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ABSTRACT

In this study, traffic related pollutants were istigated in Dolmabahce Palace.
For this purpose, indoor and outdoor air samplesewmllected with winter and
summer campaign at 65 different places that induBelmabahce Palace. Nitrogen
oxide (NQ), sulphur dioxide (S€), Aldehydes, Particulate Matter (PM) Black Carbon
(BC) and heavy metals such as Chromium (Cr), Coffpe), Manganese (Mn), Nickel
(Ni), Cadmium (Cd), and Lead (Pb) parameters wemnitared. NQ, SG were
analysed with lon Chromatography (IC). Aldehydesenanalysed with High-Pressure
Liquid Chromatography (HPLC). PM was sampled with ®ascade Impactor and
heavy metals were measured by Graphite Furnace iatéimsorption (GFAAS) and
also BC was sampled with Aethalometer. We deterdhatistribution of air pollution
inside the palace. Two different model used forleatad result and we defined the
associated highest corrosion risks for the roonth®palace.

In summer season almost air pollution parametersasored highest in

Dolmabahce Palace.

Keywords: Dolmabahce Palace, Indoor air quality, Traffiated pollutants



TRAFIK KAYNAKLI K iRLET iCILERIN DOLMABAHGCE SARAYI
iC ORTAM HAVA KAL ITESINE ETKisSi
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Tez Yoneticisi: Yrd. Dog. Dr. Ferhat KARACA

0z

Bu calsmada, trafik kaynakl kirleticilerin Dolmabahce 8wr ic ortam hava
kalitesine etkileri argiriimistir. Bu amacla yaz ve kiaylarinda saray icinde ve saray
dis ortami temsil edecek toplam 65 drnekleme noktastrdekleme yapilrgiir. Azot
oksit (NQ), Sulfur dioksit (SQ), Aldehitler, Partikil Madde (PM) Black karbon (BC
ve a&Iir metaller Krom(Cr), Bakir(Cu), Mangan(Mn), NikHij, Kadmiyum(Cd),
Kursun(Pb) gibi parametreler izlengtir. NO,, SG analizleriiyon Kromatogrofi (IC)
cihazinda, yapilngtir. Aldehit analizleri ise High-Pressure Liquid dfnatogrofi
(HPLC) cihazinda yapilrgtir. PM 6rneklemesi ise Kaskinpactor ile yapilny, metal
tayini Grafit Firinli Atomik Absorpsiyon (GFAAS) leaz! ile yapilmy, ayrica elementel
karbon oOrneklemesi Aethalometre ile yapsgim Saray icindeki hava kirliginin
dagihmi belirlenmitir. iki farkli model kullanilarak korozyon acisindan gék risk
altindaki odalar belirlenngiir.

Dolmabahge Sarayinda bircok parametreye ait kirliiggerlerinin  yaz

mevsiminde daha yuksek okglutespit edilmgtir.

Anahtar Kelimeler: Dolmabahge Sarayi, i¢ ortam hava kalitesi, traféynakl
Kirleticiler
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CHAPTER 1

BACKGROUND

11 INDOOR AIR QUALITY (IAQ) IN MUSEUMS

Museum and conversation staffs have paid greattaiteto the indoor environment in
museum objects during the ®@entury. Temperature effect, light exposure arel th
effect of air humidity have been analysed and erpthfor the last hundred years or
maybe more than that. On the other hand the proldetimat the contaminants in the
indoor museum setting have not been given enouggmtain. It is very interesting
because the pollutants in the area can be as digtrto the objects in the museum as
high light exposition can be. This ignorance mayémult from the invisible effect of
pollutants; because some of the destructions caeabiy seen and soiling is one of
them. However, some other deteriorations cannoteaslly recognized, they are
invisible; the decrease in material’s fiber strénghn be an example for this. The issue
becomes more complicated because the contaminationt the only element in the
decay process; it is combined with humidity, terapgre and other factors (Ryhl-
Svendsen, 2006). In recent researches, it has fouhdhat temperature, humidity,
particulate matter, and gaseous pollution effedbar museum objects.

Great importance has been attached to air contémmnenpact on the objects in the
past two decades. Air pollution is thought to ben@dern issue; however, it has been
depicted that it has a long historical backgrounthg back to the ancient times. The
relation between air contamination and the destmobf the stone is not simplistic.
Many reports showed the raising deterioration ofdings and stone works during the
last few decades (Grieken et al., 2001).

The history of air pollution and climate is essence order to understand the
degradation of the built heritage. Buildings mayols accumulate damage, and located

in cities confronting urban pollution and climat&herefore, it is important to

1



understand both the factors that damage buildiogest today, and those processes that
contribute to building stone decay over the erltfeg¢ime of the structure. This usually
involves considering the historical changes in dualrban pollution and climate
Because of the climate which changes and affedts the amount and distribution of
damage to historic buildings, the future has tocbesidered from the perspective of
planning and conservation (Grossi et al., 2007)

For the conservation of materials in museums thegecertain targets.

The conservation of works of art and antiquities is intended to: ita@ preservation of
cultural heritage, (b) the deceleration of theirtederation processes and (c) the
restoration, in some cases, of their form in otdene comprehensible from the public.
All of these purposes can be achieved with: (i)tadrof the environment, (ii) saving
static interferences on the heritage (i.e., stmatttonservation), which restore the static
sufficiency of the heritage, so it does not fallaho (iii) saving interferences on the
surface of the heritage, since all corrosion astioegin from the surface of the heritage
(Metaxa, 2011).

In museums for the control of the environment sqmaeameters are needed to be
monitored and these parameters should have stahaieisl They are divided into two
sections: air pollutants and other environmentetidies. There are no certain parameters
for air pollutants. Environmental parameter effegtindoor air quality of museum and

cultural heritage are temperature, humidity, aghtli

1.1.1 Temperature

Temperature alone can damage the collections. émease in temperature will
cause an increase in chemical reaction rates,dahergl rule being that there will be a
doubling of reaction rates for every 10°C riseemperature. Most of materials damage
by high temperatures such as acidic paper, acatataitrate films, celluloid and rubber
also objects which contain waxes or resins suchethsographic collections and

wax/resin lined paintingdHamiltonet al., 2009).

1.1.2 Relative Humidity

As with temperature, a high Relative Humidity (RiHgreases decay rates of most
materials by providing more water to take part imemical reactions. The main



problems caused by relative humidity are that @ tegh, above an RH of about 70
percent, there is the probability of fungal growdind also the corrosion of metals and
glass objects. If RH amount is below approximat@0y per cent drying of organic

materials will occurldamiltonet al., 2009).

1.1.3 Light

Light has a more harmful effect on cultural coliescs than excessive temperature.
Light is made up of energy collections that aréechphotons. They travel as flows and
this is called electromagnetic radiatidtafmiltonet al., 2009).

1.2 AIR POLLUTANTS IN MUSEUM

1.2.1 Gaseous air pollutants

Air pollution caused damage on cultural heritaB&ades et al., 2007 Gaseous
pollutants are such chemicals that because theyeaeive, they damage museum
objects. The source of these pollutants can bearedtand internal. External pollutants
can be caused by the building’'s HVAC system or pgrowindows, and they vary in
three types:

e Sulphur dioxide (S@ and hydrogen sulphide §HO) which are produced by
fossil fuels that have been burnt, coal that cassié sulphur and other organic
materials.

» Nitrogen dioxide (NQ) which is gas mainly related to traffic, and iteqursors
that form smog (also including VOC) and ground leseone. The nitrogen
dioxide has two causes: either emission sources(pwlutants), or from the
chemical reaction happening in the atmosphere (gcy pollutant). (Han et
al., 2006)

e Ozone (Q), which is produced by the reaction of sunlighdl @ollutants in the
upper atmosphere, and also indoors by devicegptbdtce light and electricity,
and some other devices that filter air. Sulphurgid aand Nitric acid are
produced by the combination of moisture and sul@ng nitrogen compounds.
This acid, damages objects in a vast range. Thaeozontacts the object and
distorts it (NPS Museum Handbook, 1999)



1.3 AIR POLLUTION EFFECT OF MUSEUMS METARIALS

The air quality in museums will affect the objeictglifferent ways. The solid content is
abrasive and may damage the object permanently aiteealso the right condition for
developing meld. Solid content is discomforting tfloe user and it increases the cost for
maintenance. Gaseous air pollutants, such as oafd@trogen and sulphur dioxide can
affect organic materials by conversion to acids azdne is a powerful oxidant,
breaking apart every carbon double bond, sevematyadjing all organic material. Other
gaseous pollutants, such as formaldehyde, mayfbgas$ing from storage cabinets or
glues in the museum (Chicora Foundation Inc, 199jing the 1990s synergistic
corrosive effects ofsulphur dioxide with nitrogen dioxide and also ozowere
demonstrated (Ferm et al., 2006he effect of a pollutant on the indoor surfaces
depends on the material of the surfaces, in cotijpmawith the ascendant indoor
temperature and relative humidity conditions, indao flow near the surfaces, the
synergistic effects of other pollutants, as well tae mixing ratio of the various
pollutants present indoors (Drakou et al., 2001).

In many studies indicate that pollutants effecinwdterials in two terms of “dry” and
“wet” deposition. Wet deposition includes transport of pollutants imeans of
precipitation and is often affecting materials. Rigposition includes transport by any
other processes. The dry deposition term is effelbiesome parameters MO, and

O3 which pollution sources in urban and industriaiatons. (Kucera, 2005)

Air pollutants and air pollutants effect on matksigiven in Table 1.1.



Table 1.1Air pollutants effects of Materials (Brimblecomld&94, Deutsch, 2007)

Object
Materials

Metals

Stone

Paint

Textile
dyes
and
pigments
Textiles

Paper
Leather

Ceramics

Deterioration

corrosion/tarnishing

surface erosion,
discoloration
surface erosion,
discoloration

fading, colour change

weakened fibres,
soiling

embrittlement
weakening,
powdered surface
damaged surface

Primary Air
Pollutants

sulphur oxides and
other acidic gases

sulphur oxides and
other acidic
gases, particulates

sulphur oxides,
hydrogen
sulphide, ozone,
particulates

nitrogen oxides, ozone

sulphur oxides,
nitrogen oxides,
particulates

sulphur oxides
sulphur oxides

acid gases

Environmental Factors

Accelerating Damage
water gexy salts

water, temperature, fluctuations,
salt,

vibration, necganisms, carbon
dioxides
water, sunlight, microorganisms

shhlig

water, sunlight, mechanical wear

moisture, mechaniadmw
mechanical wear

moisture

In the past ten years the corruptive effect of lsutpdioxide and nitrogen dioxide and

later also of sulphur dioxide and ozone has beandmut, and the decreasing levels of

SQO, is no longer considered the only reviver of cotiepm On the other hand its

combination with other pollutants such as INQs; has to be taken into account. The

new situation is a multi-pollutant one, where ttieeo two pollutants nitric acid and

particles need to be especially focused on. Theybath harmful for museum objects

and when it comes to the field of atmospheric @emshey are less focused upon. In

addition HNQ a secondary pollutant formed by oxidation of NRucera, 2005).



Table 1.2Deposition velocities of air pollutants on matesidleygraf, 2002, Samie,

2006)
Deposition velocity
(cms?)

Pollutant H* Outdoor Indoor
H.S 0.1 0.38 0.03
SO 1.2 0.01-1.2 0.05
NO; 0.007 0.02-0.8 0.006
O3 0.012 0.05-1 0.036

HNO3 2.1*105 0.1-30 0.07

« Unitis, mol Lt atm?

