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Abstract
Anaerobic digestion of food and kitchen waste is becoming key source of renewable energy, green chemicals and organic fertilizers.
However, contamination of the organic fraction with microplastics, usually originating from packaging, requires frequent recognition
of the biomass feedstock quality. In our investigation, material identification of biowaste containing polymers and biopolymers was
performed using Fourier Transform Infrared (FTIR) spectroscopy. Analysis of selectively collected municipal bio-waste revealed
contamination with conventional plastics, while biodegradable plastics were less frequent. FTIR spectra indicated the plant-based
nature of the biomass feedstock and, despite spectral complexity, provided satisfactory insights into the organic-to-mineral compounds

quantitative ratio, which has practical value in biomass characterization.
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Introduction

Dominance of biowaste within the municipal waste stre-
am in Poland, comprising 32.4% (in which food waste makes
around 60 percent, the rest being garden waste), underscores
the significant role it plays in the country's waste management
landscape []. Brusselaers, A. Van Der Linden, 2020]. Biowa-
ste, consisting of organic materials such as food scraps, yard
waste, and cellulose-based products, pose both challenges and
opportunities for sustainable waste management practices
[W. Czekala, 2023]. One key challenge associated with bio-
waste is its potential to contribute to environmental pollution
and greenhouse gas emissions if not properly managed.

Advancements in technology have shifted waste mana-
gement into converting waste into valuable resources. Bio-
mass availability plays a crucial role in fostering a circular
economy through its conversion into bioproducts, energy
and green chemicals. Various methods such as anaerobic di-
gestion (AD), hydrothermal, and thermochemical processes
are explored for bioproduct recovery from biowaste. Lifecycle
analysis of different biowaste conversion processes demon-
strates their social and environmental sustainability [Sarava-
nan et al., 2023].

Household biowaste holds promise as a valuable resour-
ce for producing biogas, biomethane and fertilizers. Unfor-
tunately, it's commonly contaminated by biopolymers-based
materials, notably packagings like bags and foils. While fer-
tilizers (composts, digestates) from agricultural biogas plants
and greenery composts may show minimal plastic presence,

a significant amount of plastic fragments is observed in the
composts and fertilizers derived from biowaste treatment
plants [Bandini et al., 2022; Steiner et al., 2023]. This could
understandably evoke reluctance in potential buyers/users to-
wards such a product.

Amenability to decomposition of biodegradable biopoly-
mers present in selectively collected organic fraction of the
municipal solid waste during AD was evaluated with respect
to biogas production efficiency. The infrared spectroscopy
was employed for chemical characterization of food waste
including the presence of polymers.

Fourier Transform Infrared (FTIR) spectroscopy is a po-
werful analytical technique commonly employed for identi-
fying organic materials. In recent years, it has emerged as a
valuable tool in the field of microplastic (MP) pollution re-
search, particularly for discerning the chemical composition
of unidentified plastic fragments [Chen et al., 2020; Campa-
nale et al., 2023]. There are also reports that its utility extends
beyond mere identification and covers the extent of aging or
weathering experienced by microplastics retrieved from the
environment [Campanale et al., 2023]. During our studies, we
have manually separated from the food waste and identified
by means of FTIR spectroscopy a number of polymer samples.
Additionally, FT-IR spectra of biowaste samples were analy-
zed to explore potential correlations between specific bands
and the content of the useful fraction, which can be converted
into biogas within the examined food waste.
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Tab. 1. Microplastics identified in the collected samples of the biowaste

Tab. 1. Mikroplastiki zidentyfikowane w pobranych prébkach odpadéw biologicznych
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Legend:

PE - polyethylene; PP - polypropylene; PVC - poly(vinyl chloride); PET - poly(ethylene terephthalate)
PA - polyamide; CP - cellulose propionate; PAN - polyacrylonitrile; PS - polystyrene

