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ABSTRACT

This study involves mid infrared (MIR) region (400-4000 cm™) Diffuse Reflectance
Infrared Fourier Transform Spectroscopy (DRIFTS) investigation of urban topsoil samples
nearby historical libraries in historic peninsula, Fatih district, Istanbul, Turkey. With DRIFTS,
we aimed to detect traffic-driven pollution around these libraries that contain cultural heritage
indoors. DRIFTS is a rapid and versatile technique that can be both used in laboratory and in
situ soil analysis and it is very sensitive to both organic and mineral soil composition. IR
spectral discrimination of topsoil samples collected nearby libraries were rapidly and accurately
determined. Another purpose of this work was to investigate the possible sources of pollutants
on urban topsoils nearby these historical libraries by their soil mineralogy, mainly based on
kaolinite, total recoverable hydrocarbon (TRH), disorder index (DI) and sulfur dioxide (SO>),
as an anthropogenic source, using DRIFTS. To the best of our knowledge, we report the first
DRIFTS determination of the various traffic-driven pollution sources absorbed by urban

topsoils nearby historical libraries.
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1. Introduction

It is very well known that Infrared (IR) spectroscopy is a versatile technique in
characterizing soil mineral components and it allows to identify specific peaks stand for
vibrations such as O-H, Si-O and Al-O which arise from certain types of minerals thus
determine minerals exist in the soil. For example, regarding phyllosilicate indentification,
absorbance of mineral structural units, mostly hydroxyl, silicate and interlayer and octahedral
layer cations are investigated. Hydroxyl O-H stretching and bending occur at 3750-3400 cm™
and 950-600 cm!, respectively. Silicate Si-O stretching vibration corresponds to 1200-700
cmt and 700-400 cm~2. In addition, interlayer cation vibrations fall into region between 150-
70 cm~tand 2:1 layer silicates contain single O-H stretching band between 3700-3620 cm™,
whereas 1:1 layer silicates absorb two or more stretching bands in this region. In 2:1 layer
silicates, isomorphic substitution disrupts crystalline order and causes the single band at 3700
cmt (Margenot et al., 2017).

Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) is well suited
for soil analysis because the spectra can be obtained directly from the samples with minimal
sample preparation. Typically only drying and grinding are required, although dilution with
KBr is sometimes beneficial. Grinding is best done finely and uniformly across the sample set
in order to avoid artifacts that could affect the baseline and peak widths (20 mesh should
suffice). Coarser soils trap light more effectively than finer soils, resulting in higher overall
absorbance and a shifted baseline (Reeves, 2012). Additionally, mineral bands can be affected
by particle size due to variations in specular distortion between small and large silica fragments

(Nguyenetal., 1991). Fine grinding can additionally improve spectral quality by homogenizing
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soil samples. Similar to transmission analysis of pressed pellets, DRIFTS can be used to analyze
soil or sediment samples diluted with KBr (typically 2-10% sample by mass). Quantitative
calibrations with soil samples can only be achieved using spectra from “as is” neat samples not
diluted with KBr (Janik et al., 1998; Reeves et al., 2001). However, studies on some products
including foods (Downey et al., 1997; Kemsley et al., 1996; Reeves, 1994a, 1994b, 2001a,
2001b), forages and soils (Janik et al., 1998) have demonstrated that quantitative analysis using
DRIFTS and neat samples can be performed with high accuracy. On the other hand, some
studies focused on determination of organic and inorganic carbon by means of Mid IR
spectroscopy (Reeves et al., 2002). In order to predict soil pH, soil organic carbon, total
nitrogen, exchangeable Al, Ca, Mg, K and soil texture for soil samples, MIR spectroscopy was
also performed (Bashagaluke et al., 2015). Soil organic matter (SOM) from two Brazilian soils
were investigated in bulk samples and characterized by elemental analyses, DRIFTS and
transmission IR spectroscopy. Additionally UV-Vis spectroscopic study was also done on soil

samples (Dick et al., 2003).

In the beginnings of 90’s, Nguyen et al. (1991) applied DRIFTS in soil studies and they
revealed the clay mineralogy and organic matter of the investigated soil samples. In that study,
main focus was identification of minerals like quartz, kaolinite, dolomite, illite and
montmorillonite. Reference spectra of the pure minerals were compared to the soil spectra and
quartz and carbonates were easily identified (Nguyen et al., 1991). It is also important to
elucidate humic acid (HA), fulvic acid (FA), composts and peat in soil samples. Characteristic
wavenumbers of HA and FA were determined with the aid of DRIFTS and the corresponding
band assignments were reported (Niemeyer et al., 1992). Besides, it was pointed out that a
decrease in organic carbon (C) is accompanied by a decrease of hydrophobicity as well as soil
microbial activity and aggregate stability. That work described hydrohobicity index (HI) as the

area of the aliphatic C-H stretching band in the 3000-2800 cm™ spectral region divided by
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organic C (Capriel et al., 1995). An earlier work showed that HI is a sensitive quantity to
characterize the quality of oil organic matter and it was shown that hydrophobicity of SOM can

be determined rapidly by DRIFTS (Capriel, 1997).

In another research conducted by Kaiser et al. (1997), DRIFTS was used for
identification of minerals like illite, ferrinydrite, goethite and AI(OH)s; and they assigned the
corresponding absorption bands of dissolved organic matters upon the addition of acidic HA
substances. They discussed the alterations of the band intensities and shifts in the spectra in
terms of interactions of various functional groups and found that acidic HA substances involve
carboxyl groups and aromatic structures. In that work, it was also found that most of the
carboxlyl groups reacted with metal atoms at the surfaces of AI(OH)s3, ferrihydrite and goethite
(Kaiser et al., 1997). Woelki et al. (1997) also studied HA for hydrophobic and hydrophilic
fractions and only assigned the types of the functional groups. Salt migration determination
investigation was also performed by DRIFTS in the context of preservation of historical
monuments and this study was conducted by alkali metal carbonates like Li,CO3, Na,CO3 and
K2CO:s. In that investigation, treated and untreated samples of Burgprepaccher sandstone were
investigated and potential harm properties were compared and discussed by absorption intensity
using Kubelka-Munk algorithm (Zeine and Grobe, 1997). Machovic and Novak (1998)
analysed bitumens isolated from the individual soil horizons of the cambisol samples in Boubin-
north spruce stand (Sumava Mountains) and showed the correlation between compositonal

changes of soil bitumens with increasing soil depth (Machovic and Novak, 1998).

A previous research showed that soils possessing kaolin, gibbsite, goethite, and hematite
particles have been found to have a natural capacity to attenuate pollution in aqueous phase
(Mohsenipour et al., 2015). That study demonstrated that kaolin can be used for natural

scavenger of pollution in the environment. In terms of the relation between soil minerals and
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traffic-related pollution, there are still a limited number of studies, yet. One of these studies was
on the cadmium (Cd) accumulation on kaolinite and it was found that Cd can be adsorbed across
the soil bed (Kim et al., 2003). In a very recent work, researchers investigated the role of the
soil-mineralogy in the oral bioaccessibility which has not been extensively studied so far. To
investigate bioaccessibility they collected five types of periurban soils and samples were spiked
with the same amount of lead-chromates from traffic paint, and subjected to the in vitro
Physiological Based Extraction Test (PBET). By this test, they found that Correlation of Pb
(lead)-bioaccessible at intestinal conditions is significant with kaolinite (Gonzalez-Grijalva et

al., 2019).

