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JOCIIKEHHSA BMICTY TOKCUYHUX EJIEMEHTIB
Y ITPOAYKTAX XAPYUYBAHHAA

Cunsgena H.IL.

69600, 3anopizvxuii HayionanvHul yHigepcumem, 8yi. Kykoscvkozo, 66, m. 3anopiscoics, Ykpaina

sinyaeva.1941@mail.ru

ITpoBeneHi KociiUKEHHS /IS BU3HAYCHHS! TOKCHYHUX METaJIiB (CBUHEIb, Ka/IMiil) B IPOAYKTAX XapuyBaHHs Bifl Pi3HHUX
BHpOoOHMKiB. O0’€KTaMU JOCIIKCHHS OOpaHO AWTSAYI CUPKH Ta CYMIIN XapdyBaHHS Ha PHCOBii ocHOBIi. IlokazaHo
e(EKTHBHICTh aTOMHO-a0COPOIIIHOT CIIEKTPOMETPii 3 JHKEPEIOM BHIIPOMIHIOBAaHHA CYHIIBHOTO CIEKTPY IS BCIX
€JIEMEHTIB B CIIEKTpajabHOMY aiarnazoHi 190-900 HM (KCEHOHOBA JaMIa BUCOKOTO THCKY 3 APYTrOl0 MaJoi JOBKHHH, 110
Ma€ HU3bKE CITIBBIHONICHHS «CUTHAJI-IITYM»).

BukopucTaHHS KCEHOHOBOI JIaMIIM HA/Ia€ MOXKJIMBICTD NPOBECTH MYJIbTHEIEMEHTHI BUMIPH aHAJIi30BaHUX EJIEMEHTIB
IpH aToMi3amii B IMONyM’'i IOCTIZOBHO 3 OJAHI€] HABa)XXKH HA PiBHI YYTJIHMBOCTI EJICKTPOTEPMIYHOI aTOMIi3allii.
HaniitHicTh pe3ysibTaTiB 3yMOBIIOETHCS TITIEHO0 aHANi3Y (OJaTKOBO OYMILEHI KUCIIOTH, O1IMCTHIILOBAHA BOJA, CIIOCi0
MiHepeaizamii mpoou).

[MTokazaHo, 1110 ONTUMANIBHUI C1IOCIO MiHepeai3alii — MOKpa MiHipeanizaiis npoOu HaBaxkor 5-20 r.

[IpaBUIBHICTE METOIMKH OBEIEHO METOAOM JIpiOHMX HABAXKOK.

Knouogi cnosa: npooykmu xapuyeaumus, ceumeyv, KaoMill, MyIbmueremMenmuuil aumaniz, noaym saHa amomizayis,
KOHMPOb AKOCMI, Memoo OPIOHUX HABAICOK.

ONPEAEJIEHUE TOKCUYHbBIX 2JIEMEHTOB
B NIPOAYKTAX JETCKOI'O IMTAHUA

Cunsena H.IT.
69600, 3anopooicckuii nayuonanvuwiil ynusepcumem, yi. XKykosckoeo, 66, 2. 3anopoaicve, Yrpauna

sinyaeva.1941@mail.ru

[IpoBeneHsI HCCIIEIOBAHUS 1O OINpEeNieHHI0 ToKcuueckux 3meMeHToB (Pb, Cd) B mpomykTax mUTaHUS pPa3IUYHBIX
npousBoauTeneld. OObEKTaMH HCCIIENOBaHUS ONPENENICHbl JETCKUE CHIPKH M CMECH JETCKOI'O IIMTAHUS Ha PHCOBOM
OCHOBE.
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IToxazana 3pPeKTHBHOCTE aTOMHO-a0COPOIIMOHHON CHEKTPO(HOTOMETPUH C HUCIOJH30BAHUEM HCTOYHWKA W3ITYICHHS
CIUIONTHOTO CHEKTpa JUIsl BCEX 3JIEMEHTOB B auama3oHe JMH BoMH 190-900 HM — KCEHOHOBas Jjamra BBICOKOTO
JIaBJICHUS] C KOPOTKOW Jyroit. Hu3koe 3HaueHHe OTHOIICHUSI «CHUTHAII-IIYM» Y JIAMITbl TAKOW KOHCTPYKIHH MO3BOJISET
NpU TUIAMEHHOH aTOMHU3AIMK OMPECIUTh IMOCIEIOBATENbHO aHATM3UPYEMbIC JJIEMEHTHl C YYCTBUTEIBHOCTHIO HA
YPOBHE 3JIEKTPOTEPMHUUECKOI aTOMH3AIHH.