Experimental
Preparation of biomass for infrared analysis and anaerobic
digestion
Biomass used in the investigation contained mainly food
and kitchen waste collected selectively and transported to the
Utilization Plant in Gdansk, blended with waste from pruning
trees and shrubs, lawn care, and flowerbed maintenance along
with some contaminants. Preparation of representative bio-
mass samples from the organic waste involved:
a) Unloading approx. 3 Mg of organic waste under a cove-
red shed and forming heap 50-60 cm high.
b) Photographic documentation of the heap surface.
¢) Reduction of waste quantity through quartering to ob-
tain a representative sample of approximately 1 Mg.
d) Random sampling of 10 plastic or paper bags with kit-
chen waste weighing up to 5 kg, followed by photographic
record of their composition.
e) Sorting the contents of each waste bag into fractions:
food and kitchen waste, plastic, paper, glass, metals, green
waste, residual waste: sanitary pads, rags, tampons, and
others.
f) Weighing each fraction present in combined 10 bags
of waste.
g) Shredding bio-waste in TALEX BAK H-111 agricultu-
ral knife mill to particle size 80% passing 4 mm x 5 mm
openings screen.
h) Packaging shredded biomass into 3 dm”® to 30 dm”® pla-
stic containers with a tight lid.
i) Transporting samples to the Gdansk University of Tech-
nology for biochemical, physicochemical and chemical
characterization, as well as pilot scale AD efficiency te-
sting.
j) Storing samples below 4°C. Biomass was analyzed
within few hours from delivery, stored in refrigerator and
fed to the AD bioreactors within a week.

Samples of ground biomass were dried at 110°C under
slight vacuum to a constant mass, and subsequently minera-
lized at 550°C to constant mass. Once a week biomass was

examined for presence of microplastics, which were selected
manually, washed with deionized water, and submitted to mi-
croscopic and spectroscopic measurements.

FTIR Spectroscopy

40 biomass samples — one per week - were investigated
using the FTIR ATR analysis. The spectra are marked with the
date of the biomass acquisition. The mineralized samples were
additionally marked with capital letter T standing for thermal.
The FTIR spectra of dried and mineralized biomass, as well as
those of the plastics separated from the organic waste, were
recorded using Nicolet iS50 FT-IR spectrometer equipped
with the Specac Quest single-reflection diamond attenuated
total reflectance (ATR) accessory and the MomentumTM mi-
croscope. Spectral analysis was controlled by the OMNIC so-
ftware package. Polymers were identified by comparison with
reference spectra of commercially available infrared library
database implemented in OMNIGC, i.e. the HR Nicolet Sam-
pler Library, but also with collection of own reference spectra.

Results and Discussion
FTIR Spectra of plastics selected from food and kitchen waste

Microplastics were detected and isolated manually in
samples prepared according to the above provided procedure.
Several types of basic polymers were identified, as indicated in
Table 1. and Figs. 1 and 2. Most frequently were met PE and
PP, which despite their significant strength, underwent size
reduction, to be found within the microplastics size range.
These plastics are most frequently used for the production of
trash bags, shopping bags, foil packaging and medicine pac-
kaging, therefore are present with food scraps, vegetable and
fruit waste in biodegradable waste streams. On the other hand,
polystyrene (PS), polyamide (PA), polyacrylnitrile (PAN) and
cellophane as styrofoam trays, fibers, cellophane foil were less
represented. Occasional presence of PVC and PET (protective
films, mats, glucose test strips) were observed.

In general, food waste collected in Gdansk contained si-
gnificant volume of petrol-based plastic packaging. While it
does not prevent its usage in biogas producing plants it may
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Fig. 1. FT-IR spectra of microplastics collected from samples of municipal bio-waste and their identification:
green — polypropylene PP, red - polyethylene PE, blue — polyvinyl chloride PVC
Rys. 1. Widma FT-IR mikroplastikéw pobranych z probek bioodpadéw komunalnych i ich identyfikacja:
zielony - polipropylen PP, czerwony - polietylen PE, niebieski — polichlorek winylu PVC

9

Fig. 2. FT-IR spectra of microplastics collected from samples of municipal bio-waste and their identification:
blue - cellophane, red - polystyrene, PS, purple - polyacrylonitrile PAN
Rys. 2. Widma FT-IR mikroplastikéw zebranych z prébek bioodpadéw komunalnych i ich identyfikacja:
niebieski - celofan, czerwony - polistyren, PS, fioletowy - poliakrylonitryl PAN
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Fig. 3. Comparison of polyethylene (PE) and dry biomass spectra as identified by the date of collection
Rys. 3. Poréwnanie widm polietylenu (PE) i suchej biomasy, zidentyfikowanych na podstawie daty pobrania
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Fig. 4. FTIR ATR spectrum of ham
Rys. 4. Widmo FTIR ATR szynki
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Fig. 5. FTIR ATR spectrum of cheese
Rys. 5. Widmo FTIR ATR sera
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Fig. 6. FTIR ATR spectrum of rice
Rys. 6. Widmo FTIR ATR ryzu
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Fig. 7. FTIR ATR spectra of selected food samples: banana, onion, carrot, cabbage, cauliflower, and potato

