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APOMATHYHI NIAMIHA: BHAIIERHS,
BHU3HAYEHHA B MITPALIMHKX PO3YHHAX
NONMEPHHAX MATEPIANIB, BIOMATEPIANAX,
TEKCTANbHUX BHal;lﬂc%%)‘(u'(ﬂl KOCMETHYHHX

Pe3rome. Buxodsyu 3 cydyacHUX MiXKHapOOHUX 8UMO2 €KOMI02I4HOI ma xap4yosoi 6e3neku, NUMaHHs1 8U3HaYEHHS 3anUWKO8020
emicmy apoMamuy4Hux OiaMiHig y xap4osux npodykmax, KocMemuuyi ma iHwux nomnimMepHux i 6iomamepianax € Ha03su4aliHO
aKkmyarnbHUM.

Mema. Ozrisid cyyacHux nioxodie 00 8udineHHs ma 8U3HAYEHHS MEPBUHHUX apoMamuyHUX OiamiHie y MiepauiliHux po3yuHax,
SIK NOMeHUiliHo20 dxepena 3abpydHEHHST COXUBHUX mosapie.

Mamepianu ma memoou. Y3azanbHeHi nybnikauii, npucesyeHi 8UGiNeHHIo i 8U3HaYeHHI0O apomMamuyHux diamivie & mizpauili-
HUX po34uHax noniMepHUX Mamepianie, biomamepianax ma KocMemuyHux 3acobax. Po3pobrneHo MemoduKy 8U3HAYEHHS
Macoeoi KoHueHmpauii apomamuyHux OiamiHig y MigpauitiHux pos4yuHax memodom BEPX (Waters, CLLIA) y o6epHeHo-¢ha3osili
eepcii 3 homomempuyHuM demekmysaHHAM. LJocnioxeHHs1 nposedeHi Ha piOuHHOMY xpomamoepacpi Waters 600 3 0iodHo-
Mampu4HuUM ¢pomomempuyHum Oemekmopom Waters 996 (komonka Waters Nova Pak C18, 3,5 mkm (150x2,1 mm).
IdeHmudbikayito apomamuyHux diamiHie NPo8oOUU 3a YacoM ix nepebysaHHs (X8.) y KOMOHU.

Pe3ynbmamu. Ompumarnu OuHamiky pigHie apomamuyHux diamiHie 8 nakysanbHil nnigyi dns MalioHe3y ei0pasy nicnd ii eueo-
moeneHHs ma npomsicom 14 0i6: Ha 3 Aoby 3apeecmposaHa MakcuMaribHa KiflbKicmb amiHis, sKi Miepytomb y MoOeribHe cepe-
Oosuuje; Yyepes 14 di6 apomamuyHux diamiHie He susgneHo (<2,0 mka/n).

BucHoeok. AHani3z nimepamypHux 0x)epes ma pe3ynbmamu enacHux 00C/idxeHb midmeepOXyoms akmyasnbHicmb aHasi-
muyHux 0ocnidxeHb apoMamuyHUX OiaMiHie sIK 8UCOKOMOKCUYHUX CMOMyK, Wo nompebye yOOCKOHaneHHs icHyto4ux Mmemodie
KOHMPOJTIO MaKyeanbHO20 Mamepiarny Ha emicm apomamuyHux diamiHie ma rpodykmie 0ecmpyKuii a30bapeHUKie.

Krtowosi criosa: nonimepHi mamepianu, apomamuyHi diamiHu.
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AROMATIC DIAMINES: ISOLATION, DETERMINATION
IN MIGRATION SOLUTIONS OF POLYMERIC MATERIALS, BIOMATERIALS,
TEXTILE PRODUCTS AND COSMETICS

Abstracts. Based on modern international environmental and food safety requirements, the issue of determining the residual
content of aromatic diamines in food products, cosmetics and other polymer and biomaterials is extremely relevant.

Aim. Review of modern approaches to isolation and determination of primary aromatic diamines in migration solutions as a
potential source of contamination of consumer goods.

Materials and Methods. Generalized publications devoted to the isolation and determination of aromatic diamines in migration
solutions of polymeric materials, biomaterials and cosmetics. A technique for determining the mass concentration of aromatic
diamines in migration solutions by the HPLC method (Waters, USA) in the reversed-phase version with photometric detection
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has been developed. The research was carried out on a Waters 600 liquid chromatography with a Waters 996 diode-matrix
photometric detector (Waters Nova Pak C18 column, 3.5 um (150x2.1 mm). Identification of aromatic diamines was carried out

by their residence time (min.) in the column.

Results. We obtained the dynamics of the levels of aromatic diamines in the packaging film for packing mayonnaise immedi-
ately after its production and during 14 days: on the 3rd day, the maximum number of amines migrating into the model envi-
ronment was registered; no aromatic diamines were detected after 14 days (<2.0 pg/l).

Conclusion. The analysis of literary sources and the results of our own research confirm the relevance of analytical studies
of aromatic diamines as highly toxic compounds, which requires the improvement of existing methods of control of packaging
material for the content of aromatic diamines and degradation products of azo dyes.

Keywords: polymeric materials, aromatic diamines.

Betyn. [MonimepHi MaTepianu Ans nakyBaHHs xap4o-
BOI NpoAyKuii (Yincis, neynBa, cyxapukis, COyciB, Mali-
OHesy, LiyKpy Ta iH.) BUPOONsOTb LMSAXOM NamiHyBaH-
HS1 MAiBOK 3@ AOMOMOrOK NofiypeTaHoBYMX KieiB HOBOMO
MOKOMiHHS, BUrOTOBMEHMX Ha OCHOBI i30UiaHaTIB.
Be3yMOBHO, NOLIMPEHHS Ta BNPOBaKEHHS NaMiHOBa-
HOI MMiBKOBOI YNakoBKWU A5 XapyoBOl NPOAYKLil Haii-
GiNbLL NepcneKkTMBHUIA HaNpPAMOK ANS MakCMManbHOi
6e3nekn NPodyKTiB, @ TAKOX AOTPUMAHHS ONTUMANbHOT
UiHM Ta MiHIManbHOro HEraTMBHOrO BMAUBY Ha LOBKiN-
Nsi Ta 300POB'S NIOAVHM.

Cnig 3a3HaunTK, WO B YKpaiHi HEPIAKO, SIK HE NPUKPO,
Ans NaMiHauii NniBOK BUKOPWUCTOBYKOTH AELEBi Knei
TEXHIYHOTO MNPU3HAYEHHS, WO MOXYTb OyTW BKpan
Hebe3neyYHMMK, B pasi BUKOPUCTAHHS A5 BUTOTOBIEH-
HS yrnakoBKWM XapyoBoI npogykuii. IniBka moxe cratu
Kkepenom 3abpyaHeHHs NPoAyKLii TOKCUYHUMU peYo-
BMHaMW BHaCMigoK Mirpauii 3 Kneto apoMaTuyHuX giami-
HiB — NPOAYKTIB rigponiy isouiaHatiB. OTxXe, rpyHTYHO-
YMCb Ha BMMOrax eKOSOrYHOi Ta Xap4voBOi Oeaneku,
BM3HAYEHHS 3aMULLKOBOTO BMICTY apoMaTU4HKX Aiami-
HIB Y Xap4oBMX MPOAYKTaxX, KOCMETUYHMX 3acobax Ta
iHLIMX noniMepHMX | BiomaTepianax BKpaw akTyarbHe.

denepanbHUn IHCTUTYT OLiHKK pu3unkiB (HimeyunHa)
28 cepnHa 2014 p. HagaB KOPOTKWIA OrMsd CuTyallii,
BM3HAYMB [Ba OCHOBHI [Xepena NepBUHHUX apoMa-
TUYHUX aMiHiB: MIrMEHTW Ta KOMMOHEHTW YMaKkoBKW Ha
OCHOBI NosiypeTaHy Ta NirMeHTV Apykapcbkoi dapbu
(BucHoBok Ne021/2014). BogHouac cnig 3asHauuTy,
LLO CyYacHi TeXHOMOrii O3BONSATEL MiHIMI3yBaTU Hera-
TUBHUI BMNWUB MEPBUHHUX apoOMaTUYHMX aMmiHiB. Tak,
BiJOMWI BMPOOHUK MOMiypeTaHoBMX KNeiB HiMelbka
thipma Henkel, Bupobnsna ABOKOMMNOHEHTHI noniype-
TaHoBi knei ToproBoi Mapku Liofol. BoHW Burotos-
NSAOTHCA HA OCHOBI PO34YMHHUKIB Ta 6e3 HUX, XapakTe-
PU3YHTHCS KOPOTKOCTPOKOBMM TEPMIHOM Monimepu3a-
Uil Ta HM3bKKMM BMICTOM i3ouiaHaTiB (<1 %).

