 4 and 3. At the same time, check the slope of the electrode, 
theoretically + or – 59.2 mV pH−1 at 25°C. If the slope differs more than 10% from 
the theoretical value (Table 5.4), rinse the electrode according to the manual for the 
electrode.   

 
Table 5.4. Theoretical slope of a pH electrode 

Temperature(°C) Slope(mV pH−1) 
10 56.2 
15 57.2 
20 58.2 
25 59.2 
30 60.2 

 
c. Put a 50 ml of sample solution into a beaker and stir it gently by a magnetic stirrer. 
d. Measure the pH value after the indication has been stabilized, which is the initial 

pH of the sample. 
e. Put a 0.5 mL of 0.01N acid titrant into the solution, and then read the pH value. 

Repeat adding a 0.5 mL of the acid titrant until the pH value decreases less than 3.4. 
As far as the pH value is more than 4, it is OK for you to add a 0.5 mL of the acid 
titrant before stabilizing the indication, because the calculation of ANC by Gran’s 
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plot titration only requires the pH data below 4. When the pH value decreases 
below 4, careful reading of the pH value is required.  

f. If the pH meter does not have an indication of three places of decimals of the pH 
value, read mV instead of pH, and convert mV into pH according to the relation 
between the pH and mV obtained in the calibration of the standard solution. 

 
iv) Analysis 
a. After the measurement, make a graph indicating the relationship between the 

volume of the acid titrant added to the solution and H+ in the solution. Note that the 
H+ in the solution should not be expressed in the concentration but an amount of H+. 
Take care that the total volume of the sample solution is changed according to the 
volume of the added acid solution. Table 5.5 shows an example of the observational 
data of the pH and the amount of H+ in the solution. 

 
Table 5.5. An example of Gran’s plot titration  

Va(ml) E(mV) ｐH 〔H+〕(μmol/l) Vt(ml) H+(nmol)
0 -49.0 7.708 0.02 50 1.0

0.5 -38.1 7.518 0.03 50.5 1.5
1 -29.8 7.373 0.04 51 2.2

1.5 -23.2 7.258 0.06 51.5 2.8
2 -16.4 7.139 0.07 52 3.8

2.5 -1.9 6.887 0.13 52.5 6.8
3 13.7 6.615 0.24 53 12.9

3.5 48.7 6.005 0.99 53.5 52.9
4 60.7 5.795 1.60 54 86.5

4.5 93.2 5.229 5.90 54.5 321.8
5 152.3 4.199 63.28 55 3480.6

5.5 173.4 3.831 147.60 55.5 8191.6
6 184.7 3.634 232.30 56 13008.7

6.5 192.4 3.500 316.42 56.5 17877.6
7 198.2 3.399 399.36 57 22763.3

7.5 202.8 3.318 480.33 57.5 27619.0  
 
Va: the volume of the acid titrant added to the solution 
Vt: total volume of the solution 
 
b. Plot the amount of H+ against the volume of acid titrant added (Va) according to 

Table 5.5, you will find a linear relationship between both of them near the end of 
the titration (Fig. 5.1).  
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Fig.5.1. The change in the amount of H+ against the volume of the acid titrant 
added. 
 
c. Select a linear region to make a linear regression. At least 4 points are required for 

the regression. The intercept of the titrant volume axis gives you the equivalent 
point of the titration (Ve) (Fig. 5.2). 
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Fig. 5.2. Extrapolated equivalence point volume by a linear regression. 
 
 
d. ANC (μeq L−1) is calculated by the following formula; 
 

Ve 
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ANC = C × F × Ve × 1000/Vs                    (7) 
 
where C is the acid concentration used for the titration, here 10 μeq L−1 
F is a factor of the acid, 
Ve is the equivalent volume (ml), 
Vs is the initial volume of the sample solution, here 50ml 
 
In the case of Table 5.5, Ve was calculated to be 4.66ml as shown in Fig. 5.2. 
The factor of the acid titrant (F) used was 1.003 in this case, then,  
 
ANC = 10 × 1.003 × 4.66 × 1000/50 
= 935 μeq L−1 
 
v) Limitation 
Gran’s plot titration cannot be applied to the water containing high concentration of 
organic acids. Some of the organic acids still dissociate at pH level of 3.4, and bring 
error in Gran’s plot titration. Gran’s plot titration should be applied to surface water 
with a DOC concentration less than 3 mg L−1.  
 
vi) Reporting 
Alkalinity is expressed as meq L−1 
 
5.1.3.2.  pH 4.8 endpoint method 
Alkalinity is titrated by using a pH meter to the end-point of pH 4.8 and expressed as 
milliequivalent per liter (meq L−1). The titration with 0.01 M (or 0.001 M) H2SO4 is 
done with a digital burette or burette. The glass electrode of pH meter is immersed in 
the sample vessel and detects the varying pH as 0.01 M or (0.001 M) H2SO4 is added 
while the titration is going on, the water sample should be gently swirled by magnetic 
stirrer. Alkalinity X is calculated with the following equation.  
 
   X = a × (1,000 / sample mL) × (factor of standard sulfuric acid) × 0.02 
 
      a : titration volume (mL),  0.02 : meq / mL 0.01 M H2SO4 
 
Preparation of standard 0.05 M Na2CO3 solution: 
Weigh precisely 1.33 g of Na2CO3, which is dried in a muffle furnace at 500 to 600 °C 
for 40 to 60 minutes and cooled in a desiccator. The Na2CO3 should be dissolved and 
made up with distilled water to 250 mL in a 250 mL volumetric flask. 
 
Preparation of 0.01 M H2SO4: 
0.05 M H2SO4 : Add 3 mL sulfuric acid to a 1 liter reagent bottle fully filled with 
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distilled water and mix the solution well. The factor (f) of the solution should be 
determined by the following method. Add 25 mL of the standard solution of 0.05 M 
Na2CO3 to a conical beaker with a volumetric pipet. The 0.05 M H2SO4 should be 
titrated in the beaker to an end-point of pH 4.8 by measuring with a pH meter and by 
swirling gently with magnetic stirrer. The factor of the 0.05 M sulfuric acid is calculated 
by following equation. 
 
   f = 25 / x 
 
   x = mL H2SO4 solution (0.05 M) used 
 
Adding 200 mL of the 0.05 M H2SO4 solution to a 1000 mL volumetric flask, the 
solution is diluted with distilled water to 1000 mL. Similarly, the 0.001 M H2SO4 should 
be prepared by using the 0.01 M H2SO4 solution. 
 



  

43 
 

5.1.4. NO3
−, NO2

−, PO4
3− and SO4

2− 
These anions are analyzed by ion chromatography with anion separator and suppressor 
columns. This analytical method is same as that for wet deposition samples. 
Colorimetric method is also used, based on Standard Method for the Examination of 
Water and Wastewater (Greenberg et al., 1992) 
 
Ion chromatography has been widely used in recent years to analyze anions in sample. 
Sulfate, nitrate, and chloride in sample are separated on an ion exchange column 
because of their different affinities for the exchange material. The material commonly 
used for anion separation is a polymer coated with quaternary ammonium active sites.  
After separation, the anions pass through a strong acid cation exchange column 
(suppressor column) which exchanges all cations for H+ ions or an electric suppresser.  
Chloride, nitrate and sulfate are detected as acids by a conductivity detector. Both 
isochratic and gradient methods are available for Ion Chromatographic analyses.   
 
Any anions with a retention time similar to that of the main anions could interfere. For 
example, when NO2

− exists, it elutes just after Cl−, which causes the peak to be 
asymmetric.   
 
The ranges of measured anion concentrations in sample and recommended detection 
limits are given in Table 5.6. 
 
Table 5.6. Measured Anion Concentration and Recommended Minimum 
Detectable Amount (MDA) 

Anion Range (μmol/l) MDA (μmol/l) 
SO4

2- <1 – 200 1 
NO3

- <2 – 300 1 
Cl- <1 – 1000 1 

NO2
- <0.2 – 10 0.2 

PO4
3- <0.1 – 3 0.1 

F - <1 – 30 1 
Br - <0.1 – 6 0.1 

 
i) Apparatus 
a.  Ion chromatograph (example 1: YEW 7000, example 2:DX500) with a conductivity 

detector 
b.  Anion separator column (example 1: ICS-A13, example 2: IonPac AG4A-SC or 

AS11 + AS4A-SC) 
c.  Anion suppressor column (example 1: HPS-SA-1, example 2:ASRS-1) 
d.  An integrator is recommended to process the chromatograms. 
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ii) Reagents and solutions (Isochratic methods) 
 
Example 1 
a. Concentrated eluent, 0.4 M Na2CO3/0.4 M NaHCO3: dissolve 84.79 g Na2CO3 and 

67.24 g NaHCO3 in 2 L of hot deionized water. 
b. Working eluent, 4 mM Na2CO3/4 mM NaHCO3: dilute 40 mL of concentrated eluent 

to 4 L with deionized water. 
c. Regenerant, 15 mM H2SO4: dilute previously prepared 1.5 M H2SO4 accordingly,  
d. Mixed stock solution: 10.4 mmol L−1 SO4

2−, 16.1 mmol L−1 NO3
−, and 28.2 mmol L−1 

Cl− (often commercially available, otherwise prepare from reagents of high purity) 
e. Standard solution A: dilute 5 (or 2) mL of mixed stock solution to 500 (or 200) mL 

with deionized water (104 μmol L−1 SO4
2−, 161 μmol L−1 NO3

−, and 282 μmol L−1 
Cl−). 

f. Working standard solutions are prepared from standard solutions by diluting 20, 10 
and 2 mL of standard solution to 200 mL with deionized water prior to every 
measurement. 

 
Example 2 
a. Concentrated eluent, 0.18 M Na2CO3/0.17 M NaHCO3: dissolve 19.6 g Na2CO3 and 

14.28 g NaHCO3 in 1 L of hot deionized water. 
b. Working eluent, 1.8mM Na2CO3/1.7mM NaHCO3: dilute 40 mL of concentrated 

eluent to 4 L with deionized water. 
c. Regenerant, 50 mM H2SO4: dilute previously prepared 5 M H2SO4 accordingly.   
d., e., f.,  same as example l. 

 
iii)  Measurement procedures 
 
Example 1 
a. Prepare new eluent and regenerator solutions (if required). 
b. Set up the chromatograph for most sensitive range 
c. Begin to pump the eluent and regenerant (if required) through the columns. Condition 

instrument for at least 30 minutes.  
d. Inject standard solutions through the loop injector (50 or 100 μL) and start analysis.  

It is preferable that calibration curve will be constructed from at least 5 working 
standard solutions   

e. The injection should start from the highest concentration standard, followed by 
standards with decreasing concentrations to prevent erroneous high values for the 
first sample injected after the calibration series. In the case that there is little affect 
on sample analysis, for example, if injecting deionized water between the standard 
series and the first subsequent samples injection, injecting standard solution from 
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lower to higher concentration could be acceptable.   
f. Inject sample solution in the same manner as standard solutions.     
 
(when an auto sampler is available) 
d. Fill the auto sampler with standards and samples.  
e. Turn on the auto sampler to start analyzing samples. 
 

Preparation of a working standard solution of PO4
3−: 

The 1 mg L−1 PO4
3− working standard solution is parepared by 1.4330 g of KH2PO4 

with distilled water in 1000 mL volumetric flask. Ordinarily, the working standard 
solution of PO4

3- is prepared at 1 mg L−1 concentration. However, appropriate lower or 
higher combinations should be prepared according to anion concentration to be 
determined. 
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5.1.5. NH4
+  

NH4
+ is analyzed by ion chromatography with a cation separator column, or by 

colorimetry with indophenol blue setting the spectrophotometer at a wavelength of 630 
nm. These chromatography and colorimetric methods are the same as those for wet 
deposition samples. Nessler’s method (Colorimetric method) is also used. 
 
For measuring ammonium, automated or manual spectrophotometric determination with 
phenate is used. A sample is mixed with alkaline phenol and hypochlorite to form an 
indophenol blue complex. A heating bath of 50 °C is used to increase the rate of color 
formation. The light energy (630 nm wavelength) transmitted through the sample is a 
function of the concentration of ammonium ion in the sample.   
 
The detection limit of this method is 2 μmol L−1 and the concentration range is 2 - 110 
μmol L−1 as NH4

+. This range can be extended by sample dilution. The test tubes have 
to be closed throughout the analysis. Elevated concentrations of ammonium in the 
laboratory air will result in a positive interference. Wash sample cups with deionized 
water immediately prior to use and rinse cups again with portion of the standard or 
sample to be analyzed. It is worth noting that this method requires more skill and 
training to get good data compared with other instrumental analyses.  
 
i)  Apparatus 
a. Spectrophotometer with a 630 nm setting 
b. Heating bath (50 °C) 
c. Glass test tubes with ground-in stoppers 
 
ii)  Reagents and solutions 
a. Stock solution 5.54 mmol L−1: dissolve 0.2965 g NH4Cl (dried at 105°C) in deionized 

water and dilute to 1000 mL. 
b. Alkaline phenol: 3.5 g of sodium hydroxide (NaOH) + 8.5 mL phenol + 0.04g 

sodium nitroprusside in 100 mL deionized water; refrigerate the solution at 4°C for a 
period not exceeding 1 week; prepare fresh one every week 

c. Sodium hypochlorite (NaOCl) solution: dilute 250 mL of 5.25% NaOCl to 500 mL 
with deionized water 

 
iii)  Measurement procedure 
a. The spectrophotometer should be switched on for 30 minutes before proceeding 
b. Put 5 mL of the sample in the test tube, add 15 mL of deionized water, 0.5 mL of 

alkaline phenol solution, and 0.5 mL of sodium hypochlorite solution; close the test 
tube with glass stopper 

c. Set the heating bath to 50 °C, leave the sample in the heating bath for 2 hours and 
measure the sample with the spectrophotometer at 630 nm 
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5.1.6. Ca2+, Mg2+, Na+ and K+ 
These cations are analyzed by ion chromatography or atomic absorption spectrometer.  
These are same as those for wet deposition samples. 
 
5.1.6.1.  Ion chromatography 
Besides anion analyses, ion chromatography has also been widely used in recent years 
to analyze cations in water sample. The principle is the same as that of anion 
determination except that different column materials are used and that the suppressor 
column is often omitted. The material commonly used for cation separation is a cation 
exchange resin with active surface. Supressor columns are used (example 2:DX500), or 
sometimes not used (example 1: YEW7000). Sodium, ammonium, potassium, calcium 
and magnesium ions are detected by a conductivity detector, without changing the 
eluent when certain columns (example 1: ICS-C25 or C45, example 2: CG14 + CS14 
with CSRS-1 recycle supressor) are used. In other columns (example 1: ICS-C15) 
monovalent cations (Na+, NH4

+, K+) are determined using an eluent and then divalent 
cations (Mg2+ and Ca2+ ) are determined using another eluent. 
 
Any cations with a retention time similar to that of the main cations could interfere. For 
example, in samples with high concentration of Na+, the peak of NH4

+ becomes 
asymmetrical and often causes a significant error. In this case, measurement using more 
dilute eluent could improve the separation of peaks, or gradient methods may be used. 
 
The ranges of measured cation concentrations and recommended detection limits are 
given in Table 5.7. 
 
Table 5.7. Measured Cation Concentration and Recommended Minimum 
Detectable Amount (MDA) 

Cation Range (μmol L−1) MDA (μmol L−1) 
Na+ < 2 - 900 1 

NH4
+ < 3 - 1000 1 

 K+ < 1 - 100 0.3 
Ca2+ < 0.5 - 300 0.2 
Mg2+ < 1 -  200 0.4 

 
i)  Apparatus 
a.  Ion chromatograph (example 1: YEW 7000, example 2: DX100) with a 

conductivity detector 
b.  Cation separator column (example 1: ICS-C25, example 2: CG14 + CS14) 
c.  An integrator is recommended to process the chromatograms. 
 
ii)  Reagents and solutions (Isochratic methods) 
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Example 1 
a. Concentrated eluent, 1 M Tartaric Acid   
b. Working eluent, 5 mM Tartaric Acid /1 mM 2,6 PDCA (2,6-Pyridinedicarboxylic 

acid): Add 0.167g of 2,6 PDCA to 5 mL of concentrated eluent and make up with 
deionized water to 1 L. 

c. Mixed stock solution (a mixture of 1000 mg L−1 of each chemical species)  
d. Standard solution A  
e. Working standard solution 
 
Example 2 
a. Concentrated eluent, commercial methane sulfonate (reagent grade) 
b. Working eluent, 10 mM methane sulfonate: dilute 0.65 mL of concentrated eluent in 

1 L deionized water 
c., d. f., the same as example 1 

 
iii)  Measurement procedure 
a. Prepare new eluent and regenerator solutions. 
b. Set up the chromatograph for the most sensitive range. 
c. Begin to pump the eluent through the columns. Condition the instrument for at least 

30 minutes. 
d. Inject standard solutions through the loop injector (50 or 100 μL) and start analysis.  

It is preferable that calibration curve will be constructed from at least 5 working 
standard solutions.   

e. Turn on the auto sampler switch to start analyzing samples. The injection should start 
from the highest concentration standard, followed by standards with decreasing 
concentrations to prevent erroneous high values for the first sample injected after the 
calibration series. In the case that there is little affect on sample analysis, for example, 
if injecting deionized water between the standard series and the first subsequent 
samples injection, injecting standard solution from lower to higher concentration 
could be acceptable.   

f. Inject sample solution in the same manner as standard solutions.   
 
(when an auto sampler is available) 
d. Fill the auto sampler with standards and samples.  
e. Turn on the auto sampler to start analyzing samples. 
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5.1.6.2.  Atomic absorption (and/or emission) 
Atomic absorption spectrometry is a simple and rapid procedure that can be used to 
determine Na+, K+, Ca2+ and Mg2+ in water sample. Detection limits, sensitivity, and 
optimum range vary depending on the manufacturer and the atomic absorption 
spectrophotometer model. 
  
The low concentration of Na+, K+, Ca2+ and Mg2+ in sample requires using very 
sensitive procedures (see Table 5.8). In flame atomic absorption spectrometry these 
metals are atomized directly in a flame. A light beam from a lamp, whose cathode 
contains a specific metal, first passes through the flame containing the atomized sample 
and then enters a monochromator whose detector measures the current caused by the 
absorption of light. Since the wavelength of the light absorbed is characteristic for 
individual metals, the light energy absorbed by the flame is proportional to the metal 
concentration in the sample measured. 

 
Table 5.8. Range of Measured Cations and  Recommended Limits of Detection 

Cation Range (μmol L−1) Detection Limit (μmol L−1)
Na+ 0.4 – 90   0.4 
 K+ 1 – 30   1 
Ca2+ 0.2 – 80   0.2 
Mg2+ 0.2 – 20   0.2 

Detection Limit is defined as S/N = 2 
 
i)  Apparatus 
a. Atomic absorption (and/or emission) spectrophotometer 

Single- or dual-channel, single- or double-beam instrument having monochromator; 
photomultiplier detector; adjustable slit; a wavelength range of 190 to 800 nm; a slot 
burner system, power supply and amplifier; and a suitable recorder of PC  

b. Hollow cathode lamps for Na, K, Ca and Mg. 
Single-element lamps and multielement lamps can be used.  For the determination 
of Na and K, flame atomic emission measurement can also be used, when the 
instruments has devices for it. 

c. Compressed gases and pressure-reducing valves  
Two cylinders of clear acetylene are necessary; the air may be supplied from a 
laboratory compressor (with a cleaning unit) or a cylinder of compressed air. 

 

ii)  Calibration 
a. Prepare stock standard solution from high purity chemicals (preferably metals) using 

deionized water and HNO3 (conc. spectrograde purity) at a concentration of 1000 mg 
of metal L−1. Commercially available standard solutions may be used. 

b. Prepare a blank (use deionized water and nitric acid- and/or lanthanum nitrate 
solution) and six calibration standard solutions by diluting the stock metal solution to 
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various concentrations in appropriate ranges for each set of analyzed samples. The 
same stock nitric acid-and/or -lanthanum nitrate must be added to both the samples 
and the calibration solutions. 

 
iii) Procedure 
Because of the many differences between atomic absorption spectrophotometers 
detailed instructions cannot be formulated; the analyst should follow the manufacturer’s 
operating instructions for the particular instrument. In general, operations are as 
follows: 
a. Switch on the analyzer 
b. Align the light source for maximum response 
c. Ignite the flame 
d. Allow the instrument to warm up (at least 15 minutes) 
e. Reset the wavelength 
f. Optimize and adjust the nebulization rate for maximum response 
g. Adjust the burner position for maximum response 
h. Prepare a full calibration curve and analyze one standard after every 20 samples 

 
Table 5.9 gives examples of the operating conditions for each metal determined by 
atomic absorption /emission spectrometry with an air/acetylene slot burner. 
 
Table 5.9. Atomic absorption (AA)/emission (AE) spectrometry of metals 
              

Mode 
Na K Ca Mg 

AA or AE AA or AE AA AA 
fuel and flame 

condition 
Air-acetylene 
Stoichiometric

air-acetylene
stoichiometric

air-acetylene
rich flame 

air-acetylene
stoichiometric

Analytical line 
(nm) 

589.6 766.5 422.7 285.2 

  
Addition of lanthanum nitrate solution is effective to eliminate the interference of 
co-existing anions and of unequal ionization ratio in the flame between the sample and 
standard solutions. It is important to add the correct amount of lanthanum solution so 
that the lanthanum concentration in both the samples and the working standard solutions 
are similar.  
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5.1.7. Cl− 
This anion is analyzed by ion chromatography with anion separator and suppressor 
columns. Cl− is also analyzed by titration respectively.  
 
5.1.7.1. Ion chromatography 
This analytical method is same as 4) NO3

−, NO2
−, PO4

3− and SO4
2−. 

 
5.1.7.2. Titration(argentometric method) 
The detail of analytical methods should be referred to Standard Method for the 
Examination of Water and Wastewater (Greenberg el al., 1992). 
 
When Cl− is titrated by AgNO3, white AgCl is produced (Formula 1). The excess 
AgNO3 reacts to CrO4

2− and Ag2CrO4 with orange color is produced (Formula 2) 
Cl− + AgNO3 → AgCl + NO3

−            (1) 
CrO4

2− + 2AgNO3 → Ag2CrO4 + 2NO3
−      (2) 

 
i) Apparatus 
Burette 
 
ii) Reagents and solutions 
a. K2CrO4 solution: dissolve 50 g of K2CrO4 in 200 mL deionized water, compound 

with AgNO3 (5w/v%) until a little the red-brown precipitation. After filtered it, fill up 
by the water to 1L in a volumetric flask. 

b. 0.01 mol L−1 NaCl solution: dissolve 0.5844 g of oven-dried NaCl (at 500 – 550 °C 
for 40 – 50 minutes) in deioinized water and fill up by the water to 1 L.  

c. 0.01 mol L−1 AgNO3 solution: dissolve 1.7 g of AgNO3 in deionized water and fill 
up to 1 L. The solution is stored in a brown bottle. The 1 mL of this solution is 
reacted to 0.3545 mg of Cl−. 

d. Determination of the factor (F) of AgNO3 solution:  
- Dispense 25 mL of 0.01 mol L−1 NaCl solution in a white porcelain dish, add 0.2 

mL of K2CrO4 solution to the dish, and then titrate the solution by 0.01 mol L−1 
AgNO3 solution until non-disappeared light orange color; record the volume, mL 
(a) of the used AgNO3 solution. 