More recent evidence showed that DRIFTS is capable of detecting specific organic and
inorganic compounds in metal complexes and minerals, thus has been used to predict soil
composition and heavy metal contents (Wang etal., 2017). Moreover, among various pollutants
such as nitrogen oxides, hydrocarbons, carbon monoxide and carbon dixoxide, pollution of the
air by sulfur dioxide already exists wherever fossil fuels are burned. At this point, DRIFTS is a
promising, rapid and accurate analytical spectroscopic technique for the determination of sulfur
dioxide in terms of sulfite in ambient air samples (Verma et al., 2007). In the last few years,
major efforts on both determination of soil contamination and total petroleum hydrocarbon
concentration were made via DRIFTS by using some key parameters such as area under curves
in spectra, regression analysis and intensity ratios of some selected peaks in well-defined ranges
in order to build a robust model. In these cutting-edge papers, DRIFTS was thoroughly used
and advantage of together with the aid of multiple regression model was taken (Forrester et al.,
2013; Hobley et al., 2014; Horta et al., 2015; Ng et al., 2017). An important risk assessment
was done by characterization of road dust and minerals such as quartz, muscovite, albite,
kaolinite, microcline, Fe-enstatite, graphite and amorphous content and the findings were also

associated with health risks (Candeias et al., 2020) and it was highlighted that it is crucial to
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identify these minerals and make correlations with traffic related pollutants. Furthermore, a
recent study was performed to characterize pollution and identify the source of heavy metals in
soils was done using geochemical baseline concentrations (Jiang et al., 2020b) and
contamination and ecological and human health risks from different sources of soil heavy

metals were evaluated and discussed (Jiang et al., 2020a).

In this context, since vast majority of previous works have only focused on numerous
different analytical techniques rather than spectroscopy, there is still a lack of research by
spectroscopic techniques in particularly soil research. The purpose of this work was to
investigate the possible sources of pollutants on urban topsoils nearby selected historical
libraries in Fatih district in Istanbul by their soil mineralogy, mainly based on kaolinite, total
recoverable hydrocarbon (TRH), disorder index (DI) and sulfur dioxide (SO2) as an
anthropogenic source using DRIFTS. We also focused on risk assessment for such priceless
cultural heritage assets based on our spectroscopic findings. To the best of our knowledge, we
report the first DRIFTS investigation on determination of the various sources on urban topsoil
samples nearby historical libraries by means of kaolinite, TRH, DI, SO together with the risk

assessment.

2. Materials and Methods

2.1. Soil samples

Soil samples were collected from three different parts of the libraries. First; front part
of the building (coded “F” for spectrum which stands for “front” of the building), second;
middle part of the library garden (coded “M?” for spectrum which stands for “middle” of the
building) and third; backyard of the library garden (coded “B” for spectrum which stands for

“backyard” of the building). Sample weights before and after drying in the microwave oven
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were given in Table 1. Weighed soil samples and all samples in the petri dishes after sieving

was presented in Fig. 1.

Fig. 1. Weighed soil samples (left) and all samples in the petri dishes after sieving (right).

Table 1. Sample weights before and after drying in the oven.

M M
Sampling sites ~ Code ass (9) ass (9)

(before drying) (after drying)

Atif Efendi 1 AF 2.00 1.98
Atif Efendi 2 AM 2.00 1.99
Atf Efendi 3 AB 2.00 1.98
Beyazit 1 BF 2.00 1.97
Beyazit 2 BM 2.00 1.97
Beyazit 3 BB 2.00 1.97
Millet 1 MF 2.00 1.97
Millet 2 MM 2.00 1.97
Millet 3 MB 2.00 1.96
Nur-u Osmaniye1  NF 2.00 1.97
Nur-u Osmaniye 2 NM 2.00 1.98
Nur-u Osmaniye3 NB 2.00 0.96
Ragip Pasa 1 RF 2.00 1.95
Ragip Paga 2 RM 2.00 1.97
Ragip Pasa 3 RB 2.00 1.97
Siileymaniye 1 SF 2.00 1.97
Siileymaniye 2 SM 2.00 1.96
Siileymaniye 3 SB 2.00 1.99
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2.2. Locations of the collected soil samples combined in Google Earth and Google My Maps

All coordinates (latitudes and longitudes) of the sampling sites were given in Table 2.
These coordinates were exported to Microsoft Excel, then imported from Maps Google website
as a table and collection spots were plotted based on their location codes and “disorder index”
(DI) (between: 0.46 and 0.66), relative intensity of kaolinite peaks observed at 3669 and 3650
cm-! (for details of DI, refer Section 2.3). Google Earth map (Fig. 2) was used to visualise three
dimensional (3D) topography of the collection spots. Close-up images of the spots were given
in Figs. S1-S6 in Supplementary File. Table 2 also includes selected peak intensity ratios,
potential wettability index (PWI) (refer Section 2.3), areas under selected curves and selected

Full Width Half Maxima (FWHM) values.

2.3. Potential Wettability Index (PWI) and Disorder Index (DI)

A potential wettability index (PWI) was defined from the ratio of hydrophobic and
hydrophilic functional groups in soil organic matter (SOM). It was proposed by Leue et al.
(2013) for the first time (Leue et al., 2013). A higher value of PWI means that the SOM has
relatively more C-H in comparison to C=0 functional groups, and indicates decreased
wettability of the surfaces. DRIFTS can be used to obtain IR spectra from intact sample
surfaces. DRIFTS were also used to determine this ratio in the SOM (PWI) of intact aggregate

coatings by Ellerbrock et al., (2009) and Leue et al., (2013).

A quantitative relation between the relative intensities of the bands at 3669 and 3650
cm was defined as the crystallographical order of kaolinite (Cases et al., 1982) and this is
called “disorder index” (DI). DI was defined according to previous observations on sedimentary
kaolinites (Cases et al., 1982), soil kaolinites (Muller and Bocquier, 1987), and hydrothermal

kaolinites (Muller et al., 1990), increases with increasing degree of order.
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Fig. 2. All locations of the sampling sites nearby historical libraries spotted on Google Earth

together with the codes, DI (refer section 2.3) and Total Recoverable Hydrocarbon (TRH) (refer

Section 3.1.10) data.
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Table 2. Locations of the collected samples together with data for PWI, intensity ratios, DI, areas under selected curves and Full Width at Half Maxima (FWHM) for selected bands.

Location | Latitude Longitude — |nten3(i:tyHratiOSO T owr CSEIe;ted inti%;%ted ir(‘)ze; FWHM data for selected bands®

