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Context
» Consumul global de cafea genereaza cantitati mari de
dE§EUI'i '(za‘g de cafea). Valorificarea zatului de cafea pentru sustenabilitate.
» Zatul contine compusi valorosi: proteine, polifenoli, lipide, e de vat de cafen |
cafeina. Gar:litéu mari de :'a!, de cafea

aruncate

* Eliminarea zatului - deseu contribuie la scaderea poluarii
mediului si scaderea emisiilor de gaze cu efect de sera.

* Solutia: transformarea zatului intr-o resursa proteica
sustenabila, conform principiilor economiei circulare.

Compusi valorosi |
Obiectivul inventiei -
iectivu nven'IE| Zatul contine proteine, polifenoli, | C~g-C
lipide si cafeina.

Dezvoltarea unei metode ecologice, simple si eficiente pentru impactul asupra mediului
extractia proteinelor din zatul de cafea, fara utilizarea de solventi

toxici sau echipamente costisitoare. (Fig. 1, 2) W | QR -

Eliminarea zatului contribuie la
poluare si emisii

Transformarea zatului intr-o
resursa proteica sustenabila.

Extractie ecologica a proteinelor din zatul de cafea
Fig. 1 Micrografii ale extractelor de proteine alternative, observate la microscop

optic cu obiectiv de 40x Agitare mecanica
Descrierea metodei Agtare a 800 om
Metoda se bazeaza pe agitarea mecanica a zatului de cafea in s Ajustarea pH-ului
conditii controlate de pH si temperaturd, urmata de oo e /[ cusor
precipitarea, separarea si conservarea proteinelor, prin tehnici Precipitare ou ackd

ascorbic

simple si ecologice. Procesul nu necesita solventi toxici sau
echipamente costisitoare, fiind usor de aplicat si sustenabil.

Amestecarea cu
apa

Metoda de extractie

Separare si :
liofilizare & proteineior Amestecarea zatului cu
_ . " = . s apa distilata
caraCterlStIC| pl"OtElne Ob‘;ante Separarea si liofilizarea
proteinei

*Continut proteic obtinut: = 40,22% (metoda Kjeldahl, ISO =
S S
Proteinele extrase sunt de inalta calitate si pot fi utilizate in:

. ut » _ v . - -
® |nd ustria a_llmenta ra’ Deseuri de zat de | Resursa prnﬁteﬂma
r cafea sustenabila
¢ COSITIEtICB, Poluare si emisii de Pregatirea zatului pentru Proteine de inalta
gaze cu efect de sera extractie calitate extrase

* producerea de furaje si materiale biodegradabile.(Fig. 2)

Avantajele metodei de extractie dezvoltata
@ Ecologica — fard solventi toxici, cu impact redus asupra

mediului.

-@ Economica — foloseste echipamente standard, accesibile.
52 Pmii:f'z:i” SRS » 4> Eficientd — parametri de lucru controlati, randament

optim.

* @ Circularitate — valorificd un deseu agroalimentar,
reducand poluarea.

Aceasta lucrare a fost realizata prin Programul-nucleu din cadrul Planului National de
Cercetare Dezvoltare si Inovare 2022-2027, derulat cu sprijinul MCID, proiect nr. PN 23.05.
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REZUMAT

Inventia (cerere de brevet nr. A/00133 din 26.03.2024) se refera la un procedeu de obtinere bioplastic de acid polilactic din biomasa lignocelulozica.
Pentru conversia polimerilor (celuloza si hemicelulozele) din structura biomasei lignocelulozice sunt necesare procese termochimice sau biochimice de
transformare a polimerilor in monomeri. Zaharul monomeric din structura biomasei poate fi fermentat cu ajutorul microorganismelor fermentative cu
obtinerea de bioplastice. Inventia are la baza patru etape de conversie a biomasei lignocelulozice la acid polilactic: (/) pretratarea cu dioxid de carbon in
conditii supercritice, pentru separarea hemicelulozelor, (/i) combinarea proceselor de hidroliza si fermentatie intr-un singur proces,
(iii) purificarea acidului lactic si (iv) polimerizarea acidului lactic, prin iradierea in camp de microunde. Metoda cu CO, in conditii supercritice dezvoltata
foloseste doar CO, la temperaturi si presiuni ridicate pentru separarea hemicelulozelor din structura biomasei lignocelulozice.

