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EXPERTISE AND ANALYSIS OF PYRAMID TEA BAGS BY OPTICAL
MICROSCOPY AND FTIR-SPECTROSCOPIC METHODS AND
MICROPLASTIC DEBRIS FORMATION IN BREWED TEA

Malynka O.V.}, candidate of chemical sciences, associate professor, Malynka Y.O.?, candidate of
chemical sciences, Petryk K.O.%, master
! Odessa National Academy of Food Technologies
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Environmental pollution with microparticles and nanoplastics, which are products of
schedule of plastic waste, led to water pollution and food micro and nanoplastics, which has
become a global problem. Recently, it has been found that the source of micro- and nanoplastic in
foods is polymeric packaging of goods (PET bottles with water and beer, plastic bags for brewing
tea). Thus, the authors [1] show that when brewing a cup of tea from one plastic bag with tea at a
brew temperature of 95 °C, an abnormally large amount of nano and microplastics is released
(approximately 11.6 billion microplastic particles and 3.1 billion nanoplastic particles). In this case,
the source of plastic is not the environment, and the packaging of a food product that pollutes tea
during its preparation. In this regard, it is an urgent definition of the composition and structure of
plastic tea bags, which is necessary to determine the mechanism of plastic entering tea.

A research aim was a study of structure, morphology and composition of plastic packages
that is intended for brewing of tea, by the methods of optical microscopy and FTIR-spectroscopy.

The analyzed samples of teabays were bought in supermarkets and at a fast food restaurant
in Odessa, Ukraine. Eight brands were selected: CURTIS (1), Mc Donalds CURTIS (2), LIPTON
(3), TIPEMIA (4), COLOMBO (5), LOVARE Delicatea (6), SONNET (7) Ta LOYD (8). The shape
of all tea bags-pyramids is a triangular pyramid (Fig. 1). The tea bag contains three components.
The first is a pyramid with tea. Next is the string that connects the pyramid to the tag. Only
pyramids and strings come into contact with hot water during tea brewing.

Fig.1 - Pyramid shaped tea bag with tea

When analysed by FTIR-spectroscopy (Fig. 2), it was found that the tea bags are made of
three types of plastics: A - polyethylenetherephthalate (PET), B - polypropylene (PP), C -
polylactide (PLA). FTIR spectra of pyramids (samples 1-7) as well as strings (sample 3) show the
corresponding infrared absorption bands of PET, FTIR spectra of strings (samples 1-7) show the
corresponding infrared absorption bands of PP, FTIR spectra of pyramids (sample 8) as well as
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string (sample 8) show the corresponding infrared absorption bands of PLA.

Optical microscopy revealed that pyramids for the structure are divided into those that are
made of nonwoven materials with a fiber diameter of 12-18 um or fabric weave mesh type with a
fiber diameter of 48-54 um. The surface density of nonwovens is 18.5-20.3 g/m? the surface

density of fabrics is 22.0-22.7 g/m?.
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Fig. 2 - FTIR spectra of pyramids and strings

It is established that the shape of the particles of microplastic, which is formed in beverages
during the brewing of tea, both from the pyramids and the strings of the bags, due to the primary
structure of the bags. Microplastic has the form of fiber fragments of pyramids and strings,
fragments of places of combination of pyramids with strings, particles which are on a fiber surface.

In some cases, the presence in the composition of the finished tea drinks is a small amount
of microplastic, which does not belong to the materials from which the structural elements of the
bags are made: pyramids or threads. This foreign microplastic is included as a contaminant in both
the pyramids and the strings. Contamination by foreign microplastics is possible during the
manufacture of textile materials (fabrics, nonwovens, strings), packaging of tea in bags-pyramids or
microplastics is a contaminant component of plant materials.

