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Abstract: Air pollution effects on materials have been Wnofor a long time. The
original aim of the International Co-operative Pagme for Materials (ICP-
Materials) was to perform a quantitative evaluatdnhe effect of sulphur pollutants
in combination with nitrogen oxides and other pw@his as well as climatic
parameters on the atmospheric corrosion of impbmaaterials. The dose/response
functions constitute the main results of the progree and are of outmost importance.
In this study they are used to solve the reciproask — to find the degree of the
pollution with sulphur dioxide that by fixed othparameters ensure that the rate of
materials corrosion is in certain, “acceptable” itan The calculated results are
comprised with the actual pollution levels. Thisaspossible way to assess and map
quantitatively the acceptable concentrations gflsurl dioxide in the air over Bulgaria
according to the deterioration of seven wide usetiriological materials.
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Introduction

Atmospheric pollution is an important factor in @l deterioration including
degradation of systems used for material protectidne to pollution, the lifetime of
technological products is shortened. Buildings,eotktructures, as well as objects of
cultural heritage exposed to the atmosphere detéeionore rapidly. The resulting physico-
chemical and economic damage can be significant tonmention the loss of unique parts
of our cultural heritage and hazards due to endadgeeliability of complicated
technological devices. Also, as the result of weaftly due to especially acidifying
pollutants, a significant part of the metals usedadnstructions and products are emitted to
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the biosphere with a potential hazard to the emwirent. Laboratory exposures
demonstrated already in the 1930’s the corrosifecef sulphur dioxide (S£, which
was later confirmed by several exposure programagedy International Co-operative
Programme on Effects on Materials, including Histcand Cultural Monuments (ICP
Materials). The main aim of this programme is tofgen a quantitative evaluation of the
effects of multi-pollutants such as sulphur andogjén compounds, ozone and particles as
well as climate parameters on the atmospheric smmoof important materials, including
materials used in objects of cultural heritage plad et al., 1998). There are many other
parameters that can influence the damage to miatetiés an interplay between chemical,
physical and biological parameters. ICP Materiatsug on effects of acidifying pollutants,
and their interplay with natural climatic factor€orrosion is, however, a process that
occurs even in the absence of pollutants and the iaito quantify to which extent
pollutants accelerates the "natural” or backgrocmaosion of materials.

Dose-response functions and goal of the study

An extensive statistical analysis not only confittme corrosive effect of SCbut
also enable quantification of the effects of othevironmental parameters for a wide range
of materials. A dose-response function links theedof pollution, measured in ambient
concentration and/or deposition, to the rate ofemal corrosion (Tidblad et al., 1998). The
dose-response functions, which separate the affedity and wet deposition, constitute the
main result of the programme. They can be usedrapping areas of increased risk of
corrosion and for calculation of corrosion costsu¢kera, 2004). The results of ICP
Materials not only confirm the corrosive effect®®, in combination with other pollutants
but also enable quantification for a wide rangenwfterials. The deterioration of some
materials in Bulgaria owing to air pollution wagismted in (Chervenkov, 2007). In this
study however, the dose-response functions forrsdiféerent materials (weathering steel,
zinc, aluminum, copper, bronze, limestone and fand} are used to solve the reciprocal
task — to find the degree of the pollution thatfixgd other parameters ensure that the rate
of materials corrosion is in certain, “acceptatigiits. Traditionally and with right, SO
has been regarded as the most important corrodiomulator. Because despite the
abatement in the last decades, the sulphur pdilutioBulgaria remains relatively high
(Lovblad et al. 2004; Chervenkov 2006) this stuslfoicused on this pollutant.

Definition of Acceptable levels

Atmospheric corrosion and deterioration of materiala cumulative, irreversible
process, which proceeds even in the absence aftaots. The critical loads/level approach
used for ecosystems has to be modified in relatiodegradation of materials as even the
lowest concentration of pollutants causes an iseréa the deterioration rate. This leads to
the concepts of acceptable corrosion rates anditfmil levels. The acceptable corrosion
rate (Ka) must be determined by technical and emdnmaonsiderations based on the
specific application of a material. For model cétions, however, and for the purpose of
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comparing different materials with respect to thmdtlution sensitivity, different levels of
acceptance can be defined by relating the corrositen to corrosion rates in areas with
‘background’ pollution (Kb), by multiplying with &actor n. Ka = n x Kb. Acceptable
pollution levels for different n-values can be cddted using the dose-respons functions.
for individual materials. According the ICP-Matdsiaecommendations and the previous
study (Chervenkov, 2007) n is fixed to 1,5. Thelgaound (according (Kuchera, 2004))
and acceptable corrosion rates expressed for arleyposure period are shown in Table 1

Table 1. Background and acceptalfte= 1,5) corrosion rates for a 1-year exposure period

Material 1-year background corr. rate, Kb 1-yeareptable corr. rate, Kg
Weathering steel 72 g 108 g ntf
zZinc 3.3gnf 5.0 g nt
Aluminium 0.09 g rif 0.14 g nf
Copper 3.0g 4.5 g nf
Bronze 21gm 3.2gnf
Limestone 3.2um 4.8um
Sandstone 2.8m 4.2um

Computational domain, initial data and performed calculations

Because only Bulgarian climate data are availatble,computational domain is
limited over the territory of Bulgaria. The domaspart from the standard EMEP-domain
with a gridcell 5&50 km horizontal resolution and consist fromx12 gridcells (Figure 1).
The actual climatic data for the medium annual terature, relative humidity and for the
precipitation amount from 19 synoptical stations taken from the NIMH — BAS database.
The meteorological dataset is prepared after iotatipn of these data over the domain. As
additional information for the further comparisoimetnewest (i.e. for the year 2004)
datasets for the concentrations of the main paitstare taken from the EMEP (European
Monitoring and Evaluation Programme) database. Ehifsee available web-based service
for scientific use. The ICP-materials empiricalmfada, connecting the NOand the @
concentration is used, because no mass-concentrdéita for the ozone are available.
According the dose-response functions the acceptairicentrations of the sulphur dioxide
in the surface air for each gridcell and matenel @lculated.
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Fig. 1. Mean annual concentration in the surface aiit:(ug(S)/n?, year: 2004) of sulphur dioxide
according the EMEP database.