codet | MNorth) a0 | o upure suramoos seeorsedt 26253000 Area Area | 2574 2920 2515 2357 179 1635 1160 810 715
AB | 41017091 28.960206 | 0.28 3.46 063 | 016 | 191 2013 1426 | 3.9 nd. 3329 1577 1168 5773 nd.  nd. 607
AF | 41016893 28960131 | 033 2.99 054 | 007 | 162 3780 2433 | 3521 nd. 3230 1609 1193 1527 7358 2794 693
AM | 41017017 28960425 | 1.2 0.88 055 | 008 | 329 4898 0258 | 4641 4598 3562 17.11 1315 6801 1199 880 540
BB | 41011272 28965328 |  2.87 034 064 | 025| 032 1068 0016 | 3725 3137 nd. 1620 2094 7400 1057 1337 nd.
BF | 41010680 28.965334 | 354 0.28 065 |031| 026 791 0001 | 1872 3217 nd. 1592 nd. 6889 680 145 nd.
BM | 41010705 28.964801 | 050 1.99 066 | 016| 059 1700 0018 | 3523 nd. 3126 1627 1173 7344 1202 1615 7.31
MB | 41016926 28.949422 | 031 3.20 058 | 010 | 343 4394 0014 | 3286 nd 3339 3801 1156 6754 4118 nd. 509
MF | 41016950 28950112 | 1.96 050 047 | 016| 593 4572 0266 | nd  37.44 2915 nd. 1183 8083 856 1373 650
MM | 41017222 28949822 |  0.56 1.7 052 | 008| 239 3105 0050 | 3836 nd 3296 3468 1185 69.31 856 2816 7.11
NB | 41010583 28970841 | 2.7 035 059 | 012 | 072 2889 0003 | 1222 3546 nd. nd  nd 9991 895 1606 nd.
NF | 41010500 28971104 | 074 1.34 054 | 005| 447 8142 0075 | 3629 nd. 3345 2597 1151 8236 857 1871 6.14
NM | 41010862 28.971184 |  0.82 1.20 047 | 014| 097 2084 0054 | 3914 nd. 3221 nd 1222 6572 1814 1277 468
RB | 41009071 28958459 | 1.3 061 058 | 016 | 168 2125 0131 | 3637 3653 3269 1550 1248 63.85 1161 1322 762
RF | 41009432 28.959325 | 259 0.38 060 | 018 | 138 2029 0012 | 929 3519 2814 1499 1128 9329 922 1510 nd.
RM | 41.009420 28.958463 | 143 0.69 063 | 012 | 114 2023 0021 | 4108 4555 2647 1576 1200 7090 770 1333 nd.
SB | 41016033 28.962626 |  0.46 213 046 | 010 | 710 8234 0849 | 2602 nd. 3480 1569 1186 8328 697 1201 566
SF | 41015078 28.963559 | 255 0.39 066 | 017 | 054 1614 0028 | nd. 37.69 325 1598 1231 7570 726 1154 nd.
SM | 41015700 28.963024 | 271 0.36 065 |013| 093 2677 0091 | 3007 3588 nd. 1361 nd. 97.30 679 1291 nd.

3L ast letters of the codes for locations: B, F, and M: back, front and middle, respectively. Second letter codes for locations: A: Atif Efendi Library, B: Beyazit Library, M: Millet Library, N: Nur-u Osmaniye
Library, R: Ragip Pasa Library, S: Siileymaniye Library. "Wavenumbers in cmL, SlPWI: Potential Wettability Index. 9n.d: could not be determined.
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2.4. DRIFTS measurements

In DRIFTS, IR radiation penetrates the sample to a depth, which is dependent on the
reflective and absorptive characteristics of the sample. This partially absorbed light is then
diffusely re-emitted from the sample and collected on a mirror that focuses energy coming from
the sample onto the detector. The resulting spectrum is comparable to that produced in
transmission mode, but is more dependent on spectral properties of the sample interface. IR
radiation reflected from the surface of the soil samples was measured by DRIFTS module on a
FT-IR spectrometer ALPHA (Bruker Optics, Germany) in the 4000-400 cm region (Mid IR
range: MIR). All measurements were performed at ambient temperature in the laboratory. The
spectra were acquired by 128 scans performed with the spectral resolution of 2 cm1. Each soil
sample was first finely grounded in an agate mortar before spectral measurement. 2 g of each
soil samples were used. All raw soil samples were sieved, then weighed after drying in a furnace
at 80°C for 2 hours in order to get rid of humidity. Then, samples were weighed again and the
weights were found to be between 0.95 and 1.99 g (Table 1). The samples were packed into a
sample cup (9 mm in diameter) to achieve a nearly random orientation. The measurement spot
over the cup was 2 mm in diameter. After the background measurement was recorded with the
reference gold sample, the soil samples were replaced in the sampling cup and spectra were
collected. Prior to every measurement, sample cup was cleaned with ethanol (anaytical grade
of 99%). FTIR spectrometer has Csl (Cesium lodide) beam splitter, thermo-electrically cooled
DTGS (deuterated triglycine sulfate) detector. Spectral resolution is 2 cm™ and the
spectrometer has optical (moving mirror) velocity of 0.632 cm/s. The background spectrum
was taken every 60 mins. with atmosphere as background. All spectra were normalized to 1 and

Kubelka-Munk conversion were applied to each spectrum.
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2.5. Spectral data interpretation

All spectral data were interpreted by both OMNIC 8.3.103 software (Thermo Fisher
Scientific Inc.) and Spectragryph optical spectroscopy software (Menges, 2020). Firstly, linear
baseline correction over the manually specified baseline points was used in OMNIC software.
Smoothing operations over 7 points (correspond to 3.375 cm in wavenumbers) were
performed. It is allowed from 5 to 21 points in an increasing sequence of odd numbers in the
software. Kubelka-Munk conversion was applied to the spectra (Kubelka and Munk, 1931).
Secondly, all spectra were imported to Spectragryph software and Full Width at Half Maximum
(FWHM) of all selected peaks were calculated through the software’s implemented algorithms.
Peak finding threshold was 0.1 % of visible spectrum ordinate. Search interval and position
tolerance were 4 and 0.01 %, respectively. All spectra were interpreted by means of selected
peak intensity ratios, PWI, DI, areas under selected curves and selected FWHM values (Table
2). Intensity ratios of C-H peaks observed at 2873 and 2924 cm™ and 3669/3640 cm™ were
given in Table 2, together with PWI for comparison and differentiation purposes. C-H peaks
and their observed positions were reported in previous studies (Unsalan et al., 2015; Unsalan et
al., 2012; Billes et al., 2012; Erdogdu et al., 2012; Unsalan et al., 2014). Selected integrated
areas were calculated between the ranges of 2825-3000 cm™ (for three prominent peaks at 2983,
2924 and 2874 cmt), 1563-1753 cm (for central peak at 1650 cm™) and 1029-1035 cm* (for
central peak at 1032 cm). For this purpose, individual integrated baselines were used which
were implemented in Spectragryph software. Furthermore, FWHM data for the corresponding
bands at 2874, 2920, 2515, 2357, 1796, 1636, 1160, 810 and 715 cm* were also given in Table

2.
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3. Results and discussion

3.1. IR spectroscopy - DRIFTS

DRIFTS is an IR spectroscopic technique used on powder samples with almost no
preparation and this technique is an alternative to conventional laboratory methods has been
used to determine soil characteristics (soil pH, organic carbon, metal content, water content,
clay mineralogy and many others) rapidly and inexpensively. The determination of soil
physical, chemical, biological and mineralogical characteristics with conventional laboratory
analysis can take great time and be expensive. Furthermore, the accuracy of spectroscopic
techniques depends on the calibration and the precision and accuracy of the reference method.
Therefore, reliable analytical methods need to be used in calibration of spectroscopic technique

used in the analysis.

All normalized spectra and observed wavenumbers for the soil samples were given in
Table 3. FTIR spectra of 18 soil samples were given in Fig. 3 between 4000 and 400 cm.
Minerals such as kaolinite, quartz, humic acid, calcite, montmorillonite, goethite, hematite and
some possible organic matter (OM) were identified. FTIR spectra of the samples showed that
quartz and kaolinite were the most major constituents and other minerals as minor constituents.
The results clearly show the connection between natural and traffic related pollution, with well-

formed minerals, particulary kaolinite.
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Table 3. FTIR spectral data of the soil samples with their tentative assignments.