The relative effects of other pollutants, espegiaitric acid (HNQ), nitrogen dioxide
(NOy), ozone (@ and on the corrosion of materials have incredsschuse of the
decreasing of SOconcentration. Table 1.2 shows the solubilityterms of Henry's
laws constant, and the deposition velocity of inig@air gaseous corrosion stimulators.
There is an important point in Table 1.2 the palhis effect materials in outdoor than
indoor. HNQ is the most dangerous secondary pollutants fotual heritage in
outdoor and indoor (Samie, 2006). In addition teegaair pollutants, particulate matter
also destroys cultural heritage and indoor museuatenals. Airborne particulate
matter and cultural heritage: Particulate matter peoduce soiling of works and the
deposited material can attack collections chenyicdlossible artwork degradation
depends on: a) Particle size, b) Number conceatrati Chemical composition and d)
Nature of Near- Surface Air flow

* The Surface material,

» Pollutant indoor concentration,

* The temperature of the space and the moist level,

» Lighting levels,

» Air flow near the surfaces,

* The synergistic effects of other indoor pollutants,

 Homogeneous and heterogeneous chemical reactions.

* Indoor air pollutant levels depend on:



* Qutdoor pollutant concentrations
« Indoor sources of pollutants

e Building’s design, use and operation.

Consequences of observations in museums reveal “if@ddor concentrations of
outdoor pollutants” is attached to the form of danstion and use. To give an example,
consequences of observations which are carriedbathtin the inner and outer part of
the Historic Museum in Oslo, Norway, reveal that N@lues were the same both
inside and outside. However, the S€ncentration inside was decreased when it was
compared to the values outside. The observationzafe in museums Cracow showed
that museums were quickly aired by opening doodsveimdows and through this they
gained “indoor ozone concentrations of about 42%14f the outdoor values (Dahlin,
2004).

The main air pollutants effecting indoor museumenat are sulphur dioxide, nitrogen
dioxide, ozone, particulate air pollutants. Thesef§ of these pollutants on materials are

explained in detailed in the following sections.

1.3.1 Sulphur Dioxide

Fossil fuels which include sulphur, such as coa petroleum, have been in use in
several fields like industry, heating, transpodatiSo, S@ has been seen not only in
developed but also in developing countries. As, Scludes water-soluble
characteristics, sulphur trioxide (§@eacts with water vapour in order to so corrosive
form sulphuric acid (BBOy) (Kim, 2010).

Sulphur dioxide is the main pollutant involved torge decay. It produces outcomes of
sulphate formation on stone Concentrations of Wkch have reduced significantly in
the last years, however, despite that, therelldhgdh economic distortion reported. The
facet of stone which is porous might have been gbdnn a permanent way in walls
which are not washed through past exposure to pajlutant levels and the present
high degrees show that there is an influence of amgnof the previous exposure.
Sulphating includes the dry deposition reactiondd@jween S@gas and the limestone
itself, when there is high relative humidity, andant and a catalyst.

CaCQ + SG + 2H,0+1/20 2 + CaSQ2H,0 + CG 1)



The final product (gypsum) is known well, howewdere is not much knowledge about
the intermediate steps. Fly ash becomes a partook ssulphur fixation, because it
includes V, Fe, Cu, Cr and Mn, which catalyse taaedformation of S@into sulphate
(Grieken et al., 1998).

1.3.2 Nitrogen Dioxide

The moment fossil fuels (coal, gasoline, diesef] aatural gas) are burned, nitrogen
monoxide (NO) and nitrogen dioxide (NQOgases are dispersed into the atmosphere.
Oxides of nitrogen (N¢) are characterized as the accumulation of bothaN® NQ.
Because of the increase of the use of fossil &uah as road transport, power plants,
combustion in industrial and commercial uses, aesidential heating, NQis a
common pollutant (Kim, 2010).

The oxides of nitrogen supply an important degrfeth® total loading of air pollution and
of acid rain. However, the products of reaction e existent on carbonate stone as the
same level of S® The presence of biological sources of nitratéhfemr makes the relation
between atmospheric NOevels and the occurrence of nitrates on exposet surfaces
complicated (Grieken et al., 2001).

NO, + OHs + M>HNO; + M )

N20s + H,0->2HNO; (3)

With the existence of humidity, the nitrogen diaxichn easily transform into the strong
nitric acid with illustrate in (2) and (3). It ismportant to state that nitric acid is volatile.
The secondary pollutant HN@s mainly formed in the atmosphere through thetiea

of NO, with the OHe (hydroxyl radical) during daytime (@hd hydrolysis of dinitrogen
pent oxide (NMOs) at night-time (4). Here M is an,@r N, molecule (Samie, 2006).
1.3.3 Ozone

Ozone does not have a central function in the ieégion of limestone, but it is
significant as it is a strong oxidizing agent. Ozdras been shown to speed the sulphate

formation at a calcite surface in an S@mosphere, under both humid and dry



condition (Grieken et. al, 1998). In addition ozoise second important pollutant
corrosion of copper after sulphur dioxide (Kuc&@)5s).

The Early Warning dosimeter for Organic materi&$VO dosimeterthe impact on
organic materials of pollutants that are usuallyegated outdoors (.80, and Q) and
act in synergy with climate parameters (i.e. terapge / RH and UV Light). The effect
illustrated with equation (4)6pez-Aparicioet al., 2010).

EWO-G effect= 0.75(0.17) NO+ 1.34(0.3) @+ 0.51(0.088) T + 0.35(0.21) UV (4)

1.3.4 Particulate air pollutants

The sources of PM change greatly, from human de$vio natural sources, including
dusts from roads, construction sites, and agricalltiand, combustion of fossil fuels,
ammonia from agriculture, marine aerosols, polleiomass burning and secondary
particles, such as ammonium sulphate and ammonitraten A central source of fine
PM emissions in urban regions is diesel vehiclesedily emitted elemental carbon
soot from diesel vehicles, re-suspended dust frmexls, and secondary acidic particles
are main contributors of PM at urban roadside afi€ans, 2010).

It has been emphasized that in Multi Assess projelich searches for the pollutants
that impact the historical works and corrosion tietformed in relation to that,
Particulate matter has the characteristic of coreognd soiling on cultural sites.
(MULTI ASSESS, 2005).

Especially particulates are extremely dangerouaudme of their attacking possibility to
moisture and gaseous pollutants (NPS Museum Harkdli689).

Particles increase the corrosion by supplying dimdjiog on the corrosion stimulators.
If they are substantial, it is probable for paggto decrease the corrosion correlation in
some situations by neutralization of the surfacdaewdorm which is came in to
existence on the corrupted material. Corroding ra® surface can be decreased by
inert particles and corrosion product’s nucleatioray be initiated by individual
particles (Kucera, 2005).

Particles are one of the significant contaminasolid objects in air. It is important to
perceive the source distribution for enhancing itiftuential strategies to decrease

PM10 and to increase air condition standards. Aggyvely is another crucial difference
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between fine and coarse particles. Particulate ersitthe corrosion effect is quite
complex. In general the higher the fraction of wateluble ions, the higher is the
aggressive. The corrosion effect of particulatetemat very complex. In connection
with its variable composition different steps iretimitial or steady-state corrosion
process can be affected by particles by providMgl(TI ASSESS, 2005).

i) Aggressive substances accelerating the corrosion

i) Substances decreasing the corrosion by negatabn of gaseous pollutants
lif) Galvanic action

Iv) Substances establishing a differential aeratielh

v) Substances decreasing the surface tension

vi) Substances attracting water (hygroscopic plag)c

14 LITERATURE REVIEW

Several studies have been conducted on atmospparicles and gasses can be
considered harmful for cultural heritage in museum.

Gysels et al. (2002) investigated characterizadioparticulate matter in Royal Museum

during two campaigns in winter and summer. Theydusecascade impactor (cut off

20, 8, 4, 2, 1, and 0.5 um) for collection of aetasamples in indoor and parallel

outdoor. They found correlation between wind spaed particulate matter. Additional

fine particulate matter (2.5 mm) inversely correthtvith wind speed. Larger size range

and wind speed correlated with directly proportiona

Camuffo et al. (2001) studied microclimate, theegas and particulate air pollution
and the biological contamination in four museumstrdgen dioxide and sulphur
dioxide are pollutants of outdoor sources. Theaead NO’s decrease in summer is
that the indoor gas-phase reaction of NO and ozoonduce NQ. Therefore, N@

concentration increased in summer in museum. Tgrefisiant counts of fungi were not
found out as harmful neither for the exhibited weodd art nor for the employees and

visitors in these museums.

Worobiec et al. (2010) investigated the influendeoatdoor air pollution on the

composition of particulate matter and gases infigemuseum of Wawel Castle. They
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detected that filters which used for PM samplingengarker in winter than in summer.
Because the museum was in the centre of the bity,résult was probably due to the
high soot content, intensive traffic around thetleasand the pollution of domestic
heating. Sulphur dioxide concentration was highmeiindoor than outdoor in winter
season. In summer, the transport inside was limatedl the concentrations of sulphur
indoors were lower. In addition, I/O concentraticatios of NQ were higher but

concentrations were lower than in winter.

Mouratidou et al. (2004) study PM and its relation with ionic component
concentrations were determined in the Archaeoldéditizseum of Thessaloniki which
located at a central site of the city surroundedhbgvy traffic. Indoor and outdoor
PM, s samplings were concurrently carried out in threenmroand back yard of the
museum. They determined that re-suspension ofisasil particles introduce by visitors
and restoration works carried out during sampliagipgaign were concluded as major
indoor sources for fine particles and associatéciura. Sulphate was found to be the
dominant ion in indoor aerosol originating from @abr penetration more than indoor

sources.

Worobiec et al. (2008) studyvestigation involved in the determination of saort

and deposition of particulate matter introduce lgiters to indoor. The suspended
particulates samples were collected indoor and cautdhe museum in winter and
summer to observe of particulate matter distributidifferent seasons. The
concentration of total suspended particulates aldinaestigated elements was

significantly higher on the days of intensive tstisits.

Gysels et al. (2004) indoor and outdoor atmosphefeke ‘Koninklijk Museum voor
Schone Kunsten’ (KMSK, Royal Museum of Fine Artd)igh is located in the south of
the city centre of Antwerp near major traffic axasd a river. Campaign aerosol
particles, pollutant gases, bacteria and fungi vearapled during two seasons of winter
and summer. In additional different indoors micnoeltic parameters were measured.
Ca-rich, Ca—Si and sea salt particles were ideuqtifis the main particle types in winter.
S-rich particles were high amount in summer. Paldity for Na and ClI, but also for
other elements, the average bulk indoor conceatrativere higher in winter than in

summer.
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Reddy et al. (2005) investigated indoor and outdaorquality studies in Salarjung
museum. They measured some important parametersumgended particulate matter
(SPM), sulphur dioxide (S£p oxides of nitrogen (N@, hydrogen sulphide (#$),
ammonia (NH), aldehydes (formaldehydahd ozone (g). Results show thatSONO,
H,S and oxidants levels in the galleries are reldtedntrusion of pollutants from
outdoor atmosphere, whereas aldehydes anglléiils are related to intrusion as well
as emanation within the galleries. The backgrowwell of outdoor air highly affected

the indoor air quality level in the museum.

Tidblad et. al. (2009) studied air pollution effeect materials in and cultural heritage in
Asia and Africa. They investigated 3ONO,, HNO; and Q, particles, amount and pH
of precipitation, temperature and relative humidigrameters in 12 test sides. They
found highly trafficked Kuala Lumpur was high HY@nd NQ levels. NQ is also high
for the other traffic intensive cities Bangkok, @igging and Hong Kong and they
detected that SOs the dominating pollutant which affected thetwrdl heritage.

