
1. Introduc  on

The damage to historical plasters and mortars world-
wide is occurring mainly due to the ingress of water and 
environmental parameters (Amoroso et al. 1983; Ca-
muff o 1995; Pedro, Jorge 2008;). Any intrusion of con-
taminated or saline water into the ancient plasterworks 
causes greater damage due to the presence of dissolved 
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Abstract

The lime plasters of the excavated monument of Sal-
vankuppam, previously submerged and exposed by the 
Tsunami occurred in the Indian Ocean on 26th December 
2004 was studied with diff erent analyƟ cal techniques. 
The temple is dated 4-5th century CE. The XRF, XRD, FTIR, 
NMR, SEM-EDX analysis of the lime plasters evidenced 
parƟ cular occurrence of phosphaƟ sed bacterial re-
mains in saline condiƟ ons. The formaƟ on of amorphous 
Ca-phosphate by bio mineralizaƟ on was idenƟ fi ed in 
the plasters by the analyses. The plasters are made of 
air-lime with coarse aggregates and seashells inclusion 
as confi rmed by the thermal and chemical analysis. The 
microstructure and morphological invesƟ gaƟ ons of min-
eralized microbial structures by SEM-EDX indicated the 
formaƟ on of amorphous Ca-phosphate. The unordered 
and fi brous spherulites have hardened and reduced po-
rosity of the plaster by bio mineralizaƟ on as observed 
through MIP analysis. The 16S rRNA sequencing has 
idenƟ fi ed the Pseudomonas strains mainly responsible 
for the clustering of amorphous Ca-phosphate parƟ cles 
around the bacterial colony.   

Keywords: Amorphous Ca-phosphate, lime plasters, 16S 
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salts and minerals. The lime plasters exposed to saline 
condiƟ ons in coastal regions show intense damage. 
Moreover, the plasters and mortars used in historical 
structure submerged in the sea in the past behave dif-
ferently on exposure to the coastal environment. An 
example is South India’s east coast monument of Sal-
vankuppam which is 6 km north of 7th century AD shore 
temple, Mamallapuram, a World Heritage Site. On 26th 
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December 2004 Tsunami in the Indian Ocean exposed 
a 10th-century inscripƟ on engraved on a rock boulder. 
Subsequently, an excavaƟ on was undertaken by the Ar-
chaeological Survey of India leading to the discovery of 
an ancient Hindu temple. Based on the archaeological 
evidence and diff erent phases of building acƟ vity the 
temple was dated from 4-5th BCE to 12-13th BCE (Saty-
abhama et al. 2011). The main building blocks used in 
construcƟ on are the manmade brick foundaƟ on, later-
ite stone blocks, and granite slabs cemented together by 
lime mortar as binder and lime plastered.
On exposure to saline winds of east coast Indian Ocean 
and sunlight, the mortars and plasters of exposed mon-
ument started geƫ  ng weaker with the evaporaƟ on of 
water on drying. This caused weakening and detach-
ment of the plaster layers besides the powdering of con-
sƟ tuent materials with Ɵ me. The mineralogical and mi-
cro-structural composiƟ ons of the plasters were studied 
to safeguard the historical, aestheƟ c, and cultural values 
of the site. 
The literature survey for the stabilizaƟ on of plasters 
and mortars recommends water repellent in the form 
of chemical reinforcement (Sigel et al. 2008). However, 
owing to the irreversible nature of the repellent coaƟ ng 
and saline condiƟ on, the chemical methods have not 
proved eff ecƟ ve for coastal lime works in the long run 
(CamaiƟ  et al. 1988; Lowenstam, Weiner 1989; Franzoni 
et al. 2015). Therefore, to preserve the soŌ  and friable 
plasters in highly unfavourable saline condiƟ ons with-
out any chemical reinforcement, researchers developed 
the biomineralizaƟ on technique (Castanier et al. 1984; 
May 2001). The main aim of this method was to create a 
biofi lm on the plaster/mortar surface to act as a protec-
Ɵ ve layer against environmental factors to limit or avoid 
damage to historical structures (Rodriguez-Navarro et 
al. 2003). 
The biologically controlled mineralizaƟ on alters the 
structural features of lime plasters by the formaƟ on of 
amorphous Ca-phosphate precipitaƟ on in saline con-
diƟ ons. The combinaƟ on of microbial metabolic waste 
and the surrounding environment have taken part in 
the formaƟ on of biominerals in the plaster (Jawaid et 
al. 2018). It has been reported that nucleaƟ on of amor-
phous Ca-phosphate (ACP) in a transient state in the 
precipitaƟ on of aragonite by halophilic bacteria and 
physicochemical condiƟ ons of the culture medium play 
a vital role in Ca-phosphate precipitaƟ on (Ravadeneyra 
et al. 2010). A previous study has reported that the dried 
ACP can exist in discoidal and spheroidal forms (Eanes et 
al. 1973). It has been demonstrated that pseudomonas 
strains can precipitate calcium and amorphous calcium 
phosphate on the surface of their strains (Fishman et 
al. 2018). The biomineralizaƟ on of lime plasters occurs 
with the inducƟ on of biosystems. The lime plasters of 

the Salvankuppam temple also showed the microbial 
intervenƟ on that will be studied in detail in this paper.
In the present work, we envisage the role of bacteria 
in the formaƟ on of ACP within the lime plaster of the 
Saluvankuppam temple in saline condiƟ ons. Therefore, 
the instrumental techniques of X-ray diff racƟ on studies 
(XRD), X-ray Fluorescence Spectroscopy (XRF), Scanning 
Electron Microscope – Energy Dispersive X-ray analysis 
(SEM-EDX), parƟ cle size analyzer, Fourier Transform In-
frared Spectroscopy (FTIR), Nuclear MagneƟ c Resonance 
Spectroscopy (NMR) and thermal analysis were used to 
characterize the mineralogical and chemical composi-
Ɵ on of the plasters. The mercury intrusion porosimetry 
(MIP) was used to measure porosity and pore size dis-
tribuƟ on of the plasters. The microbial populaƟ on was 
cultured in the laboratory and 16S rRNA sequencing was 
used in the idenƟ fi caƟ on of bacterial strains. 