Metoda de hidroliza enzimatica si fermentatie simultana prezentatd presupune combinarea a doua procese intr-unul singur si reducerea substantiala a
timpului de producere a acidului lactic prin controlarea temperaturii de hidroliza, respectiv de fermentatie.
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e Biomasa lignocelulozica este formata din celuloza, hemiceluloza si continute in fractia acli Tatiic o Gamip
lignina. Celuloza si hemiceluloza sunt carbohidrati care, prin hidroliza, Mok L
pot fi transformate in zaharuri fermentescibile. Zaharurile sunt
fermentate de microorganisme in acid lactic, precursor al acidului
polilactic; Producerea bioplasticului PLA din biomasa lignocelulozica
e Sursele de biomasa lignocelulozica includ: reziduuri agricole, reziduuri AT
forestiere, deseuri industriale si culturi energetice; ~ PLA

e Biomasa lignocelulozica are avantajul de a fi o materie prima ieftina care
poate fi utilizata pentru a obtine un produs cu valoare adaugata;
e Inventia propusd sustine economia circulard prin transformarea PROBLEME TEHNICE PE CARE LE REZOLVA INVENTIA

deseurilor lignocelulozice in bioplastice biodegradabile. ) ) L ) y L
e folosirea biomasei lignocelulozice, o0 resursa regenerabila si

NECESARUL INVENTIEI necompetitiva cu sectorul alimentar;
e eliminarea reactivilor chimici utilizati in etapa de pretratament din
In contextual actual, utilizarea materialelor plastice conventionale pe componenta metodelor descrise anterior, prin propunerea unei metode
baza de petrol ridica probleme majore de poluare si sustenabilitate, de pretratament ecologic care foloseste doar apa si dioxidul de carbon la
deoarece acestea sunt greu de degradat si contribuie la acumularea temperaturi si presiuni ridicate, in scopul separdrii componentelor
deseurilor in mediu. O alternativa o reprezinta bioplasticul pe baza de acid celulozice,
polilactic (PLA), un polimer biodegradabil. Biomasa lignocelulozica este o e scurtarea timpului necesar pentru producerea acidului lactic, prin
materie prima regenerabila, dar dificil de hidrolizat. Astfel, utilizarea unor combinarea a doud procese (fermentatie si hidrolizi enzimatics Tn’tr-un
pretratamente ecologice pentru separarea componentelor celulozice creste singur proces), '

accesibilitatea la hidroliza enzimatica si randamentul zaharurilor
fermentabile. Inventia raspunde astfel necesitatii de a dezvolta un procedeu
sustenabil, eficient si economic pentru producerea de bioplastice din surse
nealimentare, contribuind la tranzitia catre o economie circulara si
reducerea poluarii cauzate de plasticele conventionale.
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e scurtarea timpului de polimerizare a acidului lactic, prin utilizarea
unei metode prietenoase cu mediul (iradierea in camp de microunde).

| ] | b T iy | Aplicatii ale bioplasticului PLA

I oy
Spectrul {H-RMN al bioplasticului PLA Spectrul ESI (+)-HRMS al bioplasticului PLA
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REZUMAT