Drakou et al. (2008) searched on indoor conceptiatof air pollutants in church and a
museum. They found indoor concentrations of ailypahts such as £ NO, NQ,
HCHO, PAN and HNQ@ were generally higher than most recommended aatitgu

standards.

Saraga et al. (2011) studied to determine the msaimrces contributing to the air
pollution of three indoor environments of differarge: a museum, a printing industry
and an office. For this purpose, particulate maft&P, PM10, and PM4), inorganic
pollutants (NQ, SG and Q) and organic compounds (BTX, formaldehyde) were
monitored. They found highest concentration vaksagd in the bookbindery section of
the printing industry whilst the lowest in the muse NO, SQ and Q seem to
originate mainly from external, following a diurnalariation in most cases.
Benzene/toluene ratio indicates traffic as a VO@Q&&e. Moreover, ozone detected in
low levels in the printing and the museum and netly higher levels in offices,
indicating its outdoor origin.

Kucera (2003) searched corrosion impacts on buykland cultural heritages caused by

emissions of pollutants. The result of the studieded that S@is the most important



13

pollution parameter. The other important point matt pollution control should be
emphasized as the damage related to acid deposii@rcould be even worse in the

warm and humid climate.

1.5 AIMOF THE STUDY

Historical artefacts are the most important inlaede remaining from a nation’s past.
Owning the heritage means to protect it. Howeves known that collections that have
historical and cultural value are exposed to damlgenm, wear and corrosion over time
in the environments where they are stored and dérHdibBasically most important
reason of there damages can be listed as tempe(@ufC), relative humidity values
(RH%), light amount and rates, air pollution, irtcaad other unwanted pests of the
environments where they are stored, presented asteécped and perhaps the most
important, people. In last 20 years, scientificdgta clearly showed that air pollution
damages the cultural and historical structuresnaatgrials.
For this purpose we are aiming to search traffiateel pollutants in the indoor
environment of the Dolmabahge Palace and to distiusspossible effects of the
pollution on historical artefacts by available fimgs. For this purpose, the measurement
in indoor environment and outdoor environment cé tholmabahce Palace (palace
balconies) in two seasons, including winter and reemis summarized briefly as
follows;
i) Determine N@, SO and aldehydes amounts in 65 points selected in
Dolmabahce Palace
i) Make measurements and assessments of PM in allsrooDolmabahce Palace
in two different ways, with and without visitors
iii) Determine the distribution in indoor and outdonvieonment and seasonally in
the palace, making Black carbon measurement atiogobints selected in
the palace
iv) Determine heavy metal distribution according te size of particulate material
in the palace. For this purpose, analysed heavalmate: Chromium (Cr),
copper (Cu), Manganese (Mn), Nickel (Ni), Cadmiu@d), Lead (Pb).
Values of these parameters measured at selectatiblog in Dolmabahce Palace were
compared with the limits and the rooms threatenettdific-related pollutants have

been identified.



CHAPTER 2

EXPERIMENTAL WORK

2.1 SAMPLING

2.1.1 Sampling Site & Selection

In Turkey current instructions there is no any tation what is related with the indoor
air quality about museums. In the current resedrnshobserved that the objects that are
in the museum are contaminated by these indoguodlirtion pollutants. In this research

as a palace was chosen. The features of the plackvaded into five;

1. Dolmabahce Palace is located insB&as, Istanbul. The region is under the
effects of heavy ties Ortakdy to Kabgata

2. It is difficult and important to protect the Dolnatice palace which is both a
historical wonder and museum. The historical olsjeciside it have been
affected by contamination.

3. Because since Dolmabahce Palace is a historicale plais impossible to
establish any HVAC system.

4. One side of the palace is being directly exposbkdavy street traffic, while the
other side looks the Marmara Sea. Thus, the pataceder the risk of being

contaminated by both sea and the urban traffic

14
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Dolmabahce Palace
(Sampling site)

Figure 2.1The Sampling Site Dolmabahge Palatiee map was created using Google
EartﬁD)

Compared to the other national palaces Dolmabahsgestiategic importance from the
view of air pollution. Because of the settlement tbke building it exposed to
contamination and also the evener’s disaffectiothizycontamination is very probable.

2.1.2. Sampling Location in Dolmabahce Palace

The study carried out was held in a total of 65arg point of which are some rooms
and balconies of the Dolmabahge Palace. In thisosemformation about Dolmabahge
Palace and important rooms and points of sampfngven. Sampling point shown in
Figure 2.2, Figure 2.3 and Figure 2.4.



DOLMABAHCE SARAYI BODRUMKAT PLANI

Figure 2.2Sampling points of the basement in Dolmabahge Balac
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Figure 2.3Sampling points of the ground floor in Dolmabahedéale
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Figure 2.4 Sampling points of the f first floor in Dolmabahiealace
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2.1.2.1. Dolmabahce Palace History
Dolmabahce Palace (shown Figure 2.5) was construmteAbdulmecit | the Empire's
31st Sultan and completed in 1856. Palace occur@®ss, 44 halls and 6 hamams in
45,000 square metre which stands on an area 00QA.®n2. The palace mainly consists
of three parts, named as the Imperial Mabeyn (Stgiartments), Muayede Hall
(Ceremonial Hall) and the Imperial HarerRourteen tonnes gold used to built the

structure.

Figure 2.5Entrance of Dolmabahce Palace (By permission offfablhce Palace

Management)

Dolmabahce Palace was home to six Sultans from.I8%6 palace was used as
Presidency office between 1927- 1949. Mustafa KeAtatirk, the founder of our
Republic, used Dolmabahce Palace for his studidstanbul. Atatiirk spent the last
days of his medical treatment in this palace, winerelied on November 10, 1938. The
Palace which was partially open to protocol andtwibetween 1926- 1984 and was
opened to visit as a “museum-palace” from 1984ti(ldal Palace, 2011).

Dolmabahce Palace consists of two main parts Séamtl Harem.

Part of Selamlik: The part of Selamlik where head of Islamic andkiBlr house lives

means the part allocated for official business pk&@ the ruler’s family in the palaces.
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Part of Selamhk with its West origin décor insplirey Ancient times shows glory of
sultanate and state.

Part of Harem: It is the part where Sultan and his family livethis part where
Ottoman dynasty with its crowded number lived imZienat period was established
influencing by hierarchy and space traditions ofkish house plan and Topkap! Palace
as well as its plan consisting of apartments aedngjde by side in Western Palace

style.

2.1.2.2. Medhal Hall

Medhal Hall, in Figure 2.6, is located on the grddioor in part of Selamlik of
Dolmabahge Palace. It is the Hall at the end afssteom Hasbahge, the Hall entrance
to the palace. It is the main entrance place oP@lace. This entry and exit place where
visitors and protocol used is now used for the spom@ose since it was established.
Still it is used by state protocol in important riegs and receptions. The glass doors

opened inward in the middle of the Hall providesess to Crystal Staircase leads to the

upper floor.

Figure 2.6 Medhal Hall (By permission of Dolmabahce Palace dMamment)
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2.1.2.3. Crystal Staircase

The protocol section to the upper floor from palao&rance is called as Crystal
Staircase because of banister rails made of cry§iajstals on banister, a large
chandelier and glass vault cover that lets theiglatyin directly create a bright and light
environment. Without exception, it is an area afliters taken to the palace use. It
forms a large volume since there is a sofa in tea acluding both floors. This area is
a transit point that connects the service floothef Palace and the State floor. Today, it
is open to visitors, and is actively used to swheltween the two areas similarly. Floor
is completely covered with Hereke wool carpetdlastrated Figure 2.7.

“esoE

Figure 2.7Crystal Staircase (By permission of Dolmabahce d@aldanagement)
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2.1.2.4. Siufera Hall

Sufera (ambassadors) Hall is on the first floothef palace (Figure 2.8). It is one
of the major venues that are open to visitors, ileplacross both the sea and land. It
was specially designed to show magnificence ofr@dtas before foreign governments.

Figure 2.8Sifera Hall (By permission of Dolmabahce Palace &g@ment)



23

2.1.2.5. Muayede Hall

Muayede (Bairam greetings) Hall is the most higll ghorious part of the
palace between Mabeyn-i Humayun and Harem-i Humaaishown in Figure 2.9.
There is a dome in 36 m height inside the Hall @rhs a roof outside. Baroque-style

architecture composition and columns draw attention

Figure 2.9Muayde Hall (By permission of Dolmabahce Palacendgement)
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2.1.2.6. Blue Hall

Blue Hall, Figure 2.10, is the place where Sulteaches climbing the Halife
stairs after bairam greeting in Muayede Hall ancepted congratulations of people of
harem and it is known as ceremonial Hall of thesharlt is in the harem section, on the
first floor. This Hall is centre of Sultan’s flah iharem and it has been named like that

because of the blue colour used in its decoration.

Figure 2.10Blue Hall (By permission of Dolmabahce Palace Mamagnt)

2.1.2.7. Library

There three interconnected rooms on the sea sideeoSilvecheyn Hall. The
last caliph Abdulmecid Efendi used to live in tha®m some time and his belongings
that he brought from Veliaht room when moving fr@almabahce Palace. This room
is now used a library in Dolmabahce Palace. Thisaty (Figure 2.11) enriched with
books and magazines received and donated in thedpesf Ataturk and Inonu as well
as books and magazines which Abdulmecid Effendectdd. Here are more than 10

thousand books, majority of them are Ottoman aedé¢hr (Dolmabahce Palace, 2011).
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Figure 2.11Library (By permission of Dolmabahce Palace Managy&in

2.2 MEASURING EQUIPMENT & ANALYSIS METHODS

The measurement campaigns were carrying out twesseh campaign (i.e.
summer and winter). During this time measuremergsewperformed on a monthly
basis both indoors and outdoors. The main aim ef nine months measurement
campaign was to perform a characterization of th@ooer air pollution based on
monthly integrated measurements. Therefore a vadge of gaseous pollutants such as
NO,, SO, and O3, aldehydes, black carbon (BC), particoiatter and heavy metal

were measured.

The two-seasonal measurement campaigns were pedoirmFebruary 2010 and July
2011 in 65 different indoor locations in order takiate possible seasonal variations.
NO,, SO, O; and aldehydes were selected as indicators of outdod indoor
generated pollutants, respectively. Black carborasuements were made in the
selected rooms in two different categories, inaigdndoor-outdoor or winter-summer.
Particulate matter measurements were made in @thsoso as in summer and winter

and with or without visitors. Heavy metal sampliugs made in selected rooms.
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2.2.1 Sampling Equipment

Sampling of many pollutants were made in DolmabaReé&ce in order to
examine the effects of traffic-related pollutants the palace. In this section,
information about gas pollutants NOSQ, O; and aldehydes; particulate matter,

devices and analysis methods used in sampling culeCheavy metal is given.

2.2.1.1 Sampling Gases (NSO, O3, Aldehydes) Pollutants with
Passive Diffusion Tubes

Passive samples are small and doesn’'t need ami@tgctource, they are very
useful for producing samples. Passive sample meithquleferred about searching in
both museum and cultural buildings (Schieweck Algt2007, Salmon L. G., 2000).

The principles of the passive samples can be shexpiressed as:

The diffusive sampler is a closed box and it octmo sides. Fist side is
“transparent” to gaseous molecules which crosadt second side is adsorbed gaseous
onto the surface. The former side is named diflusurface and second side is the
adsorbing surface.

The sampling amount of analyte by sampling time eateé (5) are used to

determine the concentration of sample.

dm _ bs de <
et di ()

Where m is the adsorbed mass of sample, t is erpdsue and D is the diffusion
coefficient of measured sample. S is diffusive atef area and C environment air

concentration.