2. Sampling and Loca  on

Figure 1a shows the General view of the site and Fig-
ure 1b shows the locaƟ on map of the temple. Based on 
the architectural and epigraphic evidence, the temple is 
dated to the Pallava period and constructed from 4-5th 

BCE to 12-13th BCE with many phases of building acƟ vity 
(Rajendran et al. 2006). The radiocarbon daƟ ng of char-
coal pieces from the temple reported a period of 405-
1091 AD (Sundaresh et al. 2004). An alternaƟ ve report 
menƟ ons the occurrence of long-term sea-level rise and 
severe coastal erosion as the main causes for submer-
gence and destrucƟ on of the temple (Sundaresh et al. 
2004). The exposed laterite and manmade bricks were 
plastered with a fi ne lime probably prepared at the site 
since lime kilns, seashells, and saddle querns were found 
at the site during excavaƟ on (Rajendran et al. 2006).
Salavankuppam is located very nearer to Mahabalipu-
ram that has a tropical wet-dry climate which comes 
under the Koppen – Geiger climate classifi caƟ on. That 
means that the winter, receives less rainfall than in the 
summer (Kumar, Singh 2019). As per the temperature, 
RelaƟ ve Humidity and Rainfall recorded in the automat-
ic weather staƟ on (AWS) installed in the Shore temple 
complex, Mahabalipuram the maximum temperature 
recorded for a year is in the range of 29°C to 40°C and 
the minimum temperature is in the range of 18°C to 
23°C. The relaƟ ve humidity recorded varies in between 
31% to 98.97% during diff erent seasons. In one year the 
average rainfall is 1219 mm. In high relaƟ ve humidity 
(RH more than 50%) condiƟ ons, the formaƟ on of aero-
sols with the salt parƟ cles occurred in marine environ-
ment and deteriorates the plasters of the temple. The 
hot, humid and salty environmental parameters are the 
conservaƟ on threat to the excavated temple.
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3. Materials and Methods

Six numbers of lime plaster samples (S1-S6) were ex-
tracted from the excavated temple complex. Plaster 
samples S1, S5, and S6 were extracted from eastern, 
western, and northern walls cloister mandapa and the 
samples S2, S3, and S4 represent eastern, southern, and 
western walls Mukhamandapa of the temple, respec-
Ɵ vely. Figure 2a-d shows the lime plasters and the sam-
ple collecƟ on locaƟ ons. All the samples were washed 
with ethanol by rinsing to remove any contaminants be-
fore carrying out various instrumental analyses. 

All the plaster samples were analyzed by X- ray diff rac-
Ɵ on (model Philips Pan AnalyƟ cal Xpert) for the idenƟ fi -
caƟ on of minerals. The samples were fi nely grinded and 
analyzed under a CuKα radiaƟ on source in a 2θ range of 
5-90ο at 45 kV. The diff ractograms were analysed using 
Xpert High score soŌ ware for its mineralogical contents. 
Samples (S1-S6) were analysed by X- Ray Florescence 
Spectroscopy (Model Artax 200, Bruker, Germany) at 
a voltage of 50 kV at 700 mA current, and data collec-
Ɵ on Ɵ me was 300 life seconds. At least 4 measurements 
were performed for each sample and data averaged. 
The chemical composiƟ ons are reported in oxide form 

Figure 1. (a) General view of excavated temple complex of Salvankuppam. (b) LocaƟ on map of Salavankuppam temple.
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Figure 2. (a) General view of excavated temple complex of Salvankuppam; (b) lime plaster of the temple; (c) lime plaster of the 
temple with sea shells; (d) lime plaster of the temple with sea shells (sample collecƟ on locaƟ ons menƟ oned with arrows).



of the elements. The morphology of all the samples was 
captured with an FEI Quanta 200 scanning electron mi-
croscope. The backscaƩ ered electron images (BMI) and 
secondary electron images (SCI) were recorded at a high 
vacuum coupled to an energy dispersive X-ray (EDS) 
analysis at an acceleraƟ ng voltage of 20 kV. The elemen-
tal composiƟ ons were obtained through the soŌ ware 
available with the system using a standard technique 
and matrix correcƟ on. SEM-EDX elemental mapping for 
phosphorus was also performed for the plaster samples.
The pore size distribuƟ on (PSD) of all samples was de-
termined with the help of mercury intrusion porosim-
eter (MIP) employing pore master 60 (Quantachrome, 
USA). The mercury is a non-weƫ  ng fl uid, has a great-
er contact-angle (ϴ = 140o) and surface tension (σ = 
0.48 N/m) values. Its intrusion into the pores would be 
possible only by the applicaƟ on of external pressure. 
The cumulaƟ ve volume of the mercury intruded into 
the sample was recorded with the help of pore master 
soŌ ware. The pore size distribuƟ on was obtained from 
the cumulaƟ ve volume of the mercury (Vm) intruded at 
any pressure. The specifi c gravity, G of the samples was 
measured using an ultra-pycnometer purging the heli-
um gas. Before parƟ cle size analysis, all the salt marks 
and organic materials from the samples were removed 
with alcohol. The laser parƟ cle size analyzer was used 
to fi nd the proporƟ ons of clay, silt, and sand-size parƟ -
cles in the samples. Plaster samples S1 to S6 were used 
for parƟ cle size analysis. The parƟ cle size analysis of 
lime plaster of Subbramanya temple, Salavankuppam 
provided the size distribuƟ on curve through which the 
aggregates of the plasters were characterized. The per-
centages of gravel, sand, silt and clay size parƟ cles pres-
ent in the aggregate were derived from the parƟ cle size 
distribuƟ on curve. The FTIR analysis of samples (S1-S6) 
was performed with a 3000 Hyperion Microscope with 
Vertex 80 FTIR system (make Bruker, Germany) with a fo-
cal plane array: 128x128, scanning wavelength range be-
tween 4000-400 cm-1. The KBr pellet technique was used 
and the spectra were recorded at 4 cm-1 resoluƟ on and 
the number of scans was 32 within the standard wave 
number. The precision of the instrument was ± 5 cm-1. 
31PNMR analysis of samples S2 and S6 has been per-
formed with ECZR series 600 MHz NMR spectrometer 
(Jeol, Japan) to understand the phosphate deposiƟ on. 
The solid-state Cross polarizaƟ on- MagneƟ c Angle Spin-
ning CP/MAS probe with 3.2 mm rotor having a fast 
magic angle spinning at 20 kHz speed that covers nu-
clei in the range of 15N to 31P was used. The spectrum 
was processed with the Delta NMR data processing soŌ -
ware. The sequenƟ al thermal analysis of all the samples 
was performed with the help of STA 8000 (Perkin Elmer) 
in a nitrogen environment. The gas pressure was main-
tained at 2 bar and the fl ow rate has been regulated to 