Treatment of acceptablelevelsasair quality standard

The primary goal of every international or natioaal quality standard is to set
limits for pollutants considered harmful to publiealth and the environment. Usually this
limit is a single value, a threshold for the chogetiutant and averaging time. The output
from the above described calculation consists faoget of seven different acceptable levels
- by one for each material for every griddcell (Akivhere i =1,11, j = 1,13 are the
coordinates of the current gridcell, and k = 1,%hs index for the material) . Highest
sensitivity shows the weathering steel and theestoaterials and lowest the aluminum. It
is convenient from practical point of view to defia common (“unified”) for all materials
acceptable level of air pollution Aij. They are marasonable ways to do this. The most
logical choice for this limit is simply to seledtet minimal value (for all gridcells this is the
value for the weathering steel) Aij = Aminij. Thigfinition ensures that all materials are
protected reliably. The comparison with real coricdions sows (Figure 2) that this
standard produces significant smaller, hard achievdimits. That's why the author
recommendation is to choice the average valuerashhbld Aij = Aaverij. Figure 3 shows
the ratio between the real concentration and timeexttration according this criterion. Can
be seen that even in the case of this definitienrdal concentrations are still significant
greater. Of course the results from the previowptdr allow many other definitions and
considerations, depending from the specific coodgi
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Fig. 2. Comparison between the real concentrations (ENHER, black circles) and the calculated
acceptable concentration for the weathering stgely(circles). The radius of every circle is
proportional to the corresponding value.
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Fig. 3. Ratio between threshold concentrations (“unifiadéeptable level) and the real concentration
in each gridcell.
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Conclusion

The dose-response functions are proper physicoanattical way to estimate the
acceptable levels of the pollution with a choselupant by a certain climate. These levels
can be treated as long-term permissible limits ld fir pollution. The performed
calculations shows that even concentrations faoviodtom these considered harmful to
human health caused significant corrosion for @ Iperiods of exposure. That's why more
attention has to be paid of this phenomenon imthe editions of the air quality standards.
Such studies can be used also for assessment ettiohemical and “ecoclimatological”
situation in given areas, for technical and ecomainstudies and so on. The comparison
between the obtained results and the real condiEmisais a clear evidence of the need of
further significant abatement of the pollution afl§aria with sulphur dioxide.
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Onpenemme HA NMPUEMJIMBUTEC KOHIECHTPAIIMHA HA CEPHUA NUOKCHA BHB Bb3AyXa Haja
anrapnﬂ B 3AaBUCHMOCT OT €PO3UATA HA HAKOU TEXHOJIOTUYHHU MaTepHaAIH

X. UepBeHKOB

Pe3rome: BrusHueTo Ha 3aMBpPCSBAHETO Ha Bb3/yXa BbpPXY MaTepHAIUTE € W3BECTHO
ornaBHa. OcHoBHata 3amadya Ha MexayHaponHara KoomepatuBna IIporpama 3a
Marepuanure (ICP-Materials)oe na Hamepu KonHuecTBeHa SKCIEpTHA OLCHKa Ha edekTa
Ha CEPHOCHAbPIKAIINTE 3aMbPCUTENIN U A30THUTE OKCHUAM KAaKTO M Ha JPYTUTE pPearcHTH
BbB B3aMMOJIEHCTBHE C KIMMAaTHYHUTE IIApaMETpH BbPXY arMocepHarTa KOpo3ust Ha HAKOH
3HaunMu Marepuain. T. Hap. yHKIHHK “H03a/eekT” ca OCHOBEH Pe3yNTaT OT paboTaTa Ha
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[Iporpamara W WMaT TOISIMO TPAaKTHYECKO 3HaueHHe. B ToBa m3cienBaHe Te ca ca
M3I0JI3BaHU 3a pellaBaHe Ha oOpaTHaTa 3aj1ada — HAMHAPAaHE Ha IpeAesTHaTa KOHIICHTPAIUs
Ha CEepHUS TUOKCHA Npu (UKCHpaHM APYTH HapaMeTpH, 3a KOSATO epo3MsiITa HE IPEBHUIIaBa
ompeJieNieH, “pueMIuBU’ TpaHuly. [TolydeHnTe pe3ynTaTH ca CPaBHEHH C aKTyalTHUTE
HHUBa Ha 3aMbpcsaBaHe. [1oka3aHo e, 4ye TOBa € M Bh3MOXKEH HAUMH 3a OIIEHKA W KapTHUpaHe
Ha TPeAesHO JOITyCTUMHTE KOHIICHTPAlUK Ha CepeH AMOKCHUI BHB BB3IYIIHHS OaceilH Haj
bobarapus.
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