?=D§(E—Caj (6)

Q is the sampling rate and has the dimensionsgafsaous flow (if m unit img, t in

minutes and C ipg- I, Q unit is in |- mif).
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‘3:5 (7)

In which Q is the sampling rate of o specific caupd in the radial diffusion tube,
having the dimensions of a gas flow. Finally, tlaelial dimensions of the Radiello
diffusion tube, high and constant sampling rateu@slare accomplished (Radiello,
2006).

Figure 2.12Radiello Passive Sampler (By permission of Dolmgbdbalace

Management)

22211 Sampling of NO, and SO,

The pollutant gases that 3@ dNO, are adsorbed on the adsorbing cartridge which is
made of mycroporous polyethylene coated with taethamine (TEA). Nitrogen (NO2)
and sulphur$0;) dioxide is bound on TEA form of the nitritBlQ,) and sulphite (S¢)

or sulphate (S ions. This method is selective for gaseous mdéscand any airborne

nitrite, sulphite or sulphate will not cross th&fukive membrane.
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The sampling rate value at 298 K (25°C) and 1018 o NG, andSO, sampling are
0.141 + 0.007 ng N©ppb* min* and .466 + 0.022 ng S(pb* min™*. The ambient
temperature influences the sampling rate ok M@ereas the sampling rate of Sves
not vary with temperature in the range between&&8313 K (-10 to 40 C). Sampling
adsorbing cartridges extracted with 5 ml ultra-dese water and samples wait vortex

for one minute. Otherwise samples analysed in lworoatography (Radiello, 2006).

22212 Sampling of Aldehydes

Code 165 is a stainless steel net cartridge filth 2,4-dinitrophenylhydrazine (2,4-
DNPH) coated Florisil. Aldehydes react with 2,4-OlBb give the corresponding 2,4-
dinitrophenylhydrazones. The 2,4-dinitrophenylhydr@es are then extracted with
acetronitrile. The sampler added 2 ml HPLC gradstastrile waited for 30 minutes.
Later samples analysed by the HPLC after filtermigh 0.45 um micropore filter
membrane (Radiello, 2006).

2.2.1.2 Sampling of Heavy Metals

Heavy metal sample cascade experimented with immpaCascade impactors operate
on the principle of inertial impaction i.e. sep&matis provided on the basis of
differences in inertia - a function of particleeiand velocity. Cascade impactor occur a
series of stages each in a plate, with specificzleosetting and collection surface.
Sample air which has particulate matter is go th impactor, flowing sequentially
through the stages; nozzle size and total nozabéa alecrease with stage number
(Hafkenscheid et al., 2009). Andersen Cascade Itapadth 8 different impaction
stages with cut-off diameters 9, 5.8, 4.7, 3.3, 2.1, 0.7 and 0.4 mm as shown in Table
2.1 respectively .For an optimal size fraction #weflows through. The impactor was
adjusted to 28 I/min (Nichols, 1998).
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Table 2.1Cut off Cascade Impactor

Size Range ECD

mm mm
Stage O 9.0-10.0 9
Stage 1 5.8-9.0 5.8
Stage 2 4.7-5.8 4.7
Stage 3 3.3-4.7 3.3
Stage 4 2.1-3.3 2.1
Stage 5 1.1-2.1 1.1
Stage 6 0.7-1.1 0.7
Stage 7 0.4-0.7 0.4
Stage F 0-0.4 0

Thermo Scientifi® Andersen Series of Non-Viable Cascade Impactomdea
particulate matter sampler given in Figure 2.18sged in this study. Particulate matter
collected on different stage plates was extracteth \B0 ml ultra-pure water in
ultrasonic bath. Heavy metal analyses of the sasnpfewhich extraction processes
were completed were made with Graphite furnace iatafysorption spectrometry.

Individual P/N=
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O-ring
NS-10-153
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NS-20-70CE &
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Figure 2.13Sampler of PM Cascade Impactor (Petro- Instrum@otg. Ltd, 2008)
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2.2.1.3 Sampling of Particulate Matter

Particulate matter sampling was made with onlingigle counter CLJ-H600%3in this

study. Particle counter used makes the samplirdriferent stage including 0.3, 0.5,
1.0, 2.0, 3.0 and 5.0 micrometer in size. Weightpanticulate matters collected in
different stages were calculated. Particulate mattecentration that is calculated

arithmetically is considered as 2 gftm
2.2.1.4 Sampling of Black Carbon

Black carbon analyses were made with Magee Sfieftortable® Model AE 42 in
Aethalometer the study conducted in DolmabahcecBala the investigation, sampling
was made in two different groups including indoatetoor and summer-winter in the

rooms that can be considered important in resddcafic pollution.

Figure 2.14The Portable Aethalomet®todel AE 42 (Magee Scientific, 2010)

The Portable Aethalometé&lodel AE 42 (shown as Figure 2.14) measures light
absorption by suspended aerosol particles at tweelMagths: 880 nm (IR),
quantitative for the mass of ‘Black’ Carbon; and3¥m (UV), indicating aromatic
organic compounds. The Portable Aethalometer map dle supplied with 7

wavelength light sources upon request (Hansen,)2005
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2.2.2 Analysis Method

2.2.2.1 lon Chromatography (IC)

SO, and NQ are respectively determined as sulphate andenitnith analysis of
extract by chromatography in a same run. An ICSB1fbd Chromatography with an
lon Pac AS9-HC column, suppressor ASRS-4mm andiemsampler AS 1000 is used
for analysis. Analytical conditions for this systame as follows: eluent 9 mM NaG;;

1 mil/min flow rate. Calibration was performed usiogrtified standard Combined
Seven Anion Standard Il (Dionex, 2009).

2.2.2.2 Graphite Furnace Atomic Absorption Spectroratry
Graphite Furnace Atomic Absorption Spectrometer -&HS) technique were
used for heavy metal analysis. Analysed heavy meat&: Chromium (Cr), copper (Cu),
Manganese (Mn), Nickel (Ni), Cadmium (Cd), Lead }Pm Table 2.2 is given

optimized parameters for GFAAS in analysis.

Table 2.20ptimized Parameters for GFAAS

Cr Cu Mn Ni Cd Pb
A nm 3579 3274 400.1 232 228.8 217
Inject Volume (ul) 20 12 20 40 20 40
Lamp Current (mA) 10 10 10 10 10 10

The results of the pyrolysis and atomization terapge studies are presented in Table
2.3 for analysed heavy metals. Significant tregestamperature; ashing, atomization

and cleaning are different for each of metals.
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Table 2.30ven program of GFAAS

Oven Temperature (C)

Drying 1 Drying 2 Drying 3  Ashing Atomization Cleaning
Cr 85 95 120 100 2600 2600
Cu 85 95 120 800 2300 2300
Mn 85 95 120 700 2400 2400
Ni 85 95 120 800 2400 2400
Cd 85 95 120 250 1800 1800
Pb 85 95 120 400 1200 1200

Time(sec.) 5 15 10 8 2.8 2

2.2.2.3 High-Performance Liquid Chromatography (HPLC)

In the study a Shimadzu model LC20A HPLC was ueetktermine formaldehyde and
acetaldehyde amount. The column was the Mediteafdngeal8 column (5 um
15x0.46) size at 40 °C. Acetonitrile is used fiueat. Injection volume is 20 pl, flow
rate 1.2 ml/min wave range is 250- 400 nm.

Table 2.4Eluent gradient program

Time 0-10 10-20| 20-25
%B 62 25 62

The eluents were (A) ultrapure water and (B) adai@(ACN). The flow rate of the
eluent was 1 mL/min and the gradient program devi@ in Table 2.4Calibration
curves for aldehydes are obtained with standamtisok of the corresponding 2,4-

dinitrophenylhydrazones with Radiello Code 302.



CHAPTER 3

RESULTS AND DISCUSSION

During this study exposure levels of the gaseodsan air pollutants (Ng SO,

O3, and aldehydes) and particulate matter (PM) sasnpbre collected in Dolmabahce
Palace. Chemical compositions of the PM sampleg Wwaestigated by means of metal
and ion compositions. In addition to the indoor suaments, we also conducted some
outdoor exposure sampling. Indoor (61) and outddpsamples were collected, totally,
at 65 different places which were micro environmserg.g. rooms, Halls, cabinets,
library, baths, and archives in Dolmabahce Paladethe samples were collected in
two seasonal campaigns; winter and summer. How&Mrsamples in different spaces
were not collected simultaneously, but sequentiallye to unavailability of multiple
sampling equipments. We had only one PM samplingpegent and one aethalometer
to monitor and sample the indoor particulate matterd black carbon (BC), and then
we used this equipment during each of the seasmesby one by moving one room to

another.

3.1 GASEOUS AIR POLLUTANTS
3.1.1 Nitrogen dioxide (NQ)

Annual natural outdoor concentrations of nitrogémxdie ranges between less
than 1 pg/mi to more than 9 pg/Min literature it was reported that indoor levefs
nitrogen dioxide range between 20 and 40 |fgntiving rooms and up to 70 pgfin
kitchens (measured in five European countries @vier 7 days)( Health Council of the
Netherlands, 2004) The average value of indoor amioor NQ exposure level
during winter and summer periods were found to B8 fig/ni, and 46.47 pg/fh and
56.8 pug/m, 106.08 pg/m respectively. All the measurements for indoor antHoor

nitrogen dioxide exposures measurements were giveigure 3.1, Figure 3.2.
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Mean = 53,72
Std. Dev. = 26,639
N=65

Figure 3.1Histogram graph for wintertime N@xposure levels (units are in pgjm
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Figure 3.2Histogram graph for summertime N@xposure levels (units are in pgjm

NO, is a strong outdoor sourced pollutant. Main outdsmurces of this pollutant are

road traffic, domestic heating and combustion garfibr energy generation.
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Dolmabahge Palace’s northern side is bordered bytatD m exterior walls to protect
this structure from outer environment. A main ¢ibad characterised by heavy daytime
traffic follows these outer walls. That street haigh heavy traffic volumes and
densities around the Dolmabahce Palace surroundiogthe extent possible to
maximize the automobile emission in a phased manner

NO, emissions were higher in the summer around thenBlbdhce Palace. However
looking at the indoor environment, close valueswhmer and winter shows that NO
pollutant penetrates into indoor environment omlyai certain amount. On the other
hand, when looking at histogram distributions (Feg8.1, Figure 3.2), it is seen that
NO, amount increases in most rooms. In our natiorgllegions there is not any NO
limit for material and cultural heritage safety. eTtimit values of the criteria air
pollutants in ambient atmosphere for the urban samgare set in the directive on
ambient air quality assessment and management (HK2008). According to the
directive, the 24-hr N@short-term limit value and yearly mean value ad® pg/ni
and 40 pg/mwill be decreased to 100 pgfmnd 20 pg/rhin 2014. Our measurements
are higher than annual mean limit value for outdarironments. In literature there is
some health-based recommended occupational expdsutefor nitrogen dioxide
(Health Council of the Netherlands, 2004). The mewnded WHO long-term
guidance value for children is 40 mg/ennual average and N®oncentration high to
30 ug/l limits in Dolmabahcge Palace. Although thisraot any agreed limit or warning,
NILU — Norwegian Institute for Air Research was dmwped an Early Warning device
(The EWO dosimeter) for the protection of Cultukéritage objects in Museum,
Historic Buildings and Archives. They set threshemlues on N@ in museums or
archives (LOpez-Aparicio S., 2009). These valuesevggven in ppb, so we converted
them into pg/m by using a conversion factor; 1 ppb =1.91 (fg/Mreshold values are
1.91 pg/ni in archive stores, 4.78 in purpose built museums5 ig/ni in house
museums, 19.1 pghin open structures, 28.65 pg/im external stores with no control.
Based on these threshold values it can be easil\tisat some warning activities should

be activated in Dolmabahce Palace, due to highet MO, exposure levels.
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3.1.2 Sulphur dioxide (SQ)

Sulphur dioxide concentrations were decreased dreatigt during last two decades In
Istanbul, due to the increased usage of natural agak high-quality coal in the
residential areas (Elbir T.et al., 2010). Annualang average values of SO
measurements in Besiktas, Istanbul was ranged batwe3ug/m® and 12.04ug/m’
during since 2007. However our indoor and outdo@y, &xposure levels are still
considerably high. In the Multi Assess model firgdort the S@interval between 0-20
ng/m® and 60-80ug/m® are defined as moderate and high, respectivelylt{Masess,
2005). Our results are classified as moderate dogpto that criterion.