Rys. 7. Widma FTIR ATR wybranych prébek zywnosci: banan, cebula, marchew, kapusta, kalafior i ziemniak
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Fig. 8. Typical FTIR ATR spectrum of dry biomass; the selected biomass samples differ in the content of mineral part. The samples are identified by
number and dates of collection. Sample 11 represents the biomass with low content of inorganic ash, sample 28 has the medium content of inorganic
ash and sample 27 was rich in the inorganic part. The assignment of the bands for sample 27_22_06_22 according to [Bekaris et al., 2015] [cm]: ~3300,
vbr, O—H stretching of hydroxyl groups N-H stretching of amino groups; 2920 and 2850 asymm. and symm. C—H stretching of aliphatic methylene;
2519 carbonate; 1730 C=0 stretching of carboxylic acids, esters etc.; 1621 C=0 stretching, amide I, carboxylates; 1541 amide II, N-H in-plane; 1412
carbonate, symmetric COO, stretching carboxylate; 1095, 1053, 1030 C-O stretching polysaccharide, P—O stretching; phosphates, Si—O stretching
silicates, 1053 C—O bending carbohydrates, 896 C—O-C stretching Amorphous cellulose, 872 carbonate
Rys. 8. Typowe widmo FTIR ATR suchej biomasy; wybrane probki biomasy réznig si¢ zawartoécig czesci mineralnej. Probki sg identyfikowane
wedtug numeru i daty pobrania. Probka 11 reprezentuje biomase o niskiej zawartoéci popiolu nieorganicznego, probka 28 ma srednig zawarto$é
popiotu nieorganicznego, a probka 27 byla bogata w cze$¢ nieorganiczng. Przypisanie pasm dla probki 27_22_06_22 zgodnie z [Bekaris i in., 2015]
[cm™]: ~3300, vbr, rozcigganie O-H grup hydroksylowych rozciaganie N-H grup aminowych; 2920 i 2850 asym. i symm. rozcigganie C-H alifaty-
cznej metylenowej; 2519 weglan; 1730 C=0 rozcigganie kwaséw karboksylowych, estréw itp.; 1621 rozcigganie C=0, amid I, karboksylany; 1541
amid II, N-H w plaszczyZnie; 1412 weglan, symetryczny COO, rozciagganie karboksylan; 1095, 1053, 1030 rozcigganie C-O polisacharyd, rozcigganie
P-O; fosforany, rozcigganie Si-O krzemiany, 1053 zginanie C-O weglowodany, rozcigganie 896 C-O-C celuloza amorficzna, 872 weglan

hinder further application of contaminated post-fermenta- Analysis of FTIR spectra of biowaste and food samples
tion materials as fertilizers. [Weithmann et al., 2018] Inte-

FTIR spectra of biomass have a complex character. Howe-
restingly, we were not able to identify the biodegradable or

ver, despite the complexity one can distinguish some diagno-

compostable plastics such as polylactide (PLA), polybutylene stic bands that in our opinion allow predict the biogas effi-
succinate (PBS) or polybutylene adipate terephthalate (PBAT) ciency of model feed samples and real waste samples, namely:
among the microplastics extracted from the organic fraction o the bands connected with the presence of hydroxyl
of the municipal waste. Such findings suggest that biodegra- groups; these are broad vO-H modes centered at ap-
dable polymers (PLA, PBS, PBAT) likely appear in the general proximately 3300 cm™.