Inventia (cererea de brevet nr. A/00133 din 26.03.2024) se refera la un procedeu de eliminare a interferentei spectrale cauzate de prezenta
arsenului Tn matricea probei la determinarea cadmiului prin spectrometria de emisie optica in microplasme echipate cu microspectrometre de joasa
rezolutie, utilizand prelevarea pasiva prin tehnica gradientilor de difuzie in filme subtiri. Utilizarea procedeului de eliminare a interferentei spectrale a As
are aplicabilitate in determinarea Cd din probe de mediu sau de alimente utilizand echipamente spectrale complet miniaturizate la lungimea de unda de
emisie de 228,802 nm. Arsenul are o lungime de unda de emisie foarte apropiata, la 228,812 nm, astfel ca, pentru a separa cele doua linii spectrale, ar fi
necesar ca spectrometrul sa aiba o rezolutie de minim 0,01 nm, cerinta pe care microspectrometrele nu o pot oferi. Prin prelevarea pasiva utilizand tehnica
gradientilor de difuzie in filme subtiri (DGT), Cd este acumulat in dispozitivul DGT cu rasina Chelex-100, apoi este eluat intr-o solutie de acid azotic 1M din
care poate fi masurat cu un microspectrometru de joasa rezolutie, fara interferenta spectrala a As. Astfel, masuratorile efectuate pentru determinarea Cd
din solutii cu continut ridicat de As (100 - 800 ug / L), prin procedeul descris, au avut o acuratete ridicata (grade de regasire de 91 - 104%).

DESCRIERE INVENTIE EXEMPLU DE APLICARE A INVENTIEI
e Inventia se bazeazd pe caracteristica dispozitivelor DGT cu gel de Chelex = A fost realizat un model experimental bazat pe cuplajul intre tehnica
de a acumula selectiv anumite specii chimice. Dispozitivul DGT cu gel de DGT si un sistem miniaturizat bazat pe evaporare termica miniaturizata
retinere de tip Chelex (Chelex-100) are capacitatea de a retine selectiv doar (DGT-SSETV-uCCP-0ES).
ionii metalici divalenti. = Dispozitivele DGT cu Chelex-100 au fost imersate in solutii sintetice
e Pe baza acestei proprietati de retinere selectiva, a fost dezvoltatd metoda preparate din solutii etalon monoelement de As si Cd.
de separarea a Cd si As din matricea probei. As este un metaloid care se = Dupa expunere, gelul de rasina Chelex-100 a fost introdus in 1 ml
gaseste in probele naturale, in mare parte sub form& de oxianioni, sau in HNO; 1 mol/l, timp de 24 de ore; Eluatul din fiecare gel a fost analizat
compusi organici. utilizand modelul experimental SSETV-uCCP-OES;

= A fost calculata masa de Cd acumulata in stratul de rasina. A fost
calculata concentratia de analit in solutia initiala, masurata prin DGT.

In figurile 1-3 sunt prezentate spectrele de emisie tridimensionale
determinate utilizand sistemul SSETV-uCCP-OES

e Deoarece, in aceste forme chimice, As nu este retinut de catre DGT cu
Chelex-100, din solutia care initial contine Cd si As este extras doar Cd,
care este apoi eluat intr-o solutie din care se poate masura prin utilizarea
unui instrument echipat cu microspectrometru de joasa rezolutie, fara ca As
sa mai produca interferenta spectrala

e Eluatul este analizat utilizand instrumentul de masura echipat cu =} i -
microspectrometru de joasa rezolutie. s
e | i

PROBLEME TEHNICE PE CARE LE REZOLVA INVENTIA 1, E >

= eliminarea interferentei spectrale cauzata de prezenta As la > ?,"1

determinarea Cd utilizand spectrometria de emisie optica in microplasme
echipate cu microspectrometre de joasa rezolutie, echipamente care au cost
de producere si de intretinere redus;

= separarea Cd din matricea de proba initiala (care poate fi o matrice
complexa cu interferenti organici si anorganici) intr-o matrice simpla (acid Figura 1. Spectre de emisie tridimensionale determinate prin analiza unei solutii

azotic 1 mol/l), fapt care conduce la eliminarea interferentelor non-spectrale. de 10 pg / L Cd cu un microspectrometru de joasa rezolutie la: (A) Lungimea de
unda de 189,042 nm; (B) Lungimea de unda de 228,802 nm

