
 

 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Report No 91: 

Technical manual for the trend exposure programme 

2017-2021 

 

 
 
 
 
September 2021 

PREPARED BY THE MAIN RESEARCH CENTRE 
 

 

 

 

 

RISE, Stockholm, Sweden 
 



 

2 

 
 
 
 
 

 

CONVENTION ON LONG-RANGE TRANSBOUNDARY AIR POLLUTION 

INTERNATIONAL CO-OPERATIVE PROGRAMME 

ON EFFECTS ON MATERIALS, 

INCLUDING HISTORIC AND CULTURAL MONUMENTS 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Report No 91 

Technical manual for the trend exposure programme 2017-2021 

 

 

 

 

 

 

Compiled by 

Namurata Pålsson and Johan Tidblad 

 

RISE 

P.O. Box 7047 

SE – 164 07 Kista, Sweden 

http://ri.se/ 

file:///C:/Users/namuratapa/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/AppData/Local/Temp/Namurata%20Pålsson
mailto:johan.tidblad@ri.se
http://ri.se/


 

3 

 Contents 
 
1 INTRODUCTION ............................................................................................................................ 4 

2 OVERVIEW OF A ONE-YEAR EXPOSURE FOR TREND ANALYSIS ................................. 5 

3 TASK FORCE, CHAIRS AND MAIN RESEARCH CENTRE ................................................... 7 

4 MATERIALS AND SUB-CENTRES .............................................................................................. 8 

4.1 SAMPLE LABELLING .......................................................................................................................10 

5 ENVIRONMENTAL DATA CENTRE .........................................................................................10 

6 RUNNING A TEST SITE ...............................................................................................................11 

6.1 DESCRIPTION OF TEST SITES ...........................................................................................................11 
6.2 PASSIVE SAMPLERS ........................................................................................................................14 

6.2.1 Ordering....................................................................................................................................14 
6.2.2 Mounting of arm and rain shields .............................................................................................14 
6.2.3 Exposure and exchange of diffusive samplers for gaseous pollutants ......................................15 
6.2.4 Exposure and exchange of sampler for particulate deposition .................................................17 
6.2.5 Receiving and shipping samples ...............................................................................................19 

6.3 MATERIALS ....................................................................................................................................20 
6.3.1 Receiving and storage ...............................................................................................................20 
6.3.2 Exposure ...................................................................................................................................21 
6.3.3 Flat samples ..............................................................................................................................21 
6.3.4 Stone samples ............................................................................................................................23 
6.3.5 Sheltered modern glass, limestone and marble .........................................................................25 
6.3.6 Withdrawal and shipping ..........................................................................................................28 

6.4 ENVIRONMENTAL DATA .................................................................................................................30 
6.4.1 Mandatory or optional data ......................................................................................................30 
6.4.2 Measurement location and data source ....................................................................................31 
6.4.3 Reporting monthly data, frequency and availability .................................................................31 
6.4.4 Calculation of monthly averages for precipitation parameters ................................................32 

7 REFERENCES ................................................................................................................................33 

 

APPENDIX 1: Carousel drawing for documenting stone sample positions 

 

APPENDIX 2: Measurement of chloride deposition 

 

ANNEX: Description of test sites 

 



 

4 

1 Introduction 
 

 

The International Co-operative Programme on Effects on Materials, including Historic and 

Cultural Monuments (ICP Materials) started in 1985. It was initiated in order to provide a 

scientific basis for new protocols and regulations developed within the Convention on 

Long-range Transboundary Air Pollution. One of the aims of ICP Materials is to  

 

“Describe and evaluate long-term corrosion and soiling trends attributable to 

atmospheric pollution in order to elucidate the environmental effects of 

pollutant reductions achieved under the Convention and in order to identify 

extraordinary environmental changes that result in unpredicted materials 

damage.” 

 

The trends are evaluated by exposure of materials in a network of test sites (“trend 

exposure”) and simultaneous collection of environmental data for a period of one year. 

This is typically performed each third year. This manual gives necessary instructions for 

site managers involved in the exposures beginning in 2020 and is an update of previous 

reports No 1 [1] and 2 [2] (1987-2003), 51 [3] (2005-2006) and 58 [4] (2008-2009), 69 [5] 

(2011-2012), 79 [6] (2011-2015) and 84 [7] (2017-2018). 

 

The manual is also suitable for parties interested in joining ICP Materials by providing test 

sites, as it gives necessary requirements for test sites and site managers. 

 

 



 

5 

2 Overview of a one-year exposure for trend 
analysis 
 

Since 2002, one-year exposures for trend analysis have been performed on a regular basis 

each third year with the start of the exposure in the fall (2002, 2005, 2008, 2011, 2014, 

2017 and latest 2020). The exposure follows a complicated scheme of events with five 

main actors, each responsible for their own role in the procedure (Figure 1). 

 

• Task Force and main research centre (RISE KIMAB) responsible for overall 

decisions, general co-ordination and reporting; 

• Sub-centres (EMPA, SVUOM, BRE, RISE KIMAB, LISA, CENIM and HAMK) 

responsible for individual materials and their evaluation; 

• National Focal Points (NFPs) responsible for individual test sites; 

• Environmental centre (NILU) responsible for the environmental data base; 

• IVL, a support organisation providing passive samples of selected pollutants (for a 

price paid by NFPs) 

 

This report is organised according to Figure 1 collating information based on the different 

actors so that, for example, a national focal point responsible for a test site or several test 

sites, will have all the necessary information for completing a trend exposure. An 

exception is the procedure for setting up a new test site, i.e. for selecting an appropriate 

location and for building a new rack, which is not described here. In such a case it is 

recommended to contact the main research centre for personal discussion and assistance. 