[MMTaHHS KOHTPOS0 NEPBUHHUX apOMaTUYHUX aMiHiB
LUIMPOKO 0GroBoproBanacst NPOTArOM KifbkKoX AEecAaTU-
niTb, ane 3anuwunocs we 6arato HeBupiweHoro. Lie
CTOCYETbCS BU3HAYEHHS FPaHWYHO JOMYCTUMMX PIiBHIB
NEPBMHHUX apoOMaTUYHUX aMiHIB y npoaykuii Ta Bubip
METOAUK BM3HA4YEHHS1 MACOBOI KOHLEHTpaLii apoma-
TUYHWX AiaMiHIB Y MOAENbHUX CepefoBuLLaXx.

Meta. Ornsig cyyacHux migxodiB A0 BWAIMEHHS i
BU3HAYEHHS NMEPBUHHUX apOMaTUYHUX [iaMiHIB B Mir-
paulilHUX po3dMHax, SK MOTEHUINHOrO axepena
3a0pyAHEHHS! XapyoBOi NPOAYKLi, KOCMETUYHUX 3aCco-
6iB, nonimepHux MaTepianis i biomarepianis.

Introduction. Recently, polymer materials intended
for the packaging of food products popular among the
population (chips, cookies, crackers, sauces, mayon-
naise, sugar, etc.) are produced by laminating films
with the help of polyurethane glues of the new genera-
tion, made on the basis of isocyanates. Undoubtedly,
the distribution and widespread implementation of lam-
inated film packaging for food products is the most
promising direction for compliance with maximum
product safety at the optimal price and minimal nega-
tive impact on the environment and human health.

However, it should be noted that cheap adhesives of
technical purpose are often used in Ukraine for lami-
nating films, which can be extremely dangerous if they
are used for the manufacture of food packaging. Such
packaging can be a source of contamination of prod-
ucts with toxic substances due to the migration of aro-
matic diamines from the glue — products of the hydrol-
ysis of isocyanates. Therefore, based on the require-
ments of environmental and food safety, the question
of determining the residual content of aromatic
diamines in food products, cosmetics and other poly-
mer and biomaterials is extremely relevant.

The Federal Institute for Risk Assessment
(Germany) provided a brief overview of the situation on
August 28, 2014 and identified two main sources of pri-
mary aromatic amines: polyurethane-based packaging
pigments and components and printing ink pigments
(Conclusion No. 021/2014). At the same time, it should
be noted that modern technologies allow minimizing
the negative impact of primary aromatic amines, for
example, the German company Henkel is a well-known
manufacturer of polyurethane adhesives, and its two-
component polyurethane adhesives of the "Liofol"
brand, made on the basis of solvents and without them,
are characterized by a short polymerization time and a
low content isocyanates (<1 %).

The control of primary aromatic amines has been
widely discussed for several decades, but there are still
many unsolved questions in this field. In particular,
determining the maximum permissible levels of primary
aromatic amines in products and the choice of meth-
ods for determining the mass concentration of aromatic
diamines in model environments remain topical topics.

Aim. Review of modern approaches to the isolation
and determination of primary aromatic diamines in
migration solutions, as a potential source of contamina-
tion of food products, cosmetics, polymeric materials,
and biomaterials.
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Martepianu Ta MeToau. 3aiicHEHO aHani3 oxepern Materials and methods. An analysis of the sources
HayKOBOI iH(opMalLLil, TPUCBAYEHNX MUTaHHAM KOHTPO-  of scientific information devoted to the control of aro-
N0 apoMaTUYHUX [iaMiHiB, WO BXOAATb [0 cknady  matic diamines included in the laminated film packag-
namiHoBaHoi MNiBKOBOI YMakoBku Ans xap4oBoi npo-  ing for food products was carried out:

LYKUIT:

CH, CH,
NH2 HZN NH2
NH,
2,4-niaminoronyon (2,4 THA)/ 2,6-niaminoronyodn (2,6 TAA)/
2,4-diaminotoluene 2.6-diaminotoluene

4 4-maminaudeninmerad (4,4 MIA)/
4,4-diamidinediphenylmethane

2, 4-niaminoudeninmeras (2,4 MZIA) /
2,4-diamidinediphenylmethane

Q CH, f/ \>

2,2-miaminnudeninmeran (2,2 MJIA) /
2,4-diamidinediphenylmethane
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Y 0N «HaykoBWi LEHTP NPEeBEHTUBHOT TOKCUKOIOTIi,
Xap4yoBoOi Ta XiMiyHOi ©e3snekn iMeHi akagemika
JII. MegBega MiHicTepcTBa OXOPOHM  300POB’S
YkpaiHu» (M. KuiB, YkpaiHa) npoBeeHO afanTyBaHHS
METOAMKN BU3HAYEHHS apoOMaTUYHKX diaMiHiB y Mirpa-
LiNHMX pOo34MHax 3 MoniMepHWUX matepiani, Ky po3po6-
nexo cniBpobiTHMkamu dipmu Henkel (HimeunHa) [1].

CyTHICTb MeToAy nonsirae B KOHLUEHTPYBaHHi Aiami-
HIB MeTodoM TBepaodasHOi eKcTpakuii Ha naTpoHi
cipmn “Varian” Bond Elut PRS (kaTioHOOBMiHHMIA
copbeHT) (USA), 3 noganblummM eniotoBaHHaM Bydep-
HOI CYMILLLLIO PO3YMHHUKIB, WO cknagaetbes 3 70 %
0,1M BogHOro po34uHy LuTpaty Hatpito Ta 30 % po3yun-
HY METUIOBOIO CNMPTY.

XpomatorpadyBaHHS KOHLEHTpaTy 34iiCHEHO Ha
piguHHoMy xpomatorpadi Waters 600 aiogomatpuy-
Hum getektopom (PDA) Waters 996, konoHka Nova
Pak C, 3,5 mm (150*2,1mm) Waters (USA).
|aeHTMiKaLito apoMaTU4HKUX AiamiHiB npoBogunu 3a
4acoM yTpUMaHHs (XB) iX y KOMOHLj, 3rigHO 3 CTaH4apT-
HUM pO34MHaM, cymapHa BigHocHa noxubka 10 + d, %
(P=0,95; n=2) y giana3oHi BMiCTy apoOMaTU4HUX AnaMi-
HiB Big 2 oo 200 mkr/am® ctaHoBuTb: 2,4-TOA — 1,4
2,6-TOA - 1,0; 4,4'-MIOA - 3,1; 2,4-MOA - 3,3; 2,2' -
MIA - 3,6.

BuuesasHayeHa MeToOMKa BU3HAYEHHS MacoBOl
KOHLEHTpaLil apomMaTU4YHUX AiaMiHiB CTana OCHOBO
ZocnigpkeHb psgy GaratowapoBux NiiBOK BiTYM3HSHO-
ro BUPOOHMLITBA, $IKi BUKOPUCTOBYIOTLCS NS MaKyBaH-
HS ManoHesy, uinciB, cyxapwkiB. Taki NniBKM BUrOTOB-
NATLCA NaMiHyBaHHAM Pi3HUX NOMiMEPHUX MaTepia-
niB i3 BUKOPUCTAHHAM LBOKOMMOHEHTHMX MOSiypeTaHo-
BUX KrneiB BuMpODOHMUTBA HiMeubkux dipm Henkel i
Rohm and Haas. HeobxigHo 3a3HayuTt, WO MeToau
BU3HAYEHHS apoOMaTUYHKX JdiaMiHiB y MirpaLinHux pos-
YMHaXx — Lie iHTenekTyasnbHa BnacHicTb (ipM-BMPOBHM-
KiB KneiB.

CniBpobiTHukn ipmmn  “Henkel” (Otocenbgopd,
HimeyunHa) po3pobunu oTOMETPUYHUA  METOA
BU3HAYEHHS CyMWU apoMaTU4HMX AiaMiHiB y Mirpauii-
HUX po34MHax (y nepepaxyHky Ha aHiniH) [2]. CyTb
MEeTody Monsrae B MonepefHbOMy [ia3oTyBaHHI apo-
MaTUYHUX aMiHIB y MirpauiniHoMy posumHi (3 % ouToBa
KucnoTa) 3rigHo 3 peakuieto:

In SE " L.I. Medved’s Research center of preventive
toxicology, food and chemical safety of the Ministry of
Health of Ukraine" (Kyiv, Ukraine) adapted the method
for the determination of aromatic diamines in migration
solutions from polymer materials, which was devel-
oped by the employees of Henkel (Germany) [1].

The essence of the method consists in the concen-
tration of diamines by the method of solid-phase
extraction on the cartridge of the company "Varian"
Bond Elut PRS (cation exchange sorbent) (USA), fol-
lowed by elution with a buffer mixture of solvents con-
sisting of 70% of a 0.1M aqueous solution of sodium
citrate and 30% of a solution of methyl alcohol

The concentrate was chromatographed on a Waters
600 liquid chromatograph with a Waters 996 diode
matrix detector (PDA), Nova Pak C,4 column, 3.5 mm
(150*2.1 mm), Waters (USA). Aromatic diamines were
identified by their retention time (min) in the column,
according to standard solutions, which with a total rel-
ative error of 10 + d, % (P=0.95; n=2) in the range of
aromatic diamine content from 2 to 200 ug/ dm3 is: 2,4-
TDA - 1,4; 2,6-TDA - 1.0; 4,4-MDA - 3.1; 2,4-MDA -
3,3;2.2' -~ MDA - 3.6.