A B M

N

R

S

M F B M = B M = B M = B M = B M = B Tentative assignments Minerals
3695 3696 3697 | 3698 3696 3696 | 3695 3696 3695 nd. 3695 3696 | 3697 3696 3697 3697 3696 3697 | O-H stretching vibration of kaolinite (Al>Si2Os(OH)a) Kaolinite®®
3618 3616 3620 | 3621 3620 3620 | 3621 3621 3621 3620 3620 3621 | 3620 3621 3620 3621 3621 3621 | O-H stretching in clays or alumino-silicates Kaolinite®®
3465 3467 3475 | 3465 3466 3465 | 3465 3462 3468 3456 3466 3464 | 3467 3468 3460 3462 3460 3451 | H-O-H stretching of water molecules in montmorillonite Montmorillonite®
2924 2924 2920 | 2926 2923 2923 | 2922 2924 2923 2922 2923 2922 | 2925 2920 2924 2921 2924 2925 | Overtone of carbonate fundamental at 1473 cm? Carbonate®
2873 2872 2873 | 2873 2875 2872 | 2873 2874 n.d. 2874 2874 2876 | 2873 2874 2873 2852 2853 2849 | Asymmetric CH stretching O.M*. (n.d.)**
n.d. 2512 n.d. 2512 2510 2515 2513 2514 2513 2512 2512 2515 | 2511 2510 2512 2515 2514 2513 | CaCOs stretching Calcite®
n.d. n.d. n.d. 2361 2360 2357 n.d. n.d. n.d. 2384 2384 2385 | 2361 2359 2360 2364 2360 2362 | Overtone of Si-O stretching at 1159 cm™ Quartz®
n.d. n.d. nd. | 2342 2342 2341 | 2348 2349 2348 2348 2348 2348 | 2342 2342 2342 2342 2342 2343 | Carbohydrate overtone Calcite
1887 1887 1890 | 1890 1887 1890 | 1890 1891 1891 1891 1891 1891 | 1889 1891 1890 1890 1890 1890 | Carbohydrate overtone n.d.
1866 1866 1869 | 1871 1870 1870 | 1878 1873 1872 1872 1872 1872 | 1869 1871 1870 1870 1870 1870 | Si-O stretching Quartz®
1796 1796 1794 | 1795 1795 1793 | 1796 1796 1796 1795 1796  n.d. 1794 1795 1795 1793 1794 1797 | Si-O stretching Quartz®
1637 1633 1637 | 1638 1636 1633 | 1637 1640 1636 1638 1636 1651 | 1653 1654 1654 1654 1653 1636 | Protein amid peak (C=0) or calcite/illite (Islam, 2019) Protein%/calcite/illite
1485 1454 1458 | 1457 1456 1457 | 1457 1457 1455 1459 1457  nd. 1457 1457 1458 1457 1457 1473 | Carbonate fundamental vibration Carbonate®
1428 1434 1430 | n.d. n.d. n.d. n.d. n.d. n.d. 1437 1436 1418 | 1420 1421 n.d. 1419 1418 n.d. | CaCOj;asymmetric bending or amide C-N Calcite or amide: n.d.
n.d. n.d. n.d. 1401 1398 1404 | 1401 1401 1400 1395 1400 n.d. 1396 1398 1400 1397 1394 1387 | OH deformation and C-O stretching of phenolic OH' n.d.
n.d. n.d. nd. | 1160 1160 1159 | 1159 1159 1162 1159 1159 1160 | 1159 1159 1159 1159 1159 1159 | Si-O stretching Quartz®
1102 1107 1108 | 1111 1112 1110 | 1110 1112 n.d. 1112 1109 1109 | 1110 1114 1115 1111 1111 1111 | Si-O stretching Quartz®
n.d. n.d. nd. | 1057 1056 1057 | 1056 1056 1060 1058 1056 1056 | 1057 1056 1050 1051 1053 n.d. | (vs) mode of carbonate Carbonate®
1033 1033 1032 | 1032 1033 1033 | 1033 n.d. 1033 1033 1033 1033 | 1033 1032 1033 1033 1032 1032 | Na-montmorillonite Montmorillonite®
n.d. n.d. nd. | 1018 1018 1019 | 1016 1018 1020 1018 1016 1020 | 1017 1017 1016 1020 1018 1008 | O-Si-O stretching Kaolinite®
911 911 916 912 916 915 914 918 911 925 912 915 928 934 923 921 921 924 | Na-montmorillonite Kaolinite®®
874 874 876 876 880 875 875 876 874 875 874 872 875 873 875 878 873 872 Na-montmorillonite Montmorillonite®
848 848 848 848 848 844 848 848 848 849 848 848 847 836 848 n.d. 848 848 | Fe-O stretching in goethite (FeOOH) Montmorillonite®
812 809 811 811 812 810 814 813 n.d. 812 817 814 812 813 811 813 813 813 | NOs2 Nitrate!
791 791 792 791 790 789 794 792 797 798 796 799 792 794 792 792 791 791 | Fe-O stretching in goethite (FeOOH) Goethite®f
715 714 715 714 718 714 715 714 715 714 715 715 715 714 714 711 712 715 Calcite vibrations Calcite™?
633 632 632 630 635 629 n.d. n.d. n.d. 632 632 639 632 632 629 633 629 632 | Fe-O stretching in goethite Goethite®"
n.d. n.d. n.d. 512 514 512 516 514 n.d. 517 517 515 515 511 516 516 517 519 | Fe-O stretching in hematite (Fe,O3) Hematite®
498 n.d. 495 500 497 504 n.d. n.d. n.d. 497 499 499 498 496 495 490 492 495 | S-O bending vibration for sulfite Sulfitel
465 465 462 469 469 466 468 468 462 466 463 456 446 440 440 444 443 442 | Fe-O vibrations Hematite®"
404 405 406 409 406 408 402 405 402 406 410 409 405 410 409 405 403 406 Fe-OH asymmetric stretching Goethite®"

First letter of the codes for locations: B, F, and M: back, front and middle, respectively. Second letter codes for locations: A: Auf Efendi Library, B: Beyazit Library, M: Millet Library, N: Nur-u Osmaniye Library, R: Ragip Pasa Library, S: Siileymaniye
Library.*O.M.: Organic matter, **n.d.: not determined, ** (Cannane et al., 2013; Nguyen et al., 1991), ¢ (Kaluderovi¢ et al., 2018), ¢ (Calderon et al., 2011), ¢ (Parikh et al., 2014), f (Blanch et al., 2008), 9 (Messerschmidt, 1985), " (Schwertmann and

Taylor, 1989).1slam et al., 2019./Verma and Deb, 2007b; Wang et al., 2017.
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3.1.1. Kaolinite (Al>Si,0s(0OH)4)

Kaolinite was detected by its representative bands observed at 3697, 3621, 1008 and
924 cm. Our findings for kaolinite were consistent with previous results by Nguyen et al.
(1991) who reported these bands at 3698, 3622, 1020 and 920 cm™* (Nguyen et al., 1991). One
of the most recent studies performed on geochemical, mineralogical and morphological
characterisation of road dust revealed that kaolinite was observed among the other minerals like
albite, muscovite and graphite (Candeias et al., 2020). On the other hand, not only the natural
but also the anthropogenic contributions must also be considered for these sort of investigations.
It is known that lattice vibrations near 1020 and 920 cm* generallly shift or broaden depending
on the crsytal structure, variations in the hydrogen bonding and lattice ordering (Russell, 1987,
van der Marel and Beutelspacher, 1976). We also observed these broadening and shift effects

for these peaks only for AB, AF, MF and SB samples (Fig. 4) near the mentioned peaks.
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Fig. 4. Broadening and shifting effect for kaolinite for AB, AF, MF and SB soil samples.
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After baseline correction, DI, a quantitative relation between the relative intensities of
the bands at 3669 and 3650 cm™ was found that they were previously defined for kaolinites
(Delineau et al., 1994). Based on our results obtained for DI, we confirm that kaolinite is very
sensitive to environmental accumulations as previously reported by several works (Delineau et
al., 1994; Gonzalez-Grijalva et al., 2019; Leue et al., 2013). We found and confirm that kaolinite
data based on DI is in generally in accordance with the locations where the samples collected