 

It should be noted that Figure 1 describes the procedures for a one-year exposure but that 

ICP Materials also conducts longer exposures, such as 4-year exposure. In such cases the 

procedure is similar but special decisions are taken regarding, for example the requirement 

of environmental data reporting during different parts of the exposure period. 
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Figure 1 The process of a one-year exposure for trend analysis starting with the 
decision at the ICP Materials Task Force (Year 1, Quarter 2) and ending with the 
finalisation of the updated report on trends in corrosion, soiling and the 
environment (Year 4, Quarter 4). 
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3 Task Force, chairs and main research centre 
 

A Task Force consisting of representatives from all countries participating in ICP Materials 

is responsible for the implementation of the programme. Countries are participating in the 

programme at different levels of activities by offering a main research centre, research sub-

centres and test sites on their territories. The work is based on national funding but the 

chairs can assist with supporting letters if needed. 

 

The deciding body of ICP Materials is the Task Force, who meets once a year in the spring 

(April-June). The members of the Task Force are listed at the ICP Materials home page: 

 

https://www.ri.se/en/icp-materials/organisation/task-force 

 

The Task Force includes as of September 2021 participation from Austria, Croatia, Czech 

Republic, Estonia, Finland, France, Germany, Greece, Italy, Norway, Poland, Slovakia, 

Spain, Sweden, Switzerland, United Kingdom and USA (17 countries). 

 

Sweden (Johan Tidblad, RISE KIMAB) and Italy (Teresa La Toretta, ENEA) co-chair the 

programme and are together responsible for the co-ordination and organisation. Important 

tasks include planning of Task Force meetings and workshops, report on progress to the 

Working Group on Effects (WGE), participation in meetings of the Extended Bureau of 

WGE and preparation of official technical reports to WGE including contributions to 

substantive reports. 

 

Sweden provides the programme with the Main Research Centre, RISE KIMAB (former 

Swerea KIMAB and Swedish Corrosion Institute). Sweden is responsible for the 

organisation of the field exposures in the network of test sites providing results for 

development of dose-response functions and evaluation of trends. 

 

Italy through ENEA is responsible for the sub-centre for stock of materials at risk and 

cultural heritage which includes use of results including mapping, stock at risk and 

economic evaluations aimed especially at objects of cultural heritage. 

 

If you are interested in establishing a test site for exposure of materials in the ICP 

Materials network, please contact any of the co-chairs: 

 

Johan Tidblad 

johan.tidblad@ri.se 

RISE KIMAB 

P. O. Box 7047 

SE – 16407 Stockholm 

Sweden 

 

Teresa La Toretta 

teresa.latorretta@enea.it 

 

ENEA 

SSPT-MET-INAT 

Via Martiri di Monte Sole 4 

40129 Bologna 

Italy 

 

 

https://www.ri.se/en/icp-materials/organisation/task-force
mailto:johan.tidblad@ri.se
mailto:teresa.latorretta@enea.it
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4 Materials and sub-centres 
 

Individual countries are providing the programme with materials sub-centres (currently 

SVUOM, EMPA, CENIM, RISE KIMAB, BRE, LISA and HAMK). Each sub-centre is 

responsible for one or several materials (Table 1). The tasks are the preparation of samples 

for exposure, including distribution to national focal points and the evaluation of corrosion 

attack after exposure using standardised or well-established methods. The contact persons 

for the materials sub-centres are: 

 

SVUOM 

Katerina Kreislova 

kreislova@svuom.cz 

SVUOM Ltd. 

U Mestanského pivovaru 934 /4 

CZ-17000 PRAHA 7 

Czech Republic 

 

EMPA 

Markus Faller 

markus.faller@empa.ch 

Empa Joining technology and Corrosion 

Ueberlandstrasse 129 

CH-8600 Dübendorf 

Switzerland 

CENIM 

Daniel de la Fuente 

delafuente@cenim.csic.es 

CENIM – National Centre for Metallurgical 

Research, Avda Gregorio del Amo 8 

28040 Madrid 

Spain 

 

RISE KIMAB 

Johan Tidblad 

johan.tidblad@ri.se 

RISE KIMAB 

P. O. Box 7047 

SE – 16407 Stockholm 

Sweden 

BRE 

Tim Yates 

yatest@bre.co.uk 

Building Research Establishment Ltd., BRE 

Bucknalls Lane 

Watford WD25 9XX 

United Kingdom 

 

LISA 

Aurélie Verney-Carron 

aurelie.verney@lisa.ipsl.fr 

Université Paris-Est Créteil 

Laboratoire Interuniversitaire des Systèmes 

Atmosphériques 61 Avenue du Général de 

Gaulle  

F-94010 Creteil 

France 

HAMK 

Tiina Vuorio 

tiina.vuorio@hamk.fi 

HAMK Tech 

Häme University of Applied Sciences 

Visakaare 9 

FI-13100 Hämeenlinna 

Finland 

 

 

mailto:kreislova@svuom.cz
mailto:markus.faller@empa.ch
mailto:delafuente@cenim.csic.es
mailto:johan.tidblad@ri.se
mailto:yatest@bre.co.uk
mailto:aurelie.verney@lisa.ipsl.f
mailto:tiina.vuorio@hamk.fi
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Table 1 Corrosion and soiling materials, responsible sub-centres, material label and samples exposed in the period 2017-2029, 
including sample label. For further information on sample labelling, see 4.1. 
 

Corrosion 
Material 
 

Sub-centre Label 2017-2018 2017-2021 2017-2025 2020-2021 2021-2022 2021-2025 2021-2029 

Carbon steel SVUOM A 21-23 24-26  31-33 41-43 44-46 47-49 
Stainless steelA SVUOM S 21-23 24-26      
Weathering steelA CENIM B 21-23 24-26 27-29  41-43 44-46 47-49 
Zinc EMPA D 21-23 24-26  31-33    
Titanium-ZincB EMPA C    31-33    
Copper KIMAB E 21-23       
Aluminium KIMAB V  24-26      
Limestone BRE M 21-23 24-26  C 31-33   
AOnly selected sites, see 6.1 
BNew exposed material in 2020 
CLimestone was not exposed due to pandemic situation. 
 