- Dispense 45 mL of deionized water and 5.0 mL of 0.01 mol L−1 NaCl solution in 
another white porcelain dish, add 0.2 mL of K2CrO4 solution to the dish, and then 
titrate the solution in the same way; record the volume, mL (b), of the used 0.01 
mol L−1 AgNO3 solution. 

- F = 20/(a – b) 
 
iii) Measurement procedure 
a. Dispense 100 mL of the sample in a white porcelain dish (volume, 300 mL), add 0.5 
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mL of K2CrO4 solution to the dish, and then titrate the solution by 0.01 mol L−1 
AgNO3 solution till non-disappeared light orange color; record the volume, mL (c), 
of the used AgNO3 solution. 

b. In the same way, dispense 100 mL of deionized water and 5.0 mL of 0.01 mol L−1 
NaCl solution, add 0.5 mL of K2CrO4 solution to the dish, and then titrate in the 
same way; record the volume, mL (d), of the used AgNO3 solution. 

 
iv) Calculation and report 
 
Cl− (mg L−1) = {c – (d – 5/F)} × F × 1000 / sample volume (mL) × 0.3545 
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Expression of results of ion analysis: 
Analytical results are expressed as milligrams per liter (mg L−1) in this manual. The 
units of milliequivalents per litre (meq L−1) and millimoles per liter (mmol L−1) are 
valuable for checking analysis by anion-cation balance, as used in Technical Manual for 
Monitoring Wet Deposition and SI unit. The meq can be expressed also as millimole 
charge (mmolc), if necessary. 
 
Table 5.10 represents factors for converting the units of ion concentration among 
milligrams per liter, milliequivalents per liter and millimoles per liter.  
 

Table 5.10  Conversion factors 
        1 mg L−1    =    1/k1 meq L−1   =     1/k2 mmol L−1     

k1 k2 

Cation 

 NH4
＋ 

 Ca2＋ 

 Mg2＋ 

 Na＋ 

 K＋ 

 Al3＋ 

 Pb2＋ 

 
Anion 
 NO3

− 
 NO2

− 
 SO4

2− 
 Cl− 
 PO4

3− 

 

18.04 

20.04 

12.15 

22.99 

39.10 

8.994 

      103.6 

 

 

62.00 

46.01 

48.03 

35.45 

31.66 

 

18.04 

40.08 

24.30 

22.99 

39.10 

27.00 

      207.2 

 

 

62.00 

46.01 

96.06 

35.45 

94.98 
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5.1.8. Dissolved organic carbon (DOC) or Total organic carbon (TOC)  
5.1.8.1. DOC 
The water sample filtered with 0.45 μm pore size filter is measured by a nondispersive 
infrared analyzer (TOC analyzer) after removing carbonate and bicarbonate by 
acidification ( pH ≤ 2 ) with phosphoric acid and aerating with nitrogen gas. 
 
Otherwise, after add 0.2 potassium peroxodisulfate and 0.5 mL of 0.4 M phosphoric 
acid solution to the filtered water sample (5 - 10 mL) contained in a glass vial and 
remove inorganic carbon by aerating with purified oxygen or nitrogen, seal the vial and 
digest 4 h by heating the sample at temperature between 116 and 130 °C in an autoclave. 
The resultant carbon dioxide (CO2) is measured by a nondispersive infrared 
spectrometry. 
 
i)  Appratus 
Nondispersive infrared analyzer (TOC analyzer) 
Career gas  
 
ii)  Reagents and solutions 
Pure water (no or minimal content of TOC) 
Phosphoric or hydrochroric acid solution(no or minimal content of TOC) 
 
iii)  Procedure 
a. Prepare the vial of filtered sample and TOC standards 
b. Remove inorganic carbon by aerating with purified oxygen or nitrogen 
c. DOC is measured after getting stable baseline 
 
iv)  Reporting 
DOC and TOC are expressed as mg L−1 
 
5.1.8.2. TOC 
The sample with no filter is measured as DOC method. 
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filter lake water through 47-mm GF/C or GF/F

Cut a filter into the small pieces in a glass-mortar 

1-2 ml acetone solution

reduce the pieces to a pulp

transfer contents to a 15-ml centrifuge tube

centrifuge at 3000 rpm for 15 min

transfer the supernatant to a10-ml graduated cylinder 

measure the volume

measure absorbance at 750, 663, 645, 630 nm

Calculation

Fig. 5.3 Outline of procedures for 
chlorophyll determination.  

5.1.9. Chlorophyll a: SCOR/UNESCO Method 
All photosynthetic algae and cyanobacteria contain chlorophyll-a as one of the pigments 
in the photosynthetic process. Thus, the chlorophyll-a concentration is a useful and 
important indicator for estimating the standing crop and production by phytoplankton, 
and state of trophic level. The method of 
UNESCO/SCORE is recommended.  
 
i)  Reagents and apparatus 
a) 90% acetone solution: Add 100 mL 

DW to 900 mL acetone. Some add 
one spoonful of powdered magnesium 
carbonate per liter  

b) Glass-mortars 5 cm in diameter. 
 
ii)  Procedure 
An outline of the analytical procedure is 
shown in Fig. 5.3. 
a. Filter about 0.2 - 2 L of well-shaken 

sample water (V mL) depending on 
trophic level through a 47 mm glass 
fiber filter (GF/C or GF/F).  

b. Filtration should be done rapidly to 
allow swift transport of samples to the 
laboratory. Where distance is a 
problem, on-site filtration using a 
hand-type pump and filtration 
apparatus is recommended. In this 
case, filters should be dried and 
stored in a darkened desiccator and 
immediately refrigerated or frozen in a deep freezer. 

c. Cut a filter with phytoplankton on it into the smallest pieces possible. Place them in a 
small glass–mortar with 1 or 2 mL of 90% acetone solution and grind vigorously, 
reducing them to a pulp. Transfer contents carefully with small quantity of acetone 
solution for rinsing into a 15 mL plastic centrifuge tube. Stopper the centrifuge tube 
tightly, and store in a cold, dark place (preferably a refrigerator) until centrifugation 
to fully extract pigments. Centrifuge at 3000 - 4000 rpm for 15 min. After 
centrifugation carefully decant the green supernatant into a 10 mL graduated cylinder 
and measure the volume (Ac mL). 

d. Use a blank of acetone solution and measure the absorbance of samples and blank at 
750, 663, 645 and 630 nm, respectively, using L cm cells (usually a 1 cm cell). If 
absorbance at 750 nm exceeds 0.05, centrifuge samples again.  
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e. Subtract absorbance at 750 nm from 663, 645 and 630 nm, respectively, to correct for 
turbidity. These are called ab663, ab645 and ab630, respectively. 
 

iii)  Calculation 

Chl-a (µg mL−1) = 11.64 × ab663 – 2.16 × ab645 ＋ 0.10 × ab630                              

 
Chlorophyll-a concentration in the sample water, mg m−3 (µg L−1) 

     = Chl-a × Ac × 
LV 

1000
                  

 
See also the Text Book: Fundamental limnology for inland aquatic environment 
monitoring on acidification by EANET (2004). 
 



  

57 
 

5.1.10. Total Phosphorus (T-P) 
Potassium Peroxodisulfate Decomposition Method 
i) Reagents 
(1) Potassium peroxydisulfate solution 

Dissolve 4 g of potassium peroxodisulfate (K2S2O8, nitrogen and phosphorus 
analysis grade) into 100 mL of deionized water. 

(2) Ammonium molybdate-L ascorbic acid mixture solution  
Dissolve 6g of 6 ammonium 7 molybdate 4 hydrate ((NH4)6Mo7O24·4H2O), 0.24 g of 
2 antimony 2 potassium 3 hydrate (C8H4K2O12Sb2·3H2O) in 300 mL of deionized 
water, add 120 mL of sulfuric acid (1+2) to the solution, and fill up to 500 mL by 
deionized water (a). Dissolve 7.2g of L-ascorbic acid into 100 mL deionzed water (b). 
Mix (a) and (b) as 5:1 (v:v).  

 
ii) Procedure 
1. Procedure for standard solution 
1) Dilute T-P standard solution to prepare sufficient standards and adjust the volume of 

each to 20.0 mL. 
 
2. Procedure for samples and a blank solution 
1) Take 50.0 mL of each sample into a 100 mL-Phosphorus and Nitrogen test bottle. 

Each sample should contain T-N less than 125 μg. 
2) Take 50.0 mL of deionized water into a 100 mL-Phosphorus and Nitrogen test bottle 

as a blank solution.  
3) Add 10.0 ml of potassium peroxodisulfate solution into each 1) and 2) solution 

before tightening a screw cap, and then mix immediately. 
4) Autoclave them at 120 °C and 210 kPa pressure for 30 minutes. 
5) After the samples and the blank solution have cooled down, take 20.0 mL of 

supernatant solution with a care not to agitate the sediments into a 25 mL-test tube 
with cap.  

 
3. Measurement of ultra-violet absorbance 
1) Add 2 mL of ammonium molybdate-L ascorbic acid mixture solution and shake the 

test tube. Then wait for the reaction for 20 minutes at room temperature.  
2) After set the wavelength of the spectrophotometer at 880 nm, take the standard 

solution with zero concentration (0.0 mg P L−1) into a glass/quartz cell for auto-zero.  
3) Then absorbance of the other standards, the blank solution and the samples is 

measured. 
 

iii) Reporting 
T-P is expresses as mg L−1 
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5.1.11. Total Nitrogen (T-N)  
Two kinds of methods were introduced here. 
The quantitative analysis ranges are 5.1.11.1 for N, 5~50 µg, and 5.1.11.2 for N 
0.33~3.3 µg. 
 
5.1.11.1. Ultra-violet absorption spectrophotometry method [JIS K 0102-1998, 
modified] 
 
i) Scope and application 
This method may be used to determination of total nitrogen in fresh waters in the range 
from 5 μg to 125 μg. 
 
ii) Summary of the method 
All forms of nitrogen, including organic nitrogen, are converted to nitrate by alkaline 
potassium peroxodisulfate at 120 °C. Ultra-violet absorbance at a wave length of 220 
nm is measured to determine nitrate concentration. This method can be applied to the 
fresh waters containing bromide ion and chrome less than 10 mg L−1 and 0.1 mg L−1, 
respectively. 
 
iii) Reagents 
(1) Sodium hydroxide-potassium peroxydisulfate solution 

Dissolve 20g of sodium hydroxide (NaOH, nitrogen analysis grade) and 15 g of 
potassium peroxodisulfate (K2S2O8, nitrogen and phosphorus analysis grade) into 
500 mL of distilled water. 

(2) Hydrochloric acid (1+6) 
(3) Hydrochloric acid (1+500) 
(4) T-N stock standard solution (500 mg-N L−1) 

Dissolve 0.722 g of potassium nitrate (KNO3, dried at 105 - 110 °C for 3 hours) with 
distilled water and dilute to 200 mL.   
Conserve the solution in dark at 0-10 °C. 

(5) T-N standard solution (50 mg-N L−1) 
Quantitatively dilute 20.0 mL of T-N stock standard solution (0.5 mg mL−1) to 200 
mL with deionized water. 

 
 
iv) Procedures 
1. Procedure for standard solution 
1) Dilute T-N standard solution to prepare sufficient standards and adjust the volume of 

each to 20.0 mL. 
--------------------------------------------------------------------------------------------------- 
For example, when diluting 0.0, 1.00, 2.00, 3.00, 4.00 and 5.00 mL of T-N standard 
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solution to 100 mL, 0.00, 0.50, 1.00, 1.50, 2.00 and 2.50 mg L−1, respectively, of 
standards are obtained. Take 20.0 mL of each to 25ml-test tube. 
--------------------------------------------------------------------------------------------------- 
2) Add 4.0 mL of hydrochloric acid (1+500) to the standards to obtain pH 2-3. 
  
2.  Procedure for samples and a blank solution 
1) Take 50.0 mL of each sample into a 100 mL-Phosphorus and Nitrogen test bottle. 

Each sample should contain T-N less than 125 μg. 
2) Take 50.0 mL of distilled water into a 100 mL-Phosphorus and Nitrogen test bottle 

as a blank solution.  
3) Add 10.0 mL of sodium hydroxide-potassium peroxodisulfate solution into each 1) 

and 2) solution before tightening a screw cap, and then mix immediately. 
4) Autoclave them at 120 °C and 210 kPa pressure for 30 minutes. 
5) After the samples and the blank solution have cooled down, take 20.0 mL of 

supernatant solution with a care not to agitate the sediments into a 25 mL-test tube 
with cap. Add 4.0 mL of hydrochloric acid (1+6) into the test tubes to obtain pH 2-3. 

 
3. Measurement of ultra-violet absorbance 
1) After set the wavelength of the spectrophotometer at 220 nm, take the standard 

solution with zero concentration (0.0 mg-N L−1) into a quartz cell for auto-zero.  
2) Then absorbance of the other standards, the blank solution and the samples is 

measured. 
* Note that a glass cell should not be used for the spectrophotometer since ultra-violet 
light is absorbed by the glass cell itself. 
 
4. Calculations 
Be careful that the procedure for the samples and that for the standards are different in 
the point that the samples are diluted to 50/60 by addition of 10 mL of sodium 
hydroxide-potassium peroxodisulfate solution, while the standard solutions are not. 
 
Therefore, the concentrations of the standard solution should be compensated with a 
ratio of 60/50. 
--------------------------------------------------------------------------------------------------- 
For example, 0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mg L−1 of the standard solutions should be 
treated as 0.0, 0.6, 1.2, 1.8, 2.4 and 3.0 mg L−1, respectively, in the calculation in this 
method. 
--------------------------------------------------------------------------------------------------- 
The absorbance of the blank solution should be subtracted from that of each sample, 
because the absorbance of the blank solution comes from reagent added to the blank 
solution and the samples. 
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Followings are a calculation example of T-N analysis, when absorbance of standard 
solutions, blank solution and the samples are obtained as shown in Table 5.11 and 5.12. 
 

Table 5.11. Example of absorbance of the standard solutions.  
Concentrations of  T-N 

standard solutions  
(mg L−1) 

Corrected 
concentration 

(mg L−1) 

Absorbance 

0.0 0.0 0.000 
0.5 0.6 0.097 
1.0 1.2 0.202 
1.5 1.8 0.305 
2.0 2.4 0.410 
2.5 3.0 0.505 

 
Table 5.12. Example of absorbance of the blank solution and the samples.  

Sample name Absorbance 
Blank solution 0.025 
Sample-A 0.321 
Sample-B 0.430 

 
The relationship between absorbance and the corrected concentration of T-N 
standard solutions is shown in Figure 5.4 with an equation of the linier regression. 

y = 0.1699x - 0.0016

R2 = 0.9998
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Fig. 5.4. Relation between absorbance and T-N corrected concentration 
 
A linier regression gives the equation; 
 
ABS = 0.1699C-0.0016 
 
where ABS is absorbance and C is T-N concentration. 
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T-N concentrations are calculated with the equation. 
 
Blank: (0.025+0.0016)/0.1699 = 0.157 mg L−1 
Sample A: (0.321+0.0016)/0.1699 = 1.899 mg L−1 
Sample B: (0.430+0.0016)/0.1699 = 2.540 mg L−1 
 
After compensation for the blank, the T-N concentrations are obtained as shown in 
Table 5.13. 
 
Table 5.13. T-N concentration of the samples 
Sample name T-N concentration 

(mg L−1) 
Sample-A 1.74 
Sample-B 2.38 

 
 

5.1.11.2. Hydrazinium sulfate reduction Method 
 
i)  Reagents 
(1) Sodium hydroxide-potassium peroxydisulfate solution 

Same as 5.1.11.1) iii) (1) 
(2) Hydrazinium sulfate solution 
  Dissolve 3.5 g of hydrazinium sulfate (H4N2·H2SO4) into 500 mL, then dilute 10 

times. 
(3) Copper-zinc solution  

Dissolve 0.08 g copper sulfate pentahydrate (CuSO4·5H2O) + 1.76 g zinc sulfate 
7-hydrate (ZnSO4·7H2O) into 200 mL distilled water. Then, dissolve its 5 mL into 
250 mL distilled water. 

(4) 4- Amino-benzenesulfonamide (sulfanilamide) 
   Dissolve 2 g of sulfanilamide (C6H8N2O2S) and 60 mL of hydrochloric acid into 

200ml of deionized water.  
(5) N-1-naphthyl ethylenediamine solution 

Dissolve 0.2 g of N-1-naphthyl ethylenediamine dihydrochloride (C12H14N2·2HCl) 
into 200 mL deionized water by colored glass bottle. (Use within 1 week) 

 
ii)  Procedure 
1. Procedure for standard solution is same as 5.1.11.1)iv)1. 
 
2. Procedure for samples and a blank solution 
1) same procedure of 5.1.11.1) iv) 2. 1) ~4) 
2) Take the supernatant liquid of 10 mL in a 30 mL test tube with common stopper after 

cooling the solution  
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3) Add the copper-zinc solution of 1 ml and hydrazinium sulfate solution of 1 mL  
4) Soak the solution in a water bath at 35 °C during 2 hours and cool the solution to 

laboratory air temperature. 
 

3.  Measurement of ultra-violet absorbance 
1) Add sulfanilamide of 1ml and shake the test tube. 
2) After 5 minutes waiting, add N-1-naphthyl ethylenediamine solution of 1 mL and 

shake the test tube. Then 20 minutes wait the reaction at room temperature.  
3) After set the wavelength of the spectrophotometer at 540nm, take the standard 

solution with zero concentration (0.0 mg-N L−1) into a glass cell for auto-zero.  
4) Then absorbance of the other standards, the blank solution and the samples is 

measured. 
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5.1.12. Suspended solids (SS): 1μm Glass Fiber Filter method 
SS (mg L−1) is defined for a filtered sample water of 1000 mL as a difference of the 
filter weights by using a precise balance before and after filtering of the sample water. 
 
i)  Instruments and apparatus 
a. Dryer 
b. Balance 
c. Glass-fiber filter (45 mm diameter) of 1 μm-pore size 

 
ii)  Procedure 
a. A glass-fiber filter, which has been filtered with pure water, has been dried at 105 - 

110 °C during two hours in a oven and is cooled in a desiccator during two hours.  
b. The filter is weighed by a precise balance  
c. Sample water (more than 500 mL) is filtered with the filter as the same way 

above-mentioned, and also has been weighed by a precise balance. 
d. Calculation as follow 
 
    SS = (Weight of filter including SS - Weight of filter) × 1000 / sample volume 

 
iii)  Reporting 
SS is expressed as mg L− 1. 
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5.1.13. Total dissolved Al  
Total soluble Al is analyzed by atomic absorption spectrometry with 
graphite  furnace,  ICP  Emission  Spectrometry or ICP/MS. References on 
methods (EPA 200.8 Determination of trace elements in waters and wastes by 
inductively coupled plasma - mass spectrometry; Wetzel, Likens Limnological analyses; 
1995) 
 
If total dissolved Al is higher than 0.2 mg L− 1, reactive Al is exptected to be analyzed 
by the lumogallion method according to the procedure 5.1.14). 
 
Total dissolved Al is expressed as mg L− 1. 
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5.1.14. Reactive Al: Lumogallion method 
i)  Instruments 
a. Fluorescence spectrophotometer 
b. Water bath 

 
ii)  Reagents 
a. 4% hydroxylamine hydrochloride (H3NO.HCl) 
b. 1% o-phenanthroline (C12H8N2) in 1M HCl 
c. 0.01% lumogallion (2,2',4'-Trihydroxy-5-chloroazobenzene-3-sulfonic Acid: 

C12H9ClN2O6S) 
d. 20% ammonium acetate (CH3COONH4) 

 
iii)  Procedure 
a. Add a 0.4 mL aliquot of each sample to 7.6 mL deionized water to dilute the 

samples (20 times dilution).  
b. Prepare the standard Al solutions, 0, 20, 100, 200, and 400 µg L-1.  
c. Add a 0.4 mL aliquot of 4% hydroxylamine hydrochloride to 8 mL of the diluted 

samples and the standard solutions, and left the mixture for 30 min. 
d. Then, succesively add 0.4 mL of 1% o-phenanthroline in 1 M HCl, 0.2 mL of 

0.01% lumogallion, and 1 mL of 20% ammonium acetate to the samples, and heat 
the mixture to 80 °C for 30 min.  

e. After the mixture cooled to ambient temperature, measure the fluorescence 
intensities at λ = 576 nm (Exn. λ = 485 nm) and compare the results with a 
calibration graph for determination. 
 

iv)  Reporting 
Reactive Al is expressed as µg L− 1. 
 
Note: 
Reactive Al analyzed here can be cosidered as an indicator of toxic Al. However, 
Reactive Al may include Alaq, Alic and Alo, but the Alo is not toxic. Therefore, in case 
that Reative Al is higher than 100 µg L− 1, the following guideline should also be 
referred for further investigation:  
- When the water pH is higher than 5.2: just observe continously (since Al is not toxic 

independently) 
- When the water pH is lower than 5.2: determin concentrations of Alo and Ali (Alaq + 

Alic). If Ali is higher than 100 µg L− 1, effects on fish should be investigated in detail 
(guideline for toxicity to fish: Ali > 100 – 200 µg L− 1, pH < 5.0 - 5.2.).  

 
Reference: 
Baker, J.P., van Sickle, J., Gagen, C.J., DeWalle, D.R., Sharpe, W.E., Carline, R.F., 
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Baldigo, B.P., Murdoch, P.S., Bath, D.W., Kretser, W.A., Simonin, H.A., Wigington, 
P.J. Jr 1996. Episodic acidification of small streams in the northeastern United 
States: effects on fish populations. Ecol Appl 6:422-437 

Driscoll, C.T. 1984. A procedure for the fractionation of aqueous aluminum in dilute 
acidic waters. Intern. J. Environ. Anal. Chem., 16, 267-283 

Hydes, D.J. and Liss, P.S. 1976. Fluorimetric method for the determination of low 
concentrations of dissolved aluminum in natural waters. Analyst: 101, 922-931. 

Koshikawa, M.K,, Sugiyama, M., and Hori, T. 2002. Seasonal variation of dissolved 
aluminum concentration in harmonic-type lake Biwa, Japan. Limnology: 3, 1-9. 