(Fig. 5 and Table 2) that are close to heavy traffic.

mDI

06s 065 066 0,66 g5

0,63
|.54.55|||‘ ‘ “| ||
AB

AF  AM BM MB MF MM NB NF  NM RB

Fig. 5. DI for all samples with respect to their location codes.
3.1.1.1 Auf Efendi Library (AB, AF, AM)

Results tabulated in Table 2 suggest that AB has higher DI (0.63) compared to AF (0.54)
and AM (0.55) (Fig. 5) which is an indication of more adsorbed pollutant contamination on the
soil sample from AB (Fig 2). In addition, AB is the spot where the library is located and this
location might be evaluated under pollution risk due to its higher DI, but of course there might
be several possible sources of contamination that cause this contribution. One another reason
for this high DI data for AB, it is close to a main road (Atatiirk Boulevard) which connects
seaside to Taksim square and due to the traffic in this main road, it is highly possible that AB
experienced this pollution. Moreover, there is a Roman Empire aqueduct (Valence
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Agueduct:VA) which intersects this main road and we think that our conclusion is also
meaningful based on our previous Raman spectroscopic and structural work on the columns of
VA (Unsalan and Kuzucuoglu, 2016) which we observed pollution on its columns. However,
more careful investigations are required at this point. Besides, next to AB, there is a car park
which could contribute to change DI data and pollution (Fig. S1). In addition, nearby AF, there
are three open carparks and one larger parking area near AM. Even this latter parking place
contain many cars, interestingly AM has the moderate DI (0.55). This might be explained by

unidentified different factors that migh have affected this spot.

3.1.1.2 Beyazit Library (BB, BF, BM)

Beyazit Library, located in Beyazit square, is next to BF (DI: 0.65) and there is a parking
place in front of the library building. Almost every day, many visitors including researchers or
public enter this building. Even it is not publicly allowed to park just in front of this building,
authorities of library frequently use this parking space. Consequently, some certain amount of
pollution by the cars parked in this area has to be taken into account. Furthermore, BB (D1:0.64)
IS next to the street which is exposing a traffic everyday even if it has the least DI data. BM has
the highest DI value of 0.66 and this is because there is a public parking place just behind this
spot, hence it is clear that the soil sample from this point was highly affected by pollution
produced by cars, manily exhaust products. It is interesting to note that, although there is a big
parking place really close to BF, we obtained moderate DI value of 0.65, unexpectedly. This
might be explained by some other unknown and forecasted factors that could have affected our

results.
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3.1.1.3 Millet Library (MB, MF, BM)

Millet Library is at a location where it crosses a connection street (Fevzi Pasa street:
hereafter, FS) and also close to Vatan road (VR) in southwest of FS and VR is one of the other
main connection roads like Atatiirk Boulevard (ATB). Our results revealed that MB has the
highest DI (0.58) which states that the library itself suffered from pollution and might be
considered at under risk. MF and MM differ from MB with the DI data of 0.47 and 0.52,
respectively. It seems that a parking place next to the block, where the library located,
contributes more than the FS itself. This may be explained with the regular and direct exposure
of the library to the exhaust gases frequently by parking cars. On the other hand, even though
MF and MM are closer to the street than MB, one less possible factor that may have increased
the pollution of this location is that MB is close to ATB from the southwestern facet of the
building, which is wider than FS, thus carries heavier traffic compared to FS. Of course, that is

not an easy task to precisely identify the reason of pollution.

3.1.1.4 Nur-u Osmaniye Library (NB, NF, NM)

Nur-u Osmaniye library, located in the Nur-u Osmaniye mosque complex, is close to
Cemberlitag open parking place which is immediately south of the mosque. Together with the
relatively light traffic in Vezirhan street (VS), this parking place would have contributed to
pollution of this library’s backyard (NB) to a certain degree of DI of 0.59. It is also obvious that
total recoverable hydrocarbon (TRH) contribute the maximum amount of pollution at NM (red

star in Fig. 2 (See section 3.1.10).
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3.1.1.5 Ragip Pasa Library (RB, RF, RM)

Samples collected from RM and RF were very close to a wide street (Ordu Street: OS)
and exposed to heavy traffic and our results were satifactory for DI data especially for RM and
RF, 0.63 and 0.60, respectively. RF, RM and RB regions revealed an increasing order for B, F,
and M respectively. Due to the exposure of heavy traffic, soil samples from these spots might
have been depleted in various contaminants and spectral signals for kaolinite was consequently
affected. Since there is not much parking place in the approximity of Ragip Pasa Library, the

main reason for the pollution for this area seems to be OS and its traffic load itself.

3.1.1.6 Siileymaniye Library (SB, SF, SM)

Siileymaniye library is in Siileymaniye Mosque complex and it was found that DI data
was in increasing order for SB (D1:0.46), SM (DI:0.65) and SF (D1:0.66), respectively where
the closest spot to traffic pollution is SF. Location of SF is indeed next to the street which is
already open to a traffic (“Prof. Dr. Siddik Sami Onar street” which is seen Fig. 2).
Consequently, our findings based on DI data derived from kaolinite, extend our knowledge of
pollution can be attributed to kaolinite’s adsorption capability, thus we can confirm that DI
related to kaolinite would be used as a key parameter basis for determination of air pollution
and risk assesment of places that are particularly important for cultural heritage.

3.1.2 Quartz (SiOy)

Fundamental O-Si-O stretching and bending wavenumbers at 1080, 800-700 and 700
cmt were reported to be the most dominant bands in FTIR spectra of quartz-rich soils (Nguyen
etal., 1991; Soda, 1961). Unlike what was previously found for quartz by Nguyen et al. (1991)

and Soda (1961), we did not observe strong and intense bands for quartz which led us to
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conclude quartz-poor soils in our case. For example, we did not observe characteristic peak of
quartz at 1080 cm™ in any of our spectra. However, a doublet at around 800 cm is a descriptive
for quartz (Nguyen et al., 1991) and this doublet can be used as a quick diagnostic peak for
quartz. Although we concluded that our samples were quartz-poor soils, we observed this quartz
doublet with weak intensities (maximum around 0.073) approximately at 792 and 813 cm
(Fig. 6) which indicates that we have at least some amount of quartz in all our samples.
According to Table 4, maximum intensities of the peaks for 813 cm is in consistency with the
locations of the collection spots where traffic is close. For example, RM (0.073) and RF (0.065)
are closer to the traffic than RB (0.047) which means that quartz is also sensitive to pollution
(Fig. 6). MF (0.071), MM (0.018) and MB (0.010) are in decreasing order and this is inversely

proportional to the DI data (0.47, 0.52 and 0.58).

Table 4. Intensity maxima of quartz peaks at 813 and 792 cm™! (in decreasing order).

Site Max. intensity at 813 cm! Site  Max. intensity at 792 cm!
RM 0.073854 RM 0.016639
MF 0.071535 MF 0.016282
SM 0.070358 RB 0.015145
RF 0.065621 NM 0.013047
SB 0.051133 MM 0.012893
RB 0.047342 MB 0.012030
NM 0.042894 AB 0.011079
SF 0.039930 BM 0.010015
BF 0.026029 SM 0.009504
NB 0.022404 RF 0.009158
BM 0.021323 AF 0.008321
BB 0.019770 SF 0.007545
AM 0.019086 BF 0.006870
MM 0.018702 NB 0.006810
AF 0.012702 BB 0.006791
NF 0.011916 SB 0.006684
MB 0.010933 AM 0.005471
AB 0.009877 NF 0.005425
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Fig. 6. Diagnostic quartz doublet (813/792 cm™t) at around 800 cm™* peak.