All the measurements for indoor and outdoor sulghiaride exposures measurements
were given in Figure 3.3, Figure 3.4. While Sgas amount is about 3.32 pd/imdoor

in winter, this value is measured 5.53 pgfm summer period. In outdoor facade
measurements in winter, $®alue is 10.641g/n?, while this value is 11.08g/nt in
summer. S@ exposure levels do not change indoor and outdeasanally, it was
determined that indoor S@as amount is lower. Looking at the overall dmition of
SO, gas, we see a normal distribution. The distributeharacteristics of the SO
exposure levels are skewed left and having sharpedses followed by a long tail. This
type of distribution represents typically the logmal distribution characteristics. So we
suggest that SQOexposure levels are distributed log-normally. iStaglly this type of
distributions suggests that the origins of polltitare not natural and most probably

from some or any external sources.
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U.S. National Ambient Quality Standards (NAAQS) &mmsitive area (Table 3.1) §0O
24 hr average value is 30 pg/mwhile annual average value is 15 pg/nThe
concentrations inside the palace were below the NAAQS of sensitive area limit.
The limit values for sensitive areas in our natloregulation can be considered as

regulatory limits. These values are summarisechipld 3.1.

Table 3.1US. National Ambient Air Quality Standards (NAAQS) feensitive area

Pollutant Time Weighted  Sensitive
Average Area
Sulphur dioxide (S@ Annual Average 15 ug/m
24 Hours Average 30 pg/ni
Nitrogen dioxide (NQ) Annual Average 15 pg/fin

24 Hours Average 30 pg/n
Suspended particulate Matter(SPMPAnnual Average 70 pg/n
24 Hours Average 100 pg/ni
Reparable particulate matter | Annual Average 50 pg/fn
(Size less than 10 mm) (RPM) | 24 Hours Average 70 pg/ni
Lead (Pb) Annual Average  0.50 pg/m
24 Hours Average 0.75 pg/m

In the literature, in some studies that have exathiair quality in museum, museum
outdoor quality was compared with these limit valyReddy, M. K, 2005). Results
show that the S©Ooutdoor levels are observed to be low in accordanith U.S.
National Ambient Air Quality Standards (NAAQS) fosensitive area. The
recommended OSHA short-term exposure limit of sufptioxide is5 ppm (13100
ng/nT) in workplace atmospheres. According to EU projstLTI ASSESS SQ
concentrations resulting from combining the dospoase functions; the tolerable
corrosion rates for two different scenarios areegiin Table 3.1 (Multi Assess, 2005).
A dose-response function together with the tolerabbrrosion rates enables the
specification of a tolerable climate/pollution sition. For S@ a level of 10ug/m® is
proposed protecting 80% of the European territdrypr@sent HN@ levels (Multi
Assess, 2005). Sulphur dioxide scenario 2 “urbamiitlvalues were determined for
limestone; Qug m®, for copper, for bronze; 8g/m® for zinc; 5ug/m®, for carbon steel;

6 ug m>. EU project MULTI ASSESS S{(Table 3.2)is in average limit value, indoor
sulphur dioxide values are under these valuesewhitdoor values are over limestone,

bronze, zinc and carbon steel limit values, excepper.
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Our outdoor measurements are close these risks]eaiethough indoor SOexposure
levels are lower. As a result, it can be said dtiadahce Palace is under the pollution
risk which was mostly generated from outdoor sagirogainly vehicle and ship

transportation.

Table 3.2Tolerable SQ@levels for corrosion of cultural heritage matesifdr two

different scenarios (Multi Assess, 2005)

Material Scenario 1 Scenario 2

“average” “urban”

(ng/m’) (ng/m’)
Limestone 25 9
Copper 5 13
Bronze 21 9
Zinc 11 5
Carbon steel 11 6

However the S@ exposure level which was sampled on a sea-frofdobg was
significantly higher than the other outdoor locaioWe note that it was not possible to
make any accurate decision using only one samplewk speculate that one of the
main reasons for this difference can be relateshtp transportation over the Bosporus,
since ships are among the world's highest pollutmgbustion sources per quantity of
fuel consumed and the Bosporus strait has very leighl of sea traffic. Even though
we did not observe any statistically significantfetences between indoor locations
with respect to S@exposure levels, the winter measurements in fliostr shows an
interesting indoor S@distribution characteristic. During that perioke teastern part of
the seaside direction of the building complex hgsicantly higher SQ levels. This
can also be related to higher level ;Sémnissions from ship emissions. Kesgin and
Vardar (2001) estimated the daily sea transponaitiolstanbul is met by 348 ships
cruising between the sides of Europe and Asia,gatba Bosporus and into the Golden
Horn. Most of these ships are motor boats whichtypeally operated by high speed
diesel engines. While Kesgin and Vardar (2001)estdahat 4% of all motor vehicle
emissions correspond to ship emissions which amsporting over the Strait, Deniz
and Durmusoglu (2008) stated significantly highmission levels which are up to 45%

of vehicle emissions (Kesgin and Vardar, 2001; Bemd Durmusoglu, 2008).
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3.2  BLACK CARBON (BC)

Elemental carbon (EC) and black carbon (BC) arenofised interchangeably. It is a by
product of incomplete combustion of biomass, folsls, and biofuel. EC or BC can
be emitted in both anthropogenic and naturally ooeg soot to the atmosphere. In the
design of this study, we planned to use EC resdta tracer to evaluate the effect of
traffic related emissions into indoor air quality Dolmabahce Palace. Some recent
studies showed that EC is not a unique tracerisetl exhaust and efforts to utilize EC
as an indicator of diesel exhaust must properlyesidother sources of EC to avoid
significant biases (Schauer, 2003). It is cleart time relative contributions of EC
sources will vary significantly as a function otaiion and time, due to multiple source
characterisations in urban environments. For examplions with significant primary
particulate matter emissions from coal-fired powtnts, fuel oil-fired power plants
and biomass combustion sources will have domin&hcéntributions to ambient PM
budget. But in our case study, this is not likedypossible, because there is not any
nearby such plants. We believe that the most irapbiEC differences as a function of
time observed in our measurements is governed éydlative contributions of EC
emissions from the motor vehicle fleet emissionsaingfes and indoor ventilation
characteristics (e.g. opening windows, or doors Vfentilation or access purposes)
during summer period. It is also possible to halative BC contribution from space
heating, which is a typical seasonal change in Bssmburning, during wintertime
measurements. Schauer (2003) summarised the soamtid@utions to fine particle EC
determined in a group of source apportionment stidhccording to these results, EC
contributions from diesel exhaust, gasoline-poweselticle, combined motor vehicles,
biomass burning, and other sources in percent&gesaie in the ranges of 20-94, 0.1-
42, 86, 0.7-39, and 0.6-35, respectively. To takéhe consideration of the location of
Dolmabahce Palace, we are convenient to say teantimitored BC concentrations in
Dolmabahce palace is mostly related to diesel esthand gasoline-powered vehicles
emissions. We also note it that there is not arsgiility to have any indoor BC source
in Dolmabahce palace.

EC, therefore, often referred to as BC measurenvesrts made in the palace in order to
examine effect of the traffic to the DolmabahceaPal These measurements were made

in selected rooms in two different groups, inclgdiminter and summer or indoor and
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outdoor. Outdoor measurements were made only itewand were discussed. In this
study, increasing of BC amount occurred with inshe@ of traffic jam outdoor. In
many studies it is determined that BC concentraticreases when number of vehicles
in traffic increase (Pakkanen et al., 2000; Redrmet al., 2008). In addition to that, we
conducted several indoor and outdoor BC monitorseiveral different places, rooms,
Halls and balconies. Some of the places selectenr@diag to their physical conditions,
e.g. location and size, while some of them weresthamn operational situations, e.g.
open to visitors during day time, secure roomsgnty and no ventilation), and office
rooms used by official personnel. In this part wayoreported theresults some
selection of the measurements, which are the reptative of the all measurements or

belong to a unique or important microenvironment.

The Sultan Rgat room is one of the most important rooms in hadepartment of the
palace with its three windows on the sea side.dn@md outdoor BC measurement in
Sultan Resat Room is given in Figure 3.5 and Figl6e In measurements made in
winter in this room, the highest BC value was meagundoor in the morning hours.
While BC value was 4.0Qg/m3 in the room in the morning, this value continugusl
decreased in the day and it was about p@én® in the last measurement hour at 15:00.
While BC value measured outdoor environment of $udtan Reat room was 5.50
ug/m® in the morning, this value increased between 1@m® 11:00 hours up to 8.00
ug/m>.This times interval is the typical morning traffieak hours for the surrounding
road and area. Between 11:00- 13:00, BC value dseck seriously, although an
increase of a certain amount in the value of Buoed between 13:00-14:00, a second
increase was determined after 15:00. This secoa#t gethe typical evening traffic
peak hours, which is a result of back to housdi¢taBased on our measurements, it is
seen that the indoor BC concentrations were not havquick response to outdoor
changes; due to ventilation characteristics (winslawe not always open). SultansRe
room indoor BC value is not affected by fluctuatioof BC value outdoor and has a
parallel change to the graphic decreasing untiDQ5observed in outdoor general
graphic.

The accumulated concentration at the beginninpefiay (at 9:00 o’clock) is related to
daily operation of the palace. In such a mannet; tha palace are being closed every
day after 5:00 pm and opens at 8:00 am. Duringdlosed period, the indoor pollutants
including BC as well as the other suspended paatieumatters (SPM), enriches to their
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maximum concentrations, just at the beginning o tpening hours the indoor
concentrations starts to decrease steadily. Butooutpeaks within this day time have
only little effects on this trend. This expressimesn’t mean that the indoor pollution
levels are independent to outdoor levels; on thetraoy there is a clear relation
between outdoor and indoor concentrations. Indoocentrations are not changing as
fast as outdoor because of the buffer effects ofilaion and infiltration characteristics

of the building materials.
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Figure 3.5Indoor BC monitors in Sultan Resat Room
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Sultan Resat Room Outdoor

Green Yellow

| — UV Blue

9000

UVPM Equivalent, (ng/m?3)

EC

O 1 1 T
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Figure 3.6 Outdoor BC monitors in Sultan Resat Room

Medhal Hall is located in Selamlik department oflldabahce Palace on the ground
floor. It is the Hall where people enter the palatehe end of the stairs climbed from
Hasbahce. It is main entrance place of the paReasons for this place to be selected
especially in this study are that its location e tpalace, it is an entry place, it
exposures to very intense visitor and other enwremtal effects, it is one of the large
Halls, it is always open to visitors and use anldas many significant artefacts. Indoor
and outdoor BC measurements in Medhal Hall (Eneanall) are given in Figure 3.7
and Figure 3.8. Measurements in Medhal Hall werderan the days when it was open
to visitors, so effect of outdoor environment to BG@ncentrations in the entry was
observed clearly.