The above-mentioned method of determining the
mass concentration of aromatic diamines formed the
basis of research on a number of multilayer films of
domestic production, which are used for packaging
mayonnaise, chips, crackers. Such films are made by
lamination of various polymer materials using two-com-
ponent polyurethane adhesives produced by the
German companies Henkel and Rohm and Haas. It
should be noted that the methods for determining aro-
matic diamines in migration solutions are the intellectu-
al property of adhesive manufacturers.

Employees of the Henkel Company (Dusseldorf,
Germany) developed a photometric method for deter-
mining the amount of aromatic diamines in migration
solutions (in terms of aniline [2]. The essence of the
method is the preliminary diazotization of aromatic
amines in the migration solution (3% acetic acid)
according to the reaction:

H‘i’

——NH, —>

N,"

NO,

3 noganblIMM a30CcnonyyeHHsM 4ia3oToBaHWX apo-
MaTtuyHKx aminis 3 N-(1-Hadptun)-eTuneHgiamiHom:

With subsequent azo coupling of diazotized aromatic
amines with N-(1-Naphthyl)-ethylenediamine:

HN——CH,

H;C——NH,
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Y pesynbrati peakuii yTBOPHOETLCSH a30bapBHUK 3
MaKCMMyMOM MornunHaHHs npu 550 UM [2]. HeobxigHo
3a3Ha4nTK, WO MeToq Mae 0cobnMBOCTi:

— [ia30TyBaHHA CrigoBUX KifIbKOCTEN apOMaTU4HUX
JiaMiHiB He € KiNbKiCHWUM, OCKIiNbKM [ia30CcKnagoBi
(aHanisyrodi amiHM) € cnonykamu 3 BUCOKOOCHOBHMU-
MM BaCTUBOCTSIMM, SiKi Aia30Ty0Tb AyXe MOBISbHO;
a30CMoMyYeHHs! TakMK diasopeareHTamu € Tpuea-
MM Ta He KinbkicHum [3];

— [ia30TOBaHWI AiaMiH MOXe B3aeMOAIATU K Mo nep-
BMHHOMY @30Ty a3ocknagosoi (-NH2), 3 yTBopeH-
HSIM BiZNOBIgHMX Tpia3uHiB — Aye MOoBifbHMX cro-
nyK:

N

H

— [ia30TOBaHWUN apoOMaTUYHUIA diaMiH MOXe B3aeMo-
LiSITV TaKOX N0 BTOPUHHOMY @30Ty a30CKMagoBoto 3
YTBOPEHHSAM Tpia3uHy iHLIOT CTPYKTYpPK:

N

As a result of the reaction, an azo dye with an
absorption maximum at 550 nm is formed [2]. It should
be noted that the method has features:

— firstly, diazotization of trace amounts of aromatic
diamines is not quantitative, since diazo compo-
nents (analyzing amines) are compounds with high-
ly basic properties that diazotize very slowly; azo
coupling by such diazo reagents is long-term and
non-quantitative [3];

— secondly, the dinitrogenated diamine can interact
both with the primary nitrogen of the azo component
(-NH2), with the formation of the corresponding tri-
azines — very mobile compounds:

N——N——7—

— a dinitrogenated aromatic diamine can also interact
on the secondary nitrogen with an azo component
to form a triazene of a different structure:

N——N—-

Bci Ui npouecy 3Ha4yHO ycknadHWWTL BiATBOPHOBA-
HICTb METOOMKMN.

Pe3synbratn. 3 mMeTol BM3HAYEHHs PIiBHIB Mirpauii
apoMaTUyHKX diaMiHiB y Xap4oBi NPOAYKTU BUKOPUCTO-
ByBanuW MOAENbHI cepefoBuLla, WO IX iMITYOTb.
3pasku NniBok Bigbvpanu 3 pisHMX AinsHok baraTtowa-
POBOrO PYNOHHOMO MakyBarnbHOMO Mmarepiany. 3 Hux
BUrOTOBMSANM NaAKETU Yy BUMsAAi KOHBEPTIB (14 x 14 cm),
B Akux po3amiwysanu 100 mn 3 % BOAHOTO PO34MHY
OLTOBOI KMCNOTK (LU0 iMiTYe Taki MPOAYyKTH, SK: NOryp-
T, KUCINe MOJIOKO, BEPLLKK, CMeTaHy, Be3KipkoBuin cup,
HaTypanbHe M'ACO, NaWTETHe Mpe, OBOMi, AKEMY,
NnoBWANO, BapeHHs, 6e3ankorosibHi Hanoi, B1Ha, NUBO,
HanvBKK Ta iH.).

OTpvMaHi TakKuM YMHOM BUTSIKKM KOHLIEHTPYBanu Ta
aHanisysanu Ha BMIiCT apoOMaTUYHUX diaMiHiB 3 BUKOPU-
CTaHHAM MeTony BEPX. BmicT apomaTuyHuX giaMiHiB y
MOENbHOMY PO34MHI BM3HaYanW y nniBkax Bigpasy
nicns iX BUrOTOBMNEHHS, a Takox Yepes 14 ai6. KineTuka
MirpaLii apomaTuyHuxX giamiHis y MogenbHe cepefoBu-
LLie NpefcTaBneHa Ha puc.

Jiarpama gemoHcTpye, Lo Ha 3 o6y cnocTepiraeTb-
CA MakcumarnbHa KinbKiCTb amiHiB, ki MirpyloTb y
mogenbHe cepenoBuLLe, a Yepes 14 Oib ixHs KinbKiCcTb
BXE He BUSBMSETLCA (OMB. Tabn.).

JocnigxeHHs, nokasanu, Wo piBeHb BMICTY apoma-
TUYHMX JiamiHiB y nniBkax Bigpasy nicns ix BUroTOB-
neHHs nepesuwiye KM y 5-10 pasis i 6inbLwe. lNpote,
BXe vyepe3 14 gHiB nicns BUrOTOBMEHHS NIIBOK 3 BUKO-
PUCTaHHAM  [BOKOMMOHEHTHOrO MOMiypeTaHOBOro

Bci Ui npouecy 3Ha4YHO yckNaHKWOTL BiATBOPHOBA-
HICTb METOOMKMN.

Results. In order to determine the levels of migration
of aromatic diamines into food products, model envi-
ronments imitating them were used. Film samples were
taken from different sections of the multi-layer roll
packaging material. From these samples, bags were
made in the form of envelopes (14x14 c¢m), in which
100 ml of a 3 % aqueous solution of acetic acid was
placed (which imitates such products as: yogurts, sour
milk, cream, sour cream, rindless cheese, natural
meat, pate puree, vegetables, jams, jam, jam, soft
drinks, wine, beer, liqueurs, efc.).

Extracts obtained in this way were concentrated and
analyzed for the content of aromatic diamines using
the HPLC method. The content of aromatic diamines in
the model solution was determined in the films imme-
diately after their production, and also after 14 days.
The kinetics of migration of aromatic diamines into the
model environment is presented in the figure.

It can be seen from the diagram that on the 3rd day,
the maximum level of amines migrating into the model
medium is observed, and after 14 days, amines were
not detected (see table).

Conducted studies have shown that the level of aro-
matic diamines content in films immediately after their
production exceeds DCM by 5-10 times or more.
However, already 14 days after the production of films
using a two-component polyurethane glue, there is no
migration of the glue components through the layer of
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Puc. KiHeTuka mirpauii apomaTtnyHmx giamiHiB y MogensHe cepenoBuLle npotarom 14-tu aib gocnigXeHs.
Fig. Kinetics of migration of aromatic diamines into the model environment during 14 days of research.

Tabnuus / Table
TepMiHu mirpauii apomMaTMyHUX AiaMiHiB i3 6araTowapoBux NoniMepHUX maTtepianis
B mogenbHe cepepoBuiye / Terms of migration of aromatic diamines
from multilayer polymer materials into a model medium

BmicT apomaTtuyHux giaminie, mkr/n /
Content of aromatic diamines, pg/I
MakyBankHhuii matepian / Bigpasy nicns Buro- | Yepes 14 gi6 nicns AKM*, :vmrln /
Packaging material TOBIEHHS NNiBKA /| |BUrOTOBIEHHS MJTiBKU DCM*, pgll
Right after the film is| /14 days after film
produced production
3pasok Ne 1/
19,5 <2,0 2,0
Mniska TM Sample Nef
SOLAN / Packaging 3pasok Ne 2 / 205 <20 20
material Sample Ne 2 ’ ’ ’
TM SOLAN film 3pasok Ne 3 /
21,1 <2,0 2,0
Sample Ne 3
Mniska ANS NaKyBaHHS MaNoHEsy ’(’(POLI,.VIHF’:E» / 8.4 <2.0 2.0
Packaging film for mayonnaise "Rodina

* OKM, mkr/n — gonyctumi kinekocTi mirpauii / * DCM, pg/l — permissible amounts of migration.