30 ml/min. The thermal stability of the samples was de-
termined by the weight loss occurring in the sample.
Samples S1 and S4 were selected for microbial idenƟ fi ca-
Ɵ on. 1.0 gm of the sample was introduced into a sterile 
conical fl ask containing 100 ml peptone water, incubat-
ed at 37°C for an hour, and subjected for plaƟ ng on nu-
trie nt agar plates. The isolate was isolated, cultured, and 
further preserved on Luria agar slants for use. The ge-
nomic DNA of the isolate was extracted and purifi ed by 
Anyprep Bacterial Genomic DNA Miniprep kit as per the 
manual and its purity and quanƟ fi caƟ on accomplished 
by nanodrop (Thermo, USA). Universal 16S rRNA PCR 
forward and reverse primers were used in the amplifi ca-
Ɵ on of 16S rRNA genes. The PCR reacƟ on was analyzed 
by 1.2% agarose gel electrophoresis, amplifi ed product 
in the gel was cut by clean scalpel, purifi ed by Quigen 
quick PCR purifi caƟ on kit and DNA was sequenced by 
Xcleris, India. The obtained 16S rRNA sequences were 
further subjected to the BLAST program (hƩ p://www.
ncbi.nlm.nih.gov/) to confi rm the organisms.

4. Results

4.1. XRD Analysis

The major crystalline phases idenƟ fi ed in the samples 
through X-ray diff ractogram are calcite, quartz, and or-
thoclase (KAlSi3O8) as shown in Fig. 3 for all the plaster 
samples. The presence of minerals calcite, quartz, and 
aluminosilicates was confi rmed by JCPDS (Joint Com-
miƩ ee on Powder Diff racƟ on Standards) data. The pres-
ence of calcite and aragonite may be aƩ ributed to the 
addiƟ on of sea shell aggregates in the preparaƟ on of the 
plaster which can be seen by the naked eyes. During ex-
cavaƟ on, the sea shells storage within the temple com-
plex was found along with ancient lime kilns (Satyabha-
ma et al. 2011). The presence of aragonite, polymorph 
form of CaCO3 was also confi rmed with the XRD spectra.

4.2. XRF Analysis 

The Salvankuppam lime plasters are rich in calcium ox-
ide as it makes more than half part of the plaster. The 
calcium oxide percentage (Table 1) was found varying 
between 42.66 to 63.01 wt% in the plaster. The next 
major element is silica as SiO2 percentage in the plaster 
varies between 19.02 to 36.06 wt%. Iron oxide is pres-
ent in major quanƟ ty and its content varies between 
3.71 to 10.80 wt% in the plaster. The wt% of alumina in 
the plaster samples is always low and varies between 
1.54 to 2.34 wt%. The K2O and TiO2 are present in mi-
nor quanƟ Ɵ es in all the samples. InteresƟ ngly, in all the 
samples presence of phosphorus was observed and its 
content varied between 1.54 to 2.34 wt%. 
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4.3. SEM-EDX Analysis

The amorphous calcium phosphate precipitated by bac-
terial strains was observed using Scanning Electron Mi-
croscope at diff erent magnifi caƟ on. The SEM images of 
samples S2, S3 and S6 are shown in Fig. 4. The plasters 
have a compact structure with aggregates well embed-
ded in the matrix. Figure 4a-f shows that all the bright 
parƟ cles on the surface of solid substrate of the plaster 
are mineral fragments, with angular crystalline morphol-
ogy. The white halo amorphous Ca-phosphate formed 
around the bacterial colony is looking unordered and 
fi brous at high magnifi caƟ on (Fig. 5). The dried amor-
phous Ca-phosphate exhibits spheroidal morphology. 
The microstructure of these spherulites showed that 
they are aggregates of well defi ned elongated platy crys-
tals. EDS analysis of the sample has been performed on 
the outer and the inner layer of the samples to obtain 
the chemical composiƟ on. The same has been shown in 
Figure 6. From the elemental composiƟ on (EDX) analysis 
for plaster samples S1 to S6, it is observed that all the 
plasters contain the range of Phosphorous from 0.59 to 
4.21wt%. 

4.4. Porosity and Pore size distribuƟ on

The porosity and pore structures are linked to grain size 
and binder/aggregate arrangement within the plaster 
matrix. For typical lime plasters, the size and distribu-
Ɵ on of pores are associated with aggregate grains, car-
bonaƟ on rate, and distribuƟ on of carbonate crystals. 
Within the pores there may be secondary fi ne-grained 
calcite or salt crystallizaƟ on. The porosity in the plaster 
mainly develops during its hardening phase (Papayianni, 
Stefanidou 2001) and any organic materials containing 
protein if added give rise to round-shaped voids (Sickels 
1982).
As the plaster is made up of heterogeneous materials, 
the complexity of the pore structure makes the inter-
pretaƟ on of porosity rather diffi  cult. Moreover, the pore 
size distribuƟ on, the total porosity, and specifi c surface 
area are also used to assess the mechanical properƟ es 
of the plaster. The porosity of the sample is shown in 
Tables 2 and 3 along with specifi c gravity (G) values for 
the plasters. The pore size distribuƟ on and diff erenƟ al 
pore volume depicƟ ng the dominant pore diameter for 
plaster samples S1-S6 is shown in Fig. 7. As the physical 
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Figure 3. XRD Spectra of lime plaster samples of Salvankuppam (Cal – calcite; Arg – Aragonite; Qz – quartz; Or – orthoclase).