Soiling 
Material 
 

Sub-
centre 

Label 2017-
2018 

2017-
2021 

2017-
2025 

2020-
2021 

2020-
2022 

2020-
2023 

2020-
2024 

Modern glass LISA T 21   31    
Limestone LISA O 21   31 32 33 34 
Marble LISA P 21   31 32 33 34 
White CC HAMK G 21 24 27    34 
Grey CC HAMK H 21 24 27    34 
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4.1 Sample labelling 

 

Each sample exposed in the trend exposure is marked by the sub-centre with a unique 

label. It is recommended that the label identifies from left to right the test site number by 

two digits, the material by one letter (Table 1) and two extra digits identifying the 

sample/exposure as follows (Table 1) as in the following example. 

 

03A31 
 

The sample marked with this label shall be exposed at site number 03 (Kopisty), made of 

material A (carbon steel) and being one of the triplicate samples 31-33 exposed during the 

period 2020-2021. 

 

The marking should be legible and durable over the whole period of exposure. The area 

affected by marking should be minimised. Depending on the type of specimen, different 

marking techniques are used, and this information is covered in the specific instructions for 

materials.  
 

5 Environmental data centre 
 

Norway is providing the programme with the environmental sub-centre, the Norwegian 

Institute for Air Research (NILU). Its tasks consist of the establishment, quality control 

and maintenance of the environmental database, and the evaluation and reporting of 

general characteristics, including trends, of the environmental data. The environmental 

sub-centre is contacted at 

 

 

Terje Grøntoft 

terje.grontoft@nilu.no 

NILU - Norwegian Institute for Air Research 

 

For mail: 

P.O.Box 100 

N-2027 Kjeller 

Norway 

 

For parcels: 

Instituttveien 18, 

N-2007 Kjeller 

Norway 

 

 

Note that shipping and ordering of passive samplers for measurement of pollutants should 

not go through NILU (see 6.2). 

mailto:terje.grontoft@nilu.no
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6 Running a test site 
 

The responsibility of running a test site is one of the core activities in ICP Materials and 

includes many different tasks, as was outlined in Figure 1. This part of the technical 

manual is intended both for those already running a test site and for those who are 

interested in joining ICP Materials by providing a test site and gives a more detailed 

description of the tasks involved. Should any part of the manual be unclear, please contact 

Johan Tidblad (johan.tidblad@ri.se). 

 

6.1 Description of test sites 

 

A complete description of all ICP Materials test sites, including those no longer active, are 

given in an annex to this report. Here is only given an overview of the sites participating in 

exposures during the period 2020 and onwards (Tables 2a-b).  

 

Comparing to the situation in 2017-2018 the following changes should be noted. The site 

at Venice will no longer be active and the test rack at Split went missing, but later be 

rebuilt. At some sites, exposure of all materials did not start on the same day, which is 

highly recommended. 

 

For exposure 2021 (Table 2b), the starting date for Berlin and New Haven are still 

missing. Lahemaa could not join exposure 2021. 

mailto:johan.tidblad@ri.se
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Table 2a Number (label) of each test site in the trend exposure, together with their 
name, country and starting dates 2020. Also given are selected sites used for 
exposure of stainless steel and weathering steel starting in 2017. 
 
No 

  
Name  Country  Start date 

2020 
Stainless 
steel 

Weathering 
steel 

01 Prague  Czech Republic  Oct. 29 Yes  

03 Kopisty  Czech Republic  Oct. 28 Yes  

10 Bottrop  Germany  Oct. 06A 
Oct. 26B 

Yes  

13 Rome  Italy  Dec. 15C Yes  

14 Casaccia  Italy  Dec. 14 Yes  

15 Milan  Italy  Dec. 17 Yes  

21 Oslo  Norway  Oct. 22   

23 Birkenes  Norway  Oct. 28 Yes  

24 Stockholm  Sweden  Oct. 30   

26 Aspvreten  Sweden  Oct. 30   

31 Madrid  Spain  Nov. 6   

33 Toledo  Spain  Nov. 4   

35 Lahemaa Estonia Jan. 14D  Yes 

40 Paris  France  Oct. 28 Yes  

41 Berlin  Germany  Dec. 06 Yes Yes 

44 Svanvik  Norway  Nov. 1 Yes  

45 Chaumont  Switzerland  Oct. 20   

50 Katowice  Poland  Dec. 03 Yes  

51 Athens Greece Oct. 26 Yes  

53 Vienna Austria Nov. 6 Yes  

57 Hämeenlinna Finland Nov. 2   

58 New Haven USA Sep. 22E 
Oct. 5F 
Oct. 26G 

Nov. 9H 

  

59 Zilina Slovakia Dec. 01C Yes  

60 Split Croatia Oct. 29 Yes Yes 

61 Zagreb Croatia Nov. 20 Yes Yes 

A Exposure of zinc and passive samplers  
B Exposure of other samples 
C Glass and stone samples from LISA were not exposed 
D Exposure started in 2021, not 2020. Former samples were also removed by mistake, but later be installed. 
E Exposure of zinc and titanium-zinc samples 
F Exposure of passive samplers 
G Exposure of coil coated samples 
H Exposure of carbon steel samples 
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Table 2b Number (label) of each test site in the trend exposure, together with their 
name, country and starting dates 2021. Note that exposure 2021 includes 1-year, 
4-year and 8-year exposure of carbon steel (A) and weathering steel (B), and 1-
year exposure of stone (M). 
 