Koshikawa, M.K., Takamatsu, T., Nohara, S., Shibata, H., Xu, X., Yoh, M., Watanabe, 
M., and Satake, K. 2007. Speciation of aluminum in circumneutral Japanese stream 
waters. Appl. Geochem.: 22, 1209-1216. 
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5.1.15. Dissolved oxygen (DO)  
 
5.1.15.1. DO meter  
DO concentration should be measured in the field by a DO meter  
 
i)  Reagents 
a. Sulflous sodium solutin for zero caribration 
  Dissolve sulflous sodium of 1g into 500ml distilled water 
b. DO saturate water for span caribration 
  Aerate clean air by 1 L min-1 untill DO saturate 
     
ii)  procedure 
After caribration of DO meter, DO of the sample is measured with stirring 
 
5.1.15.2.  Wikler-Modified Sodium Azide Method 
i)  Instruments 
a.  Burette  
b.  Erlenmeyer flask 

 
ii)  Reagents 
a. MnSO4 solution (120 g MnSO4/H2O in 250 mL DW) 
b. Alkaline potassium iodide azide solution (Mix 2 solutions in polyethylene bottle 

and kept in cool and dark condition:125 g NaOH and 37.5 g of potassium iodide 
(KI) in 250 mL deionized water, 2.5 g sodium azide in 10 mL deionized water) 

c. H2SO4 solution (H2SO4:water = 1:2) 
d. 0.025 N Sodium thiosulfate (Na2S2O3)  
e. the starch solution 

 
iii)  Pre-treatment 
a. In the field, inject 0.5 mL of the MnSO4 solution and 0.5 mL of the alkaline 

potassium iodide azide solution to the 100 mL sample water in the DO test-bottle 
for stopping a furthermore reaction and mixing fully after putting the stopper to the 
test-bottle (refer 3.2.1). 

b. Carry the sample bottle back to a laboratory by shutting off the sunshine and 
cooling in cooler box 

 
iv)  Measurement procedure 
a. Inject 1 mL of the H2SO4 solution, stopper the test-bottle and mix it. 
b. Titrate the sample in an Erlenmeyer flask by the 0.025 N sodium thiosulfate 

(Na2S2O3) using 1ml of the starch solution. 
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See detailed measurment of Winkler Method in the Text book: Fundamental limnology 
for inland aquatic environment monitoring on acidification by EANET (2004).  

 
v) Reporting 

DO is expressed as mg L− 1. 
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5.2. Plankton and attached algae (diatom)  
 
i) Concentration  
Cell density of phytoplankton in natural waters is often very low.We need to concentrate 
cells to appropriate density for measuring numbers and floral composition analysis.   
a. For the samples which need concentration, transfer appropriate sample water fixed 

with formalin or Lugol’ solution on sites into a container (glass graduated cylinder).  
b. Settle it for 4 days in the dark. 
c. Discard the supernatant to concentrate plankton cells. 
d. Decant the sample water to another samll volume of a container,  
e. Continue d to gain sample water including an appropriate concentrated plankton cells 
f. Measure the volume of finally concentrated sample water, divide to two portion, one 

for diatom analysis, another for other phytoplankton analysis in future (if possible). 
 
ii) Cleaning of concentrated materials 
Method 1: 
Method 1(Nagumo, 1995) is more convenient for cleaning of diatom samples than 
Method 2. 
 
a. Add equal volume of half-diluted bleaching solution (sodium hypochlorite (NaClO) 

solution for home use, detergent free) to the concentrated sample.  
b. Stir the solution occasionally for 30 minutes. 
c. Allow diatom cells to settle. 
d. Decant and discard the supernatant, add distilled water, mix, and allow the materials 

to settle. Repeat this procedure several times to remove sodium hypochlorite 
thoroughly from the sample water. 

 
Method 2: 
Caution: Treat carefully hot acid, because this reagent gives severe injury to akin and eyes. Need a 
good ventilation room. 
a. Add five volumes of concentrated sulfuric acid to the sample. Heat the mixture in a 

hood for 10 to 20 minutes until the color of the mixture turn to brown or black. Stop 
heating and add immediately about 5g of potassium nitrate (KNO3) to the mixture. 
Repeat this procedure until the mixture turns to opaque. 

b. Allow the material to cool and settle. Stir the mixture well and add distilled water 
carefully. 

c. Decant and discard the supernatant, add deionized water, mix, and allow the 
materials to settle. Repeat this procedure several times until acid is removed 
completely from the sample.   

 
iii) Slide preparation  
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1.  Drop a small volume (200 to 500 μL) of well mixed sample onto microscopic 
coverslips and allow them to dry slowly. Then dry them on a hot plate. 

2.  Invert the coverslips and place onto mounting media of high refractive index 
(Preurax or Mount media; Wako Chem. Co. Ltd., Hyrax) on a microscopic slide. 

3.  Warm to evaporate the solvent from mounting media and make the specimen 
permanent. 

4.  Label the slide (name of lake, sampling station, date etc.) . 
 

iv) Count of diatom cell 
1. Identify and count the diatom cells at species level by a microscope. Count at least 

500 cells and show relative rate (%) of each species. 
2. Results are used for making a database and predictive models for pH.  

See detailed describtion of diatom model, 8.1.2. 
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5.3. Sediment 
 
After a core sample of lake sediment is centrifuged (refer 3.2.4 and 4.2), as much as 
possible without being touched by air, the pore water of the sediment is taken with 
syringe as the supernatant liquid for chemical analysis. Then the following ions should 
be analyzed: 

  ・SO4
2−, NO3

− and NH4
+ 

 

In addition, the core samples of lake sediment itself in separate strata should be 
analyzed for Pb by atomic absorption spectrophotometry with graphite furnace after 
acid extraction or ICP Emission Spectrophotometry or ICP-MS.  

  ・Pb, Pb-210 for estimating the date of accumulation 

   
Analytical methods suggested for lake sediment and their pore water are summarized in 
Table 5.14. 
 
Table 5.14  Analytical methods suggested for lake sediment and their pore water 

Parameter Analytical Methods 

NO3
− Ion Chromatography or Spectrophotometry 

NH4
+ Ion Chromatography or Spectrophotometry 

SO4
2− Ion Chromatography  

Pb, Pb-210 Atomic Absorption Spectrophotometry with Graphite

Furnace after Acid Extraction, ICP AES  

 or ICP-MS 

 
5.3.1. SO4

2−, NO3
− and NH4

+ 
The same method as water 5.1 after the extraction. 
 
5.3.2. Pb 
After Pb is extracted by acids (EPA 200.2 “Sample preparation procedure for 
spectrochemical determination of total recoverable elements”) the extracts is analyzed 
by atomic absorption spectrophotometry with graphite furnace (EPA 7010 “Graphite 
furnace atomic absorption spectrophotometry”).  
 
If the accuracy of measurement is not satisfactory due to low concentration of Pb in the 
sediment, or if the quality assurance is not sufficient due to interfering substances, the 
analysis of Pb should be the done by the solvent extraction method or by ICP-MS (EPA 
200.8 “Determination of trace elements in waters and wastes by inductively coupled 
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plasma - mass spectrometry”). ICP-MS analysis may be done according to methods 
EPA 6020 - 6020A “Inductively coupled plasma-mass spectrometry”, USGS Method 
I-5020-05 “Determination of Elements in Natural-Water, Biota, Sediment, and Soil 
Samples Using Collision or Reaction Cell Inductively Coupled Plasma–Mass 
Spectrometry”.  
 
Sample preparation is recomended to be done according to EPA 3050B “Acid digestion 
of sediments, sludges, and soils” or EPA 3051A “Microwave assisted acid digestion of 
sediments, sludges, soils, and oils” or EPA 3052 “Microwave assisted acid digestion of 
siliceous and organically based matrices”.  
 
Pb is expressed as mg L−1 
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6. Quality assurance/quality control (QA/QC) program  
 
6.1. Introduction 
 
It is desirable to assess synthetically whether evidence of acidification of inland water 
are observed or not, by evaluating chemical and biological characteristics of the inland 
water, quantity of atmospheric deposition and other parameters. Some lakes are 
considered to reveal slow change in acidification, since the sensitivity to acid deposition 
differs from lake to lake. Therefore, it is necessary to collect reliable data to detect 
exactly the sign of acidification. 
 
The objectives of QA/QC activities are to obtain reliable data that can be comparable 
among the countries of the East Asian region, as well as with other networks by 
ensuring data accuracy, precision, representativeness and completeness in acid 
deposition monitoring.  
 
To assure specific data quality, QC activities should be implemented for all the steps of 
the measurement activities, from sample collection to data reporting. These QA/QC 
programs should cover all QA/QC activities, including the activities of Network Center 
(NC), the National Centers and the sampling/chemical analysis organizations. 
 
6.2. Data quality objectives (DQOs)  
 
The required data quality objective (DQO) values can be different, depending on the 
objectives of programs. The DQO values define the desirable levels of accuracy and 
precision required by the program. The main objectives of the monitoring are to 
accumulate baseline data and to detect possible impacts on inland aquatic environment. 
Then, based on the accumulated data, it will be possible to understand trends in the 
inland aquatic environment and/or to validate models on water quality. For these 
objectives, DQO values shown in Table 6.1 are applied. The participating countries are 
expected to make efforts to meet these DQOs. 
 
Table 6.1. Data quality objective values in monitoring on inland aquatic 
environment 
     a) Required accuracy and precision (unit: %) 

Accuracy1)             Precision2) 

± 15                  15    

     1) Accuracy is calculated by the following formula:  
    A = [(certified values)-(analytical values)]×100/(certified values)        

    2) Precision (Si) is calculated by the following formula: 
    Si = (Σdi

2/2Ni )
1/2×100/Av 
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where di and Av denote, the difference between the duplicate analyses and mean, 
respectively, and Ni is the number of sample pairs in the reporting period. 

 
b) Detection limits and determination limits  
Items 
 

Detection limits 
μmol L−1     mg L−1 

Determination limits 
μmol L−1    mg L−1 

SO4
2- 

NO3
- 

Cl- 

NH4
+ 

Na+ 

K+ 

Ca2+ 

Mg2+ 

Alkalinity 

0.3 
0.5 
0.5 
0.8 
0.3 
0.3 
0.2 
0.3 
5 

0.03 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 

 

1.0 
1.5 
1.5 
3.0 
1.0 
1.0 
0.6 
1.0 

 

0.10 
0.10 
0.05 
0.05 
0.03 
0.04 
0.03 
0.03 

 
pH 
 
EC 
 

Replicate measurement of RM should agree to within ± 0.05 pH value 
of RM. 
Replicate measurement of deionized water (EC: less than 0.15 mS m-1) 
should be agree with ± 0.02 mS m-1. 

RM: Reference material can be used as a laboratory working standard for inland   
water analysis. 

 
 
6.3. Standard operating procedures (SOPs) 

 
6.3.1. SOPs 
SOPs are the procedures used in all the processes of the monitoring system, i.e. in the 
field, laboratory, and data management areas. Each sampling and chemical analysis 
organization (laboratory) should make effort to prepare SOPs that meet the actual 
conditions of respective organizations, taking account of the technical manuals and the 
national QA/QC programs. SOPs provide a method to ensure that all personnel follow 
the same procedures to avoid variance of data quality between personnel in charge, and 
that they conduct their works with good understanding of QA/QC. In preparing SOPs, it 
is important that they are sufficiently specific and easy to understand, and that they 
should be reviewed and updated on the basis of latest information and circumstances.   
 
6.3.2. Major Items to be Included in SOPs in Monitoring on Inland Aquatic 
Environment 
Standard operating procedures (SOPs) should be prepared in accordance with the inland 
aquatic environment monitoring manual to minimize errors by persons in charge for all 
elements of operation from sample collection through data reporting. It is important 
SOPs be complied with in actual operations. Even if the samplers or analytical 
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instruments used are conformed to the monitoring manual, its makers and/or types may 
be different in each sampling organization or analytical laboratory. Therefore, SOPs 
should be prepared taking into account the actual condition of each organization 
laboratory. Individual SOPs should clearly describe scope of application, nomination of 
responsible supervisor and the person, in charge, and reporting form and so on. In the 
following table, the necessary items in individual SOPs on the monitoring are listed, but 
the additions and/or exclusion are needed according to the actual condition of each 
laboratory in preparing domestic SOPs.  
 

List of items to be included in SOPs 
1.  Sampling 
 1.1.  Appointment of sampling staff and their supervisors 
 1.2.  Check of possible changes around the sampling sites 
  1) Local situation (new construction of emission and contamination sources etc.)  
  2) On-site situation 
 1.3.  Sampling methods  
  1) Sampler (involving the documentation of check and maintenance) 
  2) Sampling interval (sampling dates) 
  3) Cleaning of vessels with sample water 
  4) Duplicate sampling  
 
2.  Sample transportation and custody 
 2.1.  Transportation of samples 
 2.2.  Sample custody 
 
3.  Measurement and chemical analysis  
 3.1. Appointment of analysis staff and their supervisors for each item  
 3.2. Development of training plan 
 3.3. Deionized water 
  1) Daily maintenance 
  2) Documentation of maintenance 
 3.4. Measurement by instruments 
  1) Measuring conditions of instruments 
  2) Calibration  
  3) Performance tests (sensitivity, stability, interference and its removal, 

documentation of repair) 
  4) Calculation of lowest detection limits and lowest determination limits 
  5) Documentation of maintenance 
 3.5. Operating procedures for measurements 
  1) Preparation of calibration curves  
  2) Measurement/analysis of samples 
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  3) Repeated measurements/analyses  
  4) Check of sensitivity fluctuation 
 3.6. Treatment of measurement results 
  1) Calculation of concentrations  
  2) Measurement of sensitivity fluctuation 
  3) Repeat measurements/analyses  
  4) Calculation of ion balances 
  5) Comparison of measured and calculated conductivity 
 
4.  Quality assurance and quality control   
 4.1. Evaluation of sample collection 
  1) Comparison of precipitation amount with standard rain gauge 
  2) Evaluation of ion balance 
  3) Evaluation of conductivities 
 4.2. Evaluation of reliability  
  1) Evaluation of sensitivity fluctuations  
  2) Evaluation of repeated measurements/analyses  
  3) Evaluation of field blanks 
  4) Comparison between measured data and lowest detection and lowest 

determination limits 
 4.3. Evaluation of results  
  1) Representativeness of sampling sites 
  2) Evaluation of sample validity 
  3) Evaluation of completeness for the sampling period 
  4) Determination of total precision 
 
5.  Management of sampling instruments, laboratory, measurement/analysis 

instruments and reagent / glass ware 
 5.1. Management of sampling instruments 
  1) Appointment of management staff and their supervisors 
  2) Documentation of names of manufactures, types, manufacture dates and operation    

methods  
  3) Daily and regular maintenance and inspection methods (including trouble 

shooting, parts supply and recording) 
 5.2. Laboratory management 
  1) Appointment of management staff and their supervisors 
  2) Daily and regular maintenance and inspection methods (including items and    

recording format) 
 5.3. Management of measurement/analysis instruments 
  1) Appointment of responsible staff for each instrument, and overall measurement  
  2) Documentation of names of manufactures, types, manufacture dates and operation     
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methods  
  3) Daily and regular maintenance and inspection methods (including trouble 

shooting, parts supply and recording) 
 5.4. Management of reagents, standard materials, etc. 
  1) Appointment of management staff and their supervisors 
  2) Receiving and disposal of reagents (recording format of dates, manufacture names,    

dealers, purity, degree of standard and valid period) 
 5.5. Management of glassware and polyethylene vessels 
  1) Appointment of management staff and their supervisors 
  2) Cleaning methods  
  3) Storage 
  4) Confirmation of cleanness 
 
6.  External audit 
  1) Check of sampling sites 
  2) Measurement of field blank values 
  3) Operation check of samplers  
  4) Evaluation of the results of quality control  
  5) Evaluation of the measured results  
 
 
6.4. QA/QC for field operations 
 
6.4.1. Sampling sites  
Sampling for inland aquatic environment should be done at the same sites with soil and 
vegetation, in particular in acid deposition vulnerable areas where acid deposition 
causes or is likely to cause significant adverse effects.  
 
Sampling should be conducted in one of the sites that can be clearly defined in one of 
the two categories. 
 
6.4.2. Criteria for site selection  
It is recommended to select the sites which meet the site selection criteria described in 
2.1.2 
 
6.4.3. Representativeness survey of sampling sites and time 
It is recommended to check the representatives of sampling sites/points according to the 
descriptions in 2.1.2. 
 
6.4.4. Documentation of conditions of concerned water bodies 
The information on characteristics of the water bodies concerned (refer to 2.2) should 
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be periodically reported to the NC through the National Center. 
 
6.4.5. Collection and handling of samples 
a. Registration of the personnel in charge of collection of samples and their supervisors 
Each organization in charge of collecting samples will appoint persons to collect 
samples and their supervisors. The persons to collect samples should be well trained. 
The persons who collect samples at each site and their supervisors should be registered 
to the National Center. The name of the person who collects each sample should be 
recorded in the on-site record table. 
 
b. Sample collection (refer to 3.2) 
Surface water should be sampled directly by a clean polyethylene bucket or a dipper at 
the representative point of the lake. The duplicate samples should be collected at the 
same point. The water sample should be taken full up in well washed 2 L polyethylene 
or polypropylene bottle without air after washing by sample water. 
  
c. Sampling frequency 
The monitoring on inland aquatic environment should be carried out with the 
frequencies as shown in 2.3.  
 
d. Handling and transportation of samples (refer to Chapter 4) 
Transportation of samples from sampling sites to chemical analysis laboratories must be 
done in cooler boxes filled in freezer packs.  
 
6.4.6. On-site measurement (refer to 3.1) 
Water temperature should be measured on site and should be recorded on the field 
reporting form. Air temperature, transparency and outward appearance such as color are 
recommended to be measured on site and should be recorded on the field reporting form.  
EC and pH are recommended to be measured in the water bath at 25°C in the laboratory.  
If a temperature controlled water bath is not available, use of water bath without 
temperature control but containing at least 5 L of water may be considered. However, 
on-site measurement of pH and electric conductivity are useful as reference data.  
 
 
6.5. QA/QC for laboratory operations 
 
6.5.1. Measurement parameters 
Measurement parameters are shown in 5.3 above. 
     
6.5.2. Measurement procedures (refer to Chapter 6) 
Electric conductivity (EC) and pH of the samples are recommended to be measured in 
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the water bath, which is thermostated at 25 °C immediately after arriving to the 
laboratory.  If a temperature controlled water bath is not available, use of water bath 
without temperature control but containing at least 5 L of water may be considered. 
Alkalinity should be measured by titration with a 0.01 mol L−1 or 0.001 mol L−1 sulfuric 
acid.  
 
If the measurement and analysis are done more than several days after arrival at the 
laboratory, the samples should be stored between − 20 °C to − 40 °C. All chemical 
analysis should be finished within 1 week.  
 
6.5.3. Fundamental measurement and analysis matters 
Freedom from contamination of the apparatus, materials and reagents using in 
measurement and analysis must be confirmed beforehand: blank values of substances 
should be as low as possible. Measurement and analysis should be executed by persons 
who are well trained. To maintain high analytical quality, SOPs must be prepared for the 
management apparatus, materials and reagents.  
 
6.5.4. Adjustment of analytical instruments 
Each of the analytical instruments must be calibrated when they are used, and they 
should be adjusted as appropriate. Before sample analysis, confirmation of the 
concentration of Reference Material (RM) sent by NC is highly recommended for the 
chemical analysis every time 
 
a) pH meter 
For the Quality Control, the pH should be measured at 25 ± 0.5 °C. The vessel which 
was filled with certified solution should be soaked in a temperature-controlled water 
bath; after calibration of the pH meter, tests of reproducibility and linearity are to be 
carried out to assure reliable measurement. It should be confirmed that the attached 
thermometer can also be reliable by comparison with a certified thermometer. It should 
be confirmed that the water bath can control the temperature fluctuation in the water 
bath to within the allowable range (± 0.5 °C).  
 
The measurement of pH at the site should be carried out by using a portable 
electrometric pH meter with glass electrode. Before the determination at the site, the pH 
meter must be calibrated by using standard solutions for the instrument. 
 
b) EC meter 
For the Quality Control, the EC should be measured at 25 ± 0.5 °C. It should be 
confirmed before the measurement that reliable data can be obtained with the 
calibration of the EC meter in a temperature-controlled water bath, with tests of 
reproducibility and linearity. It should also be confirmed that the attached thermometer 
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can be reliable by comparison with a certified thermometer, and it should be confirmed 
that the constant-temperature water bath can control the temperature fluctuation in the 
water bath to within the standard (25 ± 0.5 °C). 
 
The measurement of EC at the site should be carried out by using a portable EC meter. 
Before the determination at the site, the EC meter must be calibrated by using standard 
solutions for the instrument. When EC is measured at the water temperature of the site, 
it should be corrected to the value at 25°C. The equation for correcting is as follows: 
    (ECt) = (EC25) × [1 + 0.022 × (t − 25)] 
where, t: water temperature at the site.  
 
c) Ion chromatograph 
After setting up the components of working eluent and condition of flux, and regulating 
the conditions under which target ions can be separated well, it should be then 
confirmed that the response is stable and the prescribed sensitivity is achieved. 
 
d) Atomic absorption spectrometer 
After setting up conditions of the current of midair cathode lamp, the height of the 
burner, the fluxes of fuel gas and combustion-supporting gas, measuring the wavelength 
and slit range, it should be confirmed that the response is stable and that the prescribed 
sensitivity is achieved. If there is a possibility of optical interference, then, must be 
made to achieve sufficient reliability. 
 
e) Spectrophotometer 
Regarding target ions, it should be confirmed that the absorption is stable and the 
prescribed sensitivity is achieved. If there is a possibility of optical interference, then, 
must be made to achieve sufficient reliability. 
 
f) Digital burette with pH meter 
For the measurement of alkalinity, digital burette with a pH meter should be used where 
possible. The pH meter attached to digital burette should be calibrated by same methods 
as a). 
 
6.6. Data control 
 
6.6.1. Introduction 
There are three purposes concerning quality assurance of data control. 
1) Assure that all sample data will be stored in database in an adequate manner. 
2) Mark with flags the data, whose accuracy and representative are doubted. 
3) Recognize and describe samples, that were measured without standard methods, i.e.   

with contamination, instrument trouble, bulk sampling, etc. 
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Quality assurance and quality control in data control should be carried out in analysis 
organizations, the National Centers, and NC, individually. 
 
6.6.2. Data check 
a. Treatment of abnormal and unrecorded data 
When the sensitivity of instruments is not stable, when the results of duplicate analyses 
or re -measurements are significantly different, or when the ratio of a theoretical value 
to that for determined data in ion balance and EC is significantly different from 1, 
measurement should be repeated since reliability is low. In addition, when samples seem 
to be obviously contaminated, these data should be treated as unrecorded data. 
 
These problems will waste much labor, time, and expense. In addition, abnormal or 
unrecorded data can corrupt research results. Therefore, careful checks are needed to 
avoid data of inadequate quality. When abnormal or unrecorded data appear, the process 
should be carefully reviewed to prevent the occurrence of the same problem in the 
future. 
 
b. Analyses of Non Detected and Lowest Determination Limit   
In determining the detection and determination limits for the respective methods (Ion 
chromatography, Spectrophotometry, Atomic absorption spectrometry) used in 
measuring the concentrations of several ions in inland water samples, a standard 
solution with concentration near the lower determination limit should be measured 5 
times. 
 
On methods (Ion chromatography, Spectrophotometry, Atomic absorption spectrometry) 
used in measuring the concentration of several kinds of ion in inland water samples, the 
certified solution in lowest concentration (near the Lowest Determination Limit) for 
making the calibration curve should be measured in 5 times with prescribed operation.  
 