In winter season measurements of Medhal Hall réa@h pg/m® highest degrees. BC
value continuously decreased between 11:00-14:6Cbaname about 3.Q@/m’. But
began to increase after 14:00 and reached a vali®@ug/m® in the morning at 17:00.
In the measurements made in summer season of Met#ialthe highest BC rate is
observed similarly in the morning as 3.06/m>. During the day this rate has fallen

consistently and at 16:00 BC value was measurdd@gig/m".
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Medhal Hall Winter
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Figure 3.7 Winter BC monitors in Medhal Hall

Medhal Hall Summer
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Figure 3.8 Summer BC monitors in Medhal Hall

Prayer room was selected because the main roadssieg along with this direction of

the palace. Thus, it will give an idea about chaaféraffic-related BC value in the
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rooms looking across the land. Indoor BC measurésnen Medhal Hall (Entrance
Hall) are given in Figure 3.9 and Figure 3.10 fomter and summer periods,
respectively. BC value Prayer room indoor BC vauperienced its highest value with
2.50pug/m® in winter in the morning. This value decreased| d:00 and become 1.70
ug/m®. After 14:00 BC value began to increase again mathed its value in the
morning that is 2.5Qg/n.

Unfortunately, there is not any available area, &acony, outdoor stand, etc, to
monitor outdoor concentrations, so we were not abt@nduct any outdoor monitors in
a nearby location. On the other hand we have wentersummer measurements which
make possible to draw some conclusions relateckasanal indoor BC concentration
differences. Summer season indoor prayer room B@sorements were made 4.00
ng/m® in the morning and this value increased until 02268d reached the value of 9.00
ug/m®. This value is one of the highest BC values ewached in our indoor
measurements. This value decreased to G@f® until 14:00, but again increased
again and reached 7.0@/m’ at 16:00. It was observed in the measurementsayep
room in summer and winter that BC value is highesaummer period, even it never

decreases to the values measured in winter period.
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Figure 3.9Indoor BC monitors in Prayer Room during winter
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Prayer Room Outdoor Summer
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Figure 3.100utdoor BC monitors in Prayer Room during summer

Blue Hall is the place where Sultan reaches climbime Halife stairs after bairam
greeting in Muayede Hall and accepted congratulatiof people of harem and it is
known as ceremonial Hall of the harem. . It ishe harem section, on the first floor.
This Hall is centre of Sultan’s flat in harem andhas been named like that because of
the blue colour used in its decoration. Indoor B€asurements in Blue Hall are given
in Figure 3.11 and Figure 3.12 for winter and sump®giods, respectively. The highest
BC value in Blue Hall in winter is measured as 2u&0m° in morning. This value
decreased until 14:00 and began to increase afiamtlas hour. BC value in Blue Hall
in summer was measured in morning hours like irtevirBC value that was 6.Q@/m’

in the morning continuously decreased and finakgdme 2.00ug m>. BC value
measured in Blue Hall in both seasons is higheummer similarly to prayer room and
in both seasons the highest value of BC paramedismaeasured in morning.

Higher level indoor BC concentrations are not §kiéwe only consider that it is related
to outdoor concentrations. In our case study we alsserved that the ventilation
methodologies in Dolmabahce place are completéfgrdint in both of the seasons that
effect the infiltration of outdoor pollutants todioor locations. During winter time due

to cold climate, the palace never ventilated usimgdows, on the contrary, summer
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period is very hot and humid, and most of the wimslovere open that increase the level
of indoor ventilation. This is the main reason wig have higher level of indoor

summer BC pollution levels. The pollutants geneatateoutdoor sources (in our case it
is BC) can easily transport into confined areamftbe open windows, and then indoor

pollution levels are likely to close the levels aiiwere observed in outdoor.
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Figure 3.11Indoor BC monitors in Blue Hall during winter
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Blue Hall Summer
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Figure 3.12.Indoor BC monitors in Blue Hall during summer
3.3 PARTICULATE MATTER (PM)

In the study carried out, particulate matters thfiect Dolmabahce Palace indoor
environment quality were investigated. For thisgose, 5um, 3um, 2um, 1 um, 0.5
um, 0.3um sized particulate matters were measured. Thesendions represent the
average aerodynamic diametery)(sbf any PM groups. However we focused on
anthropogenic particulate matter (P§ because the study carried out aimed to
investigate traffic-related pollutants.

Coarse fraction of the PM data will be evaluatedribthe scope of another study (Kilic,
2012).

In the study carried out, measurements were madermmer and winter and with or
without visitors in Dolmabahge Palace, both patéitei matter (PMs) values were
measured and how visitors affect ht particulatet@naioncentration in the palace.

As a result of measurements made in Dolmabah¢edaidoor environment in winter-
summer and with or without visitor, course PM carication was measured higher than
fine particulate matters as in some studies inditge. As shown in Table 3.3, BM

(here it represent the particles which are smalhel equal aerodynamic diametey=%l
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um) value was measured as average 65.62 yig/winter with visitors, average 38.42
Hg/nT in summer with visitors.

PM5 value was measured as average 31.88 Higirwinter without visitors, average
33.73 pg/min summer without visitors. Looking at the distriton of fine particulates,
while PM, value winter season with visitors is 9.85 pgfn average, this value was
measured as 5.81 pgfin summer. While PMvalue average in winter with visitors is
10.30 pg/m, this value was measured as 6.39 E@dnsummer. When total course PM
and fine PM concentration values are examinedtorsieffect on PM concentration in
the palace is clearly seen. It is seen in the measents both in winter and summer that
course particulate matter amount increases in palacthe days Dolmabahce Palace is
open to visitors and fine particulate matter desesa On the days palace is close to
visitors, course PM amount decreases while fine BMount increases. These values
show that; this is rising of settled dust with toss’ movements and/or spread of the
dust carried or produced by people. In a study ootadl, it was emphasized that
particulate matter amount in the museum increasethe days museum is open to
visitors, outdoor air pollution and effect of vimis on museum indoor source of

particulate matters (Krupska, et al., 2011).

Table 3.3Distribution of particulate matter in Dolmabahcéaea (pg/m). *Fine

fraction means the particle range betweenu@n3 um dimensions

0.3 0.5 1 2 3 5 Total Fine*
pm pm pm pm pm pm PM
Winter with visitor 0.87 1.73 3.26 399 2547 30.30 65.62 9.85
Summer with visitor| 0.46 0.94 203 238 14.78 17.83 38.42 5.81
Winter non visitor 2.11 3.84 233 2.02 10.84 10.82 31.88 10.30
Summer non visitor| 0.95 1.46 1.87 211 1260 14.82 33.73 6.39

According to the visiting and non-visiting days rsegements two different PM

behaviours for fine and coarse sized PM groups wbéserved. Firstly always higher

indoor ambient levels were observed in coarse Ridtifsns during winter and summer
periods. This difference is more significant in teitime measurements, which is about
two times higher. Summertime visitor-no visitorfdience, about 10 percent, is also
significant but as not high as the wintertime measwents. These results clearly show
that visitors make a significant PM contribution tedoor air quality profile in

Dolmabahce Palace. However, the results in TaldenBlicate an interesting result for
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the fine PM fraction. During visiting periods, teeis a decreasing trend in fine PM
fractions, but not significant (about 5%), in baththe season. Actually this is not a
surprising result, because we know that, during visiting times, all the windows and
doors were closed, that decreases the ventilaffameacy of the building. It is clearer
that Dolmabahce palace was ventilated to provithetger indoor conform for visitors
during summer times during visiting hours. Mayben@daws were not opened during
winter period as it is a standard application dysommer, but it is likely to have better
ventilation due to visitors’ movements in the builgs. This second results showed that
visitors were not making any contribution to finevPfraction, but significant
contributions to coarse PM fractions.

No limit value is given for PMs in Air Quality Assessment and Management
Regulations (HKDYY) implemented in Turkey, RMimit value is given 50 pg/frfor
24-hour measurement and 40 pgfior a year. It was observed that PM5 value in
Dolmabahge Palace is under HKDYY limit values. WKW®@orld Health Organization)
2005 Air Quality Guidelines gave PM10 value asy2dm® for year and 5Qg/m® for
24-hour limit value for the purpose of human anbluhealth protection; Pk annual
limit value was given as 1fig/m® and 24-hour limit value was given as g§/m’
(WHO AQG, 2005). While PM5 value remains under ¢éheslues when there are
visitors in Dolmabahce Palace, this value remawer @4-hour limit value when no
visitors in winter.

U.S. Environmental Protection Agency (EPA) gaveRP&RU-hour limit value as 150
ng/nt; PM, s annual limit value as 15.0 pg/o4-hour limit value as 35 pg/m3 (EPA,
1997). It was seen in the measurements in palatePikt and PM values remained
under the limit values set by EPA. California Eovimental Protection Agency Air
Resources Board (ARB) accepted PM Ilimits of the ulagn “Children's
Environmental Health Protection Act” intended totect children’s’ health in 2002. In
mentioned regulation, P} annual limit value was given as 20 pd/4-Hour limit
value as 50 ug/MmPM,s annual limit value as 12 ug/iARB, 2002). It was observed
in the study carried out in Dolmabahce Palace Bid: value remained under limit
values of California Environmental Protection AggAdRB.

EU project MULTI ASSESS determined the RMimit value as 15,Lg/m3 in order to
prevent corrosion on historical artefacts (Multi sAss, 2005). This value was
determined basing on allowable RjWalues of painted steel, white plastic, limestone
shown in Table 3.4. In the investigation of EU patjMULTI ASSESS, no limit value
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was given for PMs. PMs value that we measured in Dolmabahce Palace indoor
environment is much more than this value. Eves gaen that PpMwinter value is in
these limit values.

As a result of all above evaluations, we concluda the indoor PM air quality in
Dolmabahge Palace may not be dangerous for workexs visitors, but it is
significantly higher than the desired level for firetection and conservation of cultural

heritage objects.

Table 3.4Tolerable PMp levels for painted steel, white plastic and liroestbased on

dose-response functions and a tolerable loss lefctahce of 35% (Multi Assess, 2005)

Material 5 years 10 years 15 years 20 years
between maintenance
Painted stee| 40 ug/m’ 20 ug/m’ 13 pg/m° 10 pg/m°
White plastic| 45 ug/m® 22 ug/m® 15 pg/m® 11 pg/m®
Limestone | 36 pug/m’ 18 pug/m° 12 pug/m® 9 pg/m’
Average 40 pg/m’ 20 ug/m® 13 pg/m® 10 pug/m®

3.4 ALDEHYDES

Formaldehyde (FA) and acetaldehyde (AA) are onthefsources of both primary and
secondary air pollution and they are most commatehaides in the environment.
Formaldehyde and acetaldehyde consist of both adaturd anthropogenic emission
sources. However they are composed of traffic aonssand photochemical reactions
of volatile organic compounds in outdoor environimanthropogenically (Machado et
al., 2010). In many studies it is stated that Fddetayde and acetaldehyde amount in
outdoor environment affects solar flux, vehicularigsions and temperature parameters
(Vartiainen et al., 2000; Machado et al., 2010). t&m other hand, the indoor sources
for FA and AA have completely different profile. fRealdehyde in the vapour form is
emitted from wooden enclosures (e.g display orag@rcabinets), which comprise
synthetic wood boards (e.g. plywood, particleboactjpboard and fibreboards
containing urea—formaldehyde (UF) or phenol-forrebidle (PF) resin binders)
(Gibson et al., 2010). In addition to that, acethlgie and formaldehyde are known to
be emitted from paper and other cellulose-baseenmit during degradation (Fenech
et al., 2010). Of the typical characteristics ofiatioor museum environments is well-
sealing, which result low level air exchange rades in-out filtration. In our study,
measured FA and AA values in indoor environments arostly attributed to
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biodegradation process of the aged wooden matenviailsh are the dominant building
and structural material in Dolmabahcge Palace.