Table 1. Chemical composiƟ on (weight %) of the lime plaster samples, Salvankkuppam.

Sample No SiO2 Al2O3 Fe2O3 CaO MnO Na2O K2O TiO2 P2O5 Total

1
36.06 
±1.62

2.2 8.51 42.66
-

1.15 6.31 1.05 1.79
99.73

±0.46 ±0.81 ±1.82 ±0.05 ±0.50 ±0.06 ±0.07

2
27.7 1.4 3.71 58.02

-
1.25 2.46 4.09 2.01

100.64
±1.43 ±0.36 ±0.90 ±1.91 ±0.05 ±0.30 ±0.35 ±0.08

3
26.87 3.26 1.1 61.68 0.39 0.36 2.31 1.65 1.54

99.16
±1.44 ±0.50 ±0.45 ±1.55 ±0.02 ±0.03 ±0.05 ±0.46 ±0.02

4
29.5 1.25 5.73 56.73 1.43 0.22 1.05 1.15 2.35

99.41
±1.25 ±0.44 ±0.67 ±1.95 ±0.04 ±0.05 ±0.46 ±0.56 ±0.09

5
26.99 1.75 7.66 55.67 0.98 0.65 2.12 2.29 1.45

99.56
±1.42 ±0.35 ±0.77 ±1.68 ±0.05 ±0.06 ±0.50 ±0.50 ±0.07

6
19.02 0.79 10.8 63.01 0.23 0.49 1.63 1.05 2.15

99.17
±0.98 ±0.41 ±0.57 ±1.62 ±0.03 ±0.50 ±0.42 ±0.50 ±0.09



appearance of the outer and core layer of the lime plas-
ters was diff erent, the determinaƟ on of porosity of outer 
layer and the porosity of core layer was carried out.
The porosity percentage (n = 6.21-19.14%) obtained 
through MIP clearly shows that most of the plasters have 
an average porosity of 14-15% except Sample S4 (8.86%) 
and S5 (6.21%). From Fig. 7a and 7b, it is seen that the 

outer and core of the samples S3 and S6 have the pres-
ence of 100% macropores. InteresƟ ngly, in the sample 
S2, the percentage of macropores is more at the surface 

24 M.R. Singh, S.V. Kumar, K. Ganaraj

Figure 5. SEM images of bacterial colony found along with 
white halo amorphous Ca-phosphate in lime plasters of Sal-
vankuppam.

Figure 4. SEM images of lime plasters, Salvankuppam; samples S2, S3 and S6.

Table 2. Porosity Levels of Core and outer layers of the sam-
ples.
 

Sample 
No

Sample ID
n macro meso micro dd

(%) (μm)

1 S2 Core 19.13 89.91 6.57 3.52
122

0.16

2 S2 Outer 15.71 99.76 0.23 0 25.1

3 S3 Core 17.4 100 0 0 67.65

4 S3 Outer 21.7 100 0 0 25

5 S6 Core 14.39 100 0 0
65.76

1.68

6 S6 Outer 12.21 100 0 0 57.22

Table 3. Porosity of the samples determined through MIP 
analysis.

Sample No Sample ID
Porosity

(n %)
Specifi c Gravity

(G)

1 S1 14.38 2.86

2 S2 19.14 2.86

3 S3 17.41 2.83

4 S4 8.86 2.97

5 S5 6.21 2.8

6 S6 12.94 2.85



layer that of the core. It is also observed that the per-
centage of mesopores and micropores is very negligible 
in all the samples as compared to its macropores. This re-
fl ects an increase in the capillary porosity of the plasters. 

4.5. ParƟ cle size Analysis

From the parƟ cle size analysis, it is observed that the 
lime plaster aggregates is less fi ne and contains more 

silt size parƟ cles. The ProporƟ ons (wt%) of grains of 
various sizes present in lime plaster is shown in Table 4. 
The grain size analysis showed the majority of grains are 
of silt parƟ cles (more than 55%), followed by fi ne sand 
parƟ cles (35-40%) and least the clay parƟ cles (5-10%). 
A well graded soil will have a uniformity coeffi  cient 
greater than about 4 for gravels and 6 for sands, and 
3 coeffi  cient of gradaƟ on between 1 and 3 (for gravels 
and sand). A soil might have a combinaƟ on of two are 
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Figure 6. SEM images with EDX spectra of lime plasters of Salvankuppam; samples S2 and S3.

Table 4. ProporƟ ons (wt%) of grains of various size present in lime plaster. 

Sample No Grain Type Sample S1 Sample S2 Sample S3 Sample S4 Sample S5 Sample S6

1 Granule 7 - 8 4 3 12

2 Very coarse sand 8 8 7 10 5 -

3 Very coarse sand 5 7 5 8 9 4

4 Medium sand 10 10 9 7 13 8

5 Fine sand 27 30 27 30 31 32

6 Silt 38 35 36 34 33 35

7 Clay 5 10 8 7 6 9
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more uniformly graded fracƟ ons. From the parƟ cle size 
distribuƟ on curve, it is found that the aggregate that has 
been used for the preparaƟ on of plaster is well graded. 
It is clear that the lime plaster milling might have been 
done before using the lime plaster for construcƟ on due 
to presence of more proporƟ on of silt and sand size par-
Ɵ cles.

4.6. FTIR Analysis

The FTIR vibraƟ onal peaks of all the samples are shown 
in Fig. 8. Figure 9 shows the inset FT-IR Spectra. The 
peaks around 2950 cm-1 and 2870 cm-1 may be due to 
the C-H stretching of the aliphaƟ c group denoƟ ng the 
presence of protein from the bacteria (Gadd et al. 2003; 
Tao 2013). The C-H stretching peaks may also be due 
to the oxidaƟ on of proteinaceous addi-
Ɵ ves in the plaster. There is a tradiƟ onal 
pracƟ ce in India to mix adhesive extract 
of plants for strength, durability (Ravi et 
al. 2018) and to enhance the waterproof 
properƟ es of the plaster (Nogueira et al. 
2018). The addiƟ on of protein also acts 
as an air-entraining agent and increase 
the workability of the plaster (Zhao et al. 
2015; Elert et al. 2019).
The broad peak around 3500 cm-1 may be 
aƩ ributed to hydroxyl group due to the 
presence of moisture content in the plas-
ter. The main vibraƟ onal peaks of phos-
phate groups are (i) 1086 and 1022 cm-1 
(PO4

