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ABSTRACT. The article deals with the peculiarities of polymer packaging for food products, as well as the pos-
sible risks that arise in the process of use and its processing.

The Aim of the Article. Determine the toxic substances of the packaging component composition and carry out
comprehensive analytical control on the content of priority pollutants to prevent adverse effects on food prod-
ucts, the environment, the human body, and outline the possible risks of polymeric food packaging recycling.
Methods and Materials. To identify and define the levels of chemical substances and toxic elements migra-
tion from different polymeric material types and products from them. The methods of gas chromatography,
high performance liquid chromatography, atomic absorption spectrophotometry, mass-spectrometry were
applied using modern validated methods.

Results and Discussion. According to the results of the researches, it is established that a large group of
chemicals gets from the polymeric packaging to the contacting media, and in some cases their number
exceeds the hygienic standard — ANM (acceptable number of migration).

The increase in the number of chemicals migrating from the packaging material, as well as the levels of content
of new excipients (dyes, decomposition products, impurities) that are formed after recycling of polymeric
materials, is evidenced by the results of many research works.

Conclusions. Careful monitoring of the migration levels of toxic components from different types of packaging
materials and products into contact media should be carried out to assess the risks and their negative effects
on food and human health. At the legislative level, control over the processing of plastic packaging for food
should also be realized, taking into account the possibility of the formation of new chemicals and toxic ele-

ments.
Key Words: packaging, safety, food products, risks.

Introduction. The intensive development of
the packaging materials industry requires partic-
ular attention to food packaging for its safe use,
impact on the product itself, human health and
the environment.

At present, it is impossible to imagine high-
quality food products without the appropriate
packaging, which is made from various materials
by using new modern technologies.

Unfortunately, no matter how perfect the pack-
aging could be, products over time lose their
nutritional properties due to the physical, bio-
chemical, chemical processes caused by various
factors.

Recently, polymeric materials have been
ranked first among other materials, their output
is growing at a rate of 8—10% per year worldwide.
This is due to a very wide range of properties:
durability, ductility, heat resistance and more.
Due to this, new possibilities of storage and

reduction of losses of food products, as well as
ensuring higher consumer properties of pack-
aged products, are emerging.

Therefore, polymer packaging is an integral
part of packaged food. That is why the issue of
food products’ quality, their safe effect on the
human body cannot be considered separately
from the packaging. Its chemical composition,
polymer structure, presence of functional
groups, crystallinity, lyophilicity, Iyophobic
behavior and other determine the properties of
the polymer packaging.

Aim. The interaction of the packaging material
and the food product is determined by the rate of
movement of gases, water vapor, moisture, low
molecular weight substances from the food
through the layer of packaging, into the environ-
ment. From it through the packaging to the food
product, from which to the packaging material.
And finally, from the packaging material to the



food. This interaction can lead to significant
changes in the properties of both the food prod-
uct itself and the packaging. It should also be
borne in mind that the chemical constituents of
food products are able to interact with the ingre-
dients of the packaging forming other toxic
chemicals.

The wide variety of food packaging materials
and the wide range of food products that are
packaged in these materials and products
requires a particular approach to this important
procedure.

Methods and Materials. In today’s unfavor-
able environmental conditions, characterized by
environmental pollution by xenobiotics, much
attention is paid to increasing the barrier proper-
ties of packaging materials intended for the pro-
tection of food products. Obtaining quality nutri-
ent-specific packaging material depends essen-
tially on the base polymer and the auxiliaries
used to create the finished packaging product.
Much in demand today are multilayered materi-
als consisting of different layers (from 5 to 15),
joined by adhesives. Most barrier films that are
produced are based on polyethylene terephtha-
late, polyester, polya-mide, ethylene vinyl alco-
hol, polypropylene, polyethylene and more.
Flexible polymeric materials have high barrier
properties, mechanical, optical characteristics
and are widely used for protection of food prod-
ucts from electromagnetic radiation, solar radia-
tion, and thermal radiation. Such packaging pro-
tects against the penetration of gases, water
vapor, used for sealing in the packaging of the
smell or aroma of food products.