HanexxHOCTh pe3ysIbTaToB 00ecrevrnBaeTCsl TMIMEHON aHanu3a M crnocodoM MuHepanu3anuu npoObl. [TokazaHo, 4To
ONTUMAJILHBIM METOJIOM MUHEPATU3AINH SBISICTCS MOKpas MUHEpaiu3alus npoOsl u3 HaBecku 5-20 r.

[IpaBUIBHOCTH PE3YJIBTATOB UCCICAOBAHMS JOKa3aHAa METOIOM APOOHBIX HABECOK.

Kniouegvie cnosa: npodykmel numanus, CeuHeY, KAOMUL, MYIbIMUILIEMEHMHbIL AHATU3, NIAMEHHAS AMOMU3AYUSL,
MemooO OpPOOHBIX HABECOK.

DETERMINATION OF TOXIC ELEMENTS IN BABY FOOD
Sinyaeva N.
69600, Zaporizhzhya national university, Zhukovsky str., 66, Zaporizhzhya, Ukraine
sinyaeva.1941@mail.ru

With the development of various branches of industries toxic metals Lead and Cadmium are accumulated in the
environment and water sources. These elements are quickly included in the chains: from plants absorption to animal
nutrition, and eventually they get to our tables. One of the sources of Lead accumulation in the environment with
subsequent intoxication of living organisms and the human body is fuel of water vehicles, where highly toxic
tetraethyllead antiknock is added. Metallurgical and chemical industries, household waste (storage batteries, paints,
varnishes, products made of crystal, some rubber products) are also the source of Lead in the environment. One of the
most dangerous toxicants of environment is Cadmium. The sources of Cadmium pollution are iron and steel plants,
combined heat and power plants, Cadmium containing plastic wastes. Cadmium is resistant to decomposition and is
excreted from living organisms very slowly. It is a specific metabolic antagonist of Zinc therefore able to replace it in
biochemical reactions, acting as a pseudo activator or inhibitor of Zinc containing enzymes. The toxicity of Cadmium in
the development of respiratory system diseases, kidneys and liver is proved, it affects the entire muscle system, destroys
the immune system, has a genetic risk. Lead and Cadmium are dangerous even at low doses for infants and preschool
children.

In the modern context members of the European Union supported the European Commission’s proposals with regard to
reducing permissible rates of Cadmium content in baby food three times particularly in rice-based mixes.

To determine Lead and Cadmium in foods molecular absorption methods and polarography are used, which sensitivity
is respectively 10-6 g and 10-9 g. These methods are the most appropriate to use in arbitration and control analysis.
Atomic absorption spectrophotometry can be a promising method in food product control. Difficulty of using this
method is connected with the type of approach of sample preparation for measurement, types of chemical dishes, purity
of acids and water. Advantages of the method are in the possibility of full automation, selectivity and express.
Therefore, for the quality control of a large number of baby product batches, we decided on the feasibility of using the
atomic absorption method. The work was carried out towards the selection of optimal conditions of the analysis:
spectral characteristics, mode of atomization, the way of the sample destruction, solution medium, the choice of
calibration method and evaluation of the study accuracy.

Children’s cream cheese cakes “Slov’yanochka”, “Tyoma”, “Lybimchik”, “Garmoniia” (peach), “Shchodnia” (cherry)
and dairy-free baby food rice-based mixes: “Nestle”, LLC “Nestle Ukraine”, Hipp, LLC “Hipp Ukraine”, “Bellakt”
OJSC “Bellakt” Belarus were selected as the object of the study.

Sample mineralization was performed by chemically pure HNO3, HCL, H2S04 and H202 in quartz and platinum
bowls. Acids were additionally purified on a device BSB-939-IR (Perkin Elmer). Solutions for measurements were
prepared in volumetric flasks of 2nd accuracy class according to GOST 1770-74; aliquots were taken by pipette of 2nd
accuracy class according to GOST 29227-91. Particular attention is drawn to sample preparation and choosing the
optimal sample portion, which were 20g in Lead determining and 5g in Cadmium. To carry out the analysis the sample
was converted into the solution by means of wet mineralization, based on the complete destruction of organic
substances. The destruction of the samples was performed in a solution of concentrated nitric acid with the addition of
hydrogen peroxide with sequential solution evaporation to wet salt. Wet salts were dissolved in 1M sulfuric acid
solution with the addition of magnesium nitrate. In such conditions, the loss of Lead and Cadmium was not observed,
but during measurements in flames sensitivity was significantly reduced.