Kneto, MirpaLisi KOMMOHEHTIB KIeto Kpi3b Lwap ynakoku  the packaging solution imitating the food product (<2.0
Y PO34MH, LLO iMITYE XapuoBuid NpoayKT, BiacyTHA B ycix  ug/l) (Table).
3paskax (<2,0 mkr/n) (tabn.).

Oo6roBopeHHs1. OCHOBHUMM QKepernamu apomatiy- Discussion. The main sources of aromatic amines
HUX amiHiB € isouiaHatn (-N=C=0). Bci isouiaHatn —  are isocyanates (-N=C=0). All isocyanates are highly
BMCOKOTOKCUYHI PEYOBMHM, LLO MatoTb nofpasnuey Ta  toxic substances that have an irritating and sensitizing
ceHembinisytody Aito, BUKMMKatoun pisHi 3axBoptoBaHHa  effect, cause various respiratory diseases and are
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AMXaHHS Ta MaloTb LUMPOKUIA CMEKTP KaHLePOreHHMX
BMNaCcTUBOCTEN.

ApomaTtuuHi giisouiaHatn 2,4-tonyineHgiisouiaHat
(2,4-TOI), 2,6-TonyineHpiisouiaHat (2,6-TAI) i 4,4-
AndpeHinmeTangiisouiaHat (4,4'-M[|) npucyTHi B NoBiT-
pi NiANPMEMCTB 3 BUPOOHMLITBA Ta BUKOPUCTaAHHS NOfi-
ypeTaHiB [4].

[ns BU3HaYeHHs i3oLiaHaTiB BUKOPUCTOBYHOTb METO-
OM KOHLEHTpyBaHHs. Jluwe B kinbkox pobotax [5, 6]
onucaHi MeToau, siki NPoBOAUNUCL 6e3 IXHLOT XiMiYHOT
mogaudikauii. B ycix iHWK1X BUNagkax Ans nornMHaHHs
BUKOPWCTOBYIOTb OAHY 3 TPbOX peaKLiin:

[. Iaponis / Hydrolysis

characterized by a wide range of carcinogenic proper-
ties.

Aromatic diisocyanates 2,4-toluene diisocyanate
(2,4-TDI), 2,6-toluene diisocyanate (2,6-TDI) and 4,4-
diphenylmethane diisocyanate (4,4'-MDI) are present
in the air of enterprises for the production and use of
polyurethanes [4].

Concentration methods are used to determine iso-
cyanates, but only in a few works [5, 6] isocyanates
were concentrated without their chemical modification.
In all other cases, one of three reactions are used for
absorption:

R N——=C=—=0+H,0 —s RNHCOOH —— RNH, + CO,

I1. Peakuis 31 cnupramu / Reaction with alcohols

R—N—C—0+R —O0H —» R——NH——-C(0) —COR-

III. Peakuis 3 aminamu / Reaction with amines

R—N——C——0 + R —NH,—» R——NH——C(0) —NHR

Opnieto 3 nepwwux Oyna meTogvKa BW3HAYEHHS
Tonyinewgiisouianaty (TAI) [7]. Cymiw i3ouiaHaris 2,4-
Tl Ta 2,6-TAI 3 NoBITPS NOrMUHANM y BOAHOMY pO34u-
Hi ConsiHOI Ta OUTOBOI KWUCNOT, Ae i3ouiaHaTy rigponi-
3yl0TbCS O aMiHiB, a KUCNOTa CMyXWUTb KaTasnisaTopom
rigponisy.

HelTpanbHe cepeoBuLLE HE BUKOPVCTOBYIOTL YePE3
MOXIIMBY BTOPUHHY peakLito MX amiHOM, L0 yTBOPUB-
cs, i HerigponiaoBaHWM i30LjiaHaToOM i H13bKO CcTabinb-
HICTIO BiflbHVX aMmiHiB, MOPIBHSAHO 3 COMNAMM aMiHiB.

Binbip i3 NOrmMHaHHAM y KUCNIOMY PO34MHI BUKOPU-
CTOBYETLCSA | B Cy4acHilLMX MeTogukax 3 Xxpomarorpa-
iYHMM 3aKiH4eHHaM aHanisy. [gponi3 y noegHaHHi 3
APYrMM CTyNeHem TpaHcgopmMaLii — peakuieto aminy,
O YTBOPHKETLCH, 3 (oTOpaHrigpuaamm kapboHOBMX
KUCINOT — poOUTb MOXMMBIM BUCOKOYYTIIMBHI ra3oxpo-
matorpadiyHUi aHani3 i3 3aCToCyBaHHSAM €NneKTPOHO-
3axonnotodoro aetektopa (E3[) abo TepmoioHHOro
asot-cenektueHoro getektopa (THO) [8].

MpsiMe BU3HAYEHHS aMiHiB, IO YTBOPKOKOTLCA Npu
rigponisi, 3MINCHIOETLCS Y BapiaHTi ra3oBol Xxpomato-
rpadpii (MX) 3 THA [9], a Takox y BapiaHTi BEPX 3i cnek-
TPOhOTOMETPUYHUM AeTekTyBaHHAM [10].

#Ak Byno 3asHaveHo BULLE, NONEPESHNKaMU apoMa-
TUYHUX aMiHIB (LiaMiHiB) MOXyTb OyTW nuie isouiaHa-
TV, NPOAYKTW  AHTPOMOTEHHOTO  MOXOXEHHS.
HeobxigHo Haromocuty, WO ririeHiYHi napameTpu ans
JiaMiHiB gyxe Hu3bKi — 2 MKr/Kr. Bci BOHM 4,4'-giamiHo-
andpeHinvetan (4,4'-MOA), 2,2'-giamiHogudeHinmeTaH
(2,2-MIOA), 2,4'-piamiHogndperinmeTan (2,4-MIOA),
2,6-piaminotonyonon (2,6-TOA) Ta 2,4-giamiHoTonyon
(2,4-TOA) xapaKTepu3ytoTbCsl LUMPOKMM CMEKTPOM KaH-
LIEPOreHHMX BNacT1BOCTEN.

One of the first was the method of determining
toluene diisocyanate (TDI) [7]. A mixture of 2,4-TDl and
2,6-TDI isocyanates was absorbed from the air in an
aqueous solution of hydrochloric and acetic acids,
where the isocyanates are hydrolyzed to amines, and
the acid serves as a hydrolysis catalyst.

A neutral medium is not used because of the possi-
ble secondary reaction between the amine formed and
the unhydrolyzed isocyanate and the low stability of
free amines compared to amine salts.

Selection with absorption in an acidic solution is also
used in more modern methods with a chromatographic
end of the analysis. Hydrolysis in combination with the
second stage of transformation - the reaction of the
resulting amine with flour anhydrides of carboxylic
acids - makes highly sensitive gas chromatographic
analysis possible using an electron capture detector
(ECD) or a thermoionic nitrogen-selective detector
(TND) [8].

Direct determination of amines formed during hydrol-
ysis is carried out in the variant of gas chromatography
(GC) with TND [9], as well as in the variant of HPLC
with spectrophotometric detection [10].

As mentioned above, precursors of aromatic amines
(diamines) can only be isocyanates, products of
anthropogenic origin. It should be emphasized that the
hygienic parameters for diamines are very low — 2
pg/kg. All of them are 4,4'-diaminodiphenylmethane
(4,4'-MDA), 2,2'-diaminodiphenylmethane (2,2'-MDA),
2,4'-diaminodiphenylmethane (2,4'-MDA), 2,6-diamino-
toluene (2,6-TDA) and 2,4-diaminotoluene (2,4-TDA)
are characterized by a wide range of carcinogenic
properties.
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Tak 3BaHM "[laTCbkun Xap4oBW ckaHaan", sKun
ctascs B 2001 poLi Ta nopyLUMB NUTaHHS LWO&O apoma-
TUYHUX OiaMiHiB 3 NOMiypeTaHOBMX KNeiB Ans NamiHy-
BaHHA nNniBkOBMX Matepianis. [ocnigxytodi xap4osi
NPOOYKTW, YNakoBaHi Yy NamiHOBaHWM rekco-naky-
BanbHU/A Matepian, Oyno BUSIBMEHO: apoMaTWyHi
aMiHu, WO BXOAATb OO0 CKnady namiHoBaHWX Kneis, 3a
MEBHWMX YMOB 3[aTHi MPOHMKATM 4Yepe3 BHYTPILLHIO
MOHONMIBKY Ta MirpyBaTV B Xap4oBi MPOAYKTK, pearyto-
YM 3 IXHIMM KOMMOHEHTaMW.