(petrol-based) polymer waste stream, where they may cause o  bands generated by the presence of organic matter,

problems with compatibilization and recycling of the blends

well-resolved aliphatic vC-H modes are observed in
as previously indicated by Gere and Czigany. [Gere & Cziga-

the range 2900-2800 cm™, carbonyl groups vC=0

ny, 2020] centered at 1725 cm™, vC=N at 1600 cm’, vC=C

We were unable to identify presence of microplastics in around 1500 cm™! and the stretching modes of single
the biomass samples by FTIR ATR because the bands of pla- C-0, C-N and C-C between 1500 and 1100 cm™.
stics and the biomass overlap, as illustrated in Fig. 3 for poly- o very strong and broad bands connected with the stret-
ethylene.

ching of X-O bonds, where X=Si, P, S, are located be-
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Tab. 2. Mass percentage of mineral residue/ash in samples submitted to FTIR-ATR examination

Tab. 2. Udzial procentowy pozostato$ci mineralnej/popiotu w prébkach poddanych badaniu FTIR-ATR

Result of mineralization as Result of mineralization as
mass percentage of the mass percentage of the
sanmople Date . sample Mineral nor. Date . samole Mineral

Volatiles Volatiles

[% w/w] [r:;:av:tf\::] [% w/w] [r:;:av:tf\::]
1 01_12_2021 88.78 11.22 21 11_05_2022 86.79 13.21
2 29_12_2021 89.89 10.11 22 18_05_2022 80.97 19.03
3 15_12_2021 85.31 14.69 23 25_05_2022 86.48 13.52
4 2212 2021 85.11 14.89 24 01_06_2022 81.50 18.50
5 29_12_2021 87.87 12.13 25 08_06_2022 88.74 11.26
6 12_01_2022 88.43 11.57 26 15_06_2022 75.50 24.50
7 19_01_2022 87.20 12.80 27 22_06_2022 74.11 25.89
8 26_01_2022 84.97 15.03 28 29_06_2022 85.08 14.92
9 02_02_2022 87.54 12.46 29 06_07_2022 75.40 24.60
10 09_02_2022 89.08 10.92 30 13_07_2022 83.06 16.94
11 16_02_2022 90.44 9.56 31 20_07_2022 83.27 16.73
12 23.02_2022 80.59 19.41 32 27_07_2022 86.67 13.33
13 02_03_2022 83.33 16.67 33 03_08_2022 84.85 15.15
14 09_03_2022 84.04 15.96 34 17_08_2022 81.09 18.91
15 16_03_2022 87.73 12.27 35 24_08_2022 83.42 16.58
16 23.03_2022 81.87 18.13 36 31.08_2022 84.08 15.92
17 30_03_2022 85.25 14.75 37 07_09_2022 77.77 22.23
18 06_04_2022 85.88 14.12 38 14_09_2022 86.57 13.43
19 13_04_2022 86.73 13.27 39 21_09_2022 81.63 18.37
20 04_05_2022 88.40 11.60 40 24_01_2024 88.89 11.11

Tab. 3. Mass percentage of mineral residue/ash in dried samples of selected foods submitted to FTIR-ATR examination

Tab. 3. Zawarto$¢ pozostaloéci mineralnej/popiotu w wysuszonych probkach wybranych produktéw spozywczych poddanych badaniu FTIR-ATR

Result of mineralization as Result of mineralization as
mass percentage of the mass percentage of the
Sample Identification sample " - Identification sample "
no - Mineral no - Mineral
Volatiles Volatiles
[% w/w] matter [% w/w] matter
[% w/w] [% w/w]
1 HAM 84.74 15.26 6 CARROT 88.33 11.67
2 CHEESE 93.66 6.34 7 RICE 99.55 0.45
3] POTATO 90.45 9.55 8 CABBAGE 91.14 8.86
4 BANANA 84.73 15.27 9 CAULIFLOWER 92.67 7.33
5 ONION 92.23 6.77 10 LEEK 93.16 6.84

tween 1000 cm™ and 1100 cm™ and could represent
this part of the samples that will form the inorganic
ash. For example vS-O of sodium sulfate may be cen-
tered at 1085 cm™. [Kiefer et al, 2018], stretching
mode of phosphates is usually located between 1130
and 1030 cm™! (complex band of different resolution)
[Sauer & Wuthier, 1988], while the most significant
spectral region of silicates attributed to asymmetric
stretching vibrations of Si-O-Si is 1100-1050 cm™
and accompanying shoulders. [Ellerbrock et al., 2022]
The phosphates are abundant in animals and plants
(e.g. DNA, ATP etc.), whereas silicates may be present
as food additives and contamination of the sample
with soil particles. On the other hand the bands in this
region overlap with several strong IR modes of cellu-
loses: 1160 cm™ yC-O-C at B-glycosidic linkage, 1104
cm’! y ring in plane and relatively strong 1030 cm™
yC=0 at C-6. [Cichosz & Masek, 2020]