ADVANTAJELE INVENTIEI or LT 1T 17T T

sSe elimina etapele de prelucrare a probel, acumularea In dispozitivul - '
DGI incluzand atat etapa de preilevare cat Si cele de preconcentrare Si i
eliminare a Iinterferentelor; {"‘:
«Cd poate fi determinat utilizand echipamente miniaturizate, care au |
cost de productie si de mentenanta redus; %.-ﬂ‘t.-
sdatorita acumularii in timp, DGT asigura preconcentrarea Cd, fapt care E#H
conduce la o limita de detectie mai buna;
«DGT asigura separarea Cd din matricea probei initiale (care poate fi o —
matrice complexa cu intei ]'&;'i'._-'i'_il_i arganici si anaoil :;._':i'lfad'_l," INTr-0 matrice simpla
(acid aZotic 1 [']U'.-":i,‘r rapt care conduce si la eliminarea interferentelor non
spectrale; Figura 2. Spectre de emisie tridimensionale determinate pentru o solutie in
«determinarea unor metale cu potential toxic, care se inscrie in trendul amestec de 10 ug / L Cd + cu 600 pg / L As cu un microspectrometru de joasa
actual al chimiei analitice verzi. rezolutie la: (A) Lungimea de unda de 189,042 nm; (B) Lungimea de unda de
228,802 nm
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Cadmium is classified as a priority hazardous element, even at low
concentrations. Therefore, highly sensitive analytical methodologies are
essential for assessing environmental contamination and human exposure.
In the passive sampling technique, the analyte migrates from the sampled
medium to a collecting medium based on free diffusion. This method offers
several advantages over grab sampling, including the potential for analyte
preconcentration and separation from complex matricess. Among the
available tools for passive sampling, polymer inclusion membranes (PIMs)
have been recently developed due to their numerous benefits. By utilizing
PIMs, both extraction and back-extraction occur simultaneously, providing
excellent selectivity. A PIM consists of an extractant encapsulated in a
polymeric matrix that serves as a binding reagent for the analyte, which is
then back-extracted into a receiving solution.

An example of the transport process of a bivalent metal Me(II) through a
PIM containing an acidic diprotic carrier (H2L) and a mineral acid as a stripping
reagent is schematically illustrated in Fig. 1.

Feeding
phase

Recelving
phase

PIM membrane

>G4 DT .

Figure 1. Metal transport across the PIMs

_.

This work reports on the application of a new PIM prepared using
poly(vinyl chloride) (PVC) as the base polymer, dioctyl phthalate (DOP)
as the plasticizer, and Chelex-100 as the carrier. Extraction experiments
were conducted using a Cd(II) solution at a concentration of 10 mg L1
as the donor phase.

PVC+DOP+Chelex

\

Solvent

stim |
- castng |

& =

PVC solution

Figure 3. PIM preparation using PVC, DOP and Chelex-100 as the carrier
and use for passive sampling

Extraction diluent

The measurement of Cd concentration in samples was carried out using
the ICP-OES SPECTROFLAME FMD-07 (Spectro Analytical Instruments Kleve,
Germany). The operation conditions were: generator 27.12 MHz, operated at
1.2 kW, plasma radial viewing, observation height 15 mm. AFM images of PIMs
were realized by employing, in the tapping mode, a system from Molecular
Devices and Tools for Nano Technology (NT-MDT) mounted on an Olympus
IX71 optical microscope.
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Figure 2. Schematic representation of PIMs preparation steps
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In this study, membranes composed of PVC (base polymer), DOP (plasticizer), and Chelex 100 (carrier) were produced using the casting method and

tested for the separation of Cd(II) ions in an experimental design suitable for passive sampling. The results demonstrated strong performance in
transporting Cd(II) ions, with approximately 92% of the analyte extracted from the feed solution. These findings have potential for further development of
polymer inclusion membranes (PIMs) for Cd extraction and separation from complex matrices, as well as for analyte preconcentration.

'ﬁlz Fc |

'l d i

Acknowledgement
This work was supported by a grant of the Ministry of Research, Innovation and Digitization, CCCDI UEFISCDI, project number PN-IV-P7-7.1-PED-2024-0029,
within PNCDI IV.