Based on the standard deviation “s” of the repeat analyses above, 3 times the value is 
defined as Non Detected, and 10 times the value is defined as the Lowest Determination 
Limit (the unit of “s” is the same as that used for the concentration in water). 
                    Not Detected = 3 s (μmol L−1) 
 
        Lowest Determination Limit = 10 s (μmol L−1) 
 
Because the Lowest Determination Limit is different among analytical instruments used 
and analytical conditions vary, LDL should be determined whenever analytical 
conditions are established or changed. It should be confirmed that LDL is below the 
DQO values described in Table 6.1 b)   
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c. Cation and anion balance  

All measured data should be checked for following R1 and R2 values. If necessary, 
re-measurement should be carried out and the adequacy of data should be checked. If 
the concentration or standard deviation of concentration of an ion differs greatly from 
the long term average concentration or standard deviation of concentration, respectively, 
during a given period, then this cause should be carefully considered.   

 
Calculation of ion balance (R1) 
1) Total anion (A) of equivalent concentration (μeq L−1) is calculated by summing the 
concentration of all anions (c: μeq L−1) and alkalinity (ALK: μeq L−1).  Alkalinity 
considered to be corresponded to bicarbonate ions (HCO3

−). 
     A (μeq L−1) = c (SO4

2−) + c (NO3
−) + c (Cl−) + (ALK)* 

    * If PO4
3−, NO2

− etc were measured, add next fomula,{+ c (PO4
3−) + c (NO2

−)+…}. 

 
2) Total cation (C) equivalent concentration (μeq L−1) is calculated each concentration 
of cations (C: μeq L−1). 
     C (μeq L-1) = 10(6−pH) + c (NH4

+) + c (Na+) + c (K+) + c (Ca2+) + c (Mg2+)* 
      * If Fe2+, Mn2+ etc were measured, add next formula, {(+ c (Fe2+) + c (Mn2+)+…}. 

 
3) Calculation of ion balance (R1) 
     R1 = 100 × (C-A) / (C+A) 
 
4) R1, which is calculated using the above equation, should be compared with standard 
value in Table 6.2. When R1 is not in the range, re-measurement, check with standard 
samples, or inspection of standard curve are necessary, or the flags which indicate 
unsatisfied data should be marked in the database. 
When the concentration (C) of ion is shown as (mg L−1), it should be changed in 
equivalent concentration (μeq L−1) as follows: 
    μeq L−1 = mg L−1×(1000/equivalent weight) 
thus the total of anions and cations are shown as follows: 
 A (μeq L−1) = {c (SO4

2−)/48.03 + c (NO3
−)/62.01 + c (Cl−)/35.45*} × 1000 + (ALK) 

* If PO4
3−, NO2

− etc were measured, add next formula: {+ c (PO4
3−)/26.32 + c (NO2

−)/46.01 +} 
 

 C (μeq L−1) = 10(6−pH) + {c (NH4
+)/18.04 + c (Na+)/22.99 + c (K+)/39.10 +  

            c (Ca2+)/20.04 + c (Mg2+)/12.16*}×1000 
* If Fe2+ , Mn2+ etc were measured, add next formula : {+ c (Fe2+)/27.92 + c (Mn2+)/27.47 +…} 

 

Table 6.2. Allowable ranges for R1 in different concentration ranges 
(C + A) μeq L-1      R1   

< 50               ± 30     
50 - 100            ± 15     
> 100              ± 8      
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       The flags should be marked as follows:  
999      Missing measurement, reason not specified. 
899      Measurement not defined, reason not specified. 
781      Below detection limit. 
701      Less accurate than usual, reason not specified . 
699      Mechanical problem, reason not specified. 

       599      Contamination not specified.      
 
Comparison between calculations and measurement in electrical conductivity (R2)  

1) Total electric conductivity (Λcalc) should be calculated as follows: 
 
    Λcalc (μS cm−1) = 349.7 × 10 3−pH + {80.0 × c (SO4

2−) + 71.4 × c (NO3
−)  

                 + 76.3 × c (Cl−) + 73.5 × c (NH4
+) + 50.1 × c (Na+) + 73.5 × c (K+) 

                 + 59.5 × c (Ca2+) + 53.0 × c (Mg2+) + 44.5 × (ALK)}/1000 

 
c: equivalent concentration (μeq L−1) of ions in the parenthesis, each constant value is 
ionic equivalent conductivity at 25 °C (see Table6.3). Alkalinity considered to be 
corresponded to bicarbonate ions (HCO3

-).  

 
For SI unit system , convert Λcalc (μS cm−1) into Λcalc (mS m-1) following  

 
        Λcalc (mS m−1) = Λcalc (μS cm−1) × (1/10) 
 

 Table 6.3. Equivalent weight of cations, anions and ionic equivalent conductivity            
Ion 
 
 
 

Equivalent
Weight 

 

Ionic 
Equivalent 
Conductivity 
λ (S cm−2 eq−1) 

Ion 
 

Equivalent 
Weight 

Ionic 
Equivalent  
Conductivity       
λ (S cm−2 eq−1)     

H+ 1.008 349.7 NO3
− 62.01 71.4 

NH4
+ 18.04 73.5 SO4

2− 48.03 80.0 

Ca2+ 20.04 59.5 Cl− 35.45 76.3 

K+ 39.10 73.5 HCO3
− 61.02 44.5 

Mg2+ 12.16 53.0 HCOO− 45.0 54.6 

Na+ 22.99 50.1 CH3COO− 59.1 40.9 

Fe2+ 27.92 54 F− 19.00 55.4 
Fe3+ 18.62 68 Br− 79.90 78.1 

Mn2+ 27.47 53.5 NO2
− 46.01 71.8 

   PO4
3− 26.32 92.8 

W. H. Haynes (Edition-in-Chief) (2011) CRC Handbook of Chemistry and Physics, Ed 

92nd, 5-77, 78, CRC Press. 
 

2) Ratio (R2) of calculations to measurements(Λmeas) in electric conductivity should be 
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calculated as follows: 
 
    R2 = 100 × (Λcalc -Λmeas)/(Λcalc +Λmeas) 

 
3) R2, which is calculated using the above equation, should be compared with standard 
value in Table 6.4. When R2 is not in the range, re-measurement, check with standard 
samples, or inspection of standard curve are necessary, or the flag which indicate 
unsatisfied data should be marked in the database. 
 

Table 6.4. Allowable ranges for R2 in different concentration ranges               

Λmeas (mS m−1)         R2 

< 0.5                  ± 20      
0.5 - 3                 ± 13      

> 3                  ± 9     

                     (1 mS m−1 = 10 μS cm−1 )                

 The flags should be marked as follows:  

999      Missing measurement, reason not specified. 
899      Measurement not defined, reason not specified. 
781      Below detection limit. 
701      Less accurate than usual, reason not specified. 
699      Mechanical problem, reason not specified. 
599     Contamination not specified. 

       477      Inconsistency between measured and estimated conductivity.     
                                

 
d. Duplicate sample collection and replicate analysis 
Duplicate sampling and analysis should be carried out in the laboratories. Double 
measurement (duplicate sampling and analysis) of inland water provides a measure of 
overall monitoring precision. 
 
To estimate the contribution of sampling and analytical variability, duplicate sampling 
and replicate analyses of three times for each sample should be performed. It should be 
confirmed that the obtained relative standard deviation is below the Required Precision 
shown as Table 6.1. The standard deviation between the two samples should be 
calculated, and if the relative standard deviation is larger than 15%, it must be sampled 
once more and analyzed again. 

 
6.7. Site performance audit and laboratory audit  
 
For assurance of accuracy and precision of a field sampling and a laboratory 
measurement, a site performance audit and laboratory audits should be carried out 
periodically by the National Center. A site performance audit ensures that no major 
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physical change has taken place at the site, includes reviews of on-site measurement, 
sampling, sample transportation and data reporting, and provides field training and 
exchange of information. A laboratory audit consists of inspection and advice on sample 
handling, capacities of instruments, preparation and implementation of SOPs, and other 
QA/QC activities and their records. The National Center should prepare the SOP for site 
audits. The results of each audit should be documented and stored at the National 
Center. 
 

6.8. Training programs 
 
It is necessary to improve knowledge and expertise related to inland aquatic 
environment monitoring. Therefore, NC and local technical training should be 
provided. Details of the training will be given in a separate document. 
 
6.9. External quality assurance program 

 
To review the accuracy of chemical analysis, NC should send 2 bottles of artificial 
inland water for inter calibration to all chemical laboratories, evaluate statistically the 
results of the analysis of the samples and prepare reports about the results. 1 bottle is for 
this program and another should be used for usual chemical analysis as Working 
Standard (Reference Material). 
 
As one of other external quality assurance programs, there is the intercomparison test 
for The international Cooperative Programme (ICP) on Assessment and Monitoring 
Effects of Air Pollution on Rivers and Lakes supplied by Norwegian Institute for Water 
Research.  
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7.  Data control and reporting 
   
7.1. Data control 
 
Quality assurance and quality control in data control should be carried out in analysis 
organizations, National Centers, and NC, individually. Data checking should include 
activities such as: 1) treatment of abnormal and unrecorded data, 2) judgment of valid 
data, for example, calculation of ion balance (R1) and comparison between calculation 
and measurement in electrical conductivity (R2). 
 
For more detailed methods about data evaluation, “QA/QC program” should be referred 
to. 
 
7.2. Data reporting 
 
Each organization responsible for field sampling and each analytical laboratory should 
record, control, submit and store the information as follow:  
 
7.2.1. Information about sampling sites 
Efforts should be made to obtain the following information. 
(1) Information concerning watersheds/catchments of sampling lakes 
(2) Information concerning characteristics of lakes  
(3) Information concerning sediment in sampling lakes  
(4) Information concerning living organisms in sampling lakes  
 
7.2.2. Matters related to collection of samples 
The records of on-site information (lake name, sampling point, name in charge, 
sampling time, air and water temperature, out-looking of sample, transparency, climate, 
etc.), information about sample collection instruments (pictures of instrument and 
design diagrams, model name, manufacturer and manufactured date, etc.) if used and/or 
used tools should be reported to National Center. 
 
7.2.3. Matters related to analytical procedures 
(1) Calibration and measurement procedures for analytical instruments 
(2) Miscellaneous other values required to obtain measurements 
  
7.2.4. Local quality control activities 
Each organization responsible for the field sampling and each analytical laboratory will 
record the following information and will store them with the data: 
(1) Performance of all procedures prescribed in SOPs 
(2) Routine instrument check and maintenance, record of instrument adjustment 
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(calibration of instruments) 
(3) Names of producers and traceability of standard materials etc., institution of 

measurement conditions of analytical instruments and its results 
(4) Results of analysis of lowest detection limits and lowest determination limits 
(5) Results of duplicate analysis  
(6) Evaluation of cation and anion balance and conductivity difference 
(7) Results of site performance audit 
 
Reporting digit and/or decimal places will be clarified. The example of report format of 
Inland Aquatic Environment is shown as follow, 
 
Notice 
*Double measurement data 
In data reporting, double measurement data should be reported respectively as well as 
average data of them. 

 
*On-site measurement data 
The pH and EC of on-site measurement data are recorded as reference data. In data 
reporting, the data measured in the laboratory (25 °C ) should be submitted. And the pH 
and EC of on-site measurement data should not be used in the calculation of R1 and R2.   
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Reporting forms: 
 

Inland Aquatic Environments (prepare for every survey) 
 
 1) Site 

Site type  1.lake  2.river(stream),  
 3.other(                    ) 

Site name  

Location  

 
 2) Sampling method 

Water sampling method method: 

and sampling device device/manufacture: 
        model: 

On site filtration   1.do(material of filter:                          ), 2.don't 

Temperature at the   1.uncontrolled,  2.cooling(°C),  3.freezing 

Shipping  

Mean time from sampling                              day(s) 

to analysis  

Name of sampling  

organization and reporter  

 
 
3) Results of analysis( surface water at the center of aquatic system)       
    Describe in analytical results (Inland aquatic environment) :Form(Inland A)
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Form (Inland A-1)   Analytical results of inland aquatic sample 

 Site name:                                         Date of sampling:                                 

 Date of analysis:                                   Sample No.:                                      

 Name of laboratory:                                Name of reporter:                                  

Items                     Sample No.1                      Sample No.2  Ratio of Mean Mean   
   1 2 3 Mean RSD(%) flg 1 2 3 Mean RSD(%) flg (No.1 / No.2) Value  
 W.T. ( o C)                
 pH On-site                
 at 25o C                
 EC On-site                

mS m−1 at 25o C                

 Alkalinity meq L−1                
  SO4

2−   mg L−1                
  NO3

−   mg L−1                
  Cl−    mg L−1                
   NH4

+  mg L−1                
   Na+   mg L−1                
   K+    mg L−1                
   Ca2+  mg L−1                
   Mg2+  mg L−1                

NO2
−   mg L−1                

PO4
3−   mg L−1                

(Fe2+) mg L−1)                
(Mn2+ mg L−1)                

    R1              
    R2               

Note: R1:cation and anion balance(100 × (cation−anion)/(cation+anion)), R2:specific conductance value (100 × (Λcalc−Λmeas)/(Λcalc+Λmeas)). If the R1 

and R2 do not meet the criteria, measurement of additional ions, such as Fe2+ and Mn2+ should be considered.  
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Form (Inland A-2)   Analytical results of inland aquatic sample 

 Site name:                                         Date of sampling:                                

 Date of analysis:                                    Sample No.:                                     

 Name of laboratory:                                 Name of reporter:                                 

Items                     Sample No.1                      Sample No.2  Ratio of Mean Mean   

  1 2 3 Value RSD(%) flg 1 2 3 Mean RSD(%) flg (No.1 / No.2) Value  

DO (on-site or                 
laboratory)                

transparency (m)                

water color                
DOC (COD) 

mg L−1  
               

D-Al    mg L−1                
Reactive Al,  
µmol L−1 

               

T-N     mg L−1                

T-P     mg L−1                

SS      mg L−1                

River discharge 
(m3 sec−1) 
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Form (Inland A-3)   Analytical results of inland aquatic sample 

 Site name:                                         Date of sampling:                                

 Date of analysis:                                    Sample No.:                                     

 Name of laboratory:                                 Name of reporter:                                 

Sample River bottom  (      ),    Lake bottom   (     ),    Lake water (     )   
Bottom bed dominancy Mud (  ) Comments: 

Sand and small stones (  <5 cm in diameter) (  ) 
Stones (5-20 cm in diameter) (  ) 
Stones (  >20 cm in diameter) (  ) 

Bottom bed cover Overview cover of particulate organic material (leaves and stems) (%)  Comments: 
Overview cover of mosses on the bottom stones (%)  

Diatom Depth of sediment   cm -    cm Depth of water   m-  m Total cell count  
Sampled area   cm ×    cm 
Number of sample 

Taxon list Relative abundance  (%)  Comments: 
 

if possible, pH preference groups by Hustedt classification (%)

Other organisms Taxon list (with density) of attached algae, phytoplankton, zooplankton, fishes, macrophytes, 
benthic invertebrates

Comments: 

 

 (   ): Choose one (Partially reffered by ICP-Waters) 
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Form(Inland A-4)   Analytical results of Sediment sample 

 Site name:                                         Date of sampling:                                

 Date of analysis:                                   Sample No.:                                     

 Name of laboratory:                                Name of reporter:                                 

 Sampling point:                sampling depth:       m 
Items 

  
                    Sediment sample 
1 2 3 Value RSD(%) flg 

Upper layer NH4
+ (mg L−1)       

NO3
- (mg L−1)       

SO4
2- (mg L−1)       

Middle layer NH4
+ (mg L−1)       

NO3
- (mg L−1)       

SO4
2- (mg L−1)       

Bottom  layer NH4
+ (mg L−1)       

NO3
− (mg L−1)       

SO4
2− (mg L−1)       

The kind and name of sediment sampler Kind: Name 
Core diameter and total length of sample Diameter:          mm Total length:             mm 

The centrifuge Name: Used revolution:       rpm Used centrifugal acceleration:   g
Centrifugal time:        min. Max revolution:       rpm Max centrifugal acceleration:    g

Sample depth of analysis Upper:       ~         mm Middle:        ~        mm Bottom:        ~        mm 
W.T. and DO above sediment W.T.:           (depth   m) DO:           (depth   m) 

Kind of thermometer: Kind of DO analysis: 
Note: 

 



Manual for Inland Aquatic Environment 

 93

 4) Meteorological condition (reported year)                                                          

            Month  1  2  3  4  5  6  7  8  9 10 11 12 

           Items             

Tempera- Monthly mean             

ture(°C) max.daily mean             

 min.daily mean             

Humidity Monthly mean             

(%) max.daily mean             

 min.daily mean             

Mean wind speed             
 (m s−1)             

Most appearance wind             
Direction (bearings)             

Precipitation amount             
(mm month−1)             

Sunshine duration             
(hours month-1)             

Solar radiation             
(MJ m−2 month−1)             

 Hourly data of temperature, humidity, wind direction, wind speed, and daily precipitation 

amount and daily sunshine time, etc. prefer to be reported by the data files of computer and it's 

printout sheets.  In case of reported by data files of computer and it's printout sheets, the 

description in above column can be omitted. 

 

 5) Others 

Note: 
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8. Future direction 

 

8.1. Bio-indicators including diatoms, invertebrates and fishes 

 

8.1.1. Introduction 

Acidification of inland waters, lakes and rivers, has been largely influenced on aquatic 

organisms at sensitive regions in Europe, Canada and North America. In these areas, 

biological monitoring including experimental assessments has been carried out as well 

as monitoring of surface water chemistry attributable to atmospheric pollution since 

1980’. Numerous ecological studies and monitoring results conducted in acidified areas, 

concerning the effects of acidification on aquatic organisms, have been revealed that 

what kind of species was sensitively reacted, what nutritional structures are existed, 

what substances harmfully affected (Haines 1981; Shindler 1988; Gorham 1998).  

 

In EANET areas, monitoring activities of inland aquatic environments including surface 

water chemistry and living organisms mainly diatom species started since 1998. The 

latter item is recommended as one of optional parameters to be measured in an EANET 

technical document with an insufficient explanation except a diatom part.  

 

No clear trend was observed in pH at water bodies in EANET monitoring sites during 

2000 to 2004, whereas the lowest annual average of pH 6.12 was observed in a Chinese 

site, although the frequency of pH values found in rain samples gathered from all over 

the EANET region are similar to sets provided by the monitoring networks in Europe 

and United States (EANET 2006). This might mean gradual acidification of surface 

water in sensitive area in future, like as reported in some of Japanese rivers (Nakahara 

et al., 2009; Matsubara et al. 2009). 

 

In this section, a basic feature of biological indicators (bio-indicators) for acidification 

of aquatic environments will be described and a future direction for biological 

monitoring in the EANET areas will be discussed. The Programme manual of 

ICP-Waters (Norwegian Institute for Water Research 1996) is partially referred.  
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8.1.2. Biological indicator species for acidification 

Two categories showing the effects of acidification on aquatic organisms have been 

developed, sensitive and tolerant species or taxonomic groups for acidic condition. The 

distribution of these species is usually restricted to geographical regions where 

environmental factors, such as temperature, light length, predators etc., assure their life. 

In EANET countries located from the tropical to the frigid zone, we will need peculiar 

taxonomic sets for acidic condition in each countries or climatologically classified 

regions, since it is impossible to find out the universal species distributing over the 

EANET areas. 

 

1) Algae  

In phytoplankton and attached algae, two taxon, Chrysophyceae which includes some 

acid sensitive species and produce species-specific siliceous cysts and scales, and 

Bacillariophyceae which have historically conservative hard valves made from silicate 

and contains species with wide range of pH habitats including acid sensitive species, 

have been used as biological indicators in paleolimnological and inferable studies.  

 

Fig. 8.1. a) Relative abundance of Mallomonas crassisquama scales with respect to 
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total Mallomonas scales in a sediment core of the Kleiner Arbersee, b) pH values 

inferred from diatom flora from the same sediment core. From Steinberg and 

Hartmann (1986). 

 

Chrysophytes 

Steinberg and Hartmann. (1986) indicated lowering rate of Mallomonas crassisquama 

in total Mallomonas numbers in sediments of Lake Kleiner Arbersee (FRG), and good 

consistency with diatom inferred pH trend (Fig. 8.1). The advanced 

chrysophyte-inferred pH models are given in Wilkinson et al. (1999), Dixit et al. (2002). 

 

Diatoms 

Diatoms belong to the algal class Bacillariophyceae and have narrow optima or 

tolerance for pH. Many acidophilous or acidobiontic species are known (see last version 

of EANET Manual). The former are the diatom species which grow well in acidic 

conditions and the latter only in acidic habitats. 

 

Fig. 8.2. Distribution of diatom species along the pH garaduents in Japan. Bold 

lines indicate pH values at smpling sites where the taxa were dominant. From 

Watanabe and Asai (1999). 
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In Japan, distribution of diatom species along the pH garaduents is presented by 

Watanabe and Asai (1999) (Fig.8.2), based on the investigation of many water bodies 

including lakes, rivers, hot springs etc. 

 

Diatome species are classified to five groups as followings; 

(1) Acidobiontic: occurring at pH values < 7 with optimum distribution at pH 5.5 

and under  

(2) Acidophilous: occurring at pH about 7 with widest distribution at pH < 7 

(3) Circumneutral (Indifferent): equal occurrence on both sides of pH 7 

(4) Alkaliphilous: occurring at pH about 7 with widest distribution at pH > 7 

(5)Alkalibiontic: occurring at pH values > 7 

(From Hustedt’s classification) 

 

Diatome inferred pH 

Cell walls of diatomes are composed of SiO2 and are well preserved in lake sediment. 

From those characteristics, diatom assemblages have been successfully used as to infer 

trends of water pH resulting from lake acidification, using an equation obtained 

beforehand. This is culculated using the Index B method of Renberg and Hellberg 

(1982).  

                % circ + 5 × % acp + 40 × % acb 

Index B =   

               % circ + 3.5 × % alk + 108 × % alkb 

 

   Here,  circ = circumneutral,  acp = acidophilous,  acb = acidobiontic,  

alk = alkaliphilous,  alkb = alkalibiontic   

 

Estimated equation; 

pH = a – b × Log (Index B) 

 

Yoshikawa et al. (2000) obtained an equation for diatom-inferred pH using a data-set 
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from the Adirondacks, USA, and adopted to a Japanese small pond to estimate past pH 

changes using a original list of diatoms with pH category.  

        Inferred pH = 6.91 – 0.85 × Log (Index B)  

 

He succeeded to indicate the acidification process of L. Sawanoike in Kyoto, from the 

late of 1940’ to 1980’ (Fig.8.3). 

 

Fig.8.3. Profile of the inferred pH calculated from Index B in a core from L. 

Sawanoike. Arrow indicate mean air-equilibrated pH at present day. From 

Yoahikawa et al. (2000)  

 

It is nessesarry to mind in heart that the coefficiets (a, b) of the equation differ from 

regions or countries (e.g.: Inferred pH = 6.40 - 0.85 x Log (Index B) for southwest 

Sweden lakes (Renberg and Hellberg  1982), Inferred pH = 6.3 - 0.86 x Log (Index B) 

at southwest Scotland (Flower 1986)), and the diatom species belongging to the above 

groups (1)-(5) differ also.  
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Thus, we need to make preparations in advance an apporopriate regrretion equation 

between observed pH and Log (Index B) to estimate past pH memorized in sediments, 

using data sets of Index B determined from the diatom composition in many surficial 

sediment or water samples with their habitat pH values, and to have a categorized list of 

diatoms at a given region.   

