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l. I NTRODUCTI ON

1. The present report describes the future devel opment of the Internationa
Cooperative Programre on Effects of Air Pollution on Materials including

Hi storic and Cul tural Mnunents (I CP Materials). It consists of two main
parts. The first concerns the use of previous results obtained during the
course of the programre and includes the devel opment of activities concerning
mappi ng areas with increased corrosion risk and cal culating costs due to
corrosion damage. The second part is the further inplenentation of the multi-
pol | ut ant exposure programe including the creation of an environnenta

dat abase for the first year of exposure.

Document s prepared under the auspices or at the request of the Executive
Body for the Convention on Long-range Transboundary Air Pollution for
GENERAL circul ati on should be consi dered provisional unless APPROVED by the
Executive Body.

GE. 99- 31780



EB. Al R/ WG 1/ 1999/ 7
page 2

. MAPPI NG ACTI VI TI ES AND CALCULATI ON OF CORROSI ON COSTS

2. The aimof the original exposure progranme was to performa quantitative
eval uation of the effects of sul phur pollutants in combination with NQ and
other pollutants as well as climte parameters on the atnospheric corrosion of
i mportant materials. The results of the materials exposure and the

envi ronnental nmeasurenments (1987-1995) were used to create a database suitable
for quantifying the effects of acidifying air pollutants on corrosion of
materials. The statistical evaluation of the results for the materials

i nvol ved was perforned by the responsi ble research sub-centres and publi shed
in separate reports. A unified approach for the statistical evaluation was
then adopted in order to devel op dose-response relations suitable for mapping
pur poses and cal cul ati ng the cost of corrosion damage. Using the unified
approach, dose-response rel ations have been obtai ned for copper, bronze,

weat hering steel, zinc, alumnium nickel, tin, |inestone, sandstone and

gl ass. The effect of dry and wet deposition has been expressed as additive
terms in the unified dose-response relations, which makes it possible to
separate their individual contributions to the total corrosion attack

3. Mappi ng activities have already started in individual countries and a
speci al session was devoted to this subject at the Wrkshop on quantification
of effects of air pollutants on materials, held in Berlin in May 1998 [1].
Contributions were presented from Sweden, Spain, Norway, Germany, Australia
and the Russian Federation. It was concluded that the avail abl e dose-response
functi ons were applicable to mappi ng procedures. Mapping areas with a high

ri sk of corrosion damage in different pollution scenarios is an essential part
of the programe and provides basic information for the valuation of danage.
However, a need was identified to establish clear procedures for mapping in
order to facilitate conparisons of maps produced by different institutes or
organi zations and for different countries. Therefore, it was decided that a
wor kshop on mapping air pollution effects on materials, including stock at

ri sk, would be held in Sweden in the spring of 2000. The wor kshop woul d be
organi zed jointly by ICP Materials and the Task Force on Mappi ng.

4, An inmportant task in the future work of ICP Materials is to initiate and
participate in calculations of the costs of damage caused by air pollutants to
material s including cultural heritage.

I11. THE MJULTI - POLLUTANT EXPOSURE PROGRAMVE

5. The original field exposure programe was designed primarily for the
eval uation of the effect of sul phur pollutants in conmbination with NQ on

i nportant materials. The evaluation of the programre showed that this aim
could be fulfilled as was described in the previous chapter

6. The original aimof the progranme is no |onger sufficient to describe the
task at hand. In many European countries the concentration of sul phur dioxide
has decreased significantly, while the concentrations of nitrogen pollutants



EB. Al RF WG, 1/ 1999/ 7
page 3

and ozone remain high. Sul phur dioxide will still be one of the main

pol lutants, but the relative effects of NQ, ozone and particulate matters are
becom ng nore inportant. Therefore, a four-year nulti-pollutant exposure
programme started in the autum of 1997. Conpared with the original programre,
changes have been made to the network of test sites, the exposed materials and
the characterization of the environnent. In short, these are the main changes
of the programme:

(a) | mprovenent of the efficiency of the network of test sites by
excludi ng 18 redundant sites fromthe original network of 39 sites;

(b) Taking into account the multi-pollutant situation by incorporating
new comnbi nations of climate and pollution with the addition of 9 new test
sites;

(c) Increase in the share of urban sites from 14 out of 39 to 17 out of
30 by, for exanple, including new sites in Berlin, Paris and London