3- ν3) along with a broad peak of 
quartz around 1000 cm-1 (ii) 962 cm-1 
(PO4

3- ν1) (iii) 600 cm-1 (PO4
3- ν4) and 570 

cm-1 (PO4
3- ν2) (Raynaud et al. 2002; Han 

et al., 2006; Mabasherpour et al. 2007; 
Destainville et al. 2003; Eisa et al. 2015). 
The presence of felspar has also been no-

Ɵ ced. The presence of a strong band centered around 
1425.4 cm-1 is characterisƟ c of the C-O stretching mode 
of carbonate (CO3

2-) together with a narrow band around 
875.68 cm-1 of the bending mode (CO3

2- ν2) (Kanth, Singh 
2019; Singh, Vinodh Kumar 2019). The peaks near 1800 
cm-1 and 2515 cm-1 represent calcite of the plaster. The 
peak near 1560 cm-1 may be assigned to C=O stretch-
ing ν1 of the amide group indicaƟ ng the presence of mi-
crobes in the plaster. 

4.7. NMR Analysis

The lime plaster samples S2 and S6 were analyzed under 
31P NMR. The NMR shiŌ  is shown in Fig. 10. The shiŌ  ob-
served in sample S2 is 3.879 and in sample S6 is 4.125. 
Since the chemical shiŌ  is in the range of 0-10 ppm, the 

Figure 8. FTIR spectra of the lime plaster samples; samples S2, S3 and S6.

Figure 7. The results of MIP analysis for diff erent samples with (a) cumulaƟ ve pore size distribuƟ on curves, (b) diff erenƟ al pore 
volume depicƟ ng the dominant pore diameter.
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possible compounds in the plaster may be phosphate 
monoester or orthophosphate (Atkins 1923). The pres-
ence of phosphate is confi rmed with NMR results. There 
is the possibility of formaƟ on of amorphous Ca-phos-
phate.

4.8. Thermogravimetric and Diff erenƟ al Thermal 
(TG-DTA) analysis

The thermal stability of the plaster samples was de-
termined by weight loss occurring in the samples. As 

observed from TG-DTA curves (Figure 11), the weight 
loss between 200oC to 600oC mainly due to structurally 
bound water of clay is very less for all the plasters. The 
major weight loss observed is in the range of 600-825oC 
which could be due to the presence of CaCO3 also sup-
ported through XRD analysis. Among the samples ana-
lyzed, S6 showed a greater percentage of weight loss (≈ 
30%) as compared to other samples where weight loss 
is in the range of 10-13%. The weight loss may be at-
tributed to the presence of non-hydraulic air lime in the 
plaster samples. Such lime plasters can retain much wa-
ter against the absorpƟ on of masonry units. Moreover, 
a shiŌ  in the DTG curve is also noƟ ced at a temperature 
between 700-800oC (Figure 11a). The heat fl ow in the 
samples was ploƩ ed against temperature (Figure 11b) 
and a small curve was observed at around 600oC for the 
samples beside a deep curve at around 800oC. 

4.9. IdenƟ fi caƟ on of bacterial isolates

The bacterial culture showed specifi c types of bacterial 
cells that survived in the sample and mainly responsible 
for bio-mineralizaƟ on. The presence of live bacteria also 
implies environmental condiƟ ons responsible for the vi-
ability of bacterial cells. Proper idenƟ fi caƟ on of the bac-
terial isolates is an essenƟ al task in microbiology. A total 
of three microbial strains were isolated from the carbon-
ate-rich plaster. The isolated three potenƟ al organisms 
were idenƟ fi ed by 16S rRNA gene sequencing. The 16S 
rRNA region was amplifi ed as a single amplicon with a 
16S primer set. The homology of the 16S rRNA sequence 
was matched to the NCBI library database. Depending 
on the percentage of matches and total mismatches, the 
strains were idenƟ fi ed as 1. Bacillus amyloliquofaciens 2. 
Uncultured Pseudomonadaceae bacterium 3. Pseudo-
monas stutzeri. A SEM image of bacterial colony found in 
lime plasters of Salvankuppam is shown in Fig. 5. 

5. Discussion

From the porosity and pore size distribuƟ on studies, it 
is observed that all the samples show an idenƟ cal trend 
except sample S2 which may be due to the presence of 
more clay in sample. This increase in capillary porosity 
of lime plasters is linked to the variaƟ on of the evapora-
Ɵ on rate of the water from the plaster surface. The vari-
aƟ on in the evaporaƟ on rate of the water is also due to 
working condiƟ ons, ambient, and rate of the applicaƟ on 
of wet plaster. This impacted the drying rate of the wet 
plaster on the surface and its inner core. The irregularity 
in the surface morphology of the plasters is also due to 
induced variaƟ on of evaporaƟ on on the surface and in-
ner core on account of ambient condiƟ ons. The porosity 
of the samples correlates with the parƟ cle size analysis 
of the plasters. 

Figure 9. Inset FTIR spectra of the lime plaster samples.