In Figs. 4-7 we show separate FTIR spectra of dried foods
to indicate the FTIR bands typical for each type of foodstuffs.
The large amount of proteins in ham (Fig. 4) induces strong

spectral bands arising from amide I at 1624 cm™ and amide II
at 1516 cm™.[Koca et al., 2007] Due to the presence of the lar-
ge amount of fat (Fig. 5), the FTIR spectrum of yellow cheese
contains well-resolved band at 1741 cm™, assigned to stret-
ching vibration of carbonyl functional group of lipids, whi-
le the O—H stretching is poorly resolved indicating the low
content of carbohydrates.[Koca et al., 2007] The same band
is much lower in the FTIR spectra of rice (Fig. 6) or vege-
tables such as carrot or cabbage (Fig. 7). The FTIR spectra
of starch typically show bands at 3300 cm™ (O-H stretching)
2850-3000 cm™ (C-H stretching), 1100-1150 cm™ (C-0O,
C-C and C-O-H stretching), 1100-900 cm™ (C-O-H ben-
ding) as well as 861 cm™ (C—-O-C symmetrical stretching and
C-H deformation).[van Soest et al., 1995; Warren et al., 2016]
All the typical bands are clearly visible in the spectrum of rice
illustrated in Fig. 6. Finally, in Fig. 7 we see the spectra of
selected food samples, which contain all the bands discussed
above plus strong modes between 1012 and 1075 cm™ con-
nected with the presence of various polysaccharides such as
hemicellulose and cellulose (Fig. 7).

In order to evaluate the utility of infrared spectroscopy as
a source of information about the biomass potential for biogas
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Fig. 9. FTIR ATR spectra of combustion residue obtained from mineralization of foods indicated in legend

Rys. 9. Widma FTIR ATR pozostalosci spalania uzyskanych z mineralizacji zywnosci wskazanej w legendzie
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Fig. 10. FTIR ATR spectra of combustion residue obtained from mineralization of plant foods indicated in legend

Rys. 10. Widma FTIR ATR pozostatosci spalania uzyskanych z mineralizacji zywnosci wskazanej w legendzie
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Fig. 11. Selected FTIR ATR spectra of ash obtained from the mineralization of biowaste samples. Samples identified by numbers and dates of collection

Rys. 11. Wybrane widma FTTR ATR popiotu uzyskanego z mineralizacji probek bioodpaddw. Probki zidentyfikowane wedlug numerdw i dat pobrania

production we have measured the FTIR spectra of 40 biomass
samples collected in year 2022. In Fig. 8 typical FTIR ATR
spectra are illustrated and the band assignments are listed in
Fig. 8 caption.[Bekaris et al., 2015] Even simple visual compa-
rison between the FTIR spectra of foods (Figs. 4-7) and the
biomass shown in Figs. 3 and 8 indicate that biomass is main-
ly plant-based material in accordance with the rules of waste
collection in Gdansk. All the characteristic features present in
the samples of biomass are included in Fig. 8 caption.

Mineralization of biomass samples revealed that they differed
substantially in ash content (Table 2). Among the samples whose
FTIR ATR spectra are illustrated in Fig. 8, sample 11 contained
9.56% of mineral part, sample 28 had a mineral part of 14.92%
and sample 27 had the highest content of mineral part — 25.89%.
The spectra indicate that higher content of ash in sample no 27
can be referred to abnormally high concentration of carbonates,
as judged from the presence of strong infrared modes at 1541 and
1413 cm™! accompanied by a small feature at 2520 cm™ and sharp
band at 872 cm™ which are characteristic for carbonates.[Bekaris
et al,, 2015] The usual level of mineral part of the biomass sam-
ples fell between 11 and 14 percent (Table 2).

As a part of characterization of foods and biomass sam-
ples, we have measured the FTIR ATR spectra of the residue
from mineralization (the ashes). In Table 3 we list the mass
percentage of ash in each food sample and in Figs. 6-8 we
illustrate the 1600 — 500 cm' regions of the spectra (the rema-