 

2) Invertebrates 

 Aquatic invertebrates play an important part as indicators for inland water acidification. 

The acid sensitive species or groups disappear successively depending on their acid 

sensitivity, while others are more tolerant. A representative and plainly demonstrated 

figure indicating sensitivity of aquatic organisms along pH for acidification including 

invertebrates is shown in Fig. 8.4. 

 

 

Fig.8.4. The sensitivity of aquatic organisms to lowered pH fresh water in Sweden 

(Ministry of Agriculture Environment ’82 Committee 1982). Approximate 

borderlines for various animals and plants in fresh water are shown.  
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Generally, it is known as follows what happen in an invertebrate community during 

progressing acidification of surface water (Baldigo et al. 2009).    

(1) The density of benthic macroinvertebrates may or may not change. 

(2) Species richness often decreases. 

(3) Certain acid-sensitive species are replaced by more tolerant species. 

(4) One or two functional feeding groups tend to predominate communities in response 

to acidification and associated changes in the abundance of predators (fish) and (or) 

primary food supplies. 

And we can add next item. 

(5) The biomass of invertebrate community may mostly decrease. 

 

Zooplankton and macroinvertebrates 

Of the Cladocera species, which are cosmopolitan, daphnids and chydorids exhibit low 

tolerance to acidity in lakes. Mollusks are highly acid sensitive. Snail is not generally 

found below pH 5.6. It has been known well Gammaarus lacustris is not found below 

pH 6, whereas we have not this species in EANET areas. 

 

Aquatic insects 

Almost all species of mayfly (Ephemeroptera) are very sensitive indicators for acidic 

condition. Many species of stonefly (Plecoptera) and caddis fly (Trichoptera) disappear 

also in acidified water. The genera including sensitive species are Ephemera, 

Ephemerella, Heptagenia, Baetis, Caenis in mayflies, Isoperla, Diura in stoneflies, 

Hydropsyche, Apatania in caddis flies. On the contrary, some taxa are acidophilous or 

acidobiontic ones telling good indicators in strongly acidified water, such as 

Protonemura ・ Nemoura ・  Capnia (Plecoptera), Rhyacophila (Trichoptera), 

Chironomus・ Orthocradinae (Chironomidae) (Fig. 8.5).    
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Fig. 8.5. Typical acidosenstive (A) and acidotorelant (B and C) species in naturally 

acidified water. (A) Baetis sp. (Ephemeroptera), (B) Protonemura (Plecoptera), (C) 

Rhyacophila (Trichoptera). 

 

Acidification numbers (Acidity Index) 

In order to compare the degree of water acidity, a common index “Acidification 

numbers “used in different regions and countries with different invertebrate fauna is 

presented and often used in ICP-Waters (See in detail the ICP-Waters Manual) . 

 

Indicator species with the same tolerance to acidity are assigned the same number or 

“acidification score”. Four categories, indicator species and acidification score are given 

in Table 8.1. 

 

This score is given to each sampling site in a target water body and an average score at 

several sampling sites will be calculated for a representative score of the water body. 

The lowest score, 0, shows highly acidified and score 1 unacidified water. Some phases 

of the biological recovery of invertebrates in ICP-Waters areas using Acidification 

numbers (Acidity Index) are given in ICP/Water report 87/2007. A list of 

macroinvertebrates with sensitivity levels in western Norway is recorded by Raddum 

and Fjellheim (1984), and in German by Braukmann and Biss (2004). 
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Table 8.1. Categories, indicator species and acidification score for calculating 

Acidification numbers (Acidity Index). Species/Group are illustration for 

Norway. From ICP-Waters manual 
Category pH tolerance Species/Group Acidification 

score 
A Indicators extinct at pH5.5-6.0 Gammarus spp., 

Gastropods, 
Baetis spp. 

1 

B Indicators extinct at pH5.0-5.5 Daphinia spp., 
Apatania spp., 
Hydropche spp. 

0.5 

C Indicators that tolerate acidity pH4.7 Small mussels, 
Pisidium 

0.25 

D Indicators that tolerate acidity 
pH<4.7 

Corixa spp., 
Odonata,  
Coleopterans 

0 

 

 

3) Fishes 

Atlantic salmon (Salmo salar) that the disappearance was first reported by acid water in 

Norwegian over 90 years ago is known as the historical and one of symbolic indicators 

for water acidification. Thereafter, tolerance pH levels for many freshwater fishes have 

been determined in Europe, USA and Canada (Johnson 1982; Magunuson et al.1984). 

The lower limit of pH tolerance of fishes varies depend on species and water quality; 

many species start to disappear at pH 5.5. Juvenile or young fishes are intolerant of 

much higher pH values. There may be two causes of fish disappearance or decrease of 

standing crops from rivers and lakes by water acidification, the direct and indirect 

causes, from the researches on mainly salmonoid fishes. The direct cause contains 

inhibition of wonder of anadromnus fishes, toxic effect of hydrogen ion on avoidance 

and feeding behavior of juvenile fishes, lowering of sperm activities, lowering of 

survivor rate of eggs and juveniles, longevity of duration of hatch, lowering of hatching 

rate, inhibition of normal development of embryo and juvenile growth, ion balance in 

blood plasma such as Na+ or Cl-. Aluminum ion give also severe toxic effects on 

regulation of osmotic pressure by injuring gills of almost all freshwater fishes. Bearing 

in mind the aluminum ions influence generally at pH 5.0-5.5 above about 0.1mg/L, 

higher values than hydrogen ion concentration of pH 4.5. 
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Biomass and population density of fishes which are usually occupy higher level of a 

food chain, are received indirectly the disappearance or lowering density of food items 

such as insect larvae or other invertebrates that are more sensitive to acidity than the 

target fish species.  

 

As most acid tolerant fish species, the Japanese dace (Cypridae; Tribolodon hakonensis) 

inhabiting at around pH 3.5 in L. Osorezanko, Japan and the eastern mudminnow 

(Umbridae; Umbra pygmaea) distributing in USA, are known well.    

 

4) Others 

Aquatic macrophytes are also affected by acidification of waters(farmer 1990). 

Changing of flora to Sphagnum in riverbeds has been observed in progress of 

acidification. Benthic filamentous algae (mainly Zygnema, Zygogonium, Mougeotia) 

increase their standing crops at pH less than 5. Characeae disappears clearly in acidified 

water below about pH 5. 

 

8.1.3. Aluminum toxicity  

Inorganic monomeric Al (the sum of aquo, hydroxyl and inorganically complexed 

forms) in total Al is highly toxic to aquatic organisms. Al is released to streams or lakes 

from soils of acidified watersheds or lake sediments depending on pH (Fig. 8.5). 

Inorganic Al concentrations (Ali in Fig.8.5) increase generally as pH decreases 

exponentially below 5.5 except case of high concentrations of DOC or organic acids. 

Though the threshold concentrations of inorganic Al harmful to aquatic organisms differ 

from taxa and chemical condition especially Ca concentration, pH of 5.5 (or 6.0) and an 

inorganic Al of 2.0 µmol L−1 is critical levels for general aquatic ecosystem ((Baldigo et 

al. 2009) 
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3    4    5    6    7    8    9 

pH 

Fig. 8.5. Variations of Ali concentration as a function of pH in surface water in 

Japan, America and Europe (Koshikawa et al. 2007). The solid line represents 

theoretical solubility of amorphous Al(OH)3 and the dotted line theoretical solubility of 

gibbsite.   

 

8.1.4. Criterion of pH value changing the aquatic organisms and ecosystem 

We cannot indicate strictly “a critical pH value” affecting faunal and floral changes and 

influencing overall aquatic ecosystem by progressing acidification, because the effects 

are depending the specific for species, their life cycle stages, physiological conditions of 

each species, the food-web structures by constitutes etc., and also water chemicals affect 

largely on acidic condition or toxicity for organisms with their complex combinations. 

But we may present a pH of 6.0 and 6.5 as “apparent level” and “alert level” for 

biological changes by acidification under the considerations of many papers concerning 

the pH-sensitivity of aquatic organisms, such as: “a majority of field and laboratory 

studies show that aquatic insects and crustaceans are relatively tolerant to acidic 

conditions until pHs fall below 6.0. ….unaffected above pH 6.4 slightly impacted at 
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pHs 5.7-6.4 (Baldigo et al. 2009), in Sweden Fig. 8.4 is indicating the start of damage at 

pH less than 6.5, in China pH 6.5 is critical level for fishes (Li & Tang 1998), pH 5.7 in 

Northern Britain and Europe for impoverished stream fauna (Haworth 1990), 6.0 in 

Canada and USA (Howells, 1990). Holt and Yan (2003) recommended pH 6 as a 

biological recovery goal based on the studies of crustacean zooplankton in Killarney 

Park, Ontario. 

 

In a Japanese naturally acidified river receiving the volcanic effects with unacidified 

tributaries (ranging pHs 2.7-6.9), density and compositions of macroinvertebrates 

changed drastically at boundary of pH about 6 (Fig. 8.6). The density (also biomass), 

especially of ephemeropterans, decreased below pH 6 and plecopterans including only 

two species predominated at acidic pH range. 
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Fig. 8.6. The density of macroinvertebrates along pH gradient in naturally 

acidified rivers with unacidified tributaries in Fukushika district (Fukuhara et al. 

unpublished data). Samplings were done at May, July and September (from left 

column) 

 

We will recommend that biological monitoring in surface water should be started at pHs 
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6.5 - <7 levels before no or little effects on aquatic life. 

 

8.1.5. Future research direction 

(1) Taxonomical studies and a list up of indicator species in EANET countries 

Since aquatic organisms are inhabiting at geographically characteristic habitats except 

cosmopolitan species, basic taxonomical studies of phytoplankton including 

crysophytes (Chrysophyceae) and diatoms (Bacillariophyceae), zooplankton including 

cladocerans (Cladocera) and chydorids (Chydoridae), benthic invertebrates and fishes to 

make their inventories are important in each country or climatological units. Fortunately, 

numerous researches conducted at ICP-Water areas on tolerance or sensitivity of aquatic 

organisms to surface water acidification have been revealed many representatives in 

species or genus levels. Referring to this information, species level identification and 

determination of sensitive organisms to acidity is necessary in each area with making 

inventory data.  

 

(2) The diatom inferred pH 

Working group for diatom indicator (2000) reported, (1) diatoms are an useful indicator 

group for monitoring lake acidification, (2) planktonic and attached diatoms are 

effective for monitoring recent acidification of lake water, whereas diatom samples from 

sediment are effective for estimating long-term acidification, (3) for determining a 

diatom inferred pH equation effective to pH 5-7, at least 30 set data (observed pH : 

Index B) should be available with Hustedt’s classification, (4) need of more taxonomic 

studies and a key with photographs (a catalog book) to identify species, (5) preparation 

of an equation to be adopted to Japan or east Asia district.  

 

A list by Yoshikawa et al. (2000) and Fig. 8.2 in this section will provide information to 

categorize diatoms. Note that common species in diatoms are largely distributed in East 

Asia.   

 

Recently, Watanabe (2005) published a picture book of freshwater diatoms containinng 

about 1500 taxa from Japan, East Asia, Europe, America and Africa, describing pH 
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tolerance to each taxon based on his original five classes. 

 

The top-bottom method is useful to know the information about recent acidification in 

lakes. Two sets of diatom floral composition from surficial sediment (top) and baseline 

or pre-industrial depth bottom sediments should be compared to know snapshot picture 

of environmental change (Wilkinson et al. 1999).  

 

(3) New index for acidification process 

 Other than Acidity Index for benthic invertebrates, some indices, EPT (Ephemeroptera, 

Plecoptera, Trichoptera) richness, acid BAP (Biological Assessment Profile) Index, 

PMR (Percent Mayfly Richness), ATI (Acid Tolerant) Index, are presented for 

estimation of acidification process (Baldigo et al. 2009). Other indices, BMWP 

(Biological Monitoring Working Party Biotic Score) Index, 

EPT/(EPT+C,C=Chironomidae), ASPT (BMWP average score per taxon) are also 

compared for the assessment of the input of AMD (Acid Mine Drainage) (Gray and 

Delaney 2008). Baldigo et al. (2009) showed the new index, acid BAP derived from 

PMR and ATI, was strongly correlated with concentrations of inorganic Al, pH, ANC, 

and base cation surplus (BCS) in the researches on the streams of the western 

Adirondack Mountains. 

 

Schneider and Lindstrom (2009) presented a new index, AIP (acidification index 

periphyton), based on non-diatomaceous benthic algae,. They say that the AIP is most 

sensitive between mean annual pH values of approximately 5.5 and 7.0 and can be 

especially useful in detecting the first signs of an acidification trend. 

 

These indices will become also useful in future at EANET areas, although 

region-specific basic data-sets of inventory are inevitably necessary to adopt.  

(Haruo Fukuhara)  
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8.2.  Catchment/watershed-scale analysis 

1) Inland water as the output of biogeochemical processes 

Inland water can be considered as the output of biogeochemical processes in the 

watershed/catchment (see Fig. 1 of the chapter 1). Rainwater precipitated within the 

catchment area flows into the stream through hydrological processes in the catchment, 

although a part of the water returns to the atmosphere by evapotranspiration or retains in 

plant bodies or soil layers for a while.  

 

Dissolved materials/ions are transported with the water flow in the catchment through 

biogeochemical processes, such as plant uptake, microbial consumption/transformation, 

cation/anion exchange on clay mineral surface, and mineral weathering. Ion constituents 

of wet and dry depositions are also applied in the biogeochemical processes. Therefore, 

water chemistry of streams (and lakes) must reflect such processes. Effects of acid 

deposition on inland water should be evaluated taking the biogeochemical processes on 

the watershed/catchment-scale into account. At least, basic information including 

geology, soil, and vegetation type should always be taken into account for evaluation of 

inland water. 

 

2) Qualitative and quantitative evaluation of effects 

Terrestrial ecosystems consist of many components, including atmosphere, plant, soil, 

and stream. So far, most monitoring activities on acid deposition have been promoted 

for each component independently, namely monitoring on wet deposition, dry 

deposition, soil and vegetation, and inland aquatic environment. This approach may be 

useful to accumulate baseline data for spatial and temporal trend analysis for each 

component. However, precise discussion on relationship between components may need 

more integrated approach for both qualitative and quantitative evaluation.   

 

Therefore, integrated monitoring including atmospheric deposition, soil, vegetation, and 

inland water, is required to evaluate effects of acid deposition on ecosystems 

qualitatively and quantitatively. Catchment-scale analysis may be one of solutions for 

this requirement. The integrated approach taking biogeochemical processes into account 
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should be promoted in a catchment scale.  

 

The catchment-scale monitoring may allow us to discuss relationship between seasonal 

or annual changes in stream water chemistry (concentrations or material/elemental 

fluxes) and those in atmospheric deposition. Material/elemental input-output budget in 

the catchment can be calculated based on the atmospheric deposition chemistry, stream 

water chemistry, and water balance. Meteorological data and the data on 

biogeochemical processes may be helpful for a comprehensive analysis to understand 

relationship between stream water chemistry and atmospheric deposition. For example, 

effects of excess N depositions on ecosystems (so-called N saturation) should be 

evaluated basically in the catchment scale. Moreover, catchment-scale biogeochemical 

model may allow evaluation of the current status and future projection of soil and river 

water chemistry and material/elemental cycles. 

 

3) Promotion of catchment-scale analysis in East Asia 

The methodologies of catchment-scale biogeochemical analysis have been developed 

firstly by the long-term monitoring in Hubbard Brook Experimental Forest, New 

Hampshire, U.S. (Likens & Bormann, 1994). Then, similar programs and research 

activities have been promoted in Europe (e.g. by ICP Integrated Monitoring, UNECE), 

Japan (by several institutes and universities), and China (e.g. IMPACTS). However, in 

East Asia, catchment-scale analysis has not been enough promoted in other countries 

than Japan and China.  

 

Strategy Paper on Future Direction of Soil and Vegetation Monitoring of EANET, 

which was adopted at 2nd Session of the Scientific Advisory Committee of EANET in 

2002, suggested promoting case studies of the catchment-scale analysis to develop 

monitoring methodologies applicable to the East Asian region. The case studies have 

been implemented by NC and scientists in the EANET countries in the Sakaerat 

Silvicultural Research Station (SRS) site in Thailand, the Danum Valley Conservation 

Area (CA) site in Malaysia, and the Kajikawa study site in Japan. Moreover, the regular 

catchment-scale monitoring has just started in the Lake Ijira catchment, Japan, where 
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acidification of the catchment area was suggested. In fact, acidification mechanisms in 

the Lake Ijira catchment are being clarified gradually by the catchment-scale analysis 

(Nakahara et al., 2010). 

 

The guideline for catchment-scale monitoring, which was developed based on 

experience through the case studies above in the East Asian region, was endorsed by 

Scientific Advisory Committee of EANET at its Tenth Session (SAC10). It is expected 

that catchment-scale monitoring will be promoted in the participating countries. 

Moreover, development of the catchment-scale biogeochemical model is highly 

expected for future projection of impacts on terrestrial ecosystems and inland water.  
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8.3. Research needs 

Based on a preliminary audit of the document, it should be noted that developed and 

now used Technical Manual for Inland Aquatic Environment Monitoring adequately 

reflects all the works carried out when studying the surface waters in the frame of 

EANET, though it requires some refinement, in particular, as concerns the methods 

used for analysis. In order to optimize studies and direct them into the practice, besides 

the annual reports,  it would be useful to conduct every 4-5 years the Surface Water 

Workshop to discuss summarized results obtained, which show the state of the water 

ecosystems chosen for investigation in the frame of the EANET. 

 

The analysis should include the influence of anthropogenic factors, in particular for the 

flux of acidifying components on the drainage area, examination of bottom sediment 

cores, and variations in the species of phytoplankton populations. Based on the results 

obtained, the managers must give suggestions for further researches. If there are high 

acid loads in the watershed and, at the same time, the aquatic ecosystems are highly 

stable to these loads (other words, there are high buffering capacity and stabile chemical 

composition of the water masses), it may be recommended to choose a new study object 

(lake, river) whose ecosystem is more sensitive to acid loads. 

 

So far, actual effects of acid deposition on aquatic organisms have not enough been 

studied in the EANET countries. In particular for the issue, the following topics can be 

considered: 

 To study indicator species for preparation of the method for biological 

monitoring: Taxonomical studies of aquatic organisms, especially diatom and 

aquatic insects, in each EANET country for list up of tolerant or sensitive 

species for acidification. 

 To study toxic mechanisms of Al or H+ on aquatic organisms (eg. physiological 

activities, activity of enzyme, etc.) 
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Appendix 1. Acid neutralizing capacity of soil  

Acid input into soils is neutralized by 1) carbonate and bicarbonate in soil and/or 

saprolite, 2)exchangeable basic cations in soil, 3）weathering of secondary minerals 

(clay minerals) and primary minerals forming rocks. 

 

Most of the acids loaded from atmosphere are sulfuric acid, nitric acid and hydrochloric 

acid. Ammonium salts input to the soils are converted eventually into nitric acid. They 

are all strong acids, which dissociate almost completely in water. For instance, when 

nitric acid is added to soils containing calcium carbonate, the following reactions 

proceed. 

 

CaCO3 + H+ + NO3
− = Ca2+ + NO3

− + HCO3
− 

  and 

CaCO3+ 2H+ + 2NO3
− = Ca2+ + 2NO3

− + H2O + CO2 

 

Since these reactions proceed almost quantitatively, acids input into soil are neutralized 

as long as calcium carbonate exists in soil and/or saprolite. However calcium carbonate 

is consumed for neutralizing acids, and neutralizing capacity of the soil/saprolite 

declines.  

 

If all carbonate is consumed, soil pH drops rapidly to around 5 and next step of 

neutralization will start. Neutralizing reactions in this pH range (<pH 5) involve cation 

exchange reactions and dissolving reaction of minerals in soil and/or saprolite 

containing alkaline and alkaline earth metals. The negative charge responsible to the 

cation exchange in soil are derived from 1) isomorphous substitution in clay mineral, 2) 

dissociation of proton from OH on the broken edge of clay minerals, and 3) dissociation 

of proton from COOH and phenolic OH contained in so-called humus. Thus capacity of 

absorption and adsorption of cations is dependent on quality and quantity of clay 

minerals and soil humus, and the proportion of basic cations occupying the exchange 

sites is called base saturation (%). When H+ is added to the soil solution, it exchange for 

those cations, mainly of Ca, Mg and K, on the exchange sites of clay minerals and 

organic matter. 

 

Ca-Clay + 2H+ + 2NO3
− = 2H-Clay + Ca2+ + 2NO3

− 

 

The H+ absorbed on clay intrudes into clay mineral structure, and aluminum ion 
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dissolved from the inside structure is absorbed in the exchange site as an exchangeable 

cation.  

 

Another acid neutralizing process is by the weathering of rock forming primary 

minerals. In this reaction acid neutralizing capacity is equal to the amounts of alkaline 

and alkaline earth minerals contained in the minerals. An example of the reactions is 

weathering of olivine. Dissolution of olivine by nitric acid proceeds in the following 

formula and magnesium nitrate and monosilicic acid are produced.  

 

MgSiO3 + 2H+ + 2NO3
− + H2O = Mg2+ + 2NO3

− + H4SiO4 

 

In this reaction silicic ion accepts protons and metal ion is released. Therefore acid 

neutralizing capacity of the silicate minerals is equal to the amount of silicic ion, and 

also to the amounts of alkaline and alkaline earth metals contained. 

 

After most of the exchange sites are occupied by H+ or Al3+ or the amount of 

weatherable minerals declines, next buffering range begins to appear due to dissolution 

of alumino-silicate such as kaolinite.  

 

Al2Si2O5(OH)4 + 6H+ + 6NO3
− = 2Al3+ + 6NO3

− + 2H4SiO4 + H2O 

 

Aluminum hydroxides also function in the same manner. 

 

Al(OH)3 + 3H+ + 3NO3
− = Al3+ + 3NO3

− + 3H2O 

 

In the buffering range where alumino-silicate minerals start to dissolve, however, soil 

pH is maintained at an unfavorably low level to the growth of plants and 

microorganisms and concentration of aluminum ion, which is toxic to plant, becomes 

high. Water percolated from the soil has similar characteristics. 

 

As mentioned above magnitude of acid neutralizing capacity in the pH range favorable 

to plants and microbes depends on the amounts of carbonate, weatherable minerals and 

exchangeable basic cations. Consequently different soils and geologies develop 

different magnitudes of neutralization capacity. Ones of the most common carbonate 

minerals are calcite (CaCO3) of limestone and dolomite (CaMg(CO3)2) of dolostone. 