(d) Ext ensi on of the programe to include 19 countries, conpared to the
14 countries involved in the original programe;

(e) I mprovenent of the efficiency of environmental data reporting by
using el ectronic comunication, by reporting only nonthly data and by
repl acing the not easily avail able paranmeter ‘tinme of wetness’ with
tenperature and relative humdity;

() Taking into account the multi-pollutant situation by changing the
status of ozone from optional to mandatory and by including HNO, and
particul ates as new optional pollutant paraneters;

(9) I mprovenent of the efficiency of the programe by excl uding
materials within groups of simlar materials;

(h) Recogni zi ng the increased inportance of cultural heritage by
including limestone as a new trend materi al

7. The decreasing trend in the concentration of acidifying air pollutants
found in the network of urban and rural sites of ICP Materials has resulted in
a decreasing trend of corrosion rate of exposed materials. The trend exposures
are considered to be an inportant tool for confirm ng the environnenta

effects of reductions in acidifying air pollutants achi eved under the
Convention, as well as a nmethod for identifying other extraordinary
environnental changes that result in damage to materials. The inclusion of
limestone as a new material for trend exposures, besides the netals zinc and
carbon steel, constitutes an inportant contribution to the understandi ng of
the effects of pollution trends on the deterioration of objects of cultura
herit age.

A. The test site network

8. A careful exam nation of the data after 8 years of exposure using
princi pal component analysis (PCA) fornmed the basis for excluding redundant
and incorporating new sites in the network. Figure 1 shows the network of test
sites for the nulti-pollutant programe. The origi nal network consisted of 39
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test sites from 14 countries. The multi-pollutant exposure programe includes
30 test sites from 18 countries, of which 21 test sites are fromthe origina
net wor k.

B. The exposure of materials

9. The original programre included a wi de range of materials, classified
into the groups structural metals, paint coatings, stone nmaterials and

el ectric contact materials. Later, polyneric materials and glass materials
were added. All of these groups are planned to be represented in the continued
programe but the total nunber of materials in each group is less than in the
original programme. The trend exposures, which were a successful part of the
original progranme, are continued and now i nclude exposure of unalloyed carbon
steel and zinc as before and al so exposure of Portland |imestone. The
following is a list of materials included in the multi-pollutant exposure
programe and the respective responsible sub-centres:

Structural netals

Unal | oyed carbon steel and SVUOM Praha a. s.
zinc for trend anal ysis Prague, Czech Republic
Zi nc EMPA, Corrosion/ Surface Protection

Dibendorf, Switzerl and

Copper and Cast Bronze Bavarian State Conservation Ofice,
Muni ch, Ger many

Pai nt Coati ngs

Steel panel with al kyd priner and Norwegi an Institute for Air Research
al kyd-acryl ate topcoat (80 um (NILU), Lillestréom Norway

Stone materials

Portl and |imestone Bui | di ng Research Establishnment (BRE)
(al so for trend exposure) Garston Watford, United Kingdom

Electric contact materials

To be confirnmed (exposure not Swedi sh Corrosion Institute,
started in October 1997) St ockhol m Sweden
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d ass materials

G ass M3 and G ass ML (sensitive) Institute of Chem stry, Acadeny of
Fine Arts, Vienna, Austria

Pol yner materials

To be confirned (exposure not Vacant
started in Cctober 1997)

C. Current status of the exposure of materials

for the multi-pollutant programe

10. The first withdrawal in the nulti-pollutant programe was perforned in
the autum of 1998. The sanmples are currently under evaluation and the results

will be presented at the Task Force neeting in Toronto, Canada, 9-11 June
1999. The results fromthe eval uation of carbon steel are shown in figure 2.
The results are still prelimnary and all sanples are not yet eval uated.

Carbon steel is one of the trend materials and so far results have been
obtained for the periods 1987-88, 1992-93, 1994-95, 1996-97 and 1997-98.

D. The characterization of the environnent

11. A new manual for environnmental data has been prepared. It establishes new
principles to nmake the procedure nore efficient. In the nulti-pollutant
programe only the reporting of nonthly values are mandatory. An el ectronic
reporting formhas been prepared and all participating countries should use
this form The paranmeters that are reported are shown in the table bel ow

12. For the climatic data all paraneters are mandatory. There are two main
differences with the original programme. First, the reporting of time of
wetness is no | onger considered inportant and its effect can be adequately
descri bed by the combi ned effect of tenperature and relative hum dity. Second,
sunshine is reported in effect-units rather than time-units.

