
A huge percentage of the European cultural heritage (CH) can be found in movies,
photos and posters produced between 1895 to nowadays were made using cellulose
derivatives. More than 75 years of visual and audio memories are up to now in
serious danger to be lost due to the natural instability cellulose acetate (CA) and
cellulose nitrate (CN) material.

Once initiated, degradation cannot be prevented, reversed or stopped, but only
inhibited or slowed. Inhibitive conservation of cellulose derivates can either involve
the removal or reduction of factors causing degradation including light, oxygen,
acids, fungus and relative humidity among others, as well as cost-sensitive processes
such as freeze.

NEMOSINE improves traditional storage solutions, such as freeze storage (below 5ºC), by
developing an innovative package with the main goal of energy saving and extent conservation
time. NEMOSINE will develop:

▪ High O2 barrier and active packaging using non-odour additives;
▪ Active acid adsorbers based on functionalized Metal Organic Framework (MOFs) integrated in

innovative structures;
▪ Gas detection sensors to monitoring AA, O2 & NO;
▪ Multi-scale modelling to correlate degradation & sensors signals;
▪ Packaging with modular design to fulfil the technical & economical requirements of the

different CH made by cellulose derivates.

These innovative solutions will be shaped as three packages' prototypes with different
functionalities and target customers: preventive (basic & premium) and curative. Based on the
same outside box possessing high barrier properties to oxygen, they differ on the devices inside: i)
basic preventive package with a monitoring gas sensor; ii) premium preventive with a gas sensor
and an adsorbent device; and iii) curative package with an antifungal system.
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The main target of NEMOSINE project is the long-term preservation of films based on cellulose derivatives, cellulose 
acetate and cellulose nitrate from photographic, movies and audio supports collections 
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High-tech project focused on sustainable cities and 
communities by impacting cultural heritage conservation

▪ We developed a simple, low cost a low-power solution to detect the degradation of

Cultural Heritage artifacts based on cellulose acetate at early stages, Optical sensors

based on Zin Oxide and Metal Oxide semiconductors sensors were chosen. The last

sensors are constituted by an interdigitated electrode, on top of which a thin layer of

metal oxide is deposited. The whole system is heated by a heater circuit underside.

When in contact with air, an equilibrium is established between air molecules and the

surface of the metal oxide, resulting in a certain electrical resistance across the

interdigitated circuit. When the analyte encounters the sensing surfaces, it alters the

electron distribution, resulting in a measurable change of electrical resistance.

▪ We developed a sensing solution which was accurate in detecting the target gas

(acetic acid) and not be affected by other volatiles released by the cultural heritage

artifacts, a two-sensors array was assembled and tested, first on pure volatiles and

then on real film samples.

▪ A mathematical elaborator was created, capable of calculating acetic acid

concentration regardless of other volatiles present. A software with graphical interface

was created, allowing the user to directly read both the raw values and the acetic acid

concentration when the board is connected to the PC via USB. The system was

successfully tested on more than forty film samples, comparing the result obtained

with those calculated employing the reference methodology, Acid-Detecting strips.

Real-time monitoring of cinematographic films.
Integration into Nemosine’s container was done 

in collaboration with IRIS and Lisboa UNI.
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Biomediatori

• Sensors and biosensors for the agri-environmental and biomedical sector

• Optical and electrochemical biosensors for agri-environmental contaminants and

pesticides

• Optical and electrochemical biosensors for the diagnosis of biomarkers

• Immunobiosensors for disease diagnostics and drug discovery, detection of

contaminants, allergens, toxins

• Development of miniature devices for sensor applications

• Organs on a chip

• Design of materials and devices for biosensors

• Bioconjugation of nanoparticles with bioreceptors for biosensing

• Materials and nanomaterials for the design of biosensors

• Design, synthesis and development of peptides, peptidomimetics and peptides for

diagnostic applications

• Devices for Space research

• Microalgae biotechnology

• Microalgae for biofuel production

• Microalgae for the extraction of compounds for nutraceutics

• Molecular nutraceuticals

• Sensors for cultural heritage

• ICT applications

Biosensor Srl is a SME founded in 2003. It has

its main activity in Via Olmetti 44, Industrial

Area of Formello - Rome. It also has two small

subsidiaries in Pozzuoli – Naples – and in

Trieste.

Biosensor works in the field of production and

commercialization of bioassay and biosensor

systems based on the use of biologic material

such as enzymes, antibodies, microalgae and

small living organisms.

The activities are reported in the following:

Biosensor has previous experience working in projects both at national and European level.

Biosensor is a consortium member of the projects NEMOSINE – Innovative packaging solutions

for storage and conservation of 20th century cultural heritage of artefacts based on cellulose

derivative https://nemosineproject.eu/, EUCALIVA – EUCAlyptus LIgnin VAlorization for

Advanced Materials and Carbon Fibres http://eucaliva.eu/), CanBioSe – Novel 1D photonic

metal oxide nanostructures for early stage cancer detection https://www.canbiose.lu.lv/en/),

TRUST-ME – Quick test on urinary, blood or salivary sample with immunosensors for diagnosis

of infectious diseases.

We are open to participate as partners in European project or as subcontractors for specific tasks

involving our area of expertise, with the aim to form strong research groups and deliver high-end

research results
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Beyond the smart box for cinematographic and photographic films: 

The preservation of cellulose nitrate and cellulose acetate 3D objects 

In this poster, the idea of adapting the NEMOSINE smart box for 3D objects is introduced. 3D objects made of cellulose nitrate and cellulose

acetate are ubiquitous in modern heritage collections. Because of these materials’ intrinsic chemical instability, it is crucial to 1) identify, 2)

characterize, determine the conservation condition and 3) design the best preservation strategies. A handheld Raman MIRA DS spectrometer

(Metrohm) was used as an in situ tool for the first two steps in three different cultural American institutions. NEMOSINE financed the purchase

and transportation of a micrometric tripod, allowing an in loco precise application of the equipment. This work was carried out by team

member Artur Neves under a Fulbright fellowship with the support of the Fundação Portuguesa para a Ciência e a Tecnologia (FCT).

Future: adaptation of

the NEMOSINE boxes 

for 3D objects?

Raman spectrum of John Wesley Hyatt’s “original”

billiard ball: cellulose nitrate (1287 cm-1), camphor (650

cm-1), hydroxyapatite (961 cm-1) and calcium carbonate

(1088 cm-1). Results confirmed by Fourier Transformed

Infrared and X-Ray Fluorescence spectroscopies.

Maxillary dental plate with swaged

gold base with celluloid gums and

porcelain teeth. Late 19th century

John Wesley Hyatt’s 1868 “original”

celluloid billiard ball

Celluloid and cellulose acetate

umbrela handles from Polan Katz.

Early XX century
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