Those geological regions have very high Acid neutralizing capacity, and the stream 
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water exhibit high pH. Although acidic soils mainly under humid climate contain little 

carbonate, soils develop under arid to semi-arid climate such as Calciosols, Chernozems, 

Kastanozems, and Gypsisols (FAO 1988) contain secondary precipitated calcium 

carbonate, and neutralize acids effectively. The more alkaline and alkaline earth metals 

are contained in the rock forming minerals, the higher the acid neutralizing capacity 

becomes in saprolite layers. Therefore, silicic rocks such as granite, rhyolite, and dacite 

have lower acid neutralizing capacity, meanwhile rocks as gabbro, basalt and ultrabasic 

rocks (peridotite and serpentinite) rich in colored minerals are high in neutralizing 

capacity. Andesyte, diolite and porphyriteare are the intermediates.  

 

Soils also contains weatherable primary minerals such as feldspar, feldspathoids, 

ferromagunesian minerals, glass, micas, zeolites and apatite derived from the parent 

materials. Their amounts differ depending on the inherent contents of the minerals of 

the parent materials from which the soils are derived, and on the degree of their loss 

during weathering processes. The lattice clay minerals such as smectite and vrmiculite 

found in soils as secondary minerals also contain base elements in the crystal structure 

by isomorphous substitution, and acids are neutralized when those base elements are 

hydrolyzed. Meanwhile 1:1 lattice clays as kaolinite, which are formed in the more 

advanced weathering stages than 2:1 lattice clays or from more silicic parent materials, 

have lower neutralizing capacities because of the lower contents of base elements.  

 

The 2:1 lattice clay minerals are formed in the temperate in general, and they are 

subjected to leaching under humid tropical climate to form 1:1 lattice clay minerals and 

oxides of iron and aluminum. Even in the temperate, however, when 1:1 lattice clay 

formed from silicic parent materials is dominant, soils have lower neutralizing capacity. 

Leaching of base elements from soils is inhibited and the base saturation becomes 

higher under the drier climate, which results in higher acid neutralization capacity. As a 

whole, acid neutralizing capacity is higher in the drier temperate, and lower in the 

humid tropics.  

 

The soils as Ferralsols and Acrisols developed as the result of strong weathering under 

humid and hot environments contain little weatherable minerals, 1:1 lattice clay is 

dominant clay mineral, and soil organic contents are maintained low due to rapid 

decomposition. Thus those soils are characterized by low CEC (cation exchange 

capacity) and base saturation, and the neutralization is solely due to aluminum 

dissolution in the strongly acid pH range. However, the soils such as Lixisols developed 
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in monsoon tropics accompanied with pronounced dry seasons are comparatively higher 

in neutralization because of higher base saturation, though the CEC are low. The young 

soils mainly in humid temperate as Cambisols have wide range of characteristics, and 

show wide variations in neutralization depending on the parent materials and magnitude 

of leaching of bases. But in general the Cambisols are more acid and less saturated in 

bases than are Luvisols, which are characterized by high CEC due to 2:1 lattice clay and 

high base saturation.  

 

Reference 

FAO 1988; World Reference Base for Soil Resources. World Soil Resources Report 84, 

FAO, Rome 
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Appendix 2. River system in tropical areas 

For the explanation on river systems in tropical regions, there is not so much difference 

between the system in tropical areas, except on the pollution level, water quality and 

water discharge. Factors in tropical areas are to be paid attention to are such:  

1. River characteristics 

a. Lower order of selected river 

b. Unpolluted river condition 

c. River located in conservation area. This is important so that river is not polluted in 

future.  

d. River should not be located in peat land. 

e. River should not be closely located to active volcano. 

f. Upstream area not exploited for sand and rock mining. 

 

2. Characteristics of River Catchment 

a. Area of river catchment should not be too large. 

b. Geologically, rock characteristics should not be too acid and basic. 

c. If river is not located in the conservation area, upstream part of the catchment area is 

not allowed to be used for human activities which can impact to the quality of flow 

in downstream. 

d. Soil in the catchment area should not be strongly acid and basic. 

 

3. Characteristics of Water Quality and Quantity in monitored location 

a. pH less than 7.5, and more than 6 

b. EC less than 10 mS m−1 

c. Suspended solid less than 40 mg L−1 

d. BOD less than 2 mg L−1, and COD less than 6 mg L−1 

e. River bottom should be visible. 

f. Difference between river discharge in the wet season and dry season less than 30. 

 

4. Factors to be considered during water sampling implementation 

a. Recording of river discharge and water level in wet, dry and transition season 

b. Sampling time should be the regularly conducted. 

c. Water sampling is not to be done too early in the morning or too late in the afternoon. 

d. Water sampling is to be conducted 12 times per year. 

e. Sampling location is to be situated center of flow.   
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Appendix 3. Measurement of water discharge (an example) 

 

1. Equipments 

- Current meter 

- Tape measure (- 1-meter ruler)  

 

2. Divide into several sections along horizontal direction. 

 

 

 

 

 

App-Fig.1.1. Cross-sectional map of river flow 

 

This method is the summation of the products of the subsection areas of the stream 

cross-section and their respective average velocities. 

 

3. Measure water level and velocity by using tape measure and current meter, 

respectively, in each section.  

- Water velocity is measured in 60% of water depth.  

- Water velocity is measured in 20% and 80% of water depth. 

 

4. Sum up water discharge in each section.  

- Discharge is usually expressed in cubic meters per second, that is [m3 s−1]. 

Continuous water discharge (Q) is estimated based on water level and water discharge.     

a b c d e f g h i j k
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App-Fig. 1.2. Estimated curve based on water level and water discharge (an 

example)   
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Appendix 4. Definition and meaning of the parameters 

Parameters Definition  Meaning 
pH (power of 
Hydrogen exponent)

Cologarithm of hydrogen ion 
concentration in water 

An indicator of acidic, 
neutral and alkali states in 
water. 

Electric 
Conductivity (EC)  

Reciprocal of electric resistance 
in water 

An indicator of inorganic ion 
concentration in water. A 
value of EC is generally low 
at less concentration of 
inorganic ions in water. 

Alkalinity  Contents of basic elements in 
water such as Ca2+, Mg2+, K+ and 
Na+ 

An indicator of ability for 
neutralizing acidity in water, 
especially by soil, rock and 
plants in the watershed 

Major cations: 
NH4

+, Ca2+, Mg2+, 
Na+, K+ 

Concentrations of the ions in 
water 

Indicators required to 
estimate the ion balance, to 
calculating EC and to know 
inorganic nutrient salts in 
water 

Major anions:  
SO4

2−, NO3
−, Cl− 

Concentrations of the ions in 
water 

Indicators required to 
estimate the ion balance, to 
calculating EC and to know 
inorganic nutrient salts in 
water 

Dissolved organic 
carbon (DOC) or 
Total organic carbon 
(TOC)  

DOC: Dissolved organic carbon 
content in water 
TOC: Particulate organic carbon 
and DOC content in water   

An indicator of organic 
pollution in water 

Other anions: NO2
− 

and PO4
3− 

Concentrations of the ions in 
water 

Indicators required to 
estimate the ion balance, to 
calculating EC and to know 
inorganic nutrient salts and 
trophic status in water 

Chlorophyll a  Chlorophyll a content in water, 
green-color pigment of 
photosynthetic plants and algae 
(phytoplankton and periphyton 
(attached algae)) 

An indicator of algal biomass 
in water, such as a trophic 
state 

Total P(Total 
Phosphorous) 

Dissolved and particulate 
phosphorus content as a nutrient 

An indicator of trophic state 
in water 
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in water 
Total N (Total 
Nitrogen) 

Dissolved and particulate 
nitrogen content as a nutrient in 
water 

An indicator of trophic state 
in water 

Suspended solids 
(SS) 

Particulate matter contet in 
water; composed of soil particle, 
microorganisms and detritus 

An indicator of water 
condition, such as turbid 
water, eutrophication, 
sedimentation, etc. 

Total dissolved Al Dissolved aluminum content in 
water 

An indicator of harmful to 
organisms. Aluminum 
becomes leached out after 
alkali metals were leached 
from soil layer and sediment.

Reactive Al Reactive aluminum content in 
the dissolved Al: sum of aquo 
and hydroxy Al (Alaq), 
inorganically complexed Al 
(Alic) and organically complexed 
Al (Alo) by the lumogallion 
method 

An indicator of toxic Al; the 
reactive Al should be 
measured if total dissolved Al 
> 200 µg L−1 in the water. 

Chemical oxygen 
demand (COD)  

Oxygen content required for 
decomposing organic matter in 
water 

An indicator of organic 
pollution in water 

DO (Dissolved 
Oxygen) 

Dissolved oxygen content in 
water 

An indicator of aerobic or 
anaerobic condition in water 

Pb or Pb-210 Lead content in sediment An indicator for estimating 
the accumulation date of core 
sample of lake sediment to 
separate strata by relating the 
existence time to diatom in 
the strata. 

Stable isotope of S Ratio of 32S : 33S : 34S : 36S in 
sediment 

An indicator for relating the 
lake sediment to the origins 
of acidifying matter 
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Appendix 5. Comparison data between the pH 4.8 methods and Gran’s Plot 

titration method for alkalinity 

 

The fixed endpoint titration with an end point of pH = 4.8 has an innate error. When 1 

litter of pure water whose pH is 7 is titrated with acid to an end point of pH = 4.8, 

15.7μeq of acid is required to decrease pH as shown in the following equation. 

 

10−4.8 − 10−7.0 =15.7 × 10−6 (mole)            (8) 

 

This is equivalent to 15.7 μeq L−1 of alkalinity; however, since pure water should have 

an alkalinity of 0, the alkalinity measured by this method is overestimated. 

 

For the surface water which has plenty of alkalinity, typically more than 200 μeq L−1, 

this error is negligible, but it becomes significant for acidic surface water such that the 

alkalinity is less than 50 μeq L−1. Therefore, the data obtained by the pH 4.8 method for 

acidic surface water should be adjusted by using equation (9). 

 

Alk(ad ) = Alk − (10−4.8 − 10−pH)      (9) 

 

where Alk(ad) is an adjusted alkalinity, and pH is the initial pH of the sample. 

    

App-Fig. 5.1 shows the comparison between Alk(ad) and Gran’s ANC of 19 lakes in 

Japan. As discussed in the main text, since alkalinity is equivalent to (ANC + [H+]), the 

x-axis of the figure is expressed in (ANC + [H+]). Alk(ad) and Gran’s ANC + [H+] were 

identical in the region of high ANC. However, some ANC + [H+] data disagreed with 

Alk(ad) in the low ANC region as shown in Fig. App-Fig. 5.2.   
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App-Fig.5.1. Comparison between Alk(ad) and Gran’s ANC of 19 lakes in Japan 

 

App-Fig. 5.2 also shows the effect of DOC on Gran’s ANC for the lakes with low ANC. 

All of the high DOC lakes plotted in App-Fig. 5.2 as open squares are classified into 

dystrophic lake and contain more than 3mg L−1 of DOC, while low DOC lakes are 

oligotrophic. Gran’s ANC gives higher value for the high DOC water than that from the 

pH 4.8 method except one case. 

 

Gran’s plot titration should be applied to surface water with a DOC concentration less 

than 3 mg L−1.  
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App-Fig.5.2. The effect of DOC on Gran’s ANC 
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1. Introduction 

Terrestrial ecosystems consist of many components, including atmosphere, plant, soil, 

and stream. So far, most monitoring activities on acid deposition have been promoted for 

each component independently, namely monitoring on wet deposition, dry deposition, 

soil and vegetation, and inland aquatic environment. This approach may be useful to 

accumulate baseline data for spatial and temporal trend analysis for each component. 

However, precise discussion on relationship between components may need more 

integrated approach for both qualitative and quantitative evaluation.   

 

Therefore, integrated monitoring including atmospheric deposition, soil, vegetation, and 

inland water, is required to evaluate effects of acid deposition on ecosystems qualitatively 

and quantitatively. Catchment-scale analysis may be one of solutions for this requirement. 

The integrated approach taking biogeochemical processes into account should be 

promoted in a catchment scale.  

 

The catchment-scale monitoring may allow more practical discussion on relationship 

between seasonal or annual changes in stream water chemistry (concentrations or 

material/elemental fluxes) and those in atmospheric deposition. Material/elemental 

input-output budget in the catchment can be calculated based on the atmospheric 

deposition chemistry, stream water chemistry, and water balance. Moreover, based on the 

catchment-scale dataset, the simulation model on biogeochemical cycles is expected to be 

developed.  

 

Strategy Paper on Future Direction of Soil and Vegetation Monitoring of EANET 

(EANET, 2002) suggested promoting case studies of the catchment-scale analysis to 

develop monitoring methodologies applicable to the East Asian region. The case studies 

have been implemented by NC and scientists in the EANET countries in the Sakaerat 

Silvicultural Research Station (SRS) site in Thailand, the Danum Valley site in Malaysia, 

and the Kajikawa study site in Japan. Moreover, the regular catchment-scale monitoring 

has just started in the Lake Ijira catchment, Japan, where acidification of the catchment 
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area was suggested. Acidification mechanisms in the Lake Ijira catchment are being 

clarified gradually by the catchment-scale analysis. 

 

Preparation of the monitoring guideline for EANET was proposed as one of the specific 

activities in the Strategy Paper on Future Direction of Soil, Vegetation and related 

Ecosystems Monitoring of EANET (2009-2014), which was adopted by Scientific 

Advisory Committee (SAC) at its 8th Session in 2008. This Guideline for the 

Catchment-scale Monitoring in East Asia was developed based on experience through the 

case studies above in the East Asian region and endorsed by SAC at its 10th Session in 

2010. It is expected that additional case studies will start in some other countries or the 

current case studies will be continued as the catchment-scale monitoring on a regular 

basis according to the guideline. 
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2. Basic matters on the catchment-scale monitoring 

2.1. Objectives 

The catchment-scale monitoring should be implemented for the following final objective: 

 To evaluate effects of atmospheric deposition on ecosystems qualitatively and 

quantitatively on a catchment scale. 

 

In detail, the following objectives can be proposed: 

–  To interpret seasonal or annual changes in the stream water chemistry based on 

atmospheric deposition and possible biogeochemical processes in a catchment 

–  To discuss impacts of atmospheric deposition based on the input-output budget 

of materials/elements on a catchment scale. 

–  To provide necessary dataset to the catchment-scale simulation model for 

understanding the current status and making future projection of the 

material/elemental cycles in the catchment due to the changing environment. 

 

2.2. Selection of monitoring sites 

Sites for the catchment-scale monitoring should be selected taking the following 

recommendations into account: 

1) A forest catchment with a stream should be selected, while the size of the 

catchment may depend on each situation. 

2) The catchment, where the water budget has been estimated, is preferable. 

3) Sensitivity of soil or bedrock geology to atmospheric deposition should be 

considered for site selection. 

4) If possible, the site should be in vicinity of the EANET acid deposition site to 

estimate atmospheric deposition amounts precisely. 

5) Other ecological information from nearby sites is valuable. 
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3. Monitoring items 

3.1. Items to be monitored 

Items to be monitored and recommended methods are shown in Table 1a) and 1b).  

 

The total deposition as an input and the discharge from the stream as an output should be 

estimated as minimum requirements (Table 1a). Most of items have been measured or 

proposed for deposition monitoring or ecological monitoring. The following existing 

technical documents can be referred for the respective items or methods: 

 Technical Manual for Wet Deposition Monitoring in East Asia-2010: wet-only 

sampling for wet deposition monitoring 

 Technical Documents for Filter Pack Method in East Asia: filter pack method for 

measurement of air concentration 

 Quality Assurance/Quality Control Program for the Air Concentration Monitoring in 

East Asia: automatic monitors for measurement of air concentration 

 Sub-Manual on Forest Vegetation Monitoring in EANET: bulk sampling of rainwater 

in forest area, passive sampler method for measurement of air concentration in forest 

area, throughfall-stemflow method for estimate of total deposition in forest area 

 Technical Manual for Dry Deposition Flux Estimation: inferential method for 

estimate of dry deposition flux 

 Technical Manual for Inland Aquatic Environment Monitoring in East Asia-2010: 

measurement methods for stream water chemistry and water discharge 

 

In addition to the input and output, items for biogeochemical processes should be 

monitored to discuss material/elemental cycles in the catchment. Possible items to be 

monitored for this purpose were shown in Table 1b, while other items may be considered 

depending on targets. Some of items have been measured or proposed for soil and 

vegetation monitoring. The following existing technical documents can be referred for 

the respective items or methods: 

 Technical Manual for Soil and Vegetation Monitoring: analysis of soil chemical 

properties and soil physical properties, description of soil profile 
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Table 1 a) Items to be monitored for estimating input and output 
Items to be monitored Requisite Recommended methods 

Input (total  
deposition) 

Precipitation 
amount 

Mandatory  Rain gauge: at least one gauge in an open 
space near the catchment  
If the catchment area is significantly large, 
spatial variability of the precipitation 
should be checked in different positions. 

Wet 
deposition 

Mandatory  Wet-only sampling: at least 1 sampler in 
an open space near the catchment (when the 
EANET site is located in the vicinity or a 
power supply is available) 

 Bulk sampling: at least 1 or more samplers 
in an open space near the catchment (when 
electricity is not available) 

Dry 
deposition 

Optional  Inferential method: estimated based on 
the concentration data by Filter pack 
method and meteorological data at the 
EANET site or the nearest meteorological 
station 

 Automatic monitors: an alternative 
method for the concentration, or especially 
for O3 

 Passive sampling method: an alternative 
method for the concentration, or especially 
for O3 and NO2 

Total 
deposition 

Mandatory  Wet + Dry: Calculated as sum of wet and 
dry depositions above 

 Throughfall–Stemflow method: at least 
several points under the forest canopy 
(when electricity is not available) 

Output 
(discharge 
from the 
stream) 

Water 
discharge 

Mandatory  Weir: runoff of the catchment   
 H-Q curve method: at the outlet of stream 

in the catchment (when a weir is not 
available) 

Stream water 
chemistry 

Mandatory  Periodical collection of stream water to a 
plastic bucket/bottle: at the outlet of 
stream of the catchment 

Chemical 
discharge 

Mandatory  Calculation: based on the water flux and the 
chemical concentration 

Note: Bold methods have already referred in the other EANET documents. 
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Table 1 b) Items to be monitored for biogeochemical processes 

Items to be monitored Requisite Recommended methods 
Soil Soil chemical 

properties 
Mandatory  Collection of soil from the 

permanent plots: at least two plots 
(with five sub-plots, respectively) 

Soil solution Optional  Suction (porous) cup method 
 Pan Lysimeter method 
 Resin capsule method 

Soil moisture Optional  Time Domain Reflectometry (TDR) 
method 

 Amplitude Domain Reflectometry 
(ADR) method 

Soil physical 
properties 

Optional  Fine earth bulk density: Metal 
sampling cylinder method 

 Penetration resistance: Pocket 
penetrometer method 

Soil gas emission Optional  Chamber method 
Vegetation Plant growth Mandatory  Measurement of tree size 

(description of trees): DBH and 
height of trees at least one plot (with 
three coaxial circle sub-plots) 

 Dendrometer 
 Tree ring analysis 

Species 
composition 

Optional  Understory vegetation survey 

Elemental contents Optional  Litter trap 
 Collection of living leaf 

Water 
balance 

Evapotranspiration Optional  Heat balance method by using 
canopy tower 

Note: Bold methods have already referred in the other EANET documents. 

 

Note. Based on the experience in the case study sites in the EANET countries 

(Luangjame et al., 2009), the following recommendations should be referred for 

implementation of the monitoring items: 

 

Recommendations for the input items: 

1) Spatial variability of the precipitation amount should be considered in mountainous 

area if the catchment area is relatively large. 

2) The throughfall-stemflow (TF-SF) method is useful to estimate total (wet and dry) 

atmospheric deposition amounts for certain constituents, such as SO4
2-, whose 
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canopy interaction can be negligible. 

3) Dry deposition flux should be estimated by appropriate methods other than the 

TF-SF method to estimate total deposition precisely, especially for nitrogen 

compounds, taking canopy interactions such as uptake or consumption into account. 

4) The deposition and meteorological data collected in the nearest EANET station 

should be utilized if available. The total deposition can be estimated by using the data 

of the filter-pack method and the wet-only sampler at the EANET station. 

5) In particular in tropical region, wet deposition of nitrogen should be estimated by 

appropriate methods since microbial consumption of nitrogen is large during the 

storage in the sampling field. The ion-exchange-resin sampler may be applicable in 

forest area for long-term collection (for several months). 

 

Recommendations for the output items: 

6) The water year should be decided based on hydrological cycle in each catchment 

taking precipitation and discharge patterns into account. 

7) Evapotranspiration should be estimated if possible, for precise water balance, 

especially in tropical region. 

8) Cooperation with hydrologists may be helpful to understand hydrological processes 

in the catchment in detail.  

 

Recommendations for items of biogeochemical processes: 

9) Plant growth should be measured in the catchment area. Tree ring analysis may be 

useful to estimate the previous growth rate for the long-term analysis. At least, some 

information on plant growth should be compiled through a literature study. 

10) Soil samples should be collected for analysis taking a spatial variation of soil 

chemical properties in the catchment. 
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3.2. Chemical parameters to be measured 

Major chemical parameters to be measured for the respective items are shown in Table 2. 

 

Table 2 Chemical parameters for the respective items 

Items  Requisite Parameters to be measured 
Rainwater samples Mandatory  Cations: NH4

+, Ca2+, Mg2+, Na+, and K+ 
 Anions: SO4

2-, NO3
-, and Cl- 

 Electric conductivity (EC)  
 pH 

Optional   Total organic nitrogen (TON) 
 Total organic carbon (TOC) 

Stream water samples Mandatory  Cations: NH4
+, Ca2+, Mg2+, Na+, and K+ 

 Anions: SO4
2-, NO3

-, and Cl- 
 EC 
 pH 
 Alkalinity (Gran’s ANC and/or pH 4.8 

endpoint) 
Optional   SiO2 

 TON 
 TOC 
 Total dissolved Al 

Air concentrations (by 
filter pack method) 

Mandatory  Cations: NH4
+, Ca2+, Mg2+, Na+, and K+ 

 Anions: SO4
2-, NO3

-, and Cl- 
 Gasses: SO2, HNO3, HCl, and NH3 

Soil chemical 
properties 

Mandatory  pH (H2O) and pH (KCl)  
 Exchangeable Base Cations (Ca, Mg, K 

and Na)  
 Exchangeable Acidity, Al and H 
 Effective Cation Exchangeable Capacity 

Optional  Total carbon (T-C) 
 Total nitrogen (T-N) 

Soil solution Optional  Cations: NH4
+, Ca2+, Mg2+, Na+, and K+ 

 Anions: SO4
2-, NO3

-, and Cl- 
 SiO2 
 pH 
 EC 

Soil gasses Optional  N2O 
 CO2 

Litter and leaf samples Optional  T-C 
 T-N 
 Base cations:  Ca, Mg, Na, and K 
 Total Al 

Note: The parameters should be elaborated taking the model simulation into account. 
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3.3. Measurement frequency 

Proposed frequency for measurement of the respective items was shown in Table 3, while 

actual frequency can be decided depending on the situation of each site.  