ining part of the spectra did not contain FTIR bands). Intere-
stingly, the various foodstuffs may be distinguished by FTIR
ATR spectra of their mineral part, as illustrated in Fig. 6. For
example, ash of the yellow cheese is composed mainly of cal-
cium phosphate, as indicated by well-resolved bands between
1119 and 847 cm™ and less intensive modes between 593 and
547 cm’. The spectrum of cabbage shows additional feature
between 1500-1400 cm™ plus 873 cm™ connected with the
presence of carbonates/nitrates in addition to phosphates/si-
licates absorbing at 1110 - 1000 cm™. The FTIR spectra of mi-
neral ashes produced from various plants are all similar to the
spectrum of cabbage (Fig. 7). The ash content of rice is very
low (Table 3), and mineralization leads to a complex solid of
amorphous character as indicated by broadened bands. We
were not able to identify the band at 1266 cm™. The spectrum
of ham does not show the presence of carbonates or nitrates in
the mineral residue and the bands are again broadened poin-
ting to the amorphous character of the mineral residue.

In Fig. 8 we show the full range FTIR ATR spectra of se-
veral mineralized biomass samples. The spectra are similar to
the spectra of plant ash and feature bands related to presence
of carbonates/nitrates and phosphates/silicates.

Quantitative analysis of FTIR ATR spectra
FTIR methods are rapid and the apparatus is relatively
inexpensive, therefore, possibility of applying this technique to
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Fig. 12. Correlation between ratio of selected peak heights in FTIR ATR spectra of food samples and mass percentage of volatiles in these samples; ratio
of peaks a) at 2925 and 1417 cm-1; b) at 2925 and 1402 cm-1; ¢) at 2925 and 1112 cm-1; d) at 2925 and 1043 cm-1; e) at 2925 and 876 cm-1; f) at 2925
and 618 cm-1
Rys. 12. Korelacja pomigdzy stosunkiem wybranych wysokosci pikéw w widmach FTIR ATR probek zywnosci a masowym udziatem procentowym
substancji lotnych w tych prébkach; stosunek pikow a) przy 2925 i 1417 cm-1; b) przy 2925 i 1402 cm-1; ¢) przy 2925 1112 cm-1; d) przy 2925 i
1043 cm-1; e) przy 29251 876 cm-1; f) przy 29251 618 cm-1

quantitative measurements equally attractive. In this regard, we
tried to establish any correlation between volatile fraction of the
biomass and the heights of FTTIR ATR spectra bands. Similar cor-
relations were described previously for diverse food samples e.g.
flours [Sujka et al., 2017] or butter.[van de Voort et al., 1992]

The analysis was initiated with less composed matrix of
plant samples. It was assumed that the characteristic, well-re-
solved C-H stretching asymmetric and symmetric modes at
2925 or 2854 cm! may represent the content of organic and
volatile part of the samples. The wavenumbers to be utilized
for the quantitative analysis of mineral part content were se-
lected on the basis of the spectra of mineral ash. We tested:
1417, 1402, 112, 1043, 876 and 618 cm' as wavenumbers at
which bands referring to inorganic compounds in plants may
be expected. We have calculated the ratios of the heights of
selected bands e.g. h2925/h1417 and analyzed their correla-
tion with mass percent of the volatile fraction of the samples.
The correlation diagrams are shown in Fig. 9. The correlation
between the data is hardly visible indicating that complicated
matrix of organic and inorganic compounds in plant samples
may not be analyzed in such a simplified way.

The research was continued with additional number of
biomass samples and assumption that the characteristic, well-
-resolved C-H stretching asymmetric and symmetric modes
at 2925 and 2854 cm! may represent content of organic and
volatile part of the biowaste. We have confirmed that there
was a very good correlation, with R2 = 0.986, between the
heights of these bands for 40 samples of biomass, see Fig. 10.
The ratios of uncorrected heights of the 2925 cm™ and 2854
cm bands fall within a narrow range of 1.3 + 0.08 (calcula-
ted for all 40 samples spectra) indicating that the bands are
indeed derived from the same functional group with the same
concentrations in the studied samples.

Subsequently, FTIR ATR spectra of the mineral residue
were searched to select “inorganic” modes that show similar
invariability in the height ratio. Forty FTIR ATR spectra of
ashes analyzed, some of which are illustrated in Fig. 8, and
two bands at 604 and 572 cm! were selected for further analy-
sis. The selection was based on satisfactory mutual correla-
tion of these bands with the coeflicient of determination R2
=0.976, see Fig. 11.

