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Development of customized methodologies for:
* Laser-assisted removal of epilithic biological formations on marble.
* Assessment of the cleaning efficiency on the basis of LED-IF signals.

PAAMAAS is an innovative

laser cleaning system
designed & developed by
FORTH-IESL for safely and
precisely removing pollution
deposits and
biodeterioration from
archaeological stonework.
The system can emit 3 laser
beams (Infrared-1064nm,
visible-532nm, and
ultraviolet-355nm), which
can be used individually or in
combination, to address
specific conservation
challenges.
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PaAM\as Laser cleaning system

Sketch of a typical archaic Conservators can easily direct the beam/beams at the specific cleaning area

perirrhanterion i e . N using a flexible, articulated mechanical arm. The system is equipped with user-
(an ancient Greek basin used A series of preliminary spot tests (to define the critical parameters) and friendly software that enables adj to operati p
in religious ceremonies areas of various cleaning levels (to test the methodology) providing tailored cleaning methods for different weathering phenomena and

substrate types. This design was developed during the CALLOS project.
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g TriENA is designed in 2 individual modules to ensure accurate measurements, ergonomics, & flexibility. It consists of: Q' 10 oL °
s * an easy-to-use optical head that collects visual information using appropriate optics, and 5 %
< g * a control unit that houses sensors for signal capturing and power supply devices for the subsystems. [=)] ;E 081
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Risa quantitative indicator to evaluate the cleaning result

CLEANING TESTS LED-IF CLEANING ASSESSMENT
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1064 SPOt 14: Frnaryie_1064= 1.2 v

Deteriorated marble surface 355 we E M_";: v CONCLUSIONS & FUTURE STUDIES
marble_355= O-

1064 Area 2: Fyfim 1060 = 1.2 v
Biofilm/ 355 SPOt 45: Fyjggim 355 = 0.6 v v Laser cleaning tests indicated the critical F thresholds for removing
deteriorated marble Area 5: Fyo64/F355= 3/1 > effective cleaning v . .

1064 & 355 Area 6: Fyoga/Frgs= 6/1 > under-cleaning v biofilms and pollution crust

Pollution crust/ 1064 Fomudonone o6 = 1.2 - 23 v v Evaluation of cleaning effectiveness was tested using LED-IF signals before and

deteriorated marble after cleaning

. “Removal of Verrucaria nigrescens from Carrara marble artefacts using Nd:YAG lasers: comparison among different pulse

; durations and wavelengths”, Osticiol 1. et al., Appl. Phys. A, 2015 v' The introduced Ratio R, which quantitatively assesses the removal outcome, has
o 2. “Laser removal of biofilm from Carrara marble using 532 nm: The first validation study”, Mascalchi, M et al., Measurement, 2018 proven to be a handy tool for informed decisions

3. “The laser cleaning Theoretical background and examples from its application on CH objects v . L

and monuments with emphasis to the Athens Acropolis sculptures”, Pouli P. et al, Heritage Science, 2016 The assessment methodology is under optimization to other substrates and types

(0] 4. “Luminescence reveals variations in local structural order of calcium carbonate formed by different isms”, of biofilms
(o) Toffolo M. et al., Sci Rep, 2019
i} 5. of i and potential ', Poehlker C. et al,
o Atmos. Meas. Tech., 2012 Contact: Photonics for Heritage Science GROUP | IESL - FORTH
~ 6. ofa for the and of on ical surfaces ﬁg laserart@iesl.forth.gr . Phohs-ies-forth
m by use of a portable LED-induced fluorescence instrument”, Giakoumaki A. et al., Heritage Sci., 2022 phohs.eslforth.gr B3 Phonsiestsortn [ phohsiest-forth