The source of microplastics from tea bags are polymeric materials of pyramids and strings
(PP, PET and PLA). It should be noted that most of the tested samples have strings that are made of
PP. It is known that microplastic with PP has toxic properties against human cells. Thus, plastic tea
bags are a potential risk factor for human health [2]. Therefore, there is a need to inform the
consumer about the material of the tea bag and the health hazards.
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JOCJIKEHHS BMICTY OZ1Y V 3EPHI MAILIA IIPOPOLEHOMY ¥
PO3UYMHI HOAUIA KAJIIO

'Birenbka 5.0., 1.T.H., IOLEHT, ’PuKKOBa T.M., A.T.H., npo¢ecop
! XapkiBcbkuil HaioHaJabHMH yHiBepcuTeT iMeni B. H. Kapasina
2 XapkiBcbKa J1ep:KaBHA 300BeTePHHAPHA aKaJdeMis

VYcebiuHi JOCHIIKeHHSI HAyKOBIIIB 1 CBITOBA CTAaTHCTHKAa KOHCTATYIOTh IMOCTiiHE 301-
JBIICHHS KUIBKOCTI JIIOAEH 3 eHAOKPUHHUMHU MOPYUICHHSIMH, [0 CIIPUSE PO3BUTKY PUHKY (Y-
HKIIIOHAJIBHUX XapuyoOBUX MPOAYKTI. BpaxoByroun HampsIMKU PO3BUTKY, BUCBITIeH] y mpoekTi OOH
«310opoB’s Hamii y 00poTbOl 3 €HJOKPUHHHMH 3aXBOPIOBAHHSAMM». AKTyallbHUM € po3poOka
XapyoBOTr0 1HTPEAIEHTY SKUW MOXKJIMBO BUKOPUCTOBYBATH i yac 06aratbox KyJIiHApHUX CTPaB
Ta BBOJUTHU Y CKJIaJ PI3HUX XapYOBUX MPOAYKTIB, sIKI BUPOOJIAIOTLECS HA XapUOBUX HIAMPUEMCT-
Bax. OmHUM 13 ynmIOONEHUX PELENTYpHUX IHTPEIIEHTIB y CIOB SHCHKHX HapomaiB € OoporrHo [1].
bopomno 36arauytors 30 % kpain cBiTy cepen sikux Crnonyueni [Htatu Amepuku, Kanana, bensb-
ris. Ykpaincekoro BupoOHuka 6opoinHa y 2022 porri 3000B’sKyTh JA07aBaTH B IPOAYKIIIIO BiTaMi-
HU 1 MiHepanu. PaiioHanbHO mij 9ac po3poOKU TEXHOJIOrI 30araueHoro OOpoIIHa y SIKOCTI CUPO-
BUHU BUKOPHCTOBYBATH 36pHOO00OOBI, a came 3epHO Maria. Bijgomo [2], mo pocauHHMA O1710K, SKHii
BXOJMThH J0 CKJIaTy 3epeHO0000BUX, 3MaTHUI aKyMyJTIOBATH HEOPTraHIYHI (JOPMHU MIKPOEIEMEHTIB
13 pO34YWHIB B AKUX 1X MPOpPOIICHO. I3 HakonmuyeHHsM y OukoBid ¢pakii [3]. Tomy mocmimKeHHS
COJIOZIB, SIK MEPCIEKTUBHOI CUPOBUHM JUUIsi OTPUMaHHs OOpOIIHAa MPOpOoLIeHUX 0000BUX 30araye-
HUX Ha 110/ € HEOOX1JHUM Ta CBOEYACHHM.