Byayun cunbHUMK KaHUeporeHamu, HanbinbLuy
Hebe3neky apomaTW4Hi amiHW MpPeacTaBNsATb SK
peareHTu 3 X1pami, Lo BXOAATb 4O CKIaZy Xap4oBuMX
MPOAYKTIB, YTBOPIOOYM B KIHLEBOMY pe3ynbTaTi TOK-
CWYHI UiaHigHi cnonyku. B GaraTbox KpaiHax CBITY
(kpainmn €C, CLUA, AnoHis, KaHaga) Bu3Ha4eHi Bumoriy,
SIKMM MOBWHHI BigMOBigaTV BCi MaTepiany Ans Xap4oBoi
YNaKoBKW, 30KpEMa: MPU BUKOPUCTaHHI YMaKoBKN KOM-
MOHEHTU, LIO WKOAATb JHOACHKOMY 340pOB't0 He
MOBWHHI NPOHMKATK B IXY.

Hanpuknag, y Pernamenti (€C) Ne 1935/2004, y
MyHKTi 3 3a3HayeHo: «...0yab-gki maTtepianu Ta BUpO-
Ou, NpUsHaYeHi AnNs NPSMOro Ta HENPSIMOrO KOHTAaKTY 3
XapyoBMMM MNpoAyKTaMu MOBWHHI ByTW [OCTaTHBO
iHEPTHMUMMK, OO HE JOMYCTUTU NEPEHECEHHS PEYOBUH
Ha Xap40oBi NPOAYKTY B KiNbKOCTI, LLO CTAHOBWTbL Hebe3-
neky Ans 300pos's noguHu...» [11].

Y Pernamenti (€C) Ne 10/2011, y pogatky 1.2
3a3HayeHo, WO «MNIacTMacoBi martepianu Ta BUpPOOK
He MOBWHHI BWAINATW NEPBUHHI apoMaTWUYHi aMiHu B
Xap4oBi NpogyKTy abo iMiTaTopy Xap4oBWX MPOAYKTIB Y
KiNbKOCTI, WO Moxe OyTW BUSsIBNEHa, 3a BUHSATKOM
nnacTMacoBux marepianis Ta BupobiB, 3a3HayeHux y
Tabnuui 1 gopatky |; mexa BusBneHHs ctaHosuTb 0,01
MI PEYOBWHYM Ha Kinorpam Xap4oBOro NPOAYKTY Yu iMi-
Tatopa Xap4oBWX TOBapIiB; MeXa BWSBIIEHHS BigHO-
CUTLCA [0 CyMapHOI KinbKOCTi BUAINEHUX NEPBUHHMUX
apoMaTUYHKX amiHiBy [12].

Y wBenuapcbkin noctaHosi ,Verordnung des EDI
uber Bedarfsgegenstande” (SR 817.023.21), y nogat-
Ky 1 3a3HayeHo: «NEepBWHHI apoOMaTU4Hi amiHu He
MOBUHHI NepefaBaTvCs Y BUSIBMIEHUX KiNIbKOCTSIX; Mexa
BusBNeHHs: 0,01 Mr/kr xap4oBOro NpoAyKTY Ym imiTaTo-
pa, BKIIYAKOYM aHaNiTUYHy Noxmbky» [13].

Y pernameHTi kpaiH JlatuHcekoi Amepukun MERCO-
SUR/GMC/RES Ne 40/15: TexHiuHi npaBuna gns mate-
piani, MOKpUTTIB Ta oBnagHaHHA NS LEMONo3HMX
npu3Ha4eHb Ans no4yaTtkoBoro KoHTtakty (MERCO-
SUR/GMC/RES Ne 40/15: Reglamento Técnico sobre
materiales, envases y equipamientos celuldsicos desti-
nados a estar en contacto con alimentos) BkasaHo:
«bapBHWKK | hapOyBarnbHi PeYOBUHW HE NOBUHHI BUZI-
NATU NEPBUHHI apoOMaTUYHI amiHWU; BCTaHOBIIEHa MeXa
BUABMEHHS cTaHoBUTL 0,1 mr/kr nanepy» [14].

€sponeincbka Oupektuea 2002/72/€C Ta nonpaeka
no [Oupektuen 2004/19/€C BM3HAYMNM OOMEXKEHHS!
mirpadii 4ns BCiX KOMMOHEHTIB 3 HU3bKOK MOMeKynsp-
HOI Macoto, y TOMY Yucni anichaTuyHi Ta apoMaTuyHi
aMiHun (giamiHn).

The so-called "Danish food scandal", which
occurred in 2001 and raised the issue of aromatic
diamines from polyurethane adhesives for laminating
film materials. When researching food products
packed in laminated flex packaging material, it was
found that aromatic amines, which are part of laminat-
ed adhesives, under certain conditions are able to
penetrate through the inner membrane of the packag-
ing materialand migrate into food products, reacting
with their components.

Being strong carcinogens, aromatic amines pose the
greatest danger as reagents with fats included in food
products, ultimately forming toxic cyanide compounds.
In many countries of the world (EU countries, USA,
Japan, Canada) there are defined requirements to
which all materials for food packaging must meet,
namely: when using packaging, components harmful to
human health must not penetrate into food.

For example, in Regulation (EC) No. 1935/2004,
point 3 states: "...any materials and products intended
for direct or indirect contact with food products must be
sufficiently inert to prevent the transfer of substances to
food products in quantities, which poses a danger to
human health..." [11].

In Regulation (EU) No. 10/2011, Annex 1.2 states
that "plastic materials and articles shall not release pri-
mary aromatic amines into foodstuffs or food simulants
in detectable amounts, with the exception of plastic
materials and articles, specified in Table 1 of Appendix
[; the limit of detection is 0.01 mg of the substance per
kilogram of food product or imitation food product; the
limit of detection refers to the total amount of isolated
primary aromatic amines" [12].

In the Swiss regulation "EDI regulation on consumer
goods" ("Verordnung des EDI uber Bedarfs-gegen-
stande") (SR 817.023.21), Annex 1 states: "primary
aromatic amines shall not be transmitted in detectable
quantities; detection limit: 0.01 mg/kg of food product
or imitator, including analytical error" [13].

In the Latin American regulation "Technical regula-
tions for materials, coatings and equipment for cellu-
losic purposes for initial contact (MERCOSUR/
GMC/RES No. 40/15: Reglamento Técnico sobre
materiales, envases y equipamientos celuldsicos des-
tinamentosa estar en contacto con alimentos)" it is indi-
cated: "dyes must not emit primary aromatic amines;
the established limit of detection is 0.1 mg/kg of paper”
[14].

European Directive 2002/72/EC and amendment to
Directive 2004/19/EC set migration limits for all low
molecular weight components, including aliphatic and
aromatic amines (diamines).
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B ocraHHi pokun Himeubka dipma "Henkel" po3pobu-
na meTog NamiHyBaHHS 3 [OAaBaHHAM crneLianbHuX
KOB3HMX [00aBOK, SIKi 3HWDKYHOTb KiNIbKICTb BiNlbHWX
MOHOMEPHUX i3ouiaHaTiB. Takumu gobaBkamu € amign
(oneamig Ta epykoamig):

In recent years, the German company "Henkel" has
developed a lamination method with the addition of
special sliding additives that reduce the amount of free
monomeric isocyanates. Such additives are amides
(oleamide and erukamide):

CH3_(CH2)?_CH—CH (CH;)?

— CH3;—(CHp);——CH=—=CH——(CH,);——C(0O)

3aMillleHa ce4YoBUHa

Mirpauisi koB3arourx fobaBok Lo NOBEPXHI NOMerLye
Andoy3ito 4O NOBEPXHi MaMiHaTy MOHOMEPIB i3oLiaHaTy.
HacTtynHi peakuii 3 Bo#ow nNpu3BoasaTb 40 YTBOPEHHS
nonice4oBuH. YTBOPEHI TakMM YMHOM MOSICEHOBUHMU,
MaluM BUCOKYy Temnepatypy nnaeneHHs (>250°C),
nepeLuKkofkaTb eekTy "3BaptoBaHHS" npu dopmy-
BaHHi ynaKkoBKu.

LWaHey nosiBu edhekTy "aHTU3BapoBaHHA" Npu BUKO-
PWUCTaHHI Knet 3-ro MOKOMiIHHSA NPAaKTUYHO OOPIBHIOE
HYIIO Y 3B'A3KY 3 HK3bKMM BMICTOM i30LiaHaTiB Ta 4BO-
CTafifHICTIO peaKLii 3aTBEPAiHHS.

Knei 2-ro noKomniHHS MIiCTATb MEHLUY KinbKiCTb Binb-
HWX MOHOMeEPpIB i30LiaHaTiB Ta MalTb OAHOCTaAINHWIA
MeXaHi3M 3acTWraHHsl, WO CTBOPIOE PU3MK Mirpauii
MOHOMepiB. HeogHO3HaYHICTb LMX NpOLIeCiB BU3HAYae
HeoOXiOHICTb NPOBEAEHHS! KOHTPOSIH 38 BMICTOM Biflb-
HUX apOMaTUYHMX aMiHIB (giamiHiB).

Cnonyku 3 BiNbHUMW NEPBUHHUMK aMiHOrpynamm
XapakTepm3aytTbCs NiABULLEHAMU OCHOBHUMM BNacTy-
BOCTSIMM, LLIO YCKNaAHKE BUKOPUCTAHHS NPSMUX METO-
[iB BU3HAYEHHS. Y LibOMY BUMNAAKY NOLUMPEHHS Habynu
MeToAM NonepesHbOro (JOKONIOHKOBOIO) aLMITiOBaHHS.