Lead and Cadmium content was determined by atomic adsorption method using radiation sources of hollow cathode
lamps (Hitachi 180-80) and xenon lamp (continuum source radiation AAS — Analytik Jena). In the first case, the
background correction was made according to the Zeeman effect, in the second case many pixel CCD receiver was
used, which provided elimination of spectral barrier on the line of analytical element, identification and compensation
of spectral flame structural barriers, effective identification and correction of spectral molecular structures from
samples’components. Such instrument’s capabilities increase the accuracy and informative value of the analysis.
Calibration plotting for the quantitative determination of Lead and Cadmium was performed according to standard
samples of ecotoxicants of developer and manufacturer: for Lead ions DSZU (State Standard Samples of Ukraine)
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022.55-96; MSO (International Valuation Standards) 0526: 2003, for Cadmium ions — DSZU (State Standard Samples
of Ukraine) 022.43-96; MSO (International Valuation Standards) 136: 2003. Double-distilled water was used at all
stages of solution dilution.

While determining Pb and Cd by atomic absorption method the best conditions of atomization, sensitivity and accuracy
in preparing of samples were obtained by wet mineralization. Quantitative determination of Lead and Cadmium was
held by the calibration plotting method using standard samples.

The comparative analysis of results obtained in modern spectrophotometers by selective radiation sources Hitach 180-
80 and the source of continuous spectrum Contra AA-300 was conducted. On devices with different optical schemes
and analytical capabilities, the results were properly reproduced. Accuracy of results is confirmed by method of sample
portions.

Additional organoleptic studies were conducted. According to the results of organoleptic studies all samples of cream
cheese cakes have properties that correspond to the norm. Samples “Slov’yanochka” and “Garmoniia” have a pleasant
taste, cheese smell and flavour of appropriate filler, and only in cream cheese cake “Shchodnia” a large concentration of
artificial flavouring is felt. The consistency and appearance also correspond to the norm. Samples of baby food dry
mixes: dry dairy-free rice porridge “Hipp”, LLC “Hipp Ukraine” and “Belakt”, OJSC “Bellakt” Voyakovysk (Belarus)
were also analyzed organoleptically.

The following criteria were used to evaluate the investigated samples: taste, smell, consistency, appearance and colour.
According to the results of organoleptic analysis all samples of cream cheese cakes have properties that meet regulatory
requirements. Samples “Slov’yanochka” and “Garmoniia” have a pleasant taste, cheese smell and flavour of appropriate
filler; only in cream cheese cake “Schodnia” a large concentration of artificial flavouring is felt. The consistency and
appearance also correspond to the norm.

The results of organoleptic analysis of dry mixes of dairy-free porridges indicate that the tested samples according to
organoleptic characteristics meet the standard requirements. Dry dairy-free rice porridge “Hipp”, LLC “Hipp Ukraine”
and “Belakt”, OJSC “Bellakt” Voyakovysk (Belarus) obtained superior merit.

Dry dairy-free rice porridge “Nestle” has a lower level of quality. However, all samples correspond to parameters of
known regulations. The results of baby food quality monitoring show that heavy metals content does not exceed the
maximum permitted level (Pb = 0,30 mg / kg, Cd = 0,20 mg / kg).

Comparison of the results of Lead and Cadmium measurements with the help of spectrophotometer using hollow
cathode lamps with radiation source of continuous spectrum statistically are of no difference and confirm the
correctness of the data obtained. Prospects of further study are to search multielement analysis directly from
investigated samples without the prior long-lasting wet mineralization.

Key words: baby food, lead, cadmium, multielement analysis, flame atomization, method of sample portions.