  

Table 3 Proposed frequencies for measurement of the respective items 

Items to be monitored Proposed frequency 
Input (total  
deposition) 

Precipitation 
amount 

 Continuously or daily 

Wet deposition  Daily or weekly: for wet only samplers 
 Weekly or biweekly: for bulk sampling 

Dry deposition  Weekly: for filter pack method 
 Continuously: for automatic monitor 
 Biweekly or monthly: for passive sampling 

method 
Total 
deposition 

 Biweekly, or monthly: for calculation of wet+dry
 Biweekly: for throughfall-stemflow method 

Output 
(discharge 
from the 
stream) 

Water 
discharge 

 Continuously or biweekly 

Stream water 
chemistry 

 Weekly or biweekly 
 Intensive sampling (1-2 hour interval) during 

heavy-rain or snow-melting events 
Chemical 
discharge 

 Biweekly, monthly or annual: for calculation 

Soil Soil chemical 
properties 

 Once for several years 
 Twice a year in case of tropical seasonal forest 

Soil solution  Monthly or four times a year 
Soil moisture  Continuously 
Soil physical 
properties 

 Once 

Soil gas 
emission 

 Monthly or four times a year 

Vegetation Plant growth  Once for several years: for description of trees 
 Continuously:  dendrometer or annual 

enumeration 
Species 
composition 

 Once for several years: 

Elemental 
contents 

 Biweekly or monthly: for litter trap 
 Monthly or bimonthly: for leaf analysis 

 

Note. Recommendations for the measurement frequency: 

11) Stream water samples should be collected at the outlet of the catchment periodically, 
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hopefully at 2-week interval (or twice a month). 

12) Intensive sampling of the stream water should be conducted during heavy-rain or 

snow-melting events if possible.  

13) Seasonal variation of soil chemical properties should also be considered for some 

parameters, such as pH (H2O), especially in tropical seasonal forest. 
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4. Monitoring procedures 

4.1. Sampling protocols 

Field sampling of the mandatory items should be carried out in accordance with sampling 

protocols described in the existing EANET technical documents (see the section 3.1). 

 

Field sampling of the optional items should also be done so if the existing EANET 

technical documents can be referred.  

 

Sampling protocols for other optional items may have flexibility depending on the 

situation of each site but should follow the methods, which have been authorized as the 

standard method in the EANET countries or at least published in international journals.  

 

4.2. Transportation and storage of samples 

Water samples, such as rainwater and stream water, should be refrigerated at 4 °C before 

shipment to the analytical laboratory.  At latest, the samples should be transported to the 

analytical laboratory weekly or biweekly. 

 

Samples arriving at laboratory should be kept in refrigerator and used for analysis as soon 

as possible. 

 

4.3. Analytical procedures 

Chemical analysis of the mandatory parameters should be carried out in accordance with 

analytical procedures described in the existing EANET technical documents (see the 

section 3.1). Analysis of the optional parameters should also be done so if the existing 

EANET technical documents can be referred. Possible analytical equipments or methods 

for the representative mandatory parameters are shown in Table 4. 

 

Chemical analysis for other optional parameters may have flexibility depending on the 

situation of each laboratory but should follow the methods, which have been authorized 

as the standard method in the EANET countries or at least published in international 
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journals.  

 

Table 4 Possible analytical equipments or methods for the mandatory parameters 

Items Parameters Analytical equipments/methods 

Water samples: 

rainwater or  

stream water 

 

 Electric Conductivity (EC)  Conductivity Cell  

pH    Glass electrode (preferably with 

the Electrode of non-leak inner 

cell) 

Cations: NH4
+, Ca2+, Mg2+, Na+, 

and K 
 Ion Chromatography  

Anions: SO4
2-, NO3

-, and Cl-  Ion Chromatography 

Alkalinity  

(only for stream water) 

 Titration by Burette or Digital 

Burette with pH Meter 

Soil pH (H2O) and pH (KCl)  Glass electrode (1:2.5 soil-solution 

suspension) 

Exchangeable Base Cations (Ca, 

Mg, K and Na) 

 AAS, ICP-AES or ICP-MS 

(CH3COONH4-Extraction) 

Exchangeable Acidity, Al and H  Titration (KCl-Extraction) 
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5. Quality assurance/quality control (QA/QC) 

Data quality should be controlled and assured according to the EANET QA/QC program. 

Basically, protocols on sampling and chemical analysis can be standardized referring the 

existing EANET technical documents. The following fundamental matters should also be 

noted in the catchment-scale monitoring. 

 Clear assignment of responsibility (personnel in charge of each activity) 

 Standard operating procedures (SOPs) for each activity 

 Documentation of activities 

 

6. Evaluation 

The data should be evaluated on a catchment scale. The input- output budget should be 

calculated based on the atmospheric deposition chemistry, stream water chemistry, and 

water balance to outline the material/elemental cycles in the catchment. The standard 

units should be used for the input and output. Recommended basic units for evaluation is 

as follows: 

 Water flux (precipitation amount and stream water discharge): mm 

 Chemical concentration: molc L
-1 (ex. µmolc L

-1 or mmolc L
-1) 

 Ion flux (deposition, discharge or soil/vegetation flux): molc ha-1 or molc m
-2 

 Elemental flux for N and S: kg ha-1 y-1 or g m-2 y-1 

 

Based on the compiled data with the standard units on a water-year basis, initial 

evaluations should be done for the following items: 

 Water balance on a catchment-scale: input, output and possible evapotranspiration 

 Material/elemental balance on a catchment-scale: input-output budget 

 

7. Data reporting  

Dataset should be submitted to Network Center after an initial evaluation is done by the 

national center. Since the catchment-scale data should be evaluated based on the water 

year, the dataset should be compiled on a water-year basis of the respective catchment 

sites. 
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Existing reporting formats for monitoring on wet deposition, dry deposition, soil and 

vegetation, and inland aquatic environment can be referred for reporting of the mandatory 

items.  

 

In addition to the data of the respective items, the following summary tables should be 

attached. 

 Table showing the list of dataset obtained in the catchment site 

 Table showing the estimated input-output for a water year 

 

Reference: 

Luangjame, J., Garivait, H., Sase, H., Yamashita, N., Ohta, S., Leong, C.P. & Takahashi, 
M. 2009. Recommendations for preparation of a guidelineon the future catchment 
monitoring in the EANET participating countries. Second Meeting for the Task 
Force on Soil and Vegetation Monitoring of EANET. 
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21-22 September 2011, Kuala Lumpur, Malaysia 
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Report on the activities of the Expert Group on preparation 
of the Technical Manual for Air Concentration Monitoring 

 
Secretariat of the Expert Group on the preparation of the 

Technical Manual for Air Concentration Monitoring 
 
I. Date of the 1st Meeting 
 

Date: 11-12 August 2011 
Venue: Large Meeting Room, Acid Deposition and Oxidant Research Center, Niigata, Japan 

 
II. Terms of reference (TOR) 

 
1. Review the current Technical Document for Filter Pack Method in East Asia and the 

QA/QC Program for the Air Concentration Monitoring in East Asia 
2. Identification of monitoring methods suitable for EANET air concentration monitoring 
3. Preparation of the Technical Manual for Air Concentration Monitoring based on identified 

monitoring methods 
 
III. Members  
 

Dr. Duong Hong Son 
(Chairperson) 
 
 

Director, Center for Environmental Research, Vietnam 
Institute of Meteorology, Hydrology, and 
Environment, Vietnam 
 

Prof. Min Hu 
 
 

Professor, College of Environmental Sciences, Peking 
University, China 
 

Dr. Masahide Aikawa 
 
 

Deputy Department Chief, Atmospheric Department, 
Hyogo Prefectural Government, Japan 
 

Mr. Hajime Mikasa 
 
 

Managing Director, Japan Environmental Technology 
Associations, Japan 
 

Dr. Akinori Takami 
 
 

Chief, Asian Environment Research Group, National 
Institute for Environmental Studies, Japan 
 

Prof. Young Joon Kim 
 
 
 
 

Professor, School of Environmental Science and 
Engineering 
Gwangju Institute of Science and Technology, Republic of 
Korea 
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Mr. Phunsak 
Theramongkol 
 

Director, Ambient. Air Quality Section, Pollution Control. 
Department, Thailand 
 

 
IV. Major outcomes  

 
Discussions in the 1st Meeting of the Expert Group on the preparation of the Technical Manual 
for Air Concentration Monitoring were summarized as the meeting minutes (See Attachment 1). 
The major outcomes of the 1st Meeting are as follows: 
 The terms of reference and the membership of the Expert Group, which were adopted at 

SAC10 in 2010, were introduced to the EG members. The meeting also adopted the 
Provisional Agenda. 

 The meeting reviewed the existing EANET documents regarding air concentration 
monitoring and the other manuals in EANET participating countries and international 
networks. International manuals are useful to develop EANET technical manual and we can 
cite many description from them, but there are some specific conditions in East Asian 
countries so we should consider proper application of methods from other international 
networks to EANET. 

 The meeting agreed to make recommendations of suitable monitoring methods for EANET 
air concentration monitoring (See Attachment 1) to the Task Force on Monitoring for Dry 
Deposition and SAC. 

 The meeting adopted the Table of Contents of the Technical Manual for Air Concentration 
Monitoring and agreed on the lead authors of each chapter (See Annex 1 in the Attachment 
1). The meeting agreed that the first draft of the Technical Manual should be prepared for 
discussion at the 2nd meeting. 

 The 2nd Meeting will be held around June, 2012. 
 
V. Schedule 
 

June 2011 Appointment of the membership of the Expert 
Group 

August 11 – 12, 2011 First meeting of the Expert Group, Review of 
existing air concentration monitoring manuals 

September, 2011 – May, 2012 Preparation of the first draft of the Technical 
Manual 

June, 2012 Second meeting of the Expert Group to discuss 
about the first draft of the Technical Manual 

At SAC12 (autumn 2012) Submission of the draft Technical Manual to SAC 
for comments 

Middle of 2013 Third meeting of the Expert Group to finalize the 
Technical Manual 

At SAC13 (autumn 2013) Submission of the Technical Manual to SAC for 
adoption 
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Attachment 1 
 

ACID DEPOSITION MONITORING NETWORK IN EAST ASIA (EANET) 
 
 

FIRST MEETING OF THE EXPERT GROUP ON PREPARATION 
OF TECHNICAL MANUAL FOR AIR CONCENTRATION MONITORING 

UNDER THE TASK FORCE MONITORING FOR DRY DEPOSITION 
SCIENTIFIC ADVISORY COMMITTEE (SAC) OF EANET 

 
(Niigata, 11-12 August 2011) 

 
 

PROVISIONAL AGENDA 
 
August 11 
09:00-09:10 
1. Welcome remarks Dr. Akimoto (NC) 
 
09:10-09:20 
2. Introduction Chair 
 
09:20-09:30 
3. Terms of reference and membership of the Expert Group Chair 

Adoption of the Agenda 
 
09:30-10:30 
4. Review on the current status of EANET air concentration Dr. Sato (NC) 

monitoring 
 
10:30-11:00  Coffee break 
 
11:00-12:30 
5. Review on the Technical Document for Filter Pack Dr. Sato (NC) 

Method in East Asia and the QA/QC Program for the Air 
Concentration Monitoring in East Asia 

 
12:30-14:00  Lunch and Group Photo 
 
14:00-15:30 
6. Review on the existing air concentration monitoring Members 

manuals of EANET participating countries 
 
15:30-16:00  Coffee break 
 
16:00-17:30 
7. Review on the existing air concentration monitoring Dr. Sato (NC) 

manuals of the other international monitoring networks                    Dr. Huo (NC) 
 
17:30   Departure to the hotel 
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August 12 
09:00-10:30 
8. Summary of the discussions on the 1st day Discussion 

Discussions on suitable monitoring methods for EANET 
air concentration monitoring 

 
10:30-11:00 Coffee break 
 
11:00-12:30 
9. Discussions on the contents of the Technical Manual Discussion 

and Lead authors 
 
12:30-14:00  Lunch 
 
14:00-15:00 
10. Next steps and schedule Discussion 
 
15:00   Close 
 
 
 
 

MEETING MINUTES 
 
I. Welcome Remarks 
 
Dr. Hajime Akimoto, Director General of ACAP welcomed the members of the Expert 
Group on Preparation of Technical Manual for Air Concentration Monitoring of the EANET 
Scientific Advisory Committee to ACAP, Niigata, Japan.  
 
He mentioned that EANET came to the second decade from 2011. Preparation of the 
Technical Manual for Air Concentration Monitoring of the EANET is good start for the 
second 10 years phase of EANET. 
 
II. Introduction 
 
Dr. Duong Hong Son, the chairperson of the Expert Group, made introductory remarks. 
The other members of the Expert Group also introduced themselves. 
 
III. Terms of reference and membership of the Expert Group, Adoption of the Agenda 
 
Dr. Son Introduced the terms of reference and the membership of the Expert Group (see 
Annex 1), which were adopted at SAC10 in 2010. The Meeting adopted the Provisional 
Agenda.  
 
IV. Review on the current status of EANET air concentration monitoring 
 
The Secretariat presented the current status of EANET air concentration monitoring 
activities. Major comments were as follows. 
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 Comparison between different methods is an important matter. Parallel monitoring 
between FP and denuder/gas scrubber should be implemented. 

 The comparison of SO2 between filter pack and automatic equipment in Japan is 
generally good at EANET sites, but there is larger difference for NOx and HNO3 
concentrations between filter pack and denuder measurements. For SO2, the 
difference between filter pack and automatic instrument was quite obvious in Vietnam. 
The reason of the large discrepancy may be attributable to imprecise calibration of 
automatic instrument or some problems in a FP system such as flow rate of pump.  

 Another factor affecting on data quality may be skillfulness of laboratory operators. 
After a skilled staff in some laboratories was changed, the data quality became poorer 
than before. Since accuracy of filter pack monitoring is dependent on skillfulness of 
operator, training programs are needed to be developed.  

 Because DOAS can measure SO2, NOx, O3 simultaneously, it is economical to use 
DOAS than three instruments of SO2, NOx, O3. However, DOAS has limitations on 
geological and climate conditions. 

 Selection of automatic instruments, a denuder and a filterpack at a monitoring site in 
China depends on an air concentration level.  

 Technical Manual on Dry Deposition Flux Estimation (TMDDFE) includes the 
methodology to estimate dry deposition amounts but not include the detailed 
requirements of air quality measurements. 

 So far Technical Document for Filter Pack Method was published as a EANET manual, 
but no manual including automatic measurements has been developed. 

 New Technical Manual for Air Concentration Monitoring (TMACM) should include 
necessary QA/QC activities considering current situation of EANET air concentration 
monitoring and requirement to evaluate long term variation of acid deposition and air 
quality. 

 In line with the time schedule of activity described in the Strategy Paper, development 
of TMACM and revision of QA/QC Program for Air Concentration Monitoring should be 
implemented by 2013. 

 
V. Review on the Technical Document for Filter Pack Method in East Asia and the 

QA/QC Program for the Air Concentration Monitoring in East Asia 
 
The Secretariat presented the Technical Document for Filter Pack Method in East Asia 
and the QA/QC Program for the Air Concentration Monitoring in East Asia. Major 
comments were as follows. 
 
 Technical Document for Filter Pack Method in East Asia didn’t include QA/QC program, 

and QA/QC Program for the Air Concentration Monitoring in East Asia didn’t include 
monitoring specifications of filterpack, passive sampler, and denuder. 

 Description of the Technical Document for Filter Pack Method should be included in 
Chapter 3.1 of TMACM. 

 Description of QA/QC program should be included mainly Chapter 4 of TMACM. 
 Technical Document for Filter Pack Method described that the sampling should be 

continuously carried out through a year. The non-detected data is considered as half 
concentration of detection limit in order to calculate the dry deposition flux. Only 
artifacts caused by chemical reactions in filterpack were described in the Technical 
Document for Filter Pack Method, and uncertainty of artifact was not determined. 

 Standard operating procedures should be prepared by each laboratory according to 
their conditions. Basic data should be provided on one-hour basis. 
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 Automatic instruments for gases and aerosol monitoring, and meteorological 
Measurement are quite simply described in the present QA/QC Program. 

 Aluminum bag should be used to transport filterpack to avoid sunlight and 
contamination. 

 Site selection should be unified for filter pack and automatic measurement. 
 EG proposed QA/QC matters will be described in separate chapter of TMACM. 
 At the STM 12, the Secretariat will ask if EG should prepare one document including 

QA/QC matters or separated documents of Technical Manual and QA/QC program. 
 If filter pack was used for air concentration monitoring, some artifacts should be 

considered. Some new methods of manual monitoring should be introduced in TMACM. 
 TMACM should refer priority chemical species listed in Strategy Paper on Future 

Direction of Monitoring for Dry Deposition of EANET. 
 
VI. Review on the existing air concentration monitoring manuals of EANET participating 

countries 
 
China 
Prof. Hu made a presentation on air concentration monitoring manuals in China. She 
introduced 3 documents, namely, Environmental air quality monitoring regulation, Manual 
methods for ambient monitoring and Automatic methods for ambient monitoring. Major 
discussions were as follows. 
i) SO2, NO2, CO, O3 and PM10 are necessary monitoring parameters, and PM2.5 is under 

discussion. Point analyzer and DOAS were included in automatic methods. 
ii) DOAS is used in some monitoring sites in China and described in monitoring manual. 

No description of requirement of DOAS measurement is given in the manual.  
iii) QA/QC was described in an independent chapter in the monitoring manual. The 

regulations for site selection were included in the case of automatic methods and 
manual methods, respectively. Both suitable monitoring methods and site selection are 
dependent on the characteristics of a city and population. According to source emission, 
four kinds of sites were categorized in monitoring network. 

 
Japan 
The Secretariat made a presentation on air concentration monitoring manual in Japan. 
Manual for Continuous Monitoring of Air Pollution (6th edition, 2010) was introduced. Major 
discussions were as follows. 
i) The manual covers the detailed operational procedure. It can be followed by monitoring 

station staffs of local governments and commissioned private companies. MOEJ 
arrange the training program for local governmental staffs according to this manual. 

ii) In the manual, cutoff diameter of SPM and PM10 are different. 
iii) Site criteria are mainly depended on population. 
 
Republic of Korea 
Prof. Kim made a presentation on air concentration monitoring manual in Republic of 
Korea. He introduced i) Real time monitoring information (Air Korea) and overview of 
AQM in Korea. Major discussions were as follows. 
i) Operation guideline of air quality monitoring network was recently updated in March, 

2011. 
ii) Monitoring in EANET sites in Korea is followed by Korean domestic manual which is 

similar to that in US. There is also road side monitoring sites in Korea. All the 
monitoring data have been disclosed since 2002 via website.  
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iii) The sampling frequency for filter pack in Korea was one day in a week because PM2.5 
impactor was installed on the top of filter pack. The automatic instrument is also 
operated by local office staffs. The QA/QC was described in independent document. 

 
Thailand 
Mr. Phunsak made a presentation on air concentration monitoring manual in Thailand. 
Major discussions were as follows. 
i) There are two methods of monitoring guideline. One is government method, and the 

other is general method.  
ii) The general method covers manual sampling such as passive sampler, deposition 

surface, impinger, etc. The governmental method follows USEPA regulation. Manual 
for PM monitoring has been published. 

iii) The operation equipment in monitoring stations follows the governmental monitoring 
guideline. Research and intensive campaign can follow the general method. Most 
monitoring sites were located in polluted and high population cities. 

 
Vietnam 
Dr. Son made a presentation on air concentration monitoring manual in Vietnam. Major 
discussions were as follows. 
i) Field observation manuals were published in 1999 following ISO methods in 1995, by 

Ministry of Science and Technology. 
ii) Other ministries develop guidelines for their routine monitoring networks. 
iii) For each network, it follows individual monitoring guidelines. 
 
VII. Review on the existing air concentration monitoring manuals of the other 

international monitoring networks 
 
The Secretariat made a presentation on air concentration monitoring manuals of the other 
international monitoring networks. Major comments and discussions were as follows. 
 
i) International manuals are useful to develop EANET technical manual and we can cite 

many description from them, but there are some specific conditions in East Asian 
countries so we should consider proper application of methods from other international 
networks to EANET.  

ii) EMEP and WMO/GAW manuals are well developed, and those can be used as 
important references for development of TMACM in view of structure, scientific and 
technical issues. 

iii) Some manuals include wet deposition and QA/QC matter in the same manual. The 
thickness of manual should also be considered if we include QA/QC contents in the 
same manual.  

iv) Site criteria in the international manuals are dependent on the objective of monitoring.  
v) Artifact of filterpack is described in other international manuals. 
vi) Common contents of the manuals are objective, siting criteria, field operations, 

chemical analysis, data handling, and quality assurance. Different features are 
objective of network and monitoring design, monitoring items, sampling and analytical 
methods, and QA/QC. 

 
VIII. Summary of the discussions on the 1st day and Discussions on suitable monitoring 

methods for EANET air concentration monitoring 
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The Secretariat introduced the summary of the discussions on the 1st day and organized 
discussions on suitable monitoring methods for EANET air concentration monitoring. Major 
comments and discussions were as follows. 
 
 Manuals should be intended for field and laboratory operators in EANET participating 

countries. 
 Monitoring species described in TMACM should cover EANET priority chemical 

species. 
 Monitoring frequency should be one hour for automatic monitoring, and weekly or 

biweekly for manual monitoring. 
 Site criteria will basically follow EANET Guideline but some conditions are specific for 

air concentration monitoring. 
 Monitoring method is classified in two major methods. Manual methods include filter 

pack, passive sampler, annular denuder, and other gas scrubbers. Automatic methods 
include SO2 (UVF, DOAS), NOx (CLD, DOAS, CAPS), O3 (UV Abs, DOAS), PM10, 
PM2.5 (-ray, TEOM) and meteorological instrument (anemometer, thermometer, 
hygrometer, solar radiometer, rain gauge). 

 Before development of TMACM, DQOs and required data accuracy and precision 
should be agreed among EG members and NC. 

 Suitable methods are dependent on current situation of EANET air concentration 
monitoring. Practical methods and some methods with scientific meaning for EANET 
air concentration monitoring will be indentified.  

 EANET Low Cost Methodologies for Monitoring Air Concentration project will end in 
2011. This project is conducted in China, Thailand, Russia and Japan in aim of SO2, 
NOx, O3, and NH3 monitoring in different climate conditions. The time resolution of low 
cost method is too low to meet the request of regular monitoring in EANET. For routine 
monitoring high time resolution methods should be recommended in this manual. The 
method of passive sampler may be included in manual but should not be 
recommended. We should also consider how to improve the filer pack method to 
reduce the artifact in the manual.  

 DQOs and required data accuracy and precision may be different between continuous 
and intensive monitoring based on scientific researches.   

 
IX. Discussions on the contents of the Technical Manual and Lead authors 
 
The Secretariat presented the draft contents of Technical Manual on Air Concentration 
Monitoring. Major discussions were as follows: 
 
 Title of the manual was proposed to be “EANET Technical Manual for Air 

Concentration Monitoring”  
 Since the locations of EANET monitoring sites were decided 10 years ago, it’s better to 

reconsider siting for air concentration monitoring. According to the EANET monitoring 
guideline, we can choose different sites between wet deposition and air concentration 
monitoring. The EANET wet deposition sites in rural area can be used for air 
concentration monitoring, but the EANET sites in urban area should be reconsidered. 
For example, urban sites have to be located on the top of a high building.  