Tak, BUKOPUCTOBYHOYM NEeHTadhTOPNIOHOBMWIA aHriapua
aBTopamu [15] po3pobneHuii piaMHHO-XxpomaTtorpadiy-
HUN meTon Bu3HaveHHs 4,4'-MIA B ceui, nicnsg none-
pefHbOro rigponidy Ans pyWHyBaHHSA KOH'toraTiB B
iHTepBani 12-122 mkr/n.

3 MeTo eKoHOMIi HadToam3ens, OCTaHHIM 4Yacom
LUMPOKO BUKOPUCTOBYETLCS Biogm3aens. Mockinbku 6io-
AN3ENb XapaKTEPU3YETbCA HU3bKOK OKWCHOBANbHOK
cTabinbHICTIO, 4O HBOTO AabaBnsATb OpraHidHi crnomny-
Kn — aHTrokemaaHTn. OgHUM 3 HabinbLnX edekTrB-
HUX KnaciB Cnonyk, L0 MNiABMLLYIOTb OKWCIHOBambHY
cTabinbHiCTb GioguseniB € apomaTtudHi AiamiHn. Ha
npuknagi N,N'-gn-sTop-byTun-n-ceHineHgiaminy /
N,N'-di-tert-butyl-p-phenylenediamine (komepuiiHa
Ha3ea Santoflex 44PD) 6pa3unbCbkumMu JoCnigHUKamm
OyB po3pobneHnii meTon iHgpaYepBOHOCKONIYHOTO
BM3Ha4eHHs B GiogmaenbHoMy nanuei [16] giamiHoBoro
aHTUOKCUAAHTY NO NornuHaHH npu 814 cm-1 3a yyT-
nmeocTi 21,6 MKr/n.

ICTOPUYHO NpW BWFOTOBMEHHI TKAHWH ANs ofAry
BMKOPWCTOBYBanUcs martepianu-gpapbHunkn ana ogep-
XaHHS KONMbOPOBOI NPoAyKLil. Ha neplumx etanax pos-
BWUTKY 3aCTOCOBYBanuCs NuLle HaTyparbHi MaTepianm
(pocnuHK, Kopa, MOMKOCKK TOLLO), ane 3i 30inbLIeHHAM
nonuTy, fkepena npupogHux apOHUKIB WBMAKO BUC-

C(O)

NH, + O—C——N—R —>

NH R

NH C(0)
substituted urea

The migration of sliding additives to the surface facil-
itates the diffusion of isocyanate monomers to the sur-
face of the laminate. The following reactions with water
lead to the formation of polyureas. The polyureas
formed in this way, having a high melting point
(>250°C), interfere with the "welding" effect when form-
ing the package.

The chances of an "anti-welding" effect when using
3rd generation glue is practically zero due to the low
content of isocyanates and the two-stage hardening
reaction.

The 2nd generation adhesives contain a smaller
amount of free isocyanate monomers and have a one-
step curing mechanism, which creates a risk of
monomer migration. The ambiguity of these processes
determines the need to control the content of free aro-
matic amines (diamines).

Compounds with free primary amino groups are
characterized by increased basic properties, which
complicates the use of direct methods of determina-
tion. In this case, methods of preliminary (pre-column)
acylation have become widespread.

Thus, using pentafluoro ionic anhydride, the authors
[15] developed a liquid chromatographic method for
determining 4,4'-MDK in urine, after preliminary hydrol-
ysis for the destruction of conjugates in the range of
12-122 ug/l.

In order to save oil diesel, biodiesel has recently
been widely used. Since biodiesel is characterized by
low oxidative stability, organic compounds - antioxi-
dants are added to it. One of the most effective classes
of compounds that increase the oxidative stability of
biodiesels are aromatic diamines. Using the example
of N,N'-di-tert-butyl-p-phenylenediamine / N,N'-di-tert-
butyl-p-phenylenediamine (commercial name
Santoflex 44PD), Brazilian researchers developed a
method of infrared detection in biodiesel fuel [16] of
diamine antioxidant by absorption at 814 cm-1 with a
sensitivity of 21.6 pg/l.

Historically, in the manufacture of fabrics for clothing,
mankind used materials dyes to obtain colored prod-
ucts. At the first stages of development, only natural
materials (plants, bark, molluscs, etc.) were used, but
with the increase in demand, the sources of natural
dyes were quickly depleted and mankind came to cre-
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HaXXyBamnucs i JOBENOCS CTBOPKOBATU CUHTETWYHI CMo-
nyku [17]. Baxnuee Micue B LIbOMY PSfly CUHTETUYHUX
Ccronyk nocigatoTb a3obapBHUKN. 3HaYeHHs a3openyk-
uii B MyTareHesi Ta kaHLeporeHesi asobapBHWKIB
nobpe Bigome [18]. Y neviHui asocnonyku metaboni-
3y10Tb LIMTO30MBHUMM Ta MiKpocOManbHUMKU pepmeH-
Tamu, a caMe BigHOBMIOBANbHUM PO3LUENIEHHAM [0
BiANOBIAHMX aMiHiB. KuwwkoBa Mikpodiopa B LMX npo-
Llecax Bigirpae 3HauHy ponb. Tak, Hanpuknag, KUCnui
YyepBOHMWiA 85 € mKepernom KaHUeporeHHoro beHanau-
HY, peaKLito YTBOPEHHS SIKOrO HABEAEHO HUXYE:

/ N\

n——"n"aQ
O

HaC

O

Fo NH,

BukopucTaHH a300apBHWKIB y TEKCTWUILHIN iHOY-
cTpii Oyna npucBsyeHa cneuianbHa €Bponericbka
avpektua [17]. ToMy KOHTPOSb 32 BMICTOM BUXiQHUX
a30CKNafoBUX CUHTE3y as300apBHWKIB Ta MPOAYKTIB
OEeCTpyKUii B TeKCTUNbHMX BUpobBax € akTyanbHOH
TeMOI0 aHaniTu4Hoi ximii. ABTopamu [19] po3pobneHuii
CnekTpohoTOMETPUYHMIA Ta BEXKX MeToa BU3HAYEHHS
MPOAJYKTIB BIOHOBNEHHS asobapsHukiB. [Ons gocnia-
XEeHHs1 Oyno B3ATO CiM KOMEPLAHO JOCTYMHUX a30-
OapBHWMKiB. BiOHOBMEHHS MPOBOAMMN PO34MHOM ITyTy.
[lBa azobapBHUKa aHaniayBanm Ha BMICT OeH3WAMHY
(Acid Red 85 Ta Direct Blue 6), a pewty — Ha BMICT
napa-ceHineHgiamiHy Ta aHiniHy (Poncean SS,
Disperse Yellow 70 ta CygaH Il) Ta nuwe napadeHi-
nexpiaminy (Mordant Orange | Ta Disperse Orange 3).

[o BuLle nepepaxoBaHWX [Kepen KaHLEPOreHHUX
a30TOBMICHUX CMOMNYK (aMiHiB), 3 SKUMU KOHTAKTYOTb
noau, BiHOCATECA NPOAYKTW KOCMETUYHOI NPOMUCIO-
BocTi. OcTaHHiIM yacom, kpim hapb ans 3abapBrneHHs!
BOJIOCCS, LUMPOKO BUKOPUCTOBYIOTLCS MPOAYKTU CUHTE-
TWYHOI OpraHiyHoi XiMii y chapbax gns TaTyloBaHHS.
€Bponencbka opraHisauis 3 6e3neku Bupana cnedi-
anbHy gupektusy [20], B sk BKasye noTeHUianbHi
PU3NKM BUKOPUCTAHHS MPOAYKTIB CUHTETUYHOI XiMil B

ate synthetic compounds [17]. An important place in
this series of synthetic compounds is occupied by azo
dyes. The importance of azo reduction in the mutagen-
esis and carcinogenesis of azo dyes is well known [18].
In the liver, azo compounds are metabolized by cytoso-
lic and microsomal enzymes, namely by reductive
cleavage to the corresponding amines. Intestinal
microflora plays an even more important role in these
processes. So, for example, acid red 85 is a source of
carcinogenic benzidine, the principle reaction of its for-
mation is given below:

N:N_Q

NaO,S

A special European directive was devoted to the use
of azo dyes in the textile industry [17]. Therefore, con-
trol over the content of the initial azo components of the
synthesis of azo dyes and destruction products in tex-
tile products is a topical topic of analytical chemistry.
The authors [19] developed a spectrophotometric and
HPLC method for determining the products of reduc-
tion of azo dyes. Seven commercially available azo
dyes were taken for the study. Recovery was carried
out with an alkali solution. Two azo dyes were analyzed
for benzidine (Acid Red 85 and Direct Blue 6), and the
rest for para-phenylenediamine and aniline (Poncean
SS, Disperse Yellow 70 and Sudan Il) and only para-
phenylenediamine (Mordant Orange | and Disperse
Orange 3).