No 

 
Name Country Contact Start date in 2021 

A and B MB 

01 Prague  Czech Republic  Kateřina Kreislová Nov. 12 N/A 

03 Kopisty  Czech Republic  Kateřina Kreislová Oct. 12 N/A 

10 Bottrop  Germany  Stefan Brüggerhoff Jan. 12A N/A 

13 Rome  Italy  Teresa La Torretta Dec. 12 Dec. 12 

14 Casaccia  Italy  Teresa La Torretta Dec. 12 Dec. 12 

15 Milan  Italy  Teresa La Torretta Dec. 9 Dec. 9 

21 Oslo  Norway  Terje Grøntoft Nov. 2 Nov. 5 

23 Birkenes  Norway  Terje Grøntoft Nov. 10 Nov. 10 

24 Stockholm  Sweden  Johan Tidblad Nov. 2 Nov. 18 

26 Aspvreten  Sweden  Johan Tidblad Nov. 2 Nov. 6 

31 Madrid  Spain  Daniel Garcia Nov. 18 Nov. 18 

33 Toledo  Spain  Daniel Garcia Nov. 18 Nov. 18 

40 Paris  France  Aurelie Verney-Carron Nov. 9 Nov. 9 

41 Berlin  Germany  Ruth Keller N/A N/A 

44 Svanvik  Norway  Terje Grøntoft Nov. 2 Nov. 18 

45 Chaumont  Switzerland  Markus Faller Nov. 3 Nov. 3 

50 Katowice  Poland  Rafal Lutze Dec. 8 Dec. 8 

51 Athens Greece John Christodoulakis Jan. 5A Jan. 5A 

53 Vienna Austria Katja Sterflinger Dec. 15 Dec. 15 

57 Hämeenlinna Finland Tiina Vuorio Nov. 04 Dec. 16 

58 New Haven USA Mariana Giacomo N/A N/A 

59 Zilina Slovakia Daniel Kajanek Nov. 9 Nov. 9 

60 Split Croatia Jadranka Sovic Oct. 29 Oct. 29 

61 Zagreb Croatia Jadranka Sovic Nov. 20 Nov. 20 

A The exposure started in 2022.  
B At some sites, exposure of all stone samples was delayed due to delivery issues. 
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6.2 Diffusive samplers 

 

Selections of which diffusive samplers that are necessary should be taken at the test site 

level before the exposure start. Diffusive samplers are exposed on the rack together with 

exposure of materials (6.3) but are also part of the environmental data (6.4). 

 

Exchange of diffusive samplers is made more frequently than exchange and exposure of 

materials specimens. Therefore, it is important when changing passive samplers to take the 

opportunity to check the entire rack and make corrections if necessary. 

 

6.2.1 Ordering 

 

Each site must make measurements of mass of particle deposition on a cylindrical sampler 

(6.2.4). 

In addition, mandatory measurements of SO2, NO2, O3 and HNO3 may be made with 

gaseous diffusive samplers if other measurements are not available or if this is deemed 

more practical. 

 

Finally, measurements of ions in the particle deposition on a cylindrical sampler are 

required as a complement to the mandatory mass during the first-year exposure of a new 

site. The sampler is still the same and no additional handling is required but the 

measurement cost will be higher. 

 

Depending on these decisions a special form for ordering passive samplers need to be 

submitted. The form will be distributed to all site managers prior to the exposure together 

with relevant instructions and up to date prices. The passive sampling is part of the 

environmental data collected for a test site and is therefore paid by the national focal point 

running the test site by use of national funding. 

 

Prior to the start of a new exposure for trend analysis a separate form should be used for 

ordering passive samplers from IVL. This form is circulated separately by IVL and with 

updated prices. 

 

6.2.2 Mounting of arm and rain shields 

 

Passive and diffusive samplers are placed under rain shields in the form of discs. The arm 

that holds the two rain shields should be assembled according to Figure 2. The arm is 

mounted on the wooden pole near the specimens. The three aluminium parts should be 

screwed together and attached to the two metal discs. The metal discs should be mounted 

under the aluminium profile. The large metal disc should be mounted on the aluminium 

profile using the Allen screw (externally and internally threaded bolt), rubber and metal 

washer and the lock nut as shown in Figure 2. 
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Figure 2 Arm for holding the two rain shields and its placement close to the rack 
(top left), detailed view of the arm (top right) and details on mounting the larger 
disc used for the particulate sampler (bottom). The small circular disc is used for 
the diffusive samplers for gaseous pollutants and is mounted in a similar way.  
 

6.2.3 Exposure and exchange of diffusive samplers for gaseous pollutants 

 

The samplers look like buttons and are stored in plastic containers. Each type of sampler 

(Figure 3) has a unique colour coding to make it easier to identify the sampler, especially 

after exposure, so that it is possible to put each sampler back in the original storage 

container. 

 

Each sampler is shipped in a unique storage container and these plastic containers are 

stored in one sealed plastic bag for each site and exposure period. Figure 4 shows the 

storage container and rain shield. 
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HNO3 NO2 SO2 NH3 O3 

 
Figure 3 Appearance and colour coding of diffusive samplers (net filter facing 
down) for nitric acid (HNO3), nitrogen dioxide (NO2), sulphur dioxide (SO2), 
ammonia (NH3) and ozone (O3). 

  

 
Figure 4 Storage container with diffusive sampler (left) and rain shield with clips 
for mounting different types of diffusive samplers (right). 
 

 

The mounting instructions for diffusive samplers are as follows: 

 

Start sampling 
 

1. Wear plastic gloves during the entire operation. 

2. Open the plastic bag and take out a storage container with a diffusive sampler. 

3. Open the container and gently remove the sampler. The sampling starts as soon as 

the container is opened. If the sampler is difficult to remove the following steps 

may be used. 

A. Put the lid back on the storage container. 

B. With container lid facing down, knock the container lightly until the 

sampler moves close to the lid. 

C. Open the lid carefully and remove the sampler. 

4. Mount the sampler under the rain shield with the grey net (or white filter for the 

nitric acid sampler) facing downwards by inserting the sampler into the metal clips. 

This is the most difficult step, with risk of dropping the sampler, especially if it is 

cold and the metal clip is hard. It is recommended to loosen the metal clips by 

bending them slightly before mounting the sampler if necessary.  
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5. Close the empty storage container and put it back in the plastic bag. The storage 

container should always be capped when it is not used. 

6. Fill in the protocol. Any mishandling during operations shall be documented. Write 

date and start time on the field protocol. If this information is missing the correct 

result cannot be calculated. 