In many cases, different types of polyurethane
adhesives are used for the lamination of multilay-
er packaging materials. So, recently polymeric
materials that are intended for packaging chips,
cookies, sauces, mayonnaise, sugar, etc., make
lamination films with the help of new generation
polyurethane adhesives based on isocyanates.

Two-component polyurethane adhesives of
Liofol brand solvent-based and non-solvent-
based are very quickly polymerized and have low
isocyanate content (<1%). However, it should be
noted that in Ukraine cheap adhesives for techni-
cal purposes are often used for the lamination of
films, which can cause a great danger in the case
of using these films for food packaging. Such
films can be a source of contamination of food
products with toxicants as a result of migration
from the glue of aromatic diamines - products of
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hydrolysis of isocyanates. Therefore, on the
basis of ecological safety requirements, the
question of determining the residual content of
aromatic diamines in food products is extremely
urgent.

It is known that the ingredients of polymeric
packaging materials are diverse in their physico-
chemical properties, toxicity and are a large
group of organic and inorganic compounds.
These are aldehydes, ketones, alcohols, esters
of organic acids, amines, heavy metals and their
oxides and others.

The potential danger is related to the presence
of technological additives and degradation prod-
ucts (oligomers, secondary metabolites), which
are formed during the storage and exploitation of
polymeric materials. Activation of this process is
associated with high temperatures and long
application times.

Modern technologies of packaging materials
production with the use of innovative approaches
do not exclude the possibility of toxic compo-
nents release into objects of environment, food,
drinks, negatively affecting the human body. This
risk can be greatly reduced if the polymer pack-
aging is used only for its intended purpose,
adhering to the conditions of exploitation and
storage.

The issue of determining the levels of migration
of toxic ingredients from different types of poly-
meric materials and objects intended to come
into contact with food products into model envi-
ronments that mimic certain foods is of particular
importance and relevance.

Concerning the potential danger of the pack-
aging materials in question or the possibility of
their safe use, conclusions can only be drawn
from complex studies: organoleptic, sanitary-
chemical, microbiological, radiological.

We have conducted studies of laminated multi-
layer materials (films) for the packaging of may-
onnaise, milk, cheese, meat products in order to
identify aromatic diamines, which are con-
stituents of synthetic polyurethane adhesives
and to assess the risk taking into account possi-
ble contamination.

In order to control the level of release of toxic
components of the glue into food products, a
method for determining the mass concentration
of aromatic diamines (2,4-diaminotoluene (2,4-
TDA); 2,6-diaminotoluene (2,6-TDA); 4,4" diami-
nodiphenylmethane (4,4 MDA); 2,4'-diamin-
odiphenylmethane (2,4'-MDA); 2,2'-diamin-
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odiphenylmethane (2,2'-MDA) in migration solu-
tions.

The content of aromatic diamines in the model
solution was determined in the films immediately
after their manufacture, as well as in the dynamics
on the 1st, 3rd and 14th days using the method of
high-performance liquid chromatography.

Results and Descussion. Studies have
shown that the content of aromatic diamine in
films immediately after their production exceeds
the ANM 5-10 times or more. However, after
14 days after the production of films using two-
component polyurethane adhesive migration
was absent.

The results obtained are presented in Table.

Investigations of different types of packaging
materials and products using gas (GC) and high-
performance liquid chromatography (HPLC)
methods, mass spectrometry, atomic absorption
spectrometry have allowed us to identify a group
of priority pollutants that are capable of releasing
into the environment, food and negatively affect
human health.

It was determined that formaldehyde, phenol,
styrene, diphenylolpropane, aromatic diamines,
acrylonitrile, alcohols and other toxic substances
are most often migrated from the polymer pack-
aging to the contact media. Since the level of
excretion of these toxicants in some cases
reaches a significant excess of the hygienic stan-
dard (ANM - acceptable number of migration), it
is necessary to conduct constant analytical con-
trol of the polymer packaging.

Polymeric materials are becoming more valu-
able as recyclables. Therefore, the issue of
obtaining high quality recyclables is of great
importance. Increasing the share of recyclables in
polymer products has a huge positive impact on
the development of the polymer industry. In this
connection, there is a question worldwide regard-
ing the use of packaging waste for the manufac-
ture of new packaging intended for food contact.

For processing it is necessary to use products
made of polymeric materials that are allowed for
contact with food.