MeToro poOOTH € TOCITIIKEHHS BMICTY HO/y Y 3€pHI Mallla IpOpOIICHOMY Y PO3YHHI HOAH-
na xanito (KI). BiamoBimHo 10 mocTaBiaeHOT METH MOTPIOHO BUKOHATH HACTYITHI 3aBJaHHS:

— BHMBYHUTH 3MiHY OPraHOJENTUYHUX MOKA3HUKIB COJIONY Malla MPOPOLICHOMY Y PO34MHI
Houa Kaiio 3aJIeKHO BiJl yMOB IPOPOIICHHS;

— JIOCIITUTH BMICT MacOBOI YaCTKK MOy y COJOJI 3epHa Mailla, 3aJeKHO BiJ] YMOB IPO-
POILLEHHS;

OO6’€eKTOM JIOCHIKEHHSI € CKOPOCTHUIN copTH 3epHa Mama «bapakay, «Xasm», «Epaem»
(Typeuunna) Bkirouennii 1o JlepsxaBaoro peectpy 3 2019 poky. Bposkait 2020 poxy 3 KOJIEKIIIHHO-
ro poscajanuka «Arporek» M. Kui (Ykpaina). XapakTepucTuka po3yuHIB JUIsl IPOPOLICHHS: 3pa-
30K | — 3epHO mpopoiieHe y Boji (KOHTpoJib), 3pazok 2 mictub 15,2 r Kl ma 1000 cm™ H0 kinbkicTh
fiony y po3unni cranoBmwia 20 Mkr. 3pa3ok 3 mictuB 38 r KI na 1000 oM’ H,0, kinbkicTh iomy y
po3uuHi cranoBmia 50 Mkr. 3pa3ok 4 mictus 76,5 r KI na 1000 em® Ho0, KinbKicTs oy y po3uunHi
cranoBuna 100 Mxr. BMmicT MacoBOi 4acTKu 0y BH3HAYadd Ha BOJbTAMIIEPOMETPUYHOMY aHai-
3aropi «ABA-2» (TM Bbypesecnuk, Pocist). PesynbraTu nocinikensb, 300paxeni y Tadm. 1.

AHaNI3yI0ud eKCIepUMEHTANIbHI JTOCIIHKEHHS MOXIIMBO CTBEpPKYBATH, 110 HaWOIbIINI
BMICT aKyMYJIbBAaHOTO KOy BH3HAYE€HO B COJIOAI Maiia i3 BMICTOM Oilka y HAaTUBHOMY 3€pHI
23,18 % — copt «Epaem». Conon sikoro MaB 17; 42; 88 MKI/r oay Mpu COJIOJOPOIICHHI 3epHa y
po3unHax Hocigx 20, 50, 100 mkr fiony (BignosiaHo) npoTsarom 12 rox. 20; 51; 103 MKr/t oy npu
COJIOJIOPOIIIECHHI 3epHa y po3unHax Hocisax 20; 50; 100 Mkr Hoay (BiamnoBigHo) mpoTsiroM 24 rof. Ta
22; 51;119 mxr/r fiomy npu 3amouyBaHHi 3epHa y pozunHax Hocisx 20; 50; 100 Mkr foxy (BiAmOBi-
IHO) mipoTsaroM 48 roa. 3epHa copTy «Epaem», siki IpopoIyBaiy 3a BUILIEHABEICHUMHU KOHIIEHTpA-
[isSIMU TIPOTSTOM 72 TOJ., Malli BMICTh Moy 25; 64; 139 Mkr/r. Ane 3a OpraHOJICITHIHUMHE TTOKA3-
HUKaM{ 3epHOBa Maca Oyna, He mpuaaTtHa 10 BUKopucTaHHS 90 % 3epeH MOYOPHIIMX, THUIIHX.
Haiimenmuii BMiCT akyMyJIbBaHOTO MOy BU3HAYEHO B COJIOJII Mallla i3 BMICTOM OiJIKa y HATUBHOMY
3epHi 14,25 % — copt «Xasam». [Ipopomeni 3epHa sxoro mManu 8; 25;51 MKr/T oy npu 3amouy-
BaHHI 3epHa y po3urHax Hocisx 20; 50; 100 Mkr oy (BiamoBigHO) mpoTsirom 12 rox. Ta 9; 31; 65
MKI/T Oy TIpH 3aMOYyBaHHI 3epHa y po3zurHax Hocisx 20; 50; 100 Mkr iioxy (BiAMOBiAHO) MPOTSI-
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