3.1.3. Humic acid (HA) content

As hypothesized by (Calderon et al., 2011), the peak observed at 1340 cm is attributed
to humic acid which indicates a stronger absorbance of the soil carbon (C) than the microbial
material due to phenolic or COO stretching vibrations in more oxidized soil C (Calderon et al.,
2011). Authors also highlighted that 1640 cm™! peak is related to protein content, mainly caused
by casein. We observed these possible protein peaks approximately at 1640 cm in all spectra
as second intense peak group after the most intense peak groups in the region of 3600-3000
cm! (Fig. 3). Based on their results, microbial proteins in soils strongly affect this absorbance
value. We observed peaks related to 1340 cm! peak, only for SM (1336 cm), SF (1341 cm™),
BB (1338 cm™) and BF (1338 cm™) soil samples. At this point, we can qualitatively speculate
that the spots where these four samples could have HA content. Furthermore, it must also be
emphasized that it is not an easy task to qualify the amount and the origin of humic acid.
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3.1.4. Calcite (CaCO3)

It is known that pure calcite shows characteristic peaks at 2988, 2880, 2517, 1800, 1470,
875 and 720 cm* (Messerschmidt, 1985). Nguyen et al. (1991) showed that some bands at 2592
and 2517 cm* can be used to diagnose calcite (Nguyen et al., 1991). For this reason, authors
used the bands around 2500 cm™ to identify calcite and we used these descriptive bands to
detect calcite in our spectra (Fig. 3) around 2500 cm. We observed calcite at 2925, 2513, 1870,
1797 and 715 cm in our spectra and, based on previous works (Messerschmidt, 1985; Nguyen
et al., 1991), our results confirm the presence of calcite and further support the role of these

definitive peaks for calcite.

Data obtained from the collection locations showed that calcite vibrations (Table 3)
were not strongly correlated with the traffic-bearing locations and pollution. This was also
confirmed for calcite fundamental vibrations observed at approximately at 1457 cm with the
only one exception for SB which gave a band at 1473 cm that is very high wavenumber
compared to other locations. At this point, we can not rule out that any other type of mineral
rather than calcite may have influenced the reflectance due to its grain size, or any other reason
that we could not determine, and this band was observed at higher value. Furthermore,
wavenumbers observed around 715 cm™ do not alter according to the locations and no
correlation was observed for this vibration as a result. We should also mention that Total
Recoverable Hydrocarbon (TRH) content (Table 6) for the locations revealed that backyards of
the sample collection spots exhibited the highest amount of TRH which is in consistency with
wavenumbers observed at higher numbers for calcite. We also saw no significant difference in

observed vibrational wavenumber at around 715 cm-! for calcite.
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3.1.5. Montmorillonite, goethite and hematite

Montmorillonite

TRH content was compare to observed absorbance peaks of montmorillonite and
positive correlation was observed with the higher wavenumbers of montmorillonite and TRH
content. All TRH data observed were related to higher wavenumber of corresponding
montmorillonite wavenumbers at around 3460 cm™. However, we could not observe any
significant and sensitive band for Na-montmorillonite around 1032, 873 and 848 cm! (Table
3) and we can conclude that Na-montmorillonite can not be a sensitivie tool to monitor traffic-
born air pollution. To the best of our knowledge, this is the first connection between TRH and

montmorillonite data we presented here.

Goethite

It is previously reported that differences in the coordination of Fe with O cause certain
Fe-0 and Fe-OH absorbances at 3400-3000 cm, 900700 cm, and <700 cm. O-H stretching
absorbance bands and bending reflect the degree of cation substitution. For instance, increasing
Al substitution in goethite causes a wavenumber increase and band broadening for O-H
stretching at 3153 cm™ and in-plane and out-of-plane O-H deformation at 839 and 894 cm™.
Band broadening can also reflect decreasing crystallinity (Margenot et. al, 2017). We observed
goethite peak at around 799, 639 and 405 cm (Table 3).

When we compared the IR spectra and SO, data for the peak around 405 cm™ in IR
spectra, we interestingly found that all locations with higher SO value are directly proportional
to the higher wavenumbers for goethite. For example, goethite was observed at 406 cm for
AB and this is consistent with the highest amount of SO, (1.58) (Table 5). However, 799 and

639 cm™! peaks were compared and no significant relation between goethite and SO have been
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found. Consequently, we concluded that there might be a relationship between SO, data with
the goethite in terms of traffic-driven air pollution which needs further investigation and might

require an attention in another study.

Hematite

Hematite exhibits a single band at around 3697 cm=. This reflects that our samples
contain 2:1 layers of certain silicates. The bands at around 2925-2920 cm™ represent aliphatic
C-H vibration of aliphatic methyl and methylene groups. Observed broad band at 2600 cm!
was attributed to the formation of intermolecular hydrogen bonding between OH groups in
oxygenated compounds (Forrester et al., 2013; Montecchio et al., 2006). The band located
above 1600 cm™ is caused by the Al-OH and Si-OH stretching of aluminosilicates near 3625
cmL. Natural sediments or soils also contain interlayer hydrogen-bonded water molecules that
are responsible for a broad absorption around 3650 and 3000 cm* mainly centered at 3400 cm-
! (Koretsky et al., 1997; Bishop et al., 1996; Pieteres et al., 1993; Bellamy, 1975). We also
investigated whether there is a relationship between hematite bands and TRH and/or SO2/TRH
content and no significant change was observed spesifically for hematite. Thus, we can

generally conclude that there is no relation between these parameters.

3.1.8 Sulphur dioxide (SO.) as a pollutant

We were able to detect sulphur dioxide in the form of SOs>~ in IR spectra. Sulphur
dioxide was detected by its representative peaks at 495 and 632 cm™ (Vermaet al., 2007). From
the intensity values at these observed wavenumbers for all samples, we could quantitatively
determine the amount of sulfite adsorbed on our soil samples. According to our results, SO»
concentrations in our soil samples varied from 0.05 to 1.84 pg (Table 5). In addition, our

findings are in good agreement with earlier study performed by (Verma et al., 2007). In that
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study, they found this range between 0.05-5 ug. When the areas under each curve were
considered, no significant data was extracted regarding SO concentrations, so they were not
included in our evaluation. It must be emphasized that we did not take the area data under 495
cm peak into account because this data did not give significant results unlike the findings of
previous report (Verma et al., 2007). There is acceptable agreement with the SO, data with our
DI extracted from kaolinite based spectral results. For example, AB possess the greatest DI
among the AF and AM and SO concentration for AB (1.58 pg) is he highest value among AF
and AM, so this is in consistent with our DI findings. Besides, SO, concentrations were seen in
good agreement with the absorbance intensities observed for the peak at 495 cm. This clearly
indicates that we can use this band as a diagnostic tool to show the relationship between SO,
concentration and maximum intensity at 495 cm™ observed in IR spectra of urban topsoils

investigated in this study.
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Table 5. SO, concentration of the urban topsoils in this study.