However, it should be noted that the use of
packaging waste to make new packaging intend-
ed for contact with food products can lead to an
increase in the amount of chemicals migrating
from the packaging material, as well as the levels
of the content of other excipients (dyes, impuri-
ties and their decay products). It should be
remembered that the regulatory requirements
for food packaging in Europe and the USA pro-
vide the same level of safety for chemicals
migrating to food, for both processed and prima-
ry materials. Acceptable levels of chemical
migration in the European Union and the US are
being revised towards tougher indicators.

After polymeric materials recycling according
to the research results obtained from public
Internet sources, the following chemicals and
toxic elements were found:

- flavors from previous applications (character-
istic of polyethylene terephthalate (PET));

- essential oils (characteristic of PET);

— oligomers are intentional by-products formed
during the synthesis of plastics (characteristic
of PET);

- acetophenone and benzaldehyde are oxy-
gen-containing styrene derivatives that have
been identified in higher relative amounts in
processed than in primary polystyrene sam-
ples;

- plasticizers, antioxidants, UV absorbers
(characteristic of PET, polyphenols);

- inorganic elements, most of all aluminum and
iron.

The levels of inorganic elements were usually
lower in recycled high-density polyethylene than
in polyethylene terephthalate.

Conclusions
1. Consideration is given to the use of different

types of polymeric materials for food packag-

Table
The results obtained investigation of the packaging materials
. . Content of aromatic
Name of the packaging material diamines, mcg /| ANM, mcg /|
Sample Ne1 19,5 2,0
Films ™
“SOLAN” Sample Ne2 20,5 2,0
Sample Ne3 21,1 2,0
Film for mayonnaise packaging “Rodyna” 8,4 2,0




ing and the potential for adverse effects of
chemicals and their ingredient composition
on food, environmental and human health.
The necessity of introducing a comprehen-
sive approach to the determination of the
content of toxic substances and elements
using different methods of analysis is shown.
. In the course of the conducted researches
the absence of migration of aromatic
diamines from the laminated films to model
solutions simulating food product was found,
after 14 days after the films were made.

. The conducted researches allowed to estab-
lish the hygienic standard of ANM of aromatic
diamines in model environments and food-
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was approved at the meeting of the hygiene
regulation commission of the Ministry of
Health of Ukraine.

. Manufacturing and processing require a fairly

stringent regulatory framework. For recy-
cling, products made of different materials
should be used that are allowed to come into
contact with food, which will increase the
safety of recycled materials such as paper
and cardboard.

. Operator companies need to be as informed

as possible about the consequences of such
decisions, to fully evaluate the risks associat-
ed with them, especially with the direct impact
of packaging on human health.

stuffs at the level of 2 mcg /|, mcg / kg, which
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YIMAKOBKA 4J19 XAPHOBUX MPOAYKTIB: 0CObJINBOCTI BUKOPUCTAHHS
TA NNEPEPOBKUN

J1.B. Nopuesa’, T.[1. KoctioveHko!, T.B. LLlytosa’, O.C. Maptu+osa', B.B. 3asansHa', A.B. Jem’siHos?
17111 «HaykoBuit LIeHTP NPEeBeHTUBHOI TOKCUKOJIOFIT, Xap4yoBoi Ta XiMiYyHOi 6e3neku
imeHi akagemika J1.l. Menseas MiHictepcTBa 0Xo0poHU 340P0B' Ykpainn», M. KniB, YkpaiHa
2111 «<ABEHTWH», m. Knis, Ykpaina

PE3IKOME. Y cTatTi po3rnsaatoTeCsi 0COOMBOCTI MOSIIMEPHOI YrakoBKW 11 Xap4O0BMX NPOAYKTIB, a Takox
MOX/INBI PU3VIKN, SIKi BUHVKAIOTb Y NPOLIECI BUKOPUCTAHHS Ta ii mepepobku.

Merta. Bu3Hayutyl TOKCUYHI PEHOBUHN KOMIIOHEHTHOIO CK1aAy YnakoBKv Ta MpPOBECTU KOMITIEKCHUE aHalli-
TUYHWY KOHTPOJIb 3@ BMICTOM NPIOPUTETHMX 3a0pYaHI0BaYiB, abu rnonepeanTy HeraTMBHWIA BIJIMB HA Xap40Bi
npoaykTH, 06°eKTY [OBKIs/S, OPraHi3M JII0ANHY, & TaKOX OKDECINTY MOXNBI PU3MKY LLIOAO BTOPUHHOI nepe-
POOKM ONIMEPHOI YriakoBKW A7151 Xap4OBUX MPOAYKTIB.