13. The gaseous pollutants are SO, NGO, O, and HNO,., SO, and NO, were
mandatory in the original programre, while O was optional, and HNGQ, not
reported at all. The statistical evaluation of data obtained during the
original progranme showed that O, was an inportant paranmeter for sone materials
and especially for copper, which is a commonly used netal, for technica

pur poses as construction material as well as electric contact material and in
objects of cultural heritage. HNO, is a secondary pollutant formed by the
oxidation of NO,. It is a strong acid with a high deposition velocity that is
rel atively independent of the relative humdity, which increases its

i nportance for dry and warmclimates. The effect of this pollutant has so far
been the subject of few studies but it is potentially harnful for many
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materials. The new sites have been partially selected with the aim of
extending the tenperature range of the network. Due to difficulties in
performng reliable and cost-efficient measurenents, the collection is only
optional and will take place only during part of the programre.

14. The characteristics of precipitation are reported as in the origina
programe.

15. Particles are now part of the optional programre. They were not included
at all in the original programme. The effect of particles has so far received
| ess attention than the effect of gaseous pollutants. Particles have a
different effect on the degradation process. They are usually hygroscopic,

i.e. they attract water, and therefore prolong the tine that the material is
wet. They can al so provide corrosion stinulators and can either be acidic or
basic, the latter case decreasing the effect of acid deposition. Finally, they
can lead to soiling, an optical effect with no direct inpact on the
performance of materials but which is inportant for the visual appearance of
an object and requires costly cleaning neasures. Due to the many possible
effects of particulate matter outlined here it is necessary not only to
measure the total anopunt of particles but also to obtain |inmted chem ca

i nformati on. The environnmental sub-centre has designed an aerosol trap for
this purpose. However, its collecting characteristics have to be calibrated in
order to relate the neasurenents to other particul ate nmeasurenents

E. Current status of the creation of an environnenta

dat abase for the multi-pollutant programe

16. Fi gure 3 shows exanpl es of environnental data as ranking plots of SO, NGO
and O,. Many sites have an SO, concentration below 5 pg/nf, which reflects the
new mul ti-pollutant situation. The reporting of environnental data from

nati onal contact persons to the environnental sub-centre is still ongoing and
a nore conplete database will be available after the Task Force's neeting in
Toronto, in June 1999.
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1 Prague (U) 21 Gslo (V) 37 Dorset (R

3 Kopisty (1) 23 Birkenes (R 40 Paris (U

5 Antari (R 24 Stockhol m South (U) 41 Berlin (U

7 Wl dhof Langenbrigge (R) 26 Aspvreten (R) 42 At hens (U

9 Langenfeld Reusrath (R) 27 Lincoln Cathedral (U) |43 Tel Aviv (U

10 Bottrop (1) 31 Madrid (V) 44 Svanvik (R

13 Rone (V) 33 Tol edo (R 45 Chaumont (R)

14 Casaccia (R 34 Moscow (U) 46 London (U)

15 Mlan (U 35 Lahemana (R 47 Los Angeles (U)
16 Venice (U 36 Lisbon (U) 49 Antwer pen (U)

Figure 1. List of test sites (Nunber; nane; type asurban/rural/industrial) and
map showi ng approxi mate | ocations of European sites in the nulti-pollutant
exposure program The research centres, responsible for the evaluation are
indicated as (1), sites excluded fromthe original exposure progranme (%) and
new sites (0. The sites are |located in Belgium (49), the Czech Republic
(1,3), Finland (5), France (40), Germany (7,9, 10,41), G eece (42), Israe

(43), Italy (13-16), Norway (21, 23,44), Sweden (24,26), United Kingdom
(27,46), Spain (31,33), Switzerland (45) the Russian Federation (34), Estonia
(35), Portugal (36), Canada (37) and the United States (47)
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Figure 2. Corrosion | oss of carbon steel after one year of exposure in the
mul ti - pol |l utant programre (1997-98). For location of test sites see figure 1
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Figure 3. Ranked plots of SO, NGO, and O, for the period 1996-97 versus test
sites nunmber. For location of test sites see figure 1