Maximum intensity at

Sample spot 495 et SO, concentration (ug) Comment

AB 0.032167 1.58 Open parking lot OPL)
AF 0.000702 -0.09 Near the street (NTS)
AM 0.003613 0.06 Far from street (FFS)
BB 0.009578 0.38 NTS

BF 0.006493 0.22 Car parking area (CPA)
BM 0.037155 1.84 OPL

MB 0.010328 0.42 CPA

MF 0.003563 0.06 NTS
MM 0.012370 0.53 OPL

NB 0.011462 0.48 OPL

NF 0.001515 -0.05 NTS

NM 0.015673 0.70 NTS

RB 0.004121 0.09 OPL

RF 0.003470 0.05 NTS

RM 0.001499 —-0.05 NTS

SB 0.000249 -0.12 FFS

SF 0.001591 —0.04 traffic NTS

SM 0.001596 —0.04 traffic CPA

SO, concentration data is based on the calibration curve from Verma et al., (2007) by a
calibration data yielded a linear equation: y = ax + b. Here, y is the absorbance at 495 cm* and
X is concentration of SO». a and b are 0.0024344725 and 0.018833027. T: Close to traffic, C:
Car parking area. Car parking area data are from Istanbul Metropolitan Municipality’s official
website by spotting the open air car parking areas www.sehirharitasi.ibb.gov.tr.

3.1.9. Sulfate (SO4%), sulfite (SO3*") and nitrate (NO3") identification

Regarding nitrate, we did not observe any peaks associated with any nitrate (NO3")
components which were previously reported at 1385, 1050, 832-837, 712-719 cm™ (Verma and
Deb, 2007b). Sulphate (S04%") bands were also found to be detected at 1117, 983, 617 cm™
(Verma and Deb, 2007a) and 552 cm™ (Wang et al., 2017). SOs>~ was also identified by its
characteristic peak at 698 cm™ (Verma and Deb, 2007b). However, even though it was not
reported by work of Verma and Deb (2007b), in an investigation that evaluated the risk
assesment on heavy metals in soils, it was shown that the peak observed at 815 cm-! can be

used as a diagnostic tool for NO3~ (Wang et al., 2017). We observed this peak in our samples
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around 810 cm™ (Table 3) and were able to observe the existence of NOs as a possible

anthropogenic factor caused by exhaust gases.

3.1.10. Prediction of Total Recoverable Hydrocarbon (TRH)

It has been proposed that spectra obtained by DRIFTS can be used for development of
prediction of TRH concentrations in contaminated soils collected from sites in southern
Australia known to be contaminated with TRH. Authors have shown that detailed analysis of
contamination of soils has become available by DRIFTS (Forrester et al., 2013). A quite large
review has been published on the use of various spectroscopic techniques such as UV -Visible,
portable X-Ray Fluorescence (pXRF) and Visible and Near IR (Vis-NIR) on determination of
soil contamination (Horta et al., 2015). According to a recent research, detailed IR analyses on
soil contaminants revealed that selected IR peaks and relevant areas under these corresponding
certain peaks are helpful in identifying the amount of Total Recoverable Hydrocarbon (TRH)
concentration in soils together with the aid of multiple regression model. Based on the results
and correlation equations derived by Ng et al. (2017), we were able to determine approximate
TRH content in our soil samples. We found that our TRH contents (Table 6) are in the range of
reported by (Ng et al., 2017). Even though further data collection is required to obtain more
precise results and construct a more robust model, we can still say that our findings are in

acceptable limits with what was reported by Ng et al. (2017).

In our research, TRH content was predicted to be between 1013-8421 ppm and 1501-
17349 ppm for positive TRH values. Despite the lack of more data collection and regression
analysis, we still believe our findings compare well with the TRH results of Ng et al. (2017).
Besides, the locations of the nearby car parking places support the results (Figs. S1-S6 and Fig.

2). Furthermore, Ng et al. (2017) successfully showed that petroleum hydrocarbon peak
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characteristics in the C-H region of 2990-2810 cm™ give detailed information on TRH source.
They have suggested that the higher the concentration of hydrocarbon contamination was, the
higher the absorption peaks. In our work, the spots that are closer to either car parking places
or heavy traffic exhibit more TRH content and our findings are in acceptable accordance with
the ones reported by Ng et al. (2017) (Table 6 and Figs S1-S6). They also showed that clayey

soil that contain finer particles scatter more light than sandy soil, thus reducing the absorbance.

Table 6 summarizes the TRH content of the historical library sites where the samples
were collected. The spots that are either nearby car parking areas or expose to heavy traffic
were also commented in Table 6. According to Table 6, AB, BB, MB, NM, RB and SF suffer
most from pollution based on their high amount of TRH. These highly polluted spots were also
indicated with “red star mark™ in Figs S1-6 and TRH data is in consistent with their location

whether they are in the approximity of traffic or car parking areas.

Our study also showed that TRH related peaks have high amount of absorbance and this
is another confirmation that we can use sandy (mainly kaolinite based) spectral features as a
further air pollution diagnostic tool. Another supporting study was performed by Forrester et
al. (2010) and the researchers demonstrated that porous clay minerals resulted in a weaker
signal compared to non-porous sand. Clay minerals reflect more of the sorbed total petroleum
hydrocarbon (TPH) spectra signal because it shielded the TPH within the soil structure
(Forrester et al., 2010). This type of quantification of TPH or TRH can be improved and further

developed when more observations are done in the near future.
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Table 6. Prediction of approximate content TRH (ppm) using spectra for the curves based on the data from Ng et al., (2017).

Sample

site A B C D TRH content (ppm)?  TRH content (ppm)P® Comment
AB -0.93604 0.02035 0.02153 1.90460 5783 13470 T,C (Atatiirk Boulevard)
AF  -0.14768 0.32725 0.26552 1.62260 1423 5635 C (Near street)
AM  0.73871 0.19457 0.19533 3.30490 -2120 -1303 T

BB -0.44012 0.35770 0.22152 0.32600 1978 7177 T

BF -0.43255 0.23737 0.12311 0.26430 1799 6984 C

BM -0.33290 0.15645 0.12696 0.58940 1433 6266 C

MB -1.16080 0.12490 0.06085 3.41870 8421 17349 C

MF  0.09067 0.44268 0.30483 5.93710 3936 7987 T

MM  -0.64850 0.27161 0.21615 2.40830 4817 11324 T

NB  0.17568 0.14922 0.06415 0.72652 -1218 1501 C

NF 137610 0.09251 0.04583 4.44680 -4677 -6290 T

NM -1.22620 0.11651 0.06750 0.98054 6670 15385 T

RB -0.88708 0.25147 0.16007 1.67940 5511 12898 C

RF  0.14548 0.19844 0.15266 1.37820 -485 2469 T

RM -0.27061 0.29297 0.25112 1.14570 1657 6300 T

SB 217910 0.24737 0.29257 7.04970 -6816 -11378 C

SF -0.26043 0.16115 0.10218 0.54095 1013 5534 T

SM  0.19164 0.13853 0.11056 0.92871 -1172 1511 C

aPortable IR,PLaboratory IR (our data is adopted according to Ng et al., (2017). Italic numbers for TRH were not included in our evaluation, since they
have negative value. TRH data was extracted as a rough approximation from the equations reported by Ng et al., (2017) which are as follows: Equation
(1) for data recorded by portable IR spectrometer is: —1015 — 5500A + 1176B — 581C + 860D, and Equation (2) for data recorded by laboratory IR
spectrometer is: 2328 — 9739A + 1108B — 812C + 1061D. These locations are either very close to car parking spaces next to them or close to main
road/(s). Here, A is the area between the region 1630-1580 cm, B is the area between the region 1930-1845 cm™, C is the area between the region
2060-1930 cm?, D is the area between the region 3000-2825 cm™. T: Close to traffic, C: Car parking area. Car parking area data are from Istanbul

Metropolitan Municipality’s official website by spotting the open air car parking areas www.sehirharitasi.ibb.gov.tr.
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3.2. Correlation between the selected parameters from IR spectra