Metoan. [ins ineHTugikauii Ta BCTAHOBIEHHS PIBHIB Mirpauii XiMiYHUX PE4YOBUH Ta TOKCUYHUX €JIEMEHTIB i3
PI3HUX TVMIB MOJIIMEPHUX MaTepiasniB Ta BUPOOIB 3 HUX 3aCTOCOBYBasIM METOAM ra30Boi xpomaTtorpagii, BUCO-
koegekTnBHOI pianHHOI xpomatorpacii, atomHo-abcopbUiiHOI crnekTpo®oToMETPIl, Mac-crnekTpoMeTpii,
BUKOPUCTOBYIOYY CydYaCHI BaligoBaHi METOLAVKY.
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Pe3ynbtatin. 3a pesynbtatamu npoBEAEHNX AOCAIAXEHb BCTAHOB/IEHO, LLO i3 MOJIIMEPHOI yrakoBKM A0 KOH-
TaKTYHOYUX CEPELOBULL NOTPAIJISIE BEVKA rPyna XiMiYHUX PEYOBUH, a B AESIKUX BUNALAKax iX KijlbKiCTb repesu-
Lye ririeHiyHm Hopmatus — KM (gonyctumy KinbKicTe Mirpadii).

[po 30inbLLUEHHS KiTbKOCTI XiMIYHMX PEYOBUH, L0 MIrpytoTh i3 Matepiany ynakoBku, a TakoX PIiBHIB BMICTY
HOBUX [OMNOMIXHUX PEYOBMH (GapBHYMKIB, NPOAYKTIB pO3naAy, AOMILLOK), SKi YyTBOPIOOTHCS MiCasi BTOPUHHOI
nepepobky NMosliMepHNX MaTepiaiB, CBiAYaThb Pe3ysbTaTy baratb0X 4OCAIAHNLLKMX POOIT.

BucHoBku. HeoOXxigHo npoBoANTY PETENIbHWI KOHTPOIb 3a PIBHSMM MirpaLii TOKCUYHX IHrPedieHTIB 3 Pi3HNX
TUIMIB nakyBasbHUX MaTtepianis Ta BMPOBIB 40 KOHTAKTYIOHYMX CEPEAOBULL, LLIOO OLHUTY PU3VKK Ta iX HeraTus-
HWV BNJIMB HA Xap4yoBi NpoAyKTv i 340p0B’s oanHW. Ha 3akoHogaB4OMy PiBHI Takox mae OyTn 34iiCHeHW
KOHTPOJIb 3a repepoOKO0 MOJIIMEPHOI YriakoBKM [/151 Xap4OBUX MPOAYKTIB, BPaXOBYIOYM MOXINBICTb YTBOPEH-
HS1 HOBUIX XIMIYHVX DEYOBUH Ta TOKCUHHNX €JIEMEHTIB.

KnroqoBi cnoBa: ynakoBka, 6€3neyHiCTb, MPOAYKTY XapyyBaHHSI, PUSVIKN.

YMAKOBKA 4J14 MALLUEBBIX NMPOA4YKTOB: OCOBEHHOCTU UCI10JIb3OBAHUS U NMEPEPABOTKU

J1.B. lopuesa’, T.I. Koctiowerko!, T.B. LLytosa’, E.C. MapTsiHoBa',
B.B. 3asanbHas’, A.B. [lembsiHOB?
[T «Hay4Hbiii LIeHTP NPEBEHTUBHO TOKCUKOJIOMN, NULLIEBON U XUMUYECKOs 6e30MacHOCTH
nmeHu akagemuka J1.W. Mensens MuHncTepcTBa 34paBooxpaHenuns YkpaviHbl», r. Kues, YkpavHa
21111 «ABEHTUIH», r. Kues, YkpanHa

PE3KOME. B cTatbe paccmaTpuBaloTCs 0COOEHHOCTY MNCMOb30BaHMS MOJUMEDHON YakoBKW AJ1S1 MULLEBbLIX
MPOAYKTOB, BOSMOXHbIE PUCKM B MPOLIECCE UCT0Ib30BaHNS 1 NepepadboTku.