When gas pollutants measured indoor and outdooDalimabahce Palace were
assessed, formaldehyde and acetaldehyde amountdetesmined to be higher in
internal environment. Seasonal average valuesfofdd FA measurements are given
in Table 3.5. These results are also confirmed tthetindoor FA and AA values were
originated from any indoor source. Formaldehyde aoetaldehyde was measured in
winter period indoor respectively as 3.30 pgand 2.27 pg/th outdoor as 1.50 pgfin
and 1.68 pg/m Also in summer period indoor it was measured eetipely as 8.96
ng/nt and 3.11 pg/h while it was measured outdoor as 3.16 [Fgnd 5.53 pg/fh It

is thought that much amount of Formaldehyde andaktzhyde in palace is due to

organic decay on palace inventory as stated in rmaargies. [Salthammer et al., 2010].

Table 3.5Average values of formaldehyde and acetaldehydesexp levels observed

in Dolmabahce Palace indoor and outdoor placesr({)g/

Formaldehyde Acetaldehyde Formaldehyde Acetaldehyde
Summer Winter

Indoor 8.96 3.11 3.3 2.27

Outdoor 3.16 0.53 1.5 1.68

No limit value is given for Formaldehyde and aadg¢alyde in Air Quality Assessment
and Management Regulations (HKDYY) implemented urkéy. The World Health
Organization (WHO) has developed a guideline famfmldehyde in non-occupational
settings at 100 ppb (0.1 mgirfor 30 minutes. USA-NIOSH (National Institute for
Occupational Safety and Health, 2005) gives TWAitlias 0,016 ppm (13 pgfp for
STEL 1 ppm (0.81 mg/fx and no limit for acetaldehyde. USA-OSHA (Natibna
Institute for Occupational Safety and Health, 200&es TWA limit for formaldehyde
as 0,75 ppm (0.61 mgAn for STEL 2 ppm (1.63 mg/fH TWA limit for acetaldehyde
as 200 ppm (111 mgAy for STEL 150 (83.3 mg/fh ppm. UK (Health &Safety
Executive, 2005) gives TWA limit 2 mgAnfor STEL 2 mg/m In the study carried out
in internal and external environment of Dolmabatalace, formaldehyde and

acetaldehyde values were determined to remain uhdse limits.
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Two of the factors affecting the formation of foraehyde and acetaldehyde are the
amount of heat and sunlight. In the same way, ftionaf ozone gas was expressed as
a photochemical reaction. When correlation betwleAn AA and ozone is examined,
(Table 3.6) it was determined that there is a ¢ation in level of R=0.88 between
aldehydes and ozone amount in summer measurembste whotochemical oxidation
and temperature are higher. Contrary to this fagierfect negative correlations (R=-
1.0) are calculated for wintertime concentratiofisis is quite interesting result, which
indicates while ozone was increasing, the aldehgeeseased, or vice versa. It is easy
to explain the decreasing level of ozone formatimader the winter climate, but this
should be also associated by the same trends itevleé of biodegradation. It is not
likely to have a perfect negative correlation. hésdings are open question and more

detailed studies and investments should be perfbtmbave a better explanation.

Table 3.6Correlation table of seasonal formaldehyde, acebglde and ozone

measurements in Dolmabahce palace indoor enviratsmen

Winter Oz Summer O; Summer FA
Summer FA 0.88
Summer AA 0.88 1.00
Winter FA -1.00
Winter AA -1.00

Outdoor FA/AA ratios measured in Dolmabahce Palaceinter and summer season
are given in Table 3.7.

In the measurements made in Dolmabahce Palacenakevironment, FA/AA ratios
were determined. While average FA/AA ratio was dbbun winter measurements,
FA/AA ratios in summer analyses were respectiveterdnined as 4.25, 5.97 and 6.39.
Such high ratios show that formation of FA occug@nin summer period.

Table 3.7.Formaldehyde and acetaldehyde ratio

Summer Winter
FA/AA FA/AA
4.25 2.13
5.97 0.71
6.39 0.69
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3.5 HEAVY METALS

Traffic-related heavy metals components were alseestigated in sampling of
particulate matter in the study that was carrietl inuorder to examine the effect of
traffic-related pollutants to indoor environmenttbe palace. For this purpose, heavy
metals such as Chromium (Cr), Copper (Cu), Mangafes), Nickel (Ni), Cadmium
(Cd), Lead (Pb) were analysed in particle matertalst sampling was made in 8
different sizes with Cascade Impactor. Averagehedvy metals according to size
distribution whose samplings were done in indooriremment are given in table 3.9.
Results were assessed according to the sizes staf@ble 2.1 (method part cascade
Impactor). Traffic-related pollutants are in PMfine particle sizes. For a better
interpretation of the results, coarse (stage @, B) and fine (stage 4, 5, 6, 7) particle

size distributions and percentages are given ineras.

Table 3.8Average concentrations of heavy metals in PM sasnpddlected by a
cascade impactor

Stage 0 Stagel Stage2 Stage3 Stage4 Stageb5 Stage6 Stage 7

(ng/m’) (ng/m’)  (ng/m’) (ng/m’)  (ng/m?)  (ng/m’) (ng/m’)  (ng/m)
Cr 0.08 0.06 0.64 0.64 2.61 3.22 1.95 1.80
Cu 2.90 3.55 8.12 5.23 6.88 8.89 7.31 491
Mn 2.70 4.03 7.41 5.29 7.50 7.50 4.01 3.19
Ni 2.06 1.28 6.37 1.95 2.00 531 5.75 6.69
Pb 2.35 6.92 25.08 7.90 8.65 7.10 3.09 4.76
Cd 0.03 0.04 0.11 0.09 0.13 0.44 0.42 0.38

Table 3.9Average heavy metals concentrations in coarseiaad’M fractions

Course  Fine % %

(ng/m°) (ng/m°®) Course Fine
Cr 1.42 9.58 13 87
Cu 19.80 27.98 41 59
Mn 19.42 22.20 47 53
Ni 11.66 19.75 37 63
Pb 42.25 23.60 64 36
Cd 0.27 1.37 16 84

According to our results, as shown in Table 3.8e fparticulate matter concentration
was 9.58 ng/m while Cr coarse particulate matter concentratias 1.42 ng/rh While
13% of the Cr element detected in the palace therncoarse particulate matter, 87% of

it is in fine particulate matters. While coarse tgaitate matter concentration of Cu
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element is 19.80 ngfnits fine particulate matter concentration is nuead 27.98
ng/nt. 59% of Cu element measured is in fine particutagter while 41% of it is in
coarse particulate matter. Another element measMretias 19.42 ng/frconcentration
in particulate matter, while its quantity in finaniculate matter is 22.20 ng/mWhile
47% of the Mn element detected is in coarse paatieumatter, 53% of it is in fine
particulate matter. While concentration of Ni elemmeasured indoor environment of
Dolmabahce is 11.66 ngfmin coarse particulate matter its concentrationfiire
particulate matter is 19.75 ngimWhen we consider percentage distribution of Ni
element according to its particulate size, coarasiqulate matters are 37% of total
particulates, while fine particulates are 63% ofakoparticulates. While coarse
particulate matter amount of Pb element is 42.2Bnfgits fine particulate matter
amount is 23.60 ng/fn While 64% of Pb element measured is in coarsécpéate
matter, 36% of it is in fine particulate matter. Mglcoarse particulate matter amount of
Cd element is 0.27 ngfnits fine particulate matter amount is 1.37 ny/Mvhile 16%

of the Cr element detected in Dolmabahce Palatedsarse particulate matter, 84% of

it is in fine particulate matter.

As a result of heavy metal sampling in Dolmabaha&a¢e, it is determined that all
elements except Pb were found more in fine padteumatter size. There is no source
in the palace that can cause fine particulate sy metal pollution. We conclude
that heavy metals measured indoor are anthropogefiittants outdoor. We attributed
that the most significant anthropogenic fine PM rseuis traffic related exhaust

emissions.

The amount of Pb was higher than the amount ofseoparticulate matter in palace.
This is an unexpected result, since the atmospketicces of lead is mainly related the
lead containing fossil fuel combustion, mostly demmn which emits lead mostly in
form of fine sized PM into the atmosphere. Howetlee, sources of environmental lead
are wide-ranging in the literature, one of the maidoor lead contribution and
poisonings were attributed to lead based paintschwivere common in earlier times
(Montgomery and Mathee, 2005). Even though we d perform any chemical
analysis on the wall painting samples obtained feorgwhere in Dolmabahce Palace;
we speculate that the enriched indoor lead coragoris can be attributed to wall and

structural material deformations which may contagher level of old lead based paints
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used in the palace. Because, this elevated leazbotmations perfectly coincidence with
wall and other structural restoration activitiesfpened in the closer rooms and micro
environments to sampling points.

Especially high amounts of Pb in coarse particutastter in measurements in Medhal
Hall are thought to be due to the restoration igs@l Stairs that are always open and
connected to Medhal Hall. Some parts of CrystalrStare in restoration since 2009,
but on the date of measurements inventories andottra of Medhal Hall were being
cleaned. We conclude that coarse particulate medtetaining Pb increased due to this
cleaning.

In order to identify the common sources of heavytatse we performed a factor
analysis with use SPSS. Results of this analygssammarised in Table 3.10. Two
main factors were identified and 84% of the vareegplained with these two factors.
Components of the each factor groups are givemld fonts in the table. These are the

factor components which have common.

Table 3.10Factor groups of heavy metal pollutants

Component

1 2
Cr 0.882 0.137
Cu 0.708 0.675
Mn 0.264 0.885
Ni 0.733 0.196
Pb -0.150 0.918
Cd 0.972 -0.176

In the first group, Cr, Cu, Ni, and Cd are locatadd in the second factor group Mn,
and Pb are located. In the second factor, leadnaamanese falls in the same factor
groups that also confirms our previously assumptManganese is naturally occurring
element and found abundantly in nature; 0.1% of ébgth crust is manganese. Its
association with the lead confirms that both eleimeme abundant in paint materials
used in the palace, which was get scrapped duhegréstoration activities, settled

down to surfaces, then re-suspended during anyesgeaning activities.
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3.6 EVOLUTION OF RESULTS ACCORDING TO TWO MODELS

3.6.1 Dose-Response Calculations

European Union Fifth Frame Work Programme (EUSKER)lie purpose of preventing
corrosion on cultural structures, a project namddLMI-ASSESS, Model for Multi-

Pollutant Impact and Assessment of Threshold Levets Cultural Heritage was

completed in 2005. Comprehensive aim of the praogdbd investigate corrosion and
soiling effects of parameters such as HNSQ, NO, and Q main sources of air

pollution and particulate matter on historical &atés and to model the amount of
damage mathematically. Weather conditions durimgrnttodelling; parameters such as
temperature, moisture and pH value are includechadelling. In order to investigate
dose- response relation (dose-response functiotgrins of corrosion, carbon steel,
zinc, copper, bronze and limestone materials wetected. Mathematical formulas
developed for these materials are given in the &1l Relative deposition model

given;

K= Kary (SO, NO,, Oz, Rh, T) + Kyet(Rain, H) (8)

Deposition- dose-response formulas become two pénitsh are dry deposition and wet
deposition (8). Dry deposition part is significdant evaluate the result because of the
study carried out inside of the Dolmabahce Pal@iberefore gases air pollutants; 50
NO, and Q additional relative humidity values important retstudy.