Figure 10. NMR Spectra of lime plaster samples S2 and S6 of 
Salvankuppam.
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The FTIR peaks around 2950 cm-1 and 2870 cm-1 may be 
due to the C-H stretching of the aliphaƟ c group denot-
ing the presence of protein from the bacteria. The main 
vibraƟ onal peaks of phosphate, calcite, quartz and or-
thoclase were idenƟ fi ed from the FTIR spectrum. NMR 
spectrum confi rmed the presence of phosphate in the 
plaster. The major minerals idenƟ fi ed in the samples 
through X-ray diff ractogram are calcite, quartz, and or-
thoclase. As the morphology of amorphous Ca-phos-
phate was unordered and fi brous, it could not be de-
tected through the XRD analysis of the plaster. 
XRF results showed that the major components of the 
plasters are CaO and silica with K2O, P2O5 and TiO2. This 
fi nding is further supported by EDX analysis and phos-
phorus mapping of the plaster. SEM- EDX results showed 
that amorphous Ca-phosphate parƟ cles have clustered 
around the bacterial colony and vary in size, shape, 
and number depending on the Pseudomonas strains. 
The dried amorphous ca-phosphate exhibits spheroidal 
morphology.
Pseudomonas bacteria live in a diverse environment 
(Rainbey 1999; Molina et al. 2000) and have the abili-
ty to precipitate calcium (Fishman et al. 2018). In phos-
phate sequestering pseudomonas species, the precipi-
taƟ on of calcium results in apaƟ te formaƟ on (Hammes 
et al. 2003; Connolly et al. 2013). Many pseudomonas 
species precipitate amorphous Ca-phosphate (Fishman 
et al. 2018). It has been reported that some pseudo-
monas species form brown or white halo amorphous 
Ca-phosphate on the agar adjacent to the bacterial col-
ony (Turner et al. 2017). The amorphous Ca-phosphate 
is non-structures and has diff erent morphology. The 
dried amorphous Ca-phosphate can exist in discoidal 
and specoidal forms (Eanes et al. 1973). The 16S rRNA 
sequencing of bacterial strains showed the presence of 
uncultured pseudomonal bacteria in the plaster. Prob-
ably, the bacterial populaƟ on precipitated amorphous 
Ca-phosphate through the process of biomineralizaƟ on 
(Cosmidis et al. 2015). 

The carbonate-based plaster materials contain a vari-
ety of habitats consƟ tuted by the great diversity of or-
ganisms performing a variety of funcƟ ons. The major 
category of microbes, bacteria propagate quickly and 
exist in large quanƟ Ɵ es in many extreme environments 
that were previously believed to be unfavorable for life. 
Bacteria, along with other microorganisms are essenƟ al 
components of our ecosystem and play a key role in ma-
terial and energy cycling. In the present invesƟ gaƟ ons 
the microbial isolates from plaster materials may have a 
role directly or indirectly in calcium and phosphate min-
eralizaƟ on. These results are in line with the fi nding re-
ported in previous studies (Mpanga et al. 2018). Mpan-
ga et al. (2019) invesƟ gated the applicaƟ on of Bacillus 
amyloliguefaciens towards phosphate mineralizaƟ on 
and showed its acƟ ve role in the enhancement of phos-
phate solubilizaƟ on. Li et.al. (2012) studied the dynam-
ics of calcium carbonate (CaCO3) precipitaƟ on induced 
by microbial intracellular and extracellular enzymes 
over a diff erent range of pH. The biogenic apaƟ te has 
applicaƟ ons in the medical and conservaƟ on fi eld and 
could be used for preservaƟ on purposes (Koutsopoulos 
2002).

6. Conclusion 

The study of ancient lime plasters of temple which was 
submerged in the sea near Mahabalipuram yielded the 
presence of phosphaƟ sed bacterial remains in the plas-
ter. The porosity percentage (n = 6.21-19.14%) obtained 
through MIP clearly showed that most of the plasters 
have an average porosity of 14-15% probably due to the 
hardening of the plaster by biomineralizaƟ on or deposi-
Ɵ on of salts within the pores. The porosity of the sam-
ples correlates with the parƟ cle size analysis of the plas-
ters. From the granualometric analysis it is found that 
the aggregate that has been used for the preparaƟ on 
of plaster is well graded. Calcite and silica are the major 
components that are found from the XRF analysis. SEM 
images confi rm the presence of amorphous Ca-phos-

Figure 11. (a) The TG-DTA analysis of the samples. (b) The heat fl ow curve during sequenƟ al thermal analysis; samples S1 – S6. 
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phate parƟ cles clustered around the bacterial colony 
and vary in size, shape, and number depending on the 
Pseudomonas strains. The existence of the lime plasters 
of the temple in this type of microclimaƟ c condiƟ ons 
demonstrates the quality of ancient India lime plaster 
technology. 

Acknowledgements

The authors express their graƟ tude to the Archaeolog-
ical Survey of India for the support. We are especially 
thankful to Prof. D.N. Singh, Indian InsƟ tute of Technol-
ogy, Mumbai and Sh. Ghanshyam, NRLC Lucknow for 
extending help in the analysis of the samples. We are 
thankful to M/s Bioraj Laboratories, Nagpur for the bac-
terial sequencing of microbes.

Confl icts of interest

The authors have no confl icts of interests to declare.

References 

Amoroso, G.G., Fassina, V., Lewin, SZ. (1983). Stone decay and 
conservaƟ on: atmospheric polluƟ on, cleaning, consoli-
daƟ on and protecƟ on. Amsterdam: Elsevier. 

Atkins, W.R.G. (1923). The Phosphate Content of Fresh and 
Salt Waters in its RelaƟ onship to the growth of the Al-
gal Plankton. Journal of the Marine Biological Associa-
Ɵ on of the United Kingdom, 13(1), 119–150.

CamaiƟ , M., Borselli, G., and MaƩ eoli, U. (1988). Prodoƫ   con-
salidanƟ  impiegaƟ  nelle operazioni di restauro. Edilizia, 
10(2), 438 – 445. 

Camuff o, D. (1995). Physical weathering of stones. Science of 
the Total Environment, 167, 1-14. DOI: 10.1016/0048-
9697(95)04565-I 

Castanier, S., Maurin, A., & Bianchi, A. (1984). ParƟ cipaƟ on 
bactérienne à la producƟ on du carbonate. Comptes 
Rendus de l’Académie des Sciences, 299(19), 1333–
1336.