 Chapter 4.2 describing calibration gives just general information such as usage of 
moving standard gases and zero gas. Specific information of calibration will be 
included in each instrument part. Chapter 4 should identify regulation about units of 
PM10 and PM2.5. 
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 In the introduction of TMACM, relationship between current manual and automatic 
techniques and future direction should be included. The relationship between manual 
measurement methods and automatic monitoring methods should be introduced in 
chapter 1.4. 

 Site facility and instrumentation should be combined to make Chapter 2.2. The site 
facility includes monitoring site building, electricity supply, and operation racks and so 
on. 

 The contents of QA/QC were included in the EANET wet deposition manual. If QA/QC 
contents are prepared as an independent document it may be more useful for 
operators, but many parts will be cited from technical manual. Therefore, QA/QC 
contents will be prepared in each chapter, independent chapter or independent 
document. This choice will be decided by STM12 meeting. Training programs should 
also be included in QA/QC items. 

 In case of wet deposition manual, operators can follow the QA/QC described in the wet 
deposition manual. The separated QA/QC document including inter-laboratory 
comparison, site audit, data complement and so on, is mainly used by the National 
Center of each country.   

 In Chapter 4, the authors should consider how to introduce DOAS method. DOAS 
should be described for SO2, NOx and O3 measurement, respectively. In Chapter 4.4, 
not only for NOx, some specified technology for NO2 monitoring should be also 
introduced. Some new technologies for NOx monitoring should be introduced in the 
Future issues. 

 This manual should describe optional methods which can be used in EANET 
participating countries. If the uncertainty of different methods can be determined, data 
can be compared. The new technology improving current monitoring methodology 
should be discussed in the future issues. 

 It is very difficult to make detailed regulations in the manual, because the monitoring 
systems are different among different countries. Some parts of the manual should be 
described general conditions, and the other parts can be described necessary specific 
conditions. 

 Safety management means operation of gas cylinder, the discharge of waste chemical 
and so on in field station and laboratory. 

 The first EG meeting modified the contents of manual and decided lead authors of 
each chapter. 

 
The meeting adopted the revised Table of Contents and agreed on the lead authors of 
each chapter (see Annex 2). The Meeting also agreed that: 
 
i) The Technical Manual shall be approximately 100-150 pages; 
ii) The 1st draft document of the Technical Manual should be ready for discussion at the 

2nd meeting; 
iii) The NC shall send the format and guidelines for preparation of the text to all members 

as well as the minutes of the 1st meeting within one month.  
 
X. Next Steps and Schedule 
 
The Meeting adopted the revised Schedule of Activities (Annex 3). The Meeting also 
agreed that: 
 
i) The deadline for submission of the first draft to the Secretariat shall be one month 

before the 2nd meeting. 
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ii) Before preparing the draft, some tables of specifications should be prepared in the 
template. 

iii) When the manual is prepared, it’s better to communicate with local staffs from 
participating countries about available equipment and current situations.  

iv) Before the second EG meeting the first draft will be circulated among members. 
v) After first draft of manual is made, it will be submitted to Task Force on Monitoring for 

Dry Deposition and SAC meeting. Because members of the Task Force are nominated 
from each participating country we can get sufficient feedback. Then, we will circulate 
the draft among participating countries for comments and suggestions. 
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College of Science and Engineering 
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(EGACM 1/minutes  Annex 1) 
FIRST MEETING OF THE EXPERT GROUP ON PREPARATION 

OF TECHNICAL MANUAL FOR AIR CONCENTRATION MONITORING 
(Niigata, 11-12 August 2011) 

 
 
 

Terms of Reference 
 

4. Review the current Technical Document for Filter Pack Method in East Asia and the 
QA/QC Program for the Air Concentration Monitoring in East Asia 

 
5. Identification of monitoring methods suitable for EANET air concentration 

monitoring 
 

6. Preparation of the Technical Manual for Air Concentration Monitoring based on 
identified monitoring methods 

 
 
 

Members 
 

 

Dr. Duong Hong Son 
(Chairperson) 
 
 

Director, Center for Environmental Research, 
Vietnam Institute of Meteorology, Hydrology, and 
Environment, Vietnam 
 

Prof. Min Hu 
 
 

Professor, College of Environmental Sciences, 
Peking University, China 
 

Dr. Masahide Aikawa 
 
 

Deputy Department Chief, Atmospheric Department, 
Hyogo Prefectural Government, Japan 
 

Mr. Hajime Mikasa 
 
 

Managing Director, Japan Environmental Technology 
Associations, Japan 
 

Dr. Akinori Takami 
 
 

Chief, Asian Environment Research Group, National 
Institute for Environmental Studies, Japan 
 

Prof. Young Joon Kim 
 
 
 
 

Professor, School of Environmental Science and 
Engineering 
Gwangju Institute of Science and Technology, 
Republic of Korea 
 

Mr. Phunsak 
Theramongkol 
 

Director, Ambient. Air Quality Section, Pollution 
Control. Department, Thailand 
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(EGACM 1/minutes  Annex 2) 
FIRST MEETING OF THE EXPERT GROUP ON PREPARATION 

OF TECHNICAL MANUAL FOR AIR CONCENTRATION MONITORING 
(Niigata, 11-12 August 2011) 

 
 

Draft Table of Contents of  
EANET Technical Manual for Air Concentration Monitoring 

 
 

Preface [Dr. Son] 

List of EG members 

 
1. Introduction [Dr. Son and Network Center] 

1.1. Background 

1.2. Objectives 

1.3. Priority chemical species in EANET 

1.4. Outline of the manual 

 

2. Monitoring design [Network Center, Mr. Mikasa and Mr. Phunsak] 

2.1. Siting criteria [Mr. Phunsak and NC] 

2.2. Site facilities and Instrumentation (Electricity, Housing, Air conditioning, Inlet, Data 

  comminication, monitor arrangement etc.) [Mr. Mikasa and NC] 

2.3. Monitoring frequency [Network Center] 

 

3. Manual monitoring  

3.1. Filter pack [Dr. Aikawa and Network Center] 

3.2. Passive sampler [Dr. Aikawa and Network Center] 

3.3. Annular denuder and other gas scrubbers [Dr. Aikawa and Network Center] 

 

4. Automatic monitoring  

4.1. Calibration (including standard gases, O3 SRP, zero gas ) [Prof. Hu for SO2 and NOx,  Dr. 

Takami for O3 and PM] 

4.2. SO2 monitor [Prof. Kim for DOAS, Prof. Hu for Point measurement] 

4.3. NOx monitor [Prof. Kim for DOAS, Prof. Hu for Point measurement] 

4.4. O3 monitor [Prof. Kim for DOAS, Prof. Hu for Point measurement] 

4.5. PM10 and PM2.5 monitors [Dr. Takami] 
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4.6. Meteorology [Mr. Mikasa] 

 

5. Maintenance [Mr. Mikasa, Mr. Phunsak and Network Center] 

5.1. Standard operating procedures [Network Center] 

5.2. Maintenance of manual samplers and analytical instruments [Mr. Phunsak and Network 

Center] 

5.3. Maintenance of automatic monitors [Mr. Mikasa] 

5.4. Field record [Network Center] 

5.5. Maintenance record [Network Center] 

5.6. Safety management [Network Center] 

 

6. Data reporting and validation [Network Center] 

6.1. Site specification 

6.2. Compilation of raw monitoring data 

6.3. Data validation 

6.4. Submission of finalized data 

6.5. Data storage 

 

7. Quality Control and Quality Assurance [All EG members and Network Center] 

7.1. Fundamental matters [Network Center] 

7.2. Data Quality Objectives (DQOs) [Network Center] 

7.3. Monitoring site(Site audit) [Network Center] 

7.4. Field and laboratory operations [Network Center] 

7.5. Data management [Network Center] 

7.6. Determination of accuracy and detection limit [Prof. Kim for DOAS, Prof. Hu for Point 

measurement, Dr. Takami for PM, Dr. Aikawa for Manual Monitoring] 

7.7. QA/QC implemented by NC [Network Center] 

7.8. Training programs [Network Center] 

 

8. Future issues [Dr. Son and Network Center] 

(New monitoring methods of NO2 (PLD, CRDS, LIF), online aerosol composition monitoring, 

Intercomparison of different monitoring methods) 
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(EGACM 1/minutes  Annex 3) 
FIRST MEETING OF THE EXPERT GROUP ON PREPARATION 

OF TECHNICAL MANUAL FOR AIR CONCENTRATION MONITORING 
(Niigata, 11-12 August 2011) 

 
Future plan of activity 
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The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 

 

Progress of the Second Periodic Report on the State of Acid Deposition in East Asia 

(PRSAD2) 
 

Network Center 

 

I. INTRODUCTION 

 

1. The Ninth Session of the Scientific Advisory Committee (SAC9) approved the establishment of 

the Drafting Committee (DC) for the Second Periodic Report on State of Acid Deposition in 

East Asia (DC-PRSAD2) to prepare the implementation plan and other related works. 

Subsequently, Dr. Doung Hong Son (Vietnam) was designated as the Chairperson of the DC as 

the Chairperson of the Scientific Advisory Committee (SAC). The SAC10 also reviewed the 

progress report of the Drafting Committee (DC) for the Second Periodic Report on the State of 

Acid Deposition in East Asia (PRSAD2). 

 

2. The DC was developed the format and contents of PRSAD2. There were three parts: Part I: 

Regional Assessment, Part II: National Assessments and Part III: Executive Summary. 

 

II. OUTLINE OF THE SECOND PERIODIC REPORT  

 

3. The document will be prepared as a scientific assessment of the state of acid deposition in East 

Asia based on the data accumulated from the network. The decided title is the “Second Periodic 

Report on the State of Acid Deposition in East Asia”. 

 

4. Suggested period of monitoring data to be analyzed in the second periodic report is from 2005 to 

2009 (five years). The DC members may wish to discuss and suggest using data in 2000-2004 

for trend analysis, etc., as appropriate.  

 

5. It is suggested that the second periodic report should consist of three parts. The first part is on 

regional assessment and the second part includes national assessments presented by 

participating countries on a voluntary basis, and the third part is executive summary. The DC 

may wish to discuss whether to follow the previous format. 

 

6. National assessment report will be prepared by each participating country according to the 

format for national assessments. For data, the Acid Deposition Monitoring Network in East 

Asia (EANET) information and other domestic data of each participating country could be used 

for the national assessment.  
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7. Other national/international monitoring results can be used as references for additional 

assessment (for interpretation of EANET data).  

 

III. FIRST DRAFT OF THE SECOND PERIODIC REPORT  

 

8. Some first drafts of the Regional and National Assessment of the PRSAD2 were discussed 

among DC and the Lead Authors during the 2nd DC and Lead Authors meeting in June 2011. 

 

IV. IMPLEMENTATION PLAN 

 

9. The revised implementation plan of the PRSAD2 is as ANNEX. 
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ANNEX 

 

Revised the Implementation Plan for the EANET Second Periodic Report on the State of Acid 

Deposition in East Asia (PRSAD2) 

 

 

Year Month Activities/Events Deliverables 

2010 April 

1st  Meeting of the DC 
Preparation of Report of DC 
meeting 

Draft Contents of PRSAD2 
Names and contacts of DC 
members 
Names of Lead Authors of Regional 
Assessment Report 
Names of Contributors to the 
National Assessment Report 
Work Schedule 

 
June  

1st Meeting of Lead Authors Confirmation of authors of each 
chapter, items etc. Clarification of 
responsibilities 

 
October 

SAC10 
Preparation of Report of Chairman 
of DC 

Report of Chairman of DC to 
SAC10 

 
November 

IG12 
Chairman of SAC reports progress 
of PRSAD2 to IG12 

SAC Chairman’s Report to IG12  

 
July 2010- 
Jan 2011 

Compiling, editing and 
communicating with  contributors 
and Lead Authors  

Preliminary draft of some sections 
of PRSAD2 

2011 February 
Proposed to receive the First Draft 
of PRSAD2  

Expected the First Draft of 
PRSAD2 

 
February 

Expected to circulate the First Draft 
among DC members, contributors, 
Lead Authors for comments 

Comments from DC members, 
contributors and Lead Authors 

 
April 

Expected to revise the First Draft 
with comments from DC members, 
contributors and Lead Authors 

Expected the Second Draft of 
PRSAD2 

 

June 

2nd Meeting of the DC 
2nd Meeting of Lead Authors after 
DC and Preparation of Report of DC 
meeting 

The First Draft of PRSAD2, 
Comments from DC members and 
Lead Authors 
 

 
July 

Report of DC meeting sent to DC 
members 

Report of the DC meeting 

 
September 

Expected to receive the First and 
Final Draft of PRSAD2 by 15 
September 2011. 

Expected the First and Final Draft 
of PRSAD2 

 

September  

Revision of the First and Final Draft 
by NC to submit the 3rd Meeting of 
DC. 
Drafting of Executive Summary  

The Second Draft of PRSAD2 and 
Draft Executive Summary 

 

October 

3rd Meeting of the DC  
Discussion for Confirmation and 
Consideration the Second Draft of 
PRSAD2 and Draft Executive 

The SAC11 adopted the 
recommendation to revise the 
Second Draft of PRSAD2 and the 
Executive Summary 
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Summary during SAC11 meeting. 
 

October- 
November 

Circulation of the Third Draft of 
PRSAD2 and Revised the Executive 
Summary to DC members and SAC 
members for approval 

Final Draft of PRSAD2 and 
Executive Summary (approved by 
DC and SAC members) 

 
November- 
December 

Revised Final Draft of PRSAD2 and 
Executive Summary 

Final Draft of PRSAD2 and 
Executive Summary (endorsed by 
IG13) 

 December-January 
2012 

Language Check  Final Draft of PRSAD2 checked by 
language expert 

2012 February 
Preparation of the Final Draft for 
printing  

 

 
March 

Printing and distribution of 
PRSAD2 
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The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 

 

Provisional Agenda 
 

 

1. Opening of the meeting 

 

2. Election of the officers 

 

3. Adoption of the agenda 

 

4. Report on progress of EANET since STM 11 

 

5. Overview of the preliminary draft Data Report 2010 

 

6. Evaluation for the results of the Inter-laboratory Comparison (ILC) Project in 2010 

 

7. Consideration of the National Monitoring Plans (NMPs) and current monitoring activities for the 

EANET monitoring of the participating countries  

 

8. Consideration of the Quality Control procedures in the participating laboratories 

 

9. Consideration of the verificationreporting of the monitoring data 

 

10. Proposals for the technical and instrumental innovation of the laboratories in the participating 

countries 

 

11. Progress report on the technical activities of EANET 

 

12. Progress of the Second Periodic Report on the State of Acid Deposition in East Asia (PRSAD2) 

 

13. Other issues 

 

14. Closing of the meeting 
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The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 

 

Annotated Provisional Agenda 
 

1. Opening of the meeting 

The meeting will be opened by the Secretariat and the Network Center (NC) for EANET. 

 

2. Election of the officers 

The meeting will be invited to elect the officers of the meeting. 

 

3. Adoption of the agenda 

The meeting will be invited to consider and adopt the agenda of the meeting as well as the draft 

program. 

 

4. Report on progress of EANET since STM11 

The Secretariat and the NC will report the EANET activities since the Eleventh Senior Technical 

Managers’ Meeting (STM11) held on 2-3 September 2010, Niigata, Japan from scientific and 

technical viewpoints. The report includes the outcomes of the Tenth Session of the Scientific 

Advisory Committee (SAC10) held on 13-15 October 2010, Pattaya, Thailand, the Twelfth Session of 

the Intergovernmental Meeting (IG12) held on 23-24 November 2010, Niigata, Japan, and the Fourth 

Special Session of the Working Group on Future Development of EANET (WGFD-S4) held on 22 

November 2010, Niigata, Japan. The meeting will be invited to review and comment on the 

documents. 

 

5. Overview of the preliminary draft Data Report 2010  

The NC will present the overview of the preliminary draft Data Report 2010 of EANET based on the 

data and related information submitted by the participating countries. The meeting will be invited to 

consider the document and provide comments, if any. 

 

6. Evaluation for the results of the Inter-laboratory Comparison (ILC) Project in 2010 

The NC will present the overview of the ILC project in 2010 based on the results submitted by the 

participating countries, and explain the observed issues and problems. The meeting will be invited to 

exchange knowledge and experiences among the participants and the NC. 

In this item, the following issues will be discussed: 

1) Required sample amount for the implementation of ILC according to the condition of each 

participating laboratory; 

2) The state of the calibration of pH meter; 
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3) The specification of the participating laboratories; 

4) Evaluation of the blank test, especially for the pure water as a solvent; 

5) Consideration of the Data Quality Object for pH; 

6) Consideration of the base values for evaluating the submitted data on ILC project; 

7) Consideration of the evaluation method (DQO or z-score); 

8) Consideration of the detection limits; 

9) Consideration of the significant digits on reporting, and; 

10) Consideration of the description on the report. 

 

7. Consideration of the National Monitoring Plans (NMPs) and current monitoring activities for the 

EANET monitoring of the participating countries. 

All of the participating countries will make presentations on their NMPs including current capacities and 

future plan for the improving of the monitoring activities in their countries, and on the current activities for 

EANET monitoring including technical problems encountered throughout the monitoring activities. The 

meeting will be invited to review the above issues, and is expected to discuss with their experiences and 

knowledge to solve the problems for their future innovation. The NC will also present a summary of the 

EANET activities based on the presentation and discussions. Especially, the effectiveness of NMPs, such 

as the sampling intervals, site scale, local scale and regional scale, will be expected to be discussed. 

 

8. Consideration of the Quality Control procedures in the participating laboratories 

Five participants are requested to explain the current approach to keep and improve their quality of the 

measurement, and the current problems concerning QA/QC aspects. The NC will present the desirable 

QA/QC activities for EANET monitoring in each participating country. The meeting will be invited to 

exchange knowledge and experiences among the participants and the NC. 

 

9. Consideration of the verification of the monitoring data 

The NC will give a presentation on the verification of the monitoring data submitted by the 

participating countries. The NC requests to discuss the harmonization of the methodology for the 

EANET monitoring, and the preparation of the summary report of monitored data. In this Agenda 

Item, the significant digits and the evaluation of R1 and R2 would be discussed respectively. 

 

10. Proposals for the technical and instrumental innovation of the laboratories in the participating countries 

The NC will present about the providing the pure or deionized water for the measurement using ion 

chromatography. The NC will make a presentation on the proposed distilled water generator for the 

sustainable monitoring. 
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11. Progress report on technical activities of EANET 

The NC will present the status of the activities being conducted by the expert groups of SAC. The 

Technical Manual on the Wet Deposition, Dry Deposition Flux Estimation and Inland Aquatic 

Environment were revised and endorsed at SAC 10 meeting held in 2010. The NC will explain the 

objectives of the revision and the revised parts of the manuals. The NC will explain the Guideline for 

Catchment-scale Monitoring in East Asia which was also endorsed at SAC 10. The NC will also 

introduce the discussion of the Expert Group on Preparation of the Technical Manual for Air 

Concentration Monitoring. The meeting will be invited to comment and provide suggestions on the 

activities. 

 

12.  Progress of the Second Periodic Report on the State of Acid Deposition in East Asia (PRSAD2) 

The NC will present the progress of the Second Periodic Report on the State of Acid Deposition in 

East Asia (PRSAD2). The meeting will be invited to review and comment on this document. 

  

13. Other Issues 

The meeting will discuss and consider other issues or general questions to be raised by the 

participants, the Secretariat and/or the NC.   

 

14.   Closing of the meeting 

The meeting will be closed by the Chairperson. 

 

 



EANET/STM 12/3/3 
Page 1 

The Twelfth Senior Technical Managers’ Meeting  
of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 

 
Program (Draft) 

 

Wednesday, 21 September 2011 (First Day) 

 

09:00-9:30 Opening 

- Opening remarks by the Secretariat for EANET 

   -     Welcome and introductory remarks by the Network Center for EANET 

   -     Welcome remarks by Malaysia 

Election of the officers 

Adoption of the agenda 

 

9:30-10:30  Report on progress of EANET since STM11 [Agenda 4]  

 

10:30-10:50     Coffee break 

 

10:50-11:40    Overview of the preliminary draft Data Report 2010 [Agenda 5]  
- Wet deposition 
- Dry deposition 
- Soil and vegetation 
- Inland aquatic environment 
- Catchment-scale  

 

11:40-12:30      Evaluation for the results of the Inter-laboratory Comparison (ILC) Project in 2010 
[Agenda 6]   

- Wet deposition 
- Dry deposition (Filter Pack method) 
- Soil 
- Inland aquatic environment 
- Data reporting 

 

12:30-14:00    Lunch break 

 

14:00-14:30       Evaluation for the results of the Inter-laboratory Comparison (ILC) Project in 2010 
[Agenda 6] (continue) 

- Wet deposition 
- Dry deposition (Filter Pack method) 
- Soil 
- Inland aquatic environment 
- Data reporting 
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14:30-16:00    Consideration of the National Monitoring Plans (NMPs) and current monitoring 

activities for the EANET monitoring of the participating countries [Agenda 7]  

- Presentation by participating countries (less than 15 minutes each for 

presentation) 

 

16:00-16:20  Coffee Break 

 

16:20-18:00    Consideration of the National Monitoring Plans (NMPs) and current monitoring 

activities for the EANET monitoring of the participating countries [Agenda 7] 

(Continue) 

- Presentation by participating countries (less than 15 minutes each for 

presentation) 

 

19:00- Reception dinner 

 

 

Thursday, 22 September 2011 (Second Day) 

 

9:00-10:30  Consideration of the National Monitoring Plans (NMPs) and current monitoring 

activities for the EANET monitoring of the participating countries [Agenda 7] 

(Continue) 

- Presentation by participating countries (less than 15 minutes each for 
presentation)  

 

10:30-11:00  -  Summary by the Network Center and discussions 

 
11:00-11:20 Coffee break 
 
11:20-12:30     Consideration of the Quality Control procedures in the participating laboratories   

[Agenda 8]  
 
12:30-14:00     Lunch break 
 
14:00-14:30       Consideration of the Quality Control procedures in the participating laboratories 

[Agenda 8] (continue) 
 
14:30-14:50 Consideration of the verification of the monitoring data [Agenda 9]  
 
14:50-15:10 Proposals for the technical and instrumental innovation of the laboratories in the 

participating countries [Agenda 10]  
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15:10-15:30 Coffee break 
 

15:30-16:15 Progress report on the technical activities of EANET [Agenda 11] 
- Revision of the technical manual on Wet Deposition, Dry Deposition Flux Estimation 

and Inland Aquatic Environment monitoring 
- The Guideline for Catchment-scale Monitoring in East Asia 
- Activity of the Expert Group on Preparation of the Technical Manual for Air 

Concentration Monitoring 
 
16:15-16:40 Progress of the Second Periodic Report on the State of Acid Deposition in East Asia 

(PRSAD2) [Agenda 12] 
 
16:40-17:00 Other issues [Agenda 13] 
 
17:00 Closing of the meeting [Agenda 14] 
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of the Acid Deposition Monitoring Network in East Asia 
21-22 September 2011, Kuala Lumpur, Malaysia 
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