All of the above-mentioned sources of carcinogenic
nitrogen-containing compounds (amines) with which
people have contact include the products of the cos-
metic industry. Recently, in addition to dyes for hair col-
oring, synthetic organic chemical products are widely
used in tattoo dyes. The European safety organization
has issued a special directive [20], which indicates the
potential risks of using synthetic chemical products in
cosmetology and provides structures from which it is
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kocmeTororii. Y Hilh HaBeeHO CTPYKTYpW, SKi nonepes-
XarTb LLOAO NPOAYKTIB AECTPYKLUT NPy BUKOPUCTAHHI
TOro YM iHWworo 6apeHuKa. Tak, Npyu BUKOPUCTaHHI 4-a

MiHOa306€EH3€eHY:

N——=N

possible to know in advance what destruction products
can be expected when using a particular dye. For
example, when using 4-aminoazobenzene:

7\

MOXHa ofepaTu napa-deHineHgiamiH:

4

H,N

Ta aHiniH:

and aniline:

/ N\

TeKCTuNbHI BUpOOKM 3 TKaHWH, siki nodapboBaHi aso-
GapBHMKaMK, 3a BNNMBY TeMnepaTypyu, BOAW Ta CBITNa
3a3HatoTb AeCTPYKLii 3 yTBOPEHHAM a30TOBMICHWX CMo-
nyk - amiviB. LUe Bu3HavaeTbca mMeTogamu
BEPX/HPLC 3 nonepegHim BugineHHsaM TBeppodas-
HOO ekcTpakuieto [21-23].

LWeenuapcbki gocnigHvkn metogom BEPX/HPLC vy
NOEAHAHHI 3 TAHAEMHOK Mac-CreKTPOMETPIEID 3 enek-
Tpocnpen-ioHisauieto (High-performance liquid chro-
matography with electrospray ionization tandem mass
spectrometry) po3pobunu meToq BusHaveHHs 58 apo-
MaTWYHUX aMiHiB y 3paskax TEeKCTWUM; MeToq L03BO-
nsie Bu3Hadaty Big 1 go 10 mr/kr aminy [24].

BukopuncToBytoun MeTod ioH-NMapHoi ekcTpakuii 3 Ai-
2-eTunrekcun-cocaTtoM, Typelbki JOCMIOHUKA pPO3-
pobunu meton BMAINEHHS 3 XHK | dhapb Ans Bonmoccst
MOHO- | AiamiHo3'egHaHb. [ani nicns npoBedeHHs
[epvBaTtu3aLii amiHiB 3a 4OMOMOrow i300yTUNIXIopo-
opmaty BuU3HauMnK amiHM metogom X 3 mac-cnek-
TPOMETPUYHUM AETEKTYBAHHAM [25].

NH,

para-phenylenediamine can be obtained:

\

NH,

NH,

In the production of textile products, fabrics are dyed
with azo dyes, which, due to the influence of tempera-
ture, water and light, undergo destruction with the for-
mation of nitrogen-containing compounds - amines,
which are determined by HPLC methods with prelimi-
nary separation by solid-phase extraction [21-23].

Swiss researchers developed a method for determin-
ing 58 aromatic amines in textile samples using the
HPLC method in combination with electrospray ioniza-
tion tandem mass spectrometry; the method allows
determination of 1 to 10 mg/kg of amine [24].

Using the method of ion-pair extraction with di-2-eth-
ylhexyl phosphate, Turkish researchers have devel-
oped a method for extracting mono- and diamino com-
pounds from henna and hair dyes. Further, after
derivatization of amines using isobutyl chloroformate
determined amines by GC method with mass spectro-
metric detection [25].

U

Bukopuctosytoun metog BEPX/HPLC 3 amnepomeT-
PUYHUM OETEKTYBAHHSM, SMOHCBKI AOCNIAHUKM pO3po-
Ounn mMeTop BU3HAYeHHs! napa-geHineHpiaminy (para-
phenylenediamine, PPD) B GapBHukax Ans BOnoccs;
metop fae 3vory BusHavatn PPD meHwe 1 Hr [26].

[ns opepxaHHs YOpHOro Kombopy B Cymili Ans
TaTyloBaHHs (kpiM xHW) gopatoTs PPD. HaykoBui
Tshwane University of Technology (TexHonori4Horo
yHiBepcutety TwBaHe, [Mpetopis, ayTeHr, liBaeHHa
Adpvika) po3pobunu MeTos BUCOKOEEKTUBHOI PignH-

Using the HPLC method with amperometric detec-
tion, Japanese researchers developed a method for
determining para-phenylenediamine (PPD) in hair
dyes; the method makes it possible to determine PPD
less than 1 ng [26].

To obtain a black color, PPD is added to the mixture
for tattooing (except for henna). Scientists of the
Tshwane University of Technology (Pretoria, Gauteng,
South Africa) have developed a method of HPLC with
electrospray ionization and tandem mass spectrometry
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HoT Xpomatorpadii 3 enekTpocnpen-ioHisawieto Ta mac-
CMeKTpoMeTpu4HUM aetekTyBaHHaM (High-performan-
ce liquid chromatography with electrospray ionization
and tandem mass spectrometry) ans BuaHa4eHHst PPD
3 yyTnueicTio 0,025 % [27].

CniBpobiTHMKM  ximiyHOi  nabopatopii  AcbloTy
(Eruner) i YHiBepcutety lMpetopii (MiBaeHHa Adprika)
po3pobunu MeTod BU3HAYEHHS Y 3paskax KpoBi napa-
theHineHgiaminy (PPD) Ta woro metabonitis (N-aue-
Tun-napa-ceninengiamiH (MAPPD) i N,N-giauetun-
napa-ceHinengiamin  (DAPPD) wmeTtogom MS/MS
(pipMHHOI Xpomartorpadii 3 BUCOKOEEKTUBHOK PiANH-
HOI xpomatorpadieto 3 TaHAEMHOK Mac-CneKkTpoMeT-
pieto / High-performance liquid chromatography with
tandem mass spectrometry) 3 nepeHOCOM iOHHMX Mac
m/z 109092; m/z 151092; m/z 193092 BignosigHo Ans
PPD, MAPPD, DAPPD ta m/z 136077 anst 30BHilUHb-
oro ctaHfapty auetaninigy [28].

CniBpobiTHMKM  dhakynbTeTy  ximii,  CxigHo-
Kutaricekoro nepgaroriyHoro yHiBepcuteTy (LLanxan,
KHP) (Department of Chemistry, East China Normal
University (Shanghai, P. R. China)), BuKopucToBytoum
MeTof KaninspHoro enektpodopesy B MNOEOHaHHI 3
aMMEePOMETPUYHIM [ETEKTYBAHHSAM, pO3poOMIn BUCO-
KOYYTNMBUIA METOL BU3HAYEHHS i30MepiB deHineHaia-
MiHy (OpTO- MeTa- Ta napa-isomepiB) B GapBHUKax Ans
Bonoccs. Metog xapakTepusyeTbCs BUCOKOK Cenek-
TUBHICTIO Ta YyTnuBicTio (Ao 107 mornb/n) [29].

Paniwe, y 2005 pouli, iTanincbki 4OCAIAHUKA, BUKOPK-
cToBytoun OeHsoanbgerin, $K LepuBaTU3YHO4UN
peareHT, BU3Ha4Uny B 3paskax GapBHUKIB ANt BONOCCS
napa-deninexgiamin (PPDA) MeTogoM ra3oBoi xpoma-
Torpadii 3 Mac-CenekTUBHUM OeTEKTYBaHHAM Yy BUMMS-
i BignosigHoro gepueary 3 vytnueictio 0,1 mr/mn [30].

HopBe3sbki 4oCnigHMKM BU3HaYunm 2,6- Ta 2,4-T[A, a
Takox 4,4'-MOA y mirpauiiHux posdmHax (3 % ouTtoBa
Kucrnota) 3 xap4oBux ynakoBok [31]. Metog nonsrae y
BUAINEHHI AiamiHiB 3 BOQHOT BUTSXKM (3 % OLTOBOI K1C-
notu) TBeppodpasHot ekcTpakuieto (Oasic HLB
Cartridge; Waters USA) 3 nonepegHim migny>XyBaHHAM
po3unHy o pH=10; B SKOCTi 30BHILIHBLOrO CTaHAapTy
BUKOpUCTOBYBanu 3-xnop-4-ptop-aHiniH. dani nposo-
OWNY auunioBaHHA amiHiB 3a 4OMOMOroK TpudTopoL-
TOBOrO aHrigpuay Ta aHanidyBanu (MKr/n) gepusaty
METOAOM  ra3oBOI  XpOMaTO-Mac-CneKTpoMeTpil
(TXIMC) (Gas chromatography-mass spectrometry
(GC-MS):

H CHs

F4C rll

T

Mpu ubomy fdepuBatn 2,4- i 2,6-giamiHoTonyonis
BM3HAYanu no iOHy BWMYYEHOro 3 XpomaTtorpamu
3aranbHoro ioHHoro ctpymy (The total-ion current (TIC)
Reconstructed ion chromatogram (RIC)) (m/z 314), a

for the determination of PPD with a sensitivity of
0.025% [271].