BCTYII

I3 po3BUTKOM PI3HOMAaHITHUX Tanxy3eil MPOMHUCIOBOCTI B HABKOJHUIIHBOMY CEPEIOBMILI 1 BOJIHUX
JpKepenax MOXKYThb HAaKOMMYYBAaTUCh TOKCHYHI MeTanu, Taki sk IlmomOym 1 Kanwmiit, Tomy s
poboTa € JOCUTh aKTyalbHOIO y Haml 4ac. Lli aBa eleMeHTH MIBHIKO BKIIOYAIOTHCS B JIAHITIOTH:
MOTJIMHAHHS POCIMHAMM — TOAYBAaHHS TBapHH, 1 3T0JIOM MOTPAILIAIOTH O HAc Ha cTil. OJIHUM 13
JpKepen HakonuyeHHs [1moMOymMy B HAaBKOJIMIIHBOMY CEPENOBMILI 3 MOAAIBIIOK IHTOKCHKALIEIO
KUBUX OpraHi3MiB, B TOMY YHCII 1 JIIOJAWHH, € TAJIMBO BOJHUX TPAHCIOPTHHUX 3ac00iB, y sKe
JOJAa0Th BHCOKOTOKCHYHUI aHTHUAETOHATOP — TETPaeTHJICBUHENb. JIKepenoM HaxoIKEHHS
[TmroMOyMy B HaBKOJIMIIHE CEpEIOBUILNE € TaKOX MIiANPUEMCTBA METaNypriiHOi Ta XIMIYHOT
MIPOMUCIIOBOCTI, IIPOMUCIIOBI, TOOYTOBI BiAX0au (aKyMyJsTOpHI Oatapei, iaku, Gpapobu, BUpoOH 3
KpULITAJIIO, AesIKi TyMOB1 Bupoon) [1,2].

Jlxepena 3a0pyanenHs KagmieM — metanypriiiHi minpUeMCTBa, TEIJIOB] €IEKTPOCTaHI1, KaaMil
BMICTHI I1acTMacoBi Biaxoau. Kaamiii He miaaeThCst po3KIaJaHHIO 1 AyKe MOBUIBHO BUBOJAUTHCS 3
KHUBUX opraHizMiB. Lle cnenudiunnii aHTUMETA0OIT UUHKY, TOMY 3JaTHHUI 3amillyBaTH HOro B
010XIMIYHHMX PEAKIiAX K IICEeBAOAKTUBATOP UM 1HT10ITOP IMHKOBMICTHUX (epMeHTiB. TOKCHUHICTD
Kanmiro 1oBesieHa B pO3BUTKY 3aXBOPIOBaHb 3 OOKY AMXAIBbHOI CUCTEMH, HUPOK, MEUIHKH, Bpaxae
BCIO M’SI30By CUCTEMY, pyiHHY€e IMYHITET, reHeTHuHy Hebe3neky. OcobnuBo [TnmromOym 1 Kanmiii
HeOe3MeyuHi HaBiTh TPU HU3BKUX J03ax [3,4].

B cyuacHux ymoBax aepkaBu wieHH €C miATpUMaIH Nporno3uiii €BpoxoMicii BITHOCHO 3HUKEHHS
JonycTUMUX HOopM BMicTy Kaamiro B IuUTS4OMy XapdyBaHHI BTpHUl OCOOJMBO B CyMillax Ha
pHUCOBIi OCHOBi. Y 3B’S3Ky 3 HEOE3MEeUHICTIO BIUIMBY Ha OPraHi3M LUX TOKCHUKAHTIB Ba)KJIMBO
00’€KTUBHO OIIIHUTH SAKICTh MPOAYKTIB XapuyBaHHA pI3HUX BHPOOHHKIB. 3a pe3yibTaTaMH
JOCIIIKEHb TAKOT'O0 MOHITOPHHTY MOYKHA BUSIBUTH HaWOUIbII HeOE3MeUHy MPOTYKIII0 XapuyBaHHS.
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Jnst Buznauenns [lmomOymy 1 Kanmiro B mpoaykrax Xap4dyBaHHS BUKOPHUCTOBYIOTh MOJICKYIISAPHY
abCcopOIIiitHy crIeKTpodoTOMETpito Ta monsporpadiro, JyTIUBICTh SKMX BiamoBinHo ckmamae 10° T
ta 10 r [5,6]. Hait6inbIn 1i METOaM JOLINbHI 11 BUKOPUCTAHHS KOHTPOJBHHMX Ta apOiTpasKHHX
AoCHiKeHb. [lepCrieKTUBHUM METOJOM Yy KOHTPOJi SKOCTI Xap4yoBUX TNPOJIYKTIB MoOXe OyTu
aTOMHO-abcopOItiliHa criekTpodoTomeTpisi. CKIaAHICTh BUKOPUCTAHHS I[OTO METOY MOB’si3aHa 31
CIOCOOOM MiArOTOBKH Npo0 10 BUMIpY, THILY MIOCYly, YACTOTOIO KUCIOT, Boau. IlepeBarn metony
— MO>XKJIMBICTh MTOBHOI aBTOMAaTH3allii, BAOIPKOBICTH Ta €KCIIPECHICTD.