Only parameters forming dry deposition values wesed in indoor assessment. As
already stated, SCand PMo limit values of the study Multi-Assess (2005) aieen.
These values are given respectively as 10 fighd 15 pg/rh
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Table 3.11Dose-response functions for the multi-pollutatuaion, including
temperature function, for unsheltered materialsl{ivAssess, 2005).

Material Dose-response function* Temperature
function
Carbon stee| ML=29.1+{21.7+1.39[SQ>*Rhse"” f(T) = 0.15(T-10)
+1.29Rain[H] + 0.593PMt *° when T<10°C,
-0.054(T-10)
otherwise
Copper ML=3.12+{1.09+0.00201[S{)[O3]Rheee"”  f(T) = 0.083(T-10)
0.0878Rain[H] }t when T<10°C,
-0.032(T-10)
otherwise
Cast Bronze| ML=1.33+{ 0.00876[S{Rhgo- " f(T) = 0.060(T-11)
+ 0.0409Rain[F] + 0.0380PM }t when T<11°C,
-0.067(T-11)
otherwise
Portland ML=3.1+{0.85+0.0059[SGIRH+0.054Rain[H] -
limestone* | + 0.078[HNQ]Rhgo + 0.0258PM } t
Zinc* ML = 1.82 + { 1.71 + 0.471[SO2F* 0181 £(T) = 0.062(T-10)
+ 0.041Rain[H] + 1.37[HNO3] } t when T<10°C, -
0.021(T-10)
otherwise

* The annual HN@ concentrations were calculated:
HNO; = 516 &0%(™273%(INO,][03]Rh)%®

* Units of the used parameters are: corrosioncitfdL] in g m*, gaseous pollutants
in pg/n?, time (t) in years, temperature (T) in °C, relathumidity (Rh) in percent (%),

amount of precipitation (Rain) in mm, and &f precipitation [H] in mg/I.

While SQ is common parameter in modelling of all materid®l,o is the other
pollutant parameter that affects carbon steel aasl bronze materials, HNGs the
other pollutant parameter that affects zing,i©the other pollutant that affects copper,
HNO; and PM, are the other pollutants that affect Portland a@ous cement.
Parameters which have synergetic effects on thermalst are given in Table 3.12. This

table includes only dry deposition parameters.
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Table 3.12Parameters which have synergetic effects on thermatg

Material T Rh SO, NO, O3 HNO3 PM1g
Carbon Steel X X X X
Zinc X X X X
Copper X X X X
Bronze X X X X
Limestone X X X X X
Glass X X

X X X X

While NO, and Q do not affect directly materials but the gaseoosuo synergistic
effects cause HNgformation.

PMjoparameter affects especially in form of soilingfefs of particulate matters on
painted steel (9), white plastic (10), polycarbenaembrane (11) and limestone (12)
are stated with the formulas below.

Painted Steel: R = Ro [1-exp (- CRM t x 5.9 x10)] (9)

White Plastic: R = Ro [1-exp (-CPlx t x 5.3 x 10)] (10)
Polycarbonate Membrane: R = Ro [1-exp (-Gt x 2.4 x 109)] (11)
Limestone: R = Ro [1-exp (-CPMIX t x 6.5 x 1F)] (12)

Multi Assess Dose-response functions used to cledithe effect of related traffic
resources in Dolmabahce Palace. We determinedskealues of micro environments
(e.g. rooms, Halls, etc.) with Dose-response famctif SQ, NO,, O3 and PM,.

Humidity values of Dolmabahce Palace are high bez@us a museum on the sea side.
Humidity values measured by Dolmabahce Palace asimtion are very high both in
winter and summer. As mentioned in formulas, hutyigialue is over 60% and this
causes humidity parameter to become active for nadteexposed to corrosion.
Unfortunately, even the humidity values measuredvinter season in Dolmabahce
Palace are over 60%.

Highest risk rooms for Carbon Steel, bronze materkdall 76, Stfera Hall, Head clerk
room, Hall Nr. 18, silver room and room for prepema to worship. Rooms at risk for
Zinc, cooper and limestone; Hall 76, Sufera HakaH clerk room, Hall Nr. 18, silver
room and room for preparation to worship, room Ba3d room Nr.162. For Glass;
Hall 76, Sufera Hall, Head clerk room, Hall Nr. 18ijver room and room for
preparation to worship, room Nr.33and room Nr.162.
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All rooms in the palace are at risk because;fP¥alue is over 15 mg/ifor the
materials painted steel, white plastic, polycarlbenamembrane, limestone that are
exposed to soiling due to high value of gMThe biggest reason for this is that too
many visitors come to palace during the day, flaescovered with carpets and palace
is located on a street where traffic is intensee filghest PM value on the day’s close to
visit are in 127th room, 129th room, 96,97th anth9@®oms, 212th room, 166, 168th
and 170th rooms, 119, 122, 157,161, 163, 167 adthXwrridor.

The highest PM value on the days open to visit 822nd room, 154th room, 157th
room 152nd corridor, 161, 163 and 166, 167, 1@B1atOth rooms.

3.6.2 EU Project Master Early Warning Dosimeter forOrganic Materials (EWO

Dosimeter)

The study carried out by NILU Norwegian Instituter fAir Research refers to air
pollutants that affect objects in museum and péssffects of these pollutants. Two
investigations EU project MASTER and PROPAINT, warade by NILU Norwegian
Institute for Air Research for indoor materials aadpollution.

EWO dosimeter work with this principldevelop an early warning system based on an
effect sensor for organic materials, assessingidesaion on organic materials indoor,
based on the end-user identified needs.

There are two different calibration equations idahg MASTER Early Warning
Dosimeter for Organic Materials (EWO Dosimet&howcase (10) and galleries (11)

belonging to sensors used (Lopez-Aparicio S., 20L0gse are;

Showcase: EWOG1000=4.53#7 (0.16[NQy] +0.052[Q)]) (13)

Galleries: EW0OG1000=8.67+U¥+T72 (0.11[NQ)] +0.1[O3]) (14)
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Table 3.13Threshold values dtarly Warning Dosimeter for Organic Materials (EWO

Dosimeter)
Calibration
point Trigger values
T (°C)

NO, uv RH= RH= RH=

(ppb) (MW/m2) 45 % 55 % 65 %
1 1 1 20.8 19.3 18.2
2 Increasing 2.5 3.75 22.9 21.4 20.2
3 | deteriorating 5 15 24.5 23 21.8
4 ! 10 37.5 26.8 25.3 24.1
5 15 37.5 29 27.6 26.2

Most significant pollutants for organic materiaie 8O, and Q which illustrated

Formula 1 and 2. Additional the other importantgmaeter is S@which given range 0-

3.5 ppb.

1 ppb= 1.91 ug/MNO,, 1 ppb= 2 pg/m0Os; and 1ppb= 2.62 ughs0,.
According to calculated values between 1- 5 clasgdibns; 1- 5 between classifications
determined N@ between 1.91- 28.65 pg/mO; between 2.3— 50 pgivand SQ

between 0- 9.2 ugfn

The classification given in Table xxx different #iof places as; Archive store, Purpose

built museum, House museum, Open structure, Extstoge with no control. We

evaluate the result according to the house museumdimabahce Palace.
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Table 3.14Early Warning Dosimeter for Organic Materials resp® level after

exposure

Determined

Classification of Levels

Expectation

Archive
store

Purpose
built
museum

House
museum

Open
structure

External
store with
no control

1

Expected
environment
(acceptable)

Environment is

very good

Excellent
environment

Dosimeter is

not responding

Dosimeter is
not
responding

2

Environment
could
be better

Expected
environment
(acceptable)

Environment is

very good

Excellent
environment

Dosimeter is

not responding

3

Environment Something is

is poor

Environment
could be
better

Expected

environment
(acceptable)
Environment
is very good

Excellent
environment

4

wrong with
control

Environment
is poor

Environment

could be better

Expected

environment
(acceptable)
Environment
is very good

5

Serious
problem
with
building or
control
Something
is wrong
with control

Environment
is poor

Environment
could be
better
Expected
environment
(acceptable)

Our results are compared with the values specifigtie Dolmabahce Palace. N@as

was measured respectively on average of 52.8 {igm 46.47 pg/fin summer in the

palace. Dolmabahce Palace droup in terms of N@pollutant. Q concentration was

determined as 4.30 pglnand 4.48 pg/thon average in winter and summer seasons.

Dolmabahce Palace is ifi%jroup in terms of @values.

Rooms at highest risk with actual measurementsoimBbahce Palace are as follows;
Hall 76, Hall 118, Sifera Hall, Room 33, Selamliit&n Bath, Silver Room, Harem of

passenger Hall, Yellow Hall,

162 Medhal

Hall,

Halll and Glass Pavilion.



CHAPTER 4

CONCLUSIONS

In the study carried out, traffic-related pollusrand possible effects of them on
inventory of the palace were researched in indeowt @utdoor (Palace balconies) of
Dolmabahge Palace. For this purpose, in Dolmab&iat@&ce N@, SO, Os, particulate
matter (PM), black Carbon (BC), heavy metal andeladies (formaldehyde and
acetaldehyde) were investigated and the results discussed.

NO, value from traffic-related main gas pollutants he®n determined very high in
indoor and outdoor environment of the palace. Evemen amounts of all pollutants
measured in the palace, it is seen that IN&s the most pollutant value. B@mount
remains over the NILU limits in 65 points where mi#@d in the palace. Also NG a
main pollutant that will lead to formation of cosion on the inventory in the palace
because it causes formation of HN®@ humid environment with ozone. Therefore,
inventories in the palace are under high risk imteof pollutant N@.

SO, gas, with its average values in indoor and outamwmironment of the palace, is in
the group of “moderate” according to limit valudsMulti Assess 2005. However, SO
value has not been determined in high degree in@my.

One of the traffic-related pollutants, Black Carb@iue has been determined higher in
summer period in the rooms facing to the traffi@malysis results. This result indicates
that traffic-related pollutant increases during suenmer period. Similarly, it has been
identified that the values of N@nd SQ also increase during the summer in support of
this conclusion. In indoor and outdoor BC measurgmef Dolmabahce Palace, it is
notable that the highest value measured in indasir@nment is in the morning. It is
determined that BC value generally decreases duhegday but also affected by
fluctuations in outdoor environment. However, BQueadecreases at noon while it has

high values in the morning and near the end ofsbiking hours.

63
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Course and fine particles amount was determindzbthighly affected by visitors. The
measurement results carried out in Dolmabahce @alace determined to be over the
limit values determined for historical objects.

The most remarkable results regarding the Aldehydeasurements are that aldehydes
amount is higher inside the palace than out ofpddace. With this result, it has been
identified that objects in the palace are suffefiogn organic deterioration.

Although heavy metal pollution is not in DolmabalRa&ace, heavy metals are mostly
in fine particulate matter sizes, also it is defeed that restoration works in the palace
increase Pb value in course size.

Because Dolmabahce Palace is a museum palace, &€ Hystem, unfortunately,
cannot be established for the purpose of protedtieghistorical objects. Absence of
HVAC system in the palace increases exposure ahtrentory in the palace to outdoor
pollutants. Nevertheless, especially the pollutdhtg cause damage on the historical
artefacts and determined in high degrees in Dolimgddalace indoor environment

pose a threat to the inventory of the palace.

This study that is conducted was supported by TWBITwith project number
109Y272. Furthermore, this study is the first studyTurkey that examines the air
quality in the museum and discusses possible sffgficthe air quality to the objects in
the museum. This study will be guiding the projeatsl researches in respect to air

guality in museum in the future in Turkey
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