 

After exposure and before mounting new samplers, make sure that each sampler is put 

back in each original storage container and that all storage containers from the same site 

are put into the original plastic bag for that site and exposure period. 

 

Stop sampling 
 

1. For dismounting, loosen the sampler carefully and place it in the same plastic 

container it arrived in, seal with the cap, place the container with the sampler in 

the plastic bag and seal it. 

2. Do not take the sampler apart. For ammonia (NH3) samplers see separate 

instructions. 

3. Write the date and stop time on the field protocol. If this information is missing the 

correct result cannot be calculated. 

4. Estimate the average temperature during the sampling period (within 5 °C) and write 

it on the field protocol. This information gives a more certain result. 

5. Write your name and signature on the sampling protocol. 

6. Return the samplers to IVL's laboratory in Gothenburg for analysis. It is important 

that ammonia (NH3), ozone (O3) and multi-samplers are sent back as soon as 

possible. 

 

6.2.4 Exposure and exchange of sampler for particulate deposition 

 
The sampler looks like a cylinder, but the actual sampler is a Teflon filter wrapped around 

the cylinder. It is important to not touch the filter (Figure 5). The sampler is stored in a 

unique plastic storage container and, for a particular site and exposure period, the container 

is located in the same plastic bag as the diffusive samplers for gaseous pollutants (6.2.3). 
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Figure 5 Storage container with cylinder and sampler (Teflon filter) for particulate 
measurement. The sampler must not be touched and is wrapped around the 
cylinder. 
 
 
The mounting instructions for one deposition particle sampler are as follows (see Figure 6) 

 

1. Open the plastic bag and take out the storage containers with the particulate sampler. 

2. Open the container and remove the sampler. The sampling starts as soon as the 

container is opened.  

3. Mount the sampler under the rain shield without touching the filter. Hold the 

sampler in the bottom as shown in Figure 6 and screw the sampler into the bolt 

(clockwise). Any mishandling during operations shall be documented. 

4. Close the empty storage container and put it back in the plastic bag. The storage 

container should always be capped when it is not used. 

5. Fill in the protocol. Any mishandling during operations shall be documented. 

6. After exposure put the sampler back in the original vial. Write the stop date on the 

label. 

 

After exposure and before mounting new samplers, make sure that the sampler is put back 

in the original storage container and that all storage containers from the same site are put 

into the original plastic bag for that site and exposure period. 
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Figure 6 Mounting sampler for deposition particle sampler measurement 
 

6.2.5 Receiving and shipping samples 

 
If you have not received the diffusive samplers before exposure, or if you have any other 

questions, please contact Marta Segura Roux (marta.seguraroux@ivl.se). 

 

All storage containers for a site and exposure period should be stored and shipped together 

in the sealed original plastic bag. Samplers should preferably be shipped back to IVL as 

soon as possible after each exposure period. If you do not have the possibility to do so, 

please contact Marta Segura Roux for instructions on long term storage of samplers.  

 

It is possible to mail samplers as a letter in a large envelope. Please add the following text 

(box) in the envelope on each occasion: 

mailto:marta.seguraroux@ivl.se
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To the customs 

 

This package contains diffusive samplers for air pollution measurements. The 

samplers are made in Sweden and will after exposure be sent back to Sweden for 

analysis. The measurements are made within the UN/ECE convention on long-

range transboundary air pollution (www.corr-institute.se/ICP-Materials). Please do 

not open the storage boxes because this may contaminate the samplers. 

If you have any questions do not hesitate to contact: 

 

Marta Segura Roux  

IVL Swedish Environmental Research Institute Ltd. 

P.O. Box 53021 

SE-400 14 Gothenburg 

Sweden 

Phone +46 107886919 

E-mail: marta.seguraroux@ivl.se 

 

 

Note that the shipping address should be marked with “Laboratory, diffusive”, as given 

below, not with “Marta Segura Roux”. Also note the following differences between 

shipping using regular mail and courier mail: 

 

Regular mail 

 

IVL Swedish Environmental Research 

Institute 

Laboratory, diffusive  

P.O. Box 53021 

SE-400 14 Gothenburg 

Sweden  

 

 

Courier 

 

IVL Swedish Environmental Research 

Institute 

Laboratory, diffusive 

Aschebergsgatan 44 

SE-411 33 Gothenburg 

Sweden 

6.3 Materials 

6.3.1 Receiving and storage 

 

After final sample preparation performed by sub-centres and before exposure it is 

important that limited handling occurs. In general, it is necessary to use clean gloves in 

handling operations when there is risk of specimen contact. 

 

When receiving specimens for exposure from a sub-centre it should be checked that the 

size and number of samples agree with the specifications for the exposure. These 

specifications, as given in Table 1 for the 2011-2017 exposure is always communicated 

before the start of each exposure. 
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It is important to start the exposure of all specimens 

including passive samplers at the same day. 

 

 

Exception to this could be granted under special circumstances after contact with the main 

research centre. Since samples arrive from sub-centres and IVL at different occasions it is 

important to store samples properly at low relative humidity and without risk of 

condensation. This could be achieved by storing samples in sealed bags containing 

hygroscopic substance that induces or sustains a state of dryness (desiccants) or by storing 

samples in a heated room with relative humidity below 50% and with no influence of 

adverse chemicals. 

 

6.3.2 Exposure 

 

The exposure start is usually during October, or possibly in the beginning of November 

(see Table 2). Nevertheless, due to a particular pandemic situation in 2020, exposure at 

some sites were postponed. Shipping of samples and IVL passive samplers were delayed 

and access to test sites was limited. 

 

Before exposure, the condition of the rack should be examined, and possibly parts 

replaced, so that it can withstand the intended exposure period. With time, it is possible 

that wood warp has developed. Some of the original rods would then be too short and there 

would be a risk of the rods falling down, especially at windy sites. Therefore, the condition 

of the sheltering box should be examined, and possibly modified, prior to exposure to 

avoid this problem. 