Researchers of the Chemical Laboratory of Asyut
(Egypt) and the University of Pretoria (South Africa)
developed a method for determining PPD and its
metabolites (N-acetyl-para-phenylenediamine (MAPPD)
and N,N-diacetyl-para-phenylenediamine (DAPPD) by
the MS/MS method (HPLC with tandem mass spec-
trometry) with ion mass transfer m/z 109092; m/z
151092; m/z 193092, respectively, for PPD, MAPPD,
DAPPD and m/z 136077 for the external standard of
acetanilide [28].

Researchers of the Department of Chemistry, East
China Normal University (Shanghai, P. R. China), using
the method of capillary electrophoresis in combination
with amperometric detection, developed a highly sensi-
tive method for determining isomers of phenylenedi-
amine (ortho-, meta- and para-isomers) in hair dyes.
The method is characterized by high selectivity and
sensitivity (up to 107 mol/l) [29].

Earlier, in 2005, Italian researchers, using benzalde-
hyde as a derivatizing reagent, determined para-
phenylenediamine (PPDA) in hair dye samples by gas
chromatography with mass-selective detection as the
appropriate derivative with a sensitivity of 0.1 mg/ml
[30].

Norwegian researchers determined 2,6- and 2,4-
TDA, as well as 4,4'-MDA in migration solutions (3%
acetic acid) from food packages [31].

The method consists in isolating diamines from an
aqueous extract (3% acetic acid) by solid-phase
extraction (Oasis HLB Cartridge; Waters USA) with
preliminary alkalinization of the solution to pH=10; 3-
chloro-4-fluoroaniline was used as an external stan-
dard. Next, acylation of amines was carried out using
trifluoroacetic anhydride and derivatives were analyzed
(Mg/l) by gas chromatography-mass spectrometry (GC-
MS):

At the same time, 2,4- and 2,6-diaminotoluene deriv-
atives were determined by the ion extracted from the
total ion current chromatogram — The total-ion current
(TIC) (Reconstructed ion chromatogram, RIC) (m/z
314), and 4,4’ - MDA RIC (m/z 390) with sensitivities of

H

N CF,

T

0.2 pg/L and 1.3 pg/L and percent pooled standard
deviation (RSD = srx100 %) of 20% and 25%, respec-
tively.

77



Emne 3p0pos’s Ta npoBnenn xapuyaanus Yipaikm / One Health and Nutrition Problems of Ukraine 1/2025

78

4.4 -MJOA RIC (m/z 390) 3 uytnusicTto 0,2 mkr/n i 1,3
MK/ | CyMapHUM CTaHAapTHUM BigXWIIEHHSM Y BiCOT-
kax (RSD = sr x 100 %) 20 % Ta 25 % BignoBsigHo.
BukopucToBytoun metog piauMHHOI Xpomatorpadii 3
€NeKTPOCNpPEN-ioHi3aLierd Ta TaHOEMHOK Mac-Crek-
Tpomerpieto (Liquid chromatography—electrospray ioni-
zation-tandem mass spectrometry), gaTcbki B4EHi po3-
pobunu metog BuaineHHs (3 % outosa kucnoTa) giami-
HiB (2,4-, 2,6-TOA; 4,4'-MIA Ta iH.) 3 noniypetaHoBmX
BUPOGIB Ta MaTepianis, NOKPUTMX 0300apBHMUKaMU, Ta
BM3HAYeHHs iX METOAOM PpiguMHHOI XpomaTtorpadii 3
€NeKTPOCNpPEN-ioHi3aLierd Ta TaHOEMHOK Mac-Crek-
TpomeTpieto 3 yytnueicTio 0,27 mkr/n (3 RSD B iHTep-
Bani 3,9-19 %) [32].

Himeubki gocnigHukn 3 kadegpu ximii ®dininnc-
YHiBepcutetry Mapbypra (Department of Chemistry,
Philipps-University Marburg, Germany) po3potunu
MeTo4 TBepao-asHoi MikpoeKCcTpakuii BMAINEeHHS
MOHO- Ta AiapOMaTUYHUX aMmiHiB 3 BOOHMX PO3YMHIB.
[ani aBTopu fdia3oTyBanu amiHu, siki NOTIM AogyBanu |
aHanisysanu metogom MX/MC iog-noxigHi 3a Bigno-
BiHMMM CUM-iOHaMK 3 YyyTnmeicTio 2-13 Hr/n [33].

NH,

P H';NO,
| —

%

Henonikom metogy € GaratocTafinHicTb Ta MOXU-
BIiCTb NPOXOKEHHS NOBIYHMX peakLin MoayBaHHS apo-
MaTW4HOro hparMeHTa, a TakoX CYMyTHIX CMOMyK.

BucHoBkKu. AHanis nitepatypHux axepen Ta
pesynbTaTyi BRACHWX AOCMIMXKEHb NiATBEPOXYOTb
aKTyanbHICTb aHaniTUYHUX JOCHISKEHb AapOMATUYHKX
[iaMiHIB ik BUCOKOTOKCUYHMX CMOMYK.

Pospobka MeTofiB BUIyYEHHS LiaMiHiB 3 Xap4oBuWX
NPOAYKTIB, @ TAKOX BU3HAYEHHS TX y naMiHaTax sk Jxe-
pena noTpanssiHHA 4O Xap4YOBWX NMPOAYKTIB € akTyarb-
HOl Mpobnemoto cyyacHoi xap4oBoi ximii. BogHovac
LUIMPOKE BUKOPUCTAHHSI a300apBHWKIB Yy TEKCTWIIbHIN
MPOMWCIIOBOCTI Ta CyyacHin kocmeTonorii notpebye
KOHTPOIMK BMICTY apoMaTWU4HWX [iaMiHiB (amiHiB) y
BMXIiZHWX PeYOBMHAX, @ TaKOX BMICTY [iaMiHiB (aMiHiB)
B OpraHi3mi NoauHK 3a npodyktamu gerpagadii Buxia-
HUX a306apBHUKIB.

Ha >xanb, HWHIi B YkpaiHi BiOCYTHI YiTKi HOpMaTUBHI
BMMOTM ANt JOCTIMKEHHS apoMaTUYHMX JiamiHiB (ami-
HiB), LLIO HECE PU3VIKV 4TS 300POB’S NIOAUHU Ta JOBKINIS.

Buxogsum 3 BMLLEBMKNAAEHOrO, MU BBaXaemo, LU0
po3pobka MeToAiB BUBYEHHS, ideHTMdikaLii Ta BU3Ha-
YEHHS1 apoMaTU4HMX JiaMiHiB (amiHiB) B o0’ekTax, 3
SIKUMU KOHTaKTYe NOAMHA, a Takox cyb’ektax (mogu-
Ha), € aKTyanbHOK Npobnemoro aHaniTuyHoi Ximii XXI
CTONITTS.

KoHdpnikT iHTepeciB. ABTOpK 3a3HavaroTb Npo Bij-
CYTHICTb KOH(NIKTY iHTEpECIB.

Using the liquid chromatography—electrospray ion-
ization-tandem mass spectrometry method(LC-ESI-
MS/MS), Danish scientists developed a method for iso-
lating (3% acetic acid) diamines (2,4-, 2,6-TDA,; 4,4'-
MDA, etc.) from polyurethane products and materials
coated with dyes and their determination by liquid chro-
matography with electrospray ionization and tandem
mass spectrometry with a sensitivity of 0.27 pg/l (with
RSD in the range of 3.9-19 %) [32].

German researchers from the Department of
Chemistry, Philipps-University (Marburg, Germany),
developed a solid-phase microextraction method for
the isolation of mono- and di-aromatic amines from
aqueous solutions. Next, the authors diazotized
amines, which were then iodinated and analyzed by
GC/MS for iodine derivatives according to the corre-
sponding sim ions with a sensitivity of 2-13 ng/l [33].

The disadvantage of the method is the multistage
nature and the possibility of side reactions of the iodi-
nation of the aromatic fragment, as well as associated
compounds.

Conclusions

The analysis of literary sources and the results of
own research confirm the relevance of analytical stud-
ies of aromatic diamines as highly toxic compounds.

The development of methods for the extraction of
diamines from food products, as well as their determi-
nation in laminates as a source of getting into food
products is an urgent problem of modern food chem-
istry. At the same time, the wide use of azo dyes in the
textile industry and modern cosmetology requires con-
trol of the content of aromatic diamines (amines) in the
starting substances, as well as the content of diamines
(amines) in the human body by degradation products
of the original azo dyes.

Unfortunately, there are currently no clear regulatory
requirements for the study of aromatic diamines
(amines) in Ukraine, which carries risks for human
health and the environment.

Based on the above, we believe that the develop-
ment of methods for the detection, identification and
determination of aromatic diamines (amines) in objects
with which a person is in contact, as well as subjects (a
person), is an urgent problem of analytical chemistry of
the 21st century.

Conflict of Interest. The author note that there is no
conflict of interest.
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