Connolly, J., Kaufman, M., Rothman, A., et al. (2013). Con-
strucƟ on of two ureolyƟ c model organisms for the 
study of microbially induced calcium carbonate pre-
cipitaƟ on. Journal of Microbiological Methods, 94(3), 
290-299. DOI: 10.1016/j.mimet.2013.06.028

Cosmidis, J., Benzerara, K., Guyot, F., Skouri-Panet, F., Duprat 
E., Férard C., Guigner J.-M., Babonneau F., & Coelho C. 
(2015). Calcium-Phosphate BiomineralizaƟ on Induced 
by Alkaline Phosphatase AcƟ vity in Escherichia coli: 
LocalizaƟ on, KineƟ cs, and PotenƟ al Signatures in the 
Fossil Record, FronƟ ers in Earth Science, 3, 84. DOI: 
10.3389/feart.2015.00084

Destainville, A., Champion, E., Bernache-Assollant, D., & 
Laborde, E. (2003). Synthesis, CharacterizaƟ on and 
Thermal Behavior of ApaƟ Ɵ c Tricalcium Phosphate. 
Materials Chemistry and Physics, 80, 269-277. DOI: 
10.1016/S0254-0584(02)00466-2

Eanes, E.D., Termine, J.D., & Nylen, M.U. (1973). An electron 
microscopic study of the formaƟ on of amorphous cal-
cium phosphate and its transformaƟ on to crystalline 

apaƟ te. Calcifi ed Tissue Research, 12, 143–158. DOI: 
10.1007/BF02013730

Eisa M.Y., Al Dabbas, M., & Abdulla, F.H. (2015). QuanƟ taƟ ve 
idenƟ fi caƟ on of phosphate using X-ray diff racƟ on and 
Fourier transform infrared (FTIR) spectroscopy. Inter-
naƟ onal Journal of Current Microbiology and Applied 
Science, 4(1), 270-283.

Elert, K., Sánchez, R.M.G., Benavides-Reyes, C., & Linares Or-
dóñez, F. (2019). Infl uence of animal glue on mineralo-
gy, strength and weathering resistance of lime plasters. 
ConstrucƟ on and Building Materials, 226, 625-635. 
DOI: 10.1016/j.conbuildmat.2019.07.261

Franzoni, E., Graziani, G., Sassoni, E., Bacilieri, G., Griff a, M., 
& Lura, P. (2015). Solvent-based ethyl silicate for stone 
consolidaƟ on: infl uence of the applicaƟ on technique 
on penetraƟ on depth, effi  cacy and pore occlusion. Ma-
terials and Structures, 48, 3503-3515. DOI: 10.1617/
s11527-014-0417-1

Fishman, M.R., Giglio, K., Fay, D. et al. (2018). Physiological 
and geneƟ c characterizaƟ on of calcium phosphate 
precipitaƟ on by Pseudomonas species. ScienƟ fi c Re-
ports, 8, 10156. DOI: 10.1038/s41598-018-28525-4

Gadd, G.M., Burford, E.P., & Fomina, M. (2003). Biogeochemi-
cal acƟ viƟ es of microorganisms in mineral transforma-
Ɵ ons: Consequences for metal and nutrient mobility. 
Journal of Microbiology and Biotechnology, 13, 323-
331.

Han, J.K., Song, H-Y., Saito, F., & Lee, B-T. (2006). Synthesis 
of high purity nano-sized hydroxyapaƟ te powder by 
microwave- hydrothermal method. Materials Chem-
istry and Physics, 99(2-3), 235-239. DOI: 10.1016/j.
matchemphys.2005.10.017

Hammes, F., Boon, N., de Villiers, J., Verstraete, W., & Sicilia-
no, S.D. (2003). Strain-specifi c ureolyƟ c microbial cal-
cium carbonate precipitaƟ on. Applied and Environ-
mental Microbiology, 69(8), 4901-4909. DOI: 10.1128/
aem.69.8.4901-4909.2003

Jawaid, S., Ahmed, K., & BhuƩ o, M.A. (2018). Bio Concrete: An 
overview. InternaƟ onal Journal of Biology and Biotech-
nology, 15(4), 801-813.

Kanth, A.P., & Singh, M.R. (2019). Spectroscopic and chro-
matographic invesƟ gaƟ on of the wall painted surface 
of an 18th century Falian Temple, New Delhi. Vibra-
Ɵ onal spectroscopy, 104, 102947. DOI: 10.1016/j.vib-
spec.2019.102947

Koutsopoulos, S. (2002). Synthesis and characterizaƟ on of hy-
droxyapaƟ te crystals: a review study on the analyƟ cal 
methods. Journal of Biomedical Materials Research, 
62(4), 600-612. 

Kumar, S., Vinodh., & Singh., M.R. (2019). Salt Weathering of 
7th Century CE Granite Monument of Shore Temple, 
Mahabalipuram-ScienƟ fi c InvesƟ gaƟ on and Conserva-
Ɵ on Strategy. Heritage, 2(1), 230-253. DOI: 10.3390/
heritage2010017

Li, W., Chen, W.-S., Zhou, P.-P., Cao, L., & Yu, L.-J. (2012). In-
fl uence of iniƟ al pH on the precipitaƟ on and crystal 
morphology of calcium carbonate induced by mi-
crobial carbonic anhydrase. Colloids and Surfaces 
B: Biointerfaces, 102, 281–287. DOI: 10.1016/j.col-
surĩ .2012.08.042

Lowenstam, H.A., & Weiner, S. (1989). On biomineralizaƟ on. 
Oxford University Press on demand. DOI: 10.1093/
oso/9780195049770.001.0001



May, E. (2001). Novel approaches to conserve our europe-
an heritage: bioremediaƟ on for building restoraƟ on 
of the urban stone heritage in european states. Bio-
brush research monograph: EVK4-CT, 2001-00055, 
2002-2005. hƩ ps://cordis.europa.eu/project/id/EVK4-
CT-2001-00055 

Mobasherpour, I., Heshajin, M.S., Kozemzadeh, A., & Zakeri. 
M. (2007). Synthesis of nanocrystalline hydroxyapaƟ te 
by using precipitaƟ on method. Journal of Alloys and 
Compounds, 430, 330-333. 