ToMmy mJis KOHTPOJIFO BEJIMKOI KiJIBKOCTI TapTii MPOAYKTY MH BHU3HAUMIIUCSA 3 JOIUIBHICTIO
BHKOPHUCTAHHS aTOMHO-abcopOiiiinoro metony [8.9,10,11,12]. PoGoTta mpoBoawiiacs B Hampsmi
BUOOPY ONTHUMAJIbHUX YMOB aHaNi3y: CIEKTPAIBHUX XapaKTEPUCTUK, PSKUMY aToMizallii, criocody
pyHHYBaHHS MPOOH, CEpPEeIOBHINA PO3YHHY, BUOOPY METOAY IPayOBaHHS Ta OIHII MPaBUIBHOCTI
pe3yIbTaTIB JOCIIIKEHHS.

Meta pobotn — BUOIp CENEKTHUBHHMX, HAAIMHUX Ta YHI(QIKOBAaHMX METOIIB 3 OIIIHKOIO iX HOPM
TOYHOCTI Ta METO/IiB IMiATOTOBKU P00 JI0 aHATI3Y.

MATEPIAJIM I METOAU

O06’extoM nociimkeHHs obOpamu cupku «Cio’siHOUKay, «Témay, «Jlro0umunky, «"apMoHis»,
«IlogHHS» 3 OJHAKOBOK CMAaKOBOIO JOOABKOI Ta OE3MOJIOYHI CyMIIlll Xap4yyBaHHS Ha OCHOBI
pucy: «Nestlew, OO0 «Hectne VYkpaina», Hipp, OO0 «Xin Vkpaina» «bemnakry OAO
«BEJIJTAKT» Binopycis.

TexHoorisl BUPOILTYBaHHS PUCY Ha TIAPOTOHII MOXe CHpusaTd 3a0pyaHeHHto Horo [TmromOymom
ta KagMieM 3 moUBHUX pO34HHIB, cynepdocdary, 1o MiCTUTh B OOl TPUPOJIHI JOMIIIKH BAKKUX
METaJiB, TOMY aKTyaJbHUM IIOCTa€ MUTAHHS KOHTPOJIIO IX BMICTY, OCOOJMBO B TMPOJIYKTax
Xap4yBaHHS.

Cup xapuyBaHHS, BUTOTOBJICHUH 3a CHELiaJIbHUMHU TEXHOJIOTiSIMH, 13 BUPOOHUIITBA BUXOIUTH SIK
XapYOBHH MPOTYKT «CUPOKH.

Minepaizanito mpo0 MPOBOAMIM Y KBAapIIOBHUX Ta IUIATUHOBUX 4Yamrax. XimiuHo yuctumu H20; no
I'OCT 10929-76 (x4), HNO3z mo 'OCT 4461-77 (xu4), HCl mo I'OCT 30050-93 (x4), H2SO4 no
I'OCT 2184-77 (xu), sixi gogatkoBo ouumiany Ha npuctpoi BSB-939-IR (Perkin Elmer). Po3unnu
JUIs TIPOBEACHHSI BUMIPIB TOTYyBaJM B MIpHMX Kojbax 2-ro kiacy touHocti 3a 'OCT 1770-74,
QIIKBOTHI BiAOWpanu minerkaMu  2-ro kjacy TouHocTi 3a ['OCT 29227-91. IloGynoBy
rpaayroBalbHUX IpadikiB A KiUIbKiCHOTO BH3HadeHHs [LmoMOymy Ta Kamgwmito 3ailicHioBanu 3a
CTaHJIApTHUMM 3pa3KaMHM E€KOTOKCHKaHTIB po3poOHuka Ta BupobHuka CKTH 3 JIBOXI HAH
Vkpaian: Ha ionm IlmomOymy HAC3Y 022.55-96; MCO 0526: 2003, ¢don 1M HNO3z ¢ HCI
10,0 mr/cm®; Ha ionu xaamito