%

Laser Ablation Inductively Coupled Plasma Mass Spectrometry
(LA-ICP-MS) Applications in Heritage Sample Investigations

Claudiu Tanaselia’", Anamaria lulia Torok', Dan Anghel?, Roman Cecilia’

'INCDO INOE 2000 Research Institute for Analytical Instrumentation subsidiary, Cluj-Napoca, Romania

‘The National Museum of the Union in Alba lulia Alba lulia, Romania
*corresponding author: claudiu.tanaselia@icia.ro

Introduction Results
This study investigates the applicability of quasi-nondestructive laser ablation 3000
analytical technigue for the elemental analysis of archaeological artifacts.

Laser ablation was paired with an inductively coupled plasma mass SE
spectrometry (ICP-MS) equipment (with a quadrupole mass filter), in order to
provide a powerful tool for analysis with lower detection limit than

‘ i . 2000
conventional non-destructive techniques such as X-ray fluorescence (XRF).

While XRF is widely used due to its portability and ease of use, it is often 1900

limited in sensitivity and unable to detect trace elements with high accuracy
Nevertheless, laser ablation introduces specific analytical

, ati [ ifi ' challenges, 1000
particularly in relation to the geometry and surface irregularities of historical
samples, the heterogeneity of archaeological materials, data acquisition from 50
surface layers only, and the complex calibration procedures. Proper I I I
calibration, often using matrix-matched standards or carefully selected

reference materials, is critical for obtaining meaningful quantitative data and N *-
often impossible in certain scenarios.
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The technique enabled precise determination of elemental ratios with only

minimal alteration to the sample surface, while avoiding the need for specific
calibration in this particular case.

Fig. 1 Results of laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)
analysis on ceramic, glass and brick samples; the values on the Oy axis are informative and they
should not be considered in absolute values.

Furthermore, with optimized instrument settings and calibration protocols,
the method shows strong potential for broader applications, such as pigment
identification and even isotopic ratio determinations, in cultural heritage
applications.

Due to matrix effects, the values obtained during measurements should not

be taken in absolute values, but rather as a comparison between different

samples of the same type (e.g comparing absolute concentration values of

ceramic samples with glass samples would not be advised, but a comparison

of values between the same sample type can be made):

M ethOdOIOgy « the Roman bricks (samples C7-C4) have roughly the same composition, with
the exception of C7, which has a significant lower Mn concentration;

instrument coupled with a Cetac LSX-213 laser ablation system. A 10 pm spot
was used for the laser beam and a mix of helium and argon gas was used to
carry the ablated aerosols from the sample cell to the ICP-MS plasma. The
ICP-MS instrument was calibrated for maximum signal/noise ratio using
standard

Calibration for laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) analysis were performed using NIST 610 standard reference
material (SRM), to ensure perfect matrix match with glass samples and partial
matrix match with ceramic and other type of samples.

Samples were washed with ultrapure water and air dried in a controlled
environment, to avoid any supplementary surface contamination before
analysis.

A total number of 18 samples were analyzed: 4 Roman bricks (C1, C2, C3, (4),
7 Roman ceramic items (77, T2, T3, DF1, DF2, DF3, DF4), 3 bronze-age ceramic
items (CX26, (x50, C(x37) and 4 glass samples (Sla, Slla, Sllb, Slic). Due to
calibration constrains (related to NIST 610 available certified data, signal
intensity and isobaric and polyatomic interferences related to ICP-MS mass
filter), only 6 chemical elements were analyzed in this study: Mn, Co, Cu, Zn,
Rb and Zr.
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Conclusion

While LA-ICP-MS is not ideal analytical technique for heritage sample
investigation (due to quasi-destructive nature and constraints related to
sample size, sample matrix, proper calibration and spectral interferences), it
can be used in certain scenarios, providing useful information about groups
of samples. Our method can be further extended to include more elements
and by increasing signal stability and sensitivity it could be even used to
perform isotopic ratio analysis for certain elements (Pb, Sr etc), providing
data regarding sample origin, thus offering more valuable data for placing
the items in their proper historical context.

This research was carried out through the Core Program within the National Research Development and Innovation Plan 2022-2027, carried
out with the support of MCID, project PN 23 05. All the samples used in this research were kindly provided by The National Museum of the
Union in Alba lulia.