Having selected the FTIR modes for the quantitative
analysis we have calculated the sums of the “organic” bands
heights and divided it into the sums of the heights of “inor-
ganic” modes for each FTIR ATR spectrum of the biowaste
dry sample:

Ratio

volatile/inorganic

=(h,,. +h _)/(h, +h_) (Eqn. 1)

2925 604

Then we tried to correlate the obtained ratios with the re-
sults of mineralization of the biomass samples. The results of
linear regression are shown in Fig. 12. Again, the regression
analysis showed complete lack of correlation between the per-
centage of volatiles and the ratio of the heights of the selected
bands. Analysis of other “mineral” bands in FTIR ATR spectra
of plant ashes located at 1454, 1418, 1039, 962, 873, 712 cm™
provided similar results. Thus, utility of FTIR ATR spectro-
scopy was not confirmed regarding quantitative evaluation of
the organic-to-mineral ratio of plant biomass samples. Mul-
ticomponent character of the studied material and overlap of
the bands did not allow application of simple correlations for
the investigated system.

Conclusions
o Most frequently determined polymers in selecti-
vely collected food scraps, vegetable and fruit wa-
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Fig. 13. Correlation diagram for heights of asymm. and symm. CH stretching bands in FTIR ATR spectra of 40 biomass samples
Rys. 13. Diagram korelacji wysoko$ci pasm rozciaggajacych asymetrycznych i symetrycznych CH w widmach FTIR ATR 40. probek biomasy
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Fig. 14. Correlation between heights of selected bands in FTIR ATR spectra of 40 mineralized biomass samples
Rys. 14. Korelacja wysoko$ci wybranych pasm w widmach FTIR ATR 40. prébek zmineralizowanej biomasy
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Fig. 15. Correlation between mass percentage of volatile fraction of biomass samples and heights ratios in their FTTR ATR spectra defined by Equation 1

Rys. 15. Korelacja pomig¢dzy masowym udzialem frakgji lotnej probek biomasy a stosunkami wysokosci w ich widmach FTIR ATR zdefiniowana
réwnaniem 1

ste originating from Gdansk were PE and PP, while
biodegradable plastics in the organic fraction of the
municipal solid wastes were not identified. Biodegra-
dable polymers (PLA, PBS, PBAT) likely appear in
the selectively collected polymer waste stream or in
recyclable plastic fraction sorted from MSW.

Comparison of FTIR ATR spectra of various foods
and biowaste confirms plant-based character of wa-

suggests limited applicability of FTIR ATR spectro-
scopy for quantitative analysis of the mineral part of
the biowaste. This may be attributed to the overlap
between the bands associated with the stretching of
X-O bonds, where X denotes Si, P, or S, and several
strong FTIR modes of cellulose as well as the overlap
of mother modes.

ste collected in Gdansk.
o Although complex spectra of the biomass contain
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diagnostic bands referring to the presence of hy-
droxyl groups, well-resolved aliphatic vC-H modes
or carbonyl groups vC=0, the regression analysis
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Obecnosc mikroplastikow i substancji mineralnych w biomasie wykorzystywanej do fermentacji
metanowej odpadow spozywczych i kuchennych, wykazana za pomocq spektroskopii FTIR ATR

Fermentacja metanowa odpadow spozywczych i kuchennych staje si¢ kluczowym Zrédlem energii odnawialnej, zielonych chemikaliow
i nawozéw organicznych. Jednak zanieczyszczenie frakcji organicznej mikroplastikami, zwykle pochodzgcymi z opakowar, wymaga
czestego rozpoznawania jakosci surowca biomasowego. W naszych badaniach identyfikacja materiatowa bioodpadéw zawierajgcych
polimery i biopolimery zostata przeprowadzona przy uzyciu spektroskopii w podczerwieni z transformacjg Fouriera (FTIR). Analiza
selektywnie zebranych bioodpadéw komunalnych wykazata zanieczyszczenie konwencjonalnymi tworzywami sztucznymi, podczas
gdy tworzywa sztuczne biodegradowalne byly rzadsze. Widma FTIR wskazaly na roslinny charakter bioodpadéw i, pomimo ztozo-
nosci widmowej, dostarczyly zadowalajgcych spostrzezeri na temat ilosciowego stosunku zwigzkéw organicznych do mineralnych, co
ma praktyczne znaczenie w charakterystyce biomasy.

Stowa kluczowe: fermentacja metanowa; odpady zZywnosci, odpady kuchenne; spektroskopia w podczerwieni z transformacjg Fouriera
(FTIR); mikroplastiki
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