 

If the rack is placed in the woods or similar, make sure that grass or other plants are cut 

before exposure and that there are no hanging branches in the vicinity of the rack from 

which water droplets could accumulate and fall onto the rack. Unsheltered samples should 

be exposed to the full effects of the weather including rain and snow but not via vegetation. 

 

6.3.3 Flat samples 

 

Flat samples are exposed on frames at an angle of 45°, in general facing south. The frames 

should be located so that all test specimens are exposed to the same conditions with 

uniform access of air from all directions. 

 

Flat samples (carbon steel, stainless steel, weathering steel, zinc, copper and aluminium) 

are typically of size 10 cm x 15 cm. The thickness is about 1 mm but varies between 

materials. A typical marking for metallic flat samples (triplicates) is given in Figure 7.  

 

Almost all flat samples should be exposed with the mark on the upper side, i.e. the side 

exposed to rainfall. The exception is coil coated samples, which should be exposed with 

the mark on the bottom side. The clean flat surface without any markings should be on top, 

collecting all dirt. 
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The distance between the specimens should be large enough to ensure that contact does not 

occur either between individual test specimens or between test specimens and any material 

that would affect the corrosion under test conditions. The distance between the specimens 

should also be large enough to ensure that corrosion products and rainwater containing 

corrosion products do not drip from the surface of one test specimen to another. 

Samples of different materials should if space allows not be exposed in the same column in 

order to avoid risk of cross contamination. Therefore, if arranging several materials in a 

matrix configuration (for example 3x3), triplicate samples of the same material should be 

exposed in a column and not in a row, see Figure 8. 

 

If, during for example exchange of passive samplers, an inspection of specimens reveals 

that samples have moved from their original position, the samples should be adjusted and 

mounted more firmly. 

 

 

 
 

Figure 7 Marking of aluminium samples (V, Table 1) exposed in Vienna (site 53) 
during the period 2011-2015 (1-3, Table 1). 
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Figure 8 Arrangements of flat samples in columns on a frame.   
 
 

6.3.4 Stone samples 

 

Please wear plastic gloves when handling stone specimens. Stone samples are of nominal 

size 50 mm x 50 mm x 8 mm and fragile and porous and it is not possible to place a 

marking directly on the samples. Therefore, it is extremely important to keep track of the 

marking of stone samples. This is done by packing each sample in an individual plastic bag 

with the marking and by proper documentation of handling procedures during the 

exposure. The stone materials are fastened on a special carousel holder, see Figure 9. If 

carousels should break, new ones with stainless steel spindle can be obtained from the sub-

centre in the United Kingdom. 
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Figure 9 Stone samples in individual marked plastic bags (top left), the carousel 
before (top right) and after (bottom left) start of exposure and a drawing of the 
carousel (bottom right). An enlarged version of the drawing is given in APPENDIX 
1 and is recommended for documenting sample positions during exposure. Take 
special note of the small hole in the carousel in the photographs. This, or other 
special marking, is needed to identify sample positions on the carousel. The 
triplicate specimens should be positioned at 120 degrees on the carousel. This 
example shows the start of exposure in 2011 with 2011-2012 samples marked 1-3 
and 2011-2015 samples marked 4-6 (Table 1) 
 

 

Figure 9 shows the proper way of fastening the stone samples. Stone samples are located 

in the individual polythene envelopes in which they should be kept until the stone samples 

are placed on the appropriate carousel arm. The stone samples should then be placed on the 

nylon screws, but only one stone sample at a time to ensure that samples are not mixed. 

The nylon nuts should not be overtightened. The requirement is that they should be a little 

more than finger tight, and this is most easily achieved using a 4 mm box/tube spanner. 

 

If following removal of sample, the plastic bag contains a significant amount of stone 

debris the fact should be recorded, and the debris should be left in the bag. Each envelope 

must be retained and used for holding the correct specimen and its label at the end of the 

exposure period. 

 

The stone specimens to be removed after each exposure period are positioned at 120 

degrees on the carousel, see Figure 9. 

 

In both exposure and removal, please only handle one sample at a time to minimise the risk 

of mixing samples. When removing specimens and if bags have been lost during the 

exposure period, use spare bags, and write the site number and specimen number on each 

bag. 
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6.3.5 Sheltered modern glass, limestone and marble 

 
For these materials, only one sample is exposed per site and per exposure period. The glass 

sample is 10 cm x 10 cm x 0.2 cm and mounted on a FIRST aluminium holder (15 cm x 24 

cm), as shown in Figure 10. It was exposed for one year (2020-2021). The limestone and 

marble samples are 6 cm x 6 cm x 1 cm each. Four samples of each stone are mounted on 

two holey aluminium holders (15 cm x 24 cm), as shown in Figure 11. One sample per 

year will be collected during 4 years (2020-2021, 2020-2022, 2020-2023, 2020-2024). The 

samples and aluminium holders are handled and exposed together as integral parts. Except 

in case of problem during shipping, do not remove the glass or stone samples from their 

holders to limit the micro breaking. Handling of the specimens should be reduced to a 

minimum. It is possible to touch and grab the aluminium parts, but the sample surfaces 

must not be touched. Samples are labelled on the back of the exposed face. 

 

 

 

 

 

 
 

Figure 10 A modern glass specimen with the aluminium holder. 
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Figure 11 Stone samples (limestone on the left and marble on the right) with their 
holey aluminium holders. 
 
 
Modern glass, limestone and marble samples are exposed in sheltered conditions inside a 

box that allows free access of air and aerosol particles to the surface of specimens (Figure 

12). The samples and aluminium holders are exposed hanging on a rod present in the box. 

For this purpose, the hole on the upper part of the aluminium holder with the glass sample 

can be inserted on the metallic rod in the box. The other aluminium holders (with the stone 

samples) can be fixed to the rod by using the metallic wire (Figure 12). Samples should be 

hanging not too close to the walls of the box and far from each other. 
 