Molina, L., Ramos., C., Duque, E., Ronchel, M.C., García., J.M., 
Wyke, L., & Ramos., J.L. (2000). Survival of Pseudomo-
nas puƟ da KT2440 in soil and in the rhizosphere of 
plants under greenhouse and environmental condi-
Ɵ ons. Soil Biology and Biochemistry, 32(3), 315-321. 
DOI: 10.1016/S0038-0717(99)00156-X

Mpanga, I.K., Dapaah, H.K., Geistlinger, J., Ludewig, U., & Neu-
mann, G. (2018). Soil Type-Dependent InteracƟ ons of 
P-Solubilizing Microorganisms with Organic and In-
organic FerƟ lizers Mediate Plant Growth PromoƟ on 
in Tomato. Agronomy, 8, 213. DOI: doi.org/10.3390/
agronomy8100213

Mpanga., I.K., Nkebiwe, P.M., Kuhlmann, M., Cozzolino, V., Pic-
colo, A., Geistlinger, J., Berger, N., Ludewig, U., & Neu-
mann, G. (2019). The Form of N Supply Determines 
Plant Growth PromoƟ on by P-Solubilizing Microorgan-
isms in Maize. Microorganisms, 7, 38. DOI: 10.3390/
microorganisms7020038

Papayianni, I., & Stefanidou, M. (2001). The EvoluƟ on of Po-
rosity in Lime Based Mortars. Proceedings of the 8th 
Euroseminar on Microscopy Applied to Building Ma-
terials, 4–7 September 2001, pp. 451-457, Athens, 
Greece.

Pedro, L.G., & de Brito, J. (2008). QuanƟ fying environmen-
tal eff ects on cement rendered facades: A compari-
son between diff erent degradaƟ on indicators. Build-
ing and Environment, 43(11), 1818-1828. DOI: doi.
org/10.1016/j.buildenv.2007.10.022

Rainey, P.B. (1999). AdaptaƟ on of Pseudomonas fl uorescens 
to the plant rhizosphere. Environmental Microbiology, 
1(3), 243-257. DOI: 10.1046/j.1462-2920.1999.00040.x

Rajendran, C.P., Rajendran, K., Machado, T., Satyamurthy, T., 
Aravazhi, P., & Jaiswal M. (2006). Evidence of ancient 
sea surges at the mamallapuram coast of India and im-
plicaƟ ons for previous Indian Ocean tsunami events. 
Current Science, 91(9), 1242-1247.

Ravi, R., Thirumalini, S., & Taher, N. (2018) Analysis of an-
cient lime plasters – Reason behind longevity of the 
Monument Charminar, India a study, Journal of Build-
ing Engineering, 20, 30-41. DOI: doi.org/10.1016/j.
jobe.2018.04.010 

Raynaud, S., Champion, E., Bernache-Assollant, D., & Thom-
as, P. (2002). Calcium phosphate apaƟ tes with vari-
able Ca/P atomic raƟ o I. Synthesis, characterisaƟ on 
and thermal stability of powders. Biomaterials, 23(4), 
1065-1072. DOI: 10.1016/s0142-9612(01)00218-6

Rivadeneyra, M.A., Marơ n-Algarra, A., Sánchez-Román, M., 
Sánchez-Navas, A., & Marơ n-Ramos, J.D. (2010). 
Amorphous Ca-phosphate precursors for Ca-carbon-
ate biominerals mediated by Chromohalobacter maris-
mortui. The ISME Journal, 4(7), 922-932. DOI: 10.1038/
ismej.2010.17

Nogueira, R., Pinto, A.P.F., & Gomes, A. (2018). Design and be-
havior of tradiƟ onal lime-based plasters and renders. 
Review and criƟ cal appraisal of strengths and weak-
nesses. Cement and Concrete Composites, 89, 192-
204. DOI: 10.1016/j.cemconcomp.2018.03.005 

Rodriguez-Navarro, C., Rodriguez-Gallego, M., Chekroun, 
B.K., & Gonzalez-Muñoz, M.T. (2003). ConservaƟ on 
of ornamental stone by Myxococcus xanthus-induced 
carbonate biomineralizaƟ on. Applied and Environ-
mental Microbiology, 69(4), 2182-2193. DOI: 10.1128/
aem.69.4.2182-2193.2003

Sathyabhama, B., Hema, A., SmriƟ , H., & Mohandas, K.P. 
(2011). Salvankuppam Coastal temple, excavaƟ on and 
applicaƟ on of soil micromorphology. Current Science, 
100(7), 1071-1075.

Sickels, L.-B. (1982). Organics vs. syntheƟ cs: Their use as ad-
diƟ ves in mortars. Mortars, Cement and Grouts used 
in the ConservaƟ on of Historical Buildings Symposium, 
3–6 November 1981, Rome: Iccrom.

Singh, M.R., & Vinodh Kumar, S. (2019). Architechtural fea-
tures and characterizaƟ on of 16th century Indian Mon-
ument Farah Bagh, Ahmed Nagar, India. InternaƟ onal 
Journal of Architectural Heritage, 14(9), 1398-1411. 
DOI: 10.1080/15583058.2019.1610524

Sigel, A., Sigel, H., & Sigel, R.K.O. (2008) BiomineralizaƟ on: 
From nature to applicaƟ on, Volume 4. Metal Ions in 
Life Sciences, John Wiley & Sons.

Sundaresh, A.S. Gaur, Tripathi, S., & Vora, K.H. (2004). Under-
water invesƟ gaƟ ons of Mahabalipuram, Tamil Nadu. 
Current Science, 86(9), 1231-1237. 

Tao, J. (2013). Chapter Twenty-Two - FTIR and Raman Stud-
ies of Structure and Bonding in Mineral and Organ-
ic–Mineral Composites. Methods in Enzymology, 532, 
533-556. DOI: 10.1016/B978-0-12-416617-2.00022-9 

Turner, R.J., Renshaw, J.C., & Hamilton. A. (2017). Biogenic Hy-
droxyapaƟ te: A New Material for the PreservaƟ on and 
RestoraƟ on of the Built Environment. ACS Applied Ma-
terials & Interfaces, 9(37), 31401-31410. DOI: 10.1021/
acsami.7b07927

Zhao, P., Jackson, M.D., Zhang, Y., Li, G., Monteiro, P.J.M., & 
Yang, L. (2015). Material characterisƟ cs of ancient Chi-
nese lime binder and experimental reproducƟ ons with 
organic admixtures. ConstrucƟ on and Building Mate-
rials, 84, 477-488. DOI: doi.org/10.1016/j.conbuild-
mat.2015.03.065 

Received: 3 August 2021
Accepted: 30 January 2022
Handling Editor: Tomasz Bajda

30 M.R. Singh, S.V. Kumar, K. Ganaraj



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