Uenb. OnpeneneHne TOKCUYHbIX BELLECTB KOMIOHEHTHOrO COCTaBa yrnakoBKY v NMPOBEAEHNE KOMIMIEKCHOMO
aHa’/IMTNYeCKOoro KOHTPOJIS 3a COAEPXaHNEM MPUOPUTETHBIX 3arPA3HUTENEN C LEJbIO NPeaynpexaeHvs Hera-
TUBHOIO B/IVISIHWS HA MULLEBbLIE NMPOAYKTbI, 00bEKTLI OKDYXAIOLLE CPEAbl, OPraHn3M 4e/10Beka, a Takxe 060-
3HaynTb NPo6aEMbI PUCka BTOPUYHOM NepepaboTky MOMMEDPHON YrakoBKY AJis MALLEBbIX MPOAYKTOB.
Mertopabl. [ns vaeHTugukaumm v onpeseneHns yPoBHeN MUrpaumm XMMmM4eCckux BeLLeCTB U TOKCUYECKNX
3J1IEMEHTOB U3 Pa3HbIX TUMOB MOJIMMEPHBIX MaTepUaaoB v N3AENA NCroIb30BaIn METOAbI ra30BoM XPoOMarTo-
rpagum, BbLICOKO3(OEKTUBHON XUAKOCTHOM Xpomatorpaguy, atoMHO-abCopOLMOHHONA CrneKTPOMETpUM,
Macc-CrneKTpoMeTPUY C UCM0JIb30BaHNEM COBPEMEHHbIX BaNUANPOBAHHbIX METOAUK.

Pe3synbtatsbl. [10 pe3ynbTatam npoBeAeHHbIX UCCEN0BaHWUI YCTaHOB/IEHO, YTO U3 MOIMMEPHO YrakoBKU B
KOHTaKTupyroLme cpeabl nonaaaet 00/bLuas rpyrnna XMMn4eCKuX BELLECTB, B HEKOTOPLIX CJ1y4Yasix ux Koamye-
CTBO MPEBLILLAET rurneHndeckuii Hopmatus (KM — gonyctumoe konamvectBo murpaumm). O6 yBeimdeHum
KOmM4ecTBa XMMUYECKUX BELLIECTB, MUTPUPYIOLUMX U3 MaTepuana yrnakoBku, U YPOBHSIX COLAEPXaHWUsT HOBbIX
BCrioMorartesibHbIX BELLECTB (KpacuTenei, npoayKToB passioxeHus, 1006aBokK), KOTopkle 06pa3yrTcs nocse
BTOPUYHOU nepepaboTKy NOSAUMEPHLIX MaTepuasnos, CBUAETELCTBYIOT PE3y/bTaTbl UCCEA0BaTeIbCKUX
pabor.

BbiBogbl. HeoOXx0a1MO NpoOBOANTD TLUATEbHBINM KOHTPOJIb 33 YPOBHSIMU MUrPaLMmM TOKCUHECKUX UHIPEANEH-
TOB 13 Pa3HbIX TUMOB YNakOBOYHbIX MATEPNATIOB U U3AESNV B KOHTAKTUPYIOLUME CPELbI C LIeJbI0 OLIEeHKM PUC-
KOB W UX HEraTMBHOI O BJINSIHWSI HA NULLIEBbIE MPOAYKTBI U 3[10P0BLE YesioBeka. Ha 3akoHoaaTe/IbHOM YpOBHE
TaKXe [10/1XeH OCYLLECTBIISITECS KOHTPOJIb 3a nepepaboTKoi MoAMMEDHOMN YNakoBKuU NS MULLIEBLIX MPOoAYK-
TOB, Y4UTbIBaS BO3MOXHOCTb 006pa30BaHusi HOBbIX XUMUYECKUX BELLECTB U TOKCUYHbIX 3/1EMEHTOB.
KnioueBbie cnoBa: ynakoska, 6€30M1aCHOCTb, MPOAYKTbI MATAHWS, PUCKU.
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