The statistically significant correlation coefficients (r) (0 < r < 1) were obtained from
correlation analysis implemented in Microsoft Excel and this correlation analysis was presented
in Table 7. This relationship gives an approximate idea on selecting the parameter/(s) that will
be used for evaluation. Here, only the strong positive correlations (r > 0.45) were taken into
account. The most four prominent correlated parameters were commented here in order to show
the closest correlation between the selected parameters. The strongest correlation (r = 0.89)
among these four parameters was found only between 1/CH intensity ratio (REV) and FWHM
value of 2920 cm peak. Second correlated parameters were the “area under the C-H” peaks
(CHA) and the area under the 1650 cm™ peak (r = 0.88). Third related parameters were the area
under 1032 cm peak and FWHM of the peak observed at 1160 cm™ (r = 0.80). Last correlated
parameters were REV and FWHM of the 1160 cm™ peak stands for the quartz (r = 0.72).
According to Table 7, we can highlight that the most useful indication that make our results
meaningful can be between REV and FWHM at 2920 cm carbonate peak (Table 3). On the
other hand, it was observed that PWI is in only moderate correlation (r = 0.62) with 1796 cm™*
peak observed for quartz (Table 3) which can be concluded as a moderate contribution and can

be used for diagnostic tool.

Contrary to our expectation, we observed less significant correlation (r = 0.73) between
TRH and 2874 cm™ band intensity when compared to REV and CHA. This is very likely
probable that the amount of the traffic would change in time and cause fluctuations on the
spectra of the samples collected and more systematic and controlled experiments are required
in order to get more correlated results. These unexpected inconsistences can also be explained
by several key parameters: 1) the number of the samples for this study, 2) collection date of the
samples and 3) the season when the samples collected. Firstly, it is particulary important that

more samples are required to get more precise data. Our investigation so far have only been on
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a small scale and our findings can be regarded as a preliminary study. Secondly, the collection
time of the samples is another key parameter due to the traffic depends on the working hours
and thus, rush hours can strongly affect the results. In rush hours, there is an increasing amount
of deposition of numerous pollutants on the samples (fluctuations) and this contributes to
spectral features such as intensity, FWHM and band position depending on the composition and
the quantity of that pollutant. Since C-H peaks are highly sensitive to these fluctuations, they
immediately response to this change by their intensities. Lastly, the seasons have strong effect
on humidity, chemical content and wetness for the soil samples. As an example, rain and wind
make the soils wet and the mineral are in interaction with the water deposited by rain and
eventually the resultant spectra will be complicated to evaluate and comment. On the other
hand, we also suggest that it is also possible to use the correlation between TRH, CHA, and
REV data together in order to get qualitative and even quantitative data on pollution for urban
topsoils in future. Moreover, our previous efforts showed that the spectroscopic techniques (IR
and Raman spectroscopy), especially when coupled with structural anaysis (Scanning Electron
Microscopy), information and documentation techniques together with Geographical
Information Systems (GIS), can play an important role especially in determination of pollutants
on the facets of cultural assests such as Valence Aqueduct (Unsalan and Kuzucuoglu, 2016),
identification of deterioration level of bindings of the historical books (Unsalan et al., 2017)
and old manuscripts (15" century) in libraries (Kuzucuoglu et al., 2015). These findings
validate the usefulness of DRIFTS particularly for the pollution caused by traffic within the

environment of the selected spots.
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Table 7. Correlation between the selected parapeters from IR spectra.*

LAT LONG INT REV DI TRH PWI CHA 1650A 1032A 2874 2920 2515 2357 1796 1636 1160 810 715
LAT 1
LONG |-0.55 1
INT|-0.35 0.26 1
REV| 0.46 -0.31 -0.85 1
DI|-0.38 0.18 0.55 -0.35 1
TRH|-0.24 0.16 -0.29 -0.01 0.00 1
PWI|-0.42 0.15 0.75 -0.55 0.50 -0.18 1
CHA| 048 -0.34 -0.47 0.35 -0.74 -0.04 -0.47 1
1650A| 0.39 -0.04 -0.55 0.43 -0.65 0.08 -0.68 0.88 1
1032A| 041 -0.07 -0.39 0.55 -0.33 -0.32 -0.35 0.21 0.29 1
2874| 0.29 -0.20 -0.57 0.29 -0.20 0.73 -0.37 0.13 0.13 0.10 1
2920| 0.28 -0.37 -0.86 0.89 -0.28 0.41 -0.76 037 0.58 0.46 0.59 1
2515| 048 0.18 -0.49 041 -032 0.23 -052 033 051 0.18 0.33 0.14 1
2357 0.39 -0.61 -051 056 -0.35 0.10 -0.41 032 0.30 -0.18 0.21 0.34 0.28 1
1796(-0.14 0.22 0.51 -0.34 0.31 0.24 0.62 -0.32 -0.33 -0.12 0.22 -0.50 0.42 -0.21 1
1636(-0.25 0.20 047 -057 0.16 0.07 0.16 0.08 0.06 -0.74 -0.47 -0.29 -0.18 -0.06 0.01 1
1160| 0.36 -0.20 -0.46 0.72 -0.16 -0.33 -0.33 -0.02 0.08 0.80 0.16 0.20 0.14 0.20 -0.11 -0.81 1
810| 0.24 -0.27 -0.40 0.62 -0.18 -0.12 -0.36 -0.04 0.07 0.51 0.02 -0.62 0.01 0.64 -0.20 -0.50 059 1
715/-0.21 -0.22 0.21 -0.12 0.45 -0.08 0.22 -0.27 -0.33 0.17 -0.07 -0.90 -0.39 -0.32 -0.12 -0.21 -0.01 049 1
Match (r>0.45) -- -- 3 5 0 1 1 1 2 2 1 0 0 1 0 0 1 1 -
*Contributions r > 0.45 (given in bold) were taken into account for the correlation.
407
408
409

54



410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

Conclusion

Libraries and collections they have are cultural heritages and there are many factors that affect
these precious cultural treasures in many negative ways. One of these factors is air pollution
related to traffic. In order to investigate the effects of traffic-driven air pollution on cultural
heritage environments, it is important to investigate nearby environments by means of various
analytical techniques including DRIFTS. By examining samples that can be taken from non-
destructive methods from outside, indoor exposures can be understood as a first step of further
indoor analyses. The studies conducted in the last two decades that already used the MIR range
have demonstrated the potential of DRIFTS is effective in rapid and inexpensive soil analysis.
A major advantage of DRIFTS is its capability of reducing the cost and time of the analysis
compared to conventional laboratory techniques. In addition, the measurements are very rapid
so that a large number of samples can be easily screened. Given that our findings are based on
a limited number of the samples, the results from such analyses should consequently be treated
with considerable caution. Traffic lights (sudden and intense effects) and continuous traffic
flow should be performed and evaluated as further studies. More sampling from heavy traffic-
bearing street is a further requirement. Abundance of embedded mineral fragments in urban

topsoil layers could give more information.

Providing appropriate comfort conditions (clean, thermal and non-humid) in the
environments where collections and cultural heritage assets exist, identifying all hazards and
taking precautions for them (appropriate storage, ventilation, etc.) are supportive part to the
studies (Kuzucuoglu, 2017) similiar to our effort. Many projects such as the MEMORI (The
MEMORI Project, 2010) have been carried out on this subject at the international level. In order
to understand the effects of air quality in indoor environments, firstly, the air quality around the
historical structures must be measured, analyzed and evaluated. Non-destructive analysis based

on soil analysis in the vicinity of these structures has been the scope of this study.
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