 
 

Figure 12 Arrangement of the modern glass and stone specimens inside the box. 
The modern glass specimen is hanging by the hole to the metallic rod and the 
stone specimens by a metallic wire. 
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The samples and aluminium holders are shipped in a special box (Figure 13 and Figure 

14). Please return, the glass sample in the same box. For the reshipment of the stone 

samples, a specific envelope containing a package with a piece of foam and a piece of silk 

will be sent. 
 
 

 
 
Figure 13 Shipping box containing one glass sample attached to an aluminium 
holder. 
 

 
 

Figure 14 Shipping box containing stone samples attached to their aluminium 
holder.  
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The glass sample has to be returned in the same box. For the return of the stone samples, 8 

boxes (petri dishes) were or will be sent to each site (1 per year and per material) (Figure 

15). On the bottom, a double-sided tape will allow to fix the sample. The dishes should 

then be closed with tape and returned in a bubble envelope. 

 

 
Figure 15 Shipping box to return the stone samples (1 per year). 
 

6.3.6 Withdrawal and shipping 

 

Samples exposed on the rack frequently consist of a mix of samples intended for different 

exposure periods. Therefore, it is important to double check instructions from sub-centres 

regarding which samples to withdraw and, if applicable, which samples should remain on 

the rack after the withdrawal. Please, also take the opportunity when withdrawing samples 

to check the entire rack and adjust remaining samples if necessary. 

 

Similar procedures and precautions as used in the exposure of specimens should be used in 

the withdrawal. Be sure to take note of specimens with the proper number indicating 

exposure period and exposure conditions, especially for stone specimens. 

 

Any relevant observations made during the exposure period, for example, pieces of the 

specimens becoming lost or specimens becoming detached should be reported in a 

document sent together with the respective specimens. 

 

After withdrawal and before shipping it is important to store samples properly at low 

relative humidity and without risk of condensation.  

 

Careful handling of specimens is necessary before shipping the samples back to the 

responsible sub-centre. Original bags, containers and shipping boxes should be used when 

shipping specimens. This is especially the case for glass samples where the special 

shipping box is used (see Figure 13). Please contact the sub-centre (4) if this box is 

missing at the time of withdrawal. 

 

Special care should be taken when packing the fragile stone specimens. They should be 

placed inside a suitable container (cardboard or wood) and packed tightly in the middle of 

the box with packing placed between them and the sides, top, and bottom of the box. 

Packing the specimens tightly together will ensure they cannot knock against each other 

during the journey. 
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Specimens should be sent to the respective sub-centres (4). During shipping from and to 

research sub-centres specimens should be sealed into plastic bags with desiccants to avoid 

high humidity and risk of condensation. 

 

When filling in paper forms in connection with customs declaration it is important to stress 

the following facts: 

 

• The specimens are used for research purposes. 

• The project is on a non-commercial basis. If a ‘proforma invoice’ is needed give a low 

but specified value, for example $1. 

• The specimens are shipped back to the place where they were originally produced. 
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6.4 Environmental data 

 

Reporting of environmental data is made directly by e-mail to the environmental data 

centre (5) using a special form, which is distributed at the time when reporting should start. 

Questions about the procedures can also be directed to the environmental data centre or the 

main research centre. 

 

General instructions for reporting environmental data are given in the following. 

6.4.1 Mandatory or optional data 

 

The data with mandatory reporting requirement is given in Table 3. In addition, 

measurement of particulate deposition with passive samplers (6.2) is mandatory but not 

reported by the site manager. Table 4 gives a list of additional optional parameters, but 

other parameters may also be reported. It should be noted that optional parameters will not 

be included directly in a statistical evaluation but can give useful information when for 

example identifying outliers. 

 

 

Table 3 Symbol, description and unit of parameters with mandatory reporting 
requirement. 
 

Symbol 
 

Description Unit Note 

T Temperature oC  
RH Relative humidity %  
[SO2] SO2 air concentration µg m-3 Passive samplers can be used 
[NO2] NO2 air concentration µg m-3 Passive samplers can be used 
[O3] O3 air concentration µg m-3 Passive samplers can be used 
[HNO3] HNO3 air concentration µg m-3 Passive samplers can be used 
Rain Amount of precipitation mm  
pH pH of precipitation -  
[Cl-] Cl- of precipitation mg l-1  

 

 

Table 4 Symbol, description and unit of selected parameters with optional 
reporting requirement. 
 

Symbol 
 

Description Unit  

Cond Conductivity of precipitation µS cm-1  
[SO4

2-] SO4
2- of precipitation mgS l-1  

[NO3
-] NO3

- of precipitation mgN l-1  
PM10 PM10 air concentration µg m-3  
SD Sunshine duration W⸱m-2  
[Cl-] Chloride deposition See APPENDIX 2  
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6.4.2 Measurement location and data source 

 

The gaseous pollutants SO2, NO2, O3 and HNO3 should either be measured directly at the 

site with passive samplers or reported using data measured at a nearby site, which is 

evaluated to be representative for the exposure site. Other mandatory parameters can be 

measured at the site or reported using data measured at a site in the region. 

In any case the location of measurement for each individual data as well as the data source 

should be reported. 

6.4.3 Reporting monthly data, frequency and availability 

 

The reporting tasks include collection of original data, calculation of monthly averages and 

availability and filling in the reporting form. For each month, from the month of the start of 

the exposure to the month of the end of the exposure three independent data should be 

reported for each parameter; monthly average, frequency and availability. Regardless of 

the start date of the exposure, calendar months are the basis for calculating monthly 

averages. Figure 16 shows an example as an extract from the reporting form.  

 

The frequency is a short verbal description of the most typical sampling period for the 

original measurements (H – hourly; 6H – every 6 hours; D – daily; W – weekly, etc.). 

 

The availability is given as per cent and expresses the part of the month (time wise) for 

which data is available. 

 

The monthly average is calculated as an arithmetic average, weighted by the sampling 

period. If the sampling period is the same for the entire month this is equal to the 

arithmetic mean of all observations during the month. Precipitation parameters are 

calculated somewhat differently, see the next section. 
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Figure 16 Extract from reporting form showing required entries of monthly 
average, frequency and availability (exemplified for temperature). 
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6.4.4 Calculation of monthly averages for precipitation parameters 

 

Regarding the amount of precipitation, it is reported as the total amount for that month (in 

mm). This can be done without adjustment if the availability is 100%. If there are some 

missing data, however, this needs to be considered. To make an example, consider a case 

when sampling is made each day for a month consisting of 30 days and where data for two 

of the days are missing, making the availability 28/30 = 93%. If the total amount of 

precipitation for the 28 days is (say) 28 mm, corresponding to an average precipitation of 1 

mm/day, this means that the expected total amount of precipitation for that month should 

be reported as [30 mm, D, 93%]. In this example it is of course important to distinguish 

between a day measured to have no rain (counted as 0 mm) and a day with missing data 

(counted as 1 mm). 

 

The amount of precipitation can vary quite a lot, between very small amounts to heavy rain 

for a long duration of time. When calculating averages of other parameters related to 

precipitation (ion concentration and conductivity), a weighted average should be used, 

taking into account the amount of rain. Taking the chloride concentration of precipitation 

as an example (see Table 3) the average concentration is calculated as: 
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In other words, the average concentration is equal to the concentration that would be 

obtained if all individual volumes of water collected during a month were mixed together 

in a total volume of water. A similar formula is used for the calculation of pH: 
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APPENDIX 1: Carousel drawing for documenting stone sample positions 

 

 

 

 

 
 

 

 

 

 

5 cm 
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APPENDIX 2: Measurement of chloride deposition 

 

According to ISO EN 9225 there are two methods for measurement of chloride deposition: 

 

- wet candle method, 

- dry plate method. 

 

The wet candle is formed from a wick inserted into a bottle. The wick consists of a central rod of 

about 25 mm in diameter made of inert material (polyethylene) over which is stretched or wound a 

double layer of tubular surgical gauze or a band of surgical gauze. The surface of the wick exposed 

to the atmosphere shall be about 100 cm2, which corresponds to a wick length of about 120 mm. 

The exposed area shall be accurately known. One end of the wick is inserted into a rubber stopper. 

The stopper has two additional holes through which the free ends of the gauze pass. The edges of 

the three holes are shaped into a funnel so that liquid running down the gauze drains through the 

stopper (see Figure A2-1). The free ends of the gauze shall be long enough to reach the bottom of 

the bottle. 
 

 

 
 

 

 

 

 

 

 

 
1 wick 

2 additional holes for free ends of gauze 

3 stopper 

4 central hole for wick 

5 free ends of gauze 

 

 
 

 

 

Figure A2-1 Wet candle method with some examples of realisation 
 

 

The stopper is inserted into the neck of a bottle of polyethylene or other inert material, with a 

volume of about 500 ml. The bottle contains 200 ml of a glycerol solution. The solution is made up 

by mixing 200 ml of glycerol [CHOH(CH2OH)2] with distilled water to a volume of 1 000 ml. To 

this solution is added 20 drops of octanoic acid (C8H16O2) to prevent the growth of fungi such as 

Aspergillus niger. 
 

The wet candle is exposed on a rack under the centre of a roof as shown in Figure A2-1. The roof 

should be a square of 500 mm side, inert and opaque. The candle should be attached so that the 

distance from the roof to the top of the wick is 200 mm and so that it is centred on the roof. The 

distance between the bottle and the ground level should be at least 1 m. 
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The glycerol and water solution shall be changed at monthly intervals in the following way: 

 

⎯ loosen the stopper in the bottle; 

⎯ wash the wick carefully with at least 200 ml of distilled water, ensuring that the water runs 

through the drain holes of the stopper and thereafter into the bottle; 

⎯ remove the stopper and wick from the bottle and wash the free ends of the gauze as they are 

withdrawn from the bottle; 

⎯ place the stopper and wick into a new bottle containing 200 ml of fresh glycerol and water 

solution, ensuring that the free ends of the gauze dip well into the solution; replace the candle 

in its holder; 

⎯ screw the lid on the bottle making sure that it does not leak. 

 

The bottle shall be marked clearly with the test site name, location and dates of exposure and 

removal. The solution in the bottle is prepared for analysis. 

 

The results shall be expressed as deposition rate of chloride (Cl−), in [mg/(m2d)], Sd,c, and are 

calculated using equation: 
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−
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where 

m1 is the total mass, in milligrams, of chloride ions in the sample solution; 

m0 is the total mass, in milligrams, of chloride ions in the solution prepared from non-

exposed gauze of the same area as the sampling gauze; 

A is the area, in square metres, of the exposed gauze surface; 

t is the exposure time, in days. 

 

There are many simply methods for analytical estimation of chloride in water solution. The most 

simply is spectrophotometric analysis with pre-prepared cuvette test set for chloride. 

 

Very simple method is the HI3815, HANNA Instruments, a chemical test kit that measures chloride 

by titration with mercuric nitrate (https://www.hannainst.com/hi3815-chloride-test-kit.html). 

Readings from 0 to 100 mg/L are determined to 1 mg/L resolution. The HI3815 is supplied 

complete with all of the reagents and equipment necessary to perform approximately 110 tests – 

Figure A2- 2. The cost of this test kit is $39. 
 

     
Figure A2-2 Test kit for chloride analysis  
 

 

The most simply instrument for chloride analysis in water is e.g. HI96753, HANNA Instruments – 

Figure A3- 3a (ca 220 Euro + 70 Euro for reagents) with accuracy ± 0.5 mg/L (ppm) and range 0.0 

to 20.0 mg/L. The other one is HI753, HANNA Instruments – Figure A3- 3b (ca 45 Euro + 40 

Euro for reagents) with the same parameters - the accuracy ± 0.5 mg/L (ppm) and range 0.0 to 20.0 

mg/L. 
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a                                                                        b 

 

Figure 3 The instruments for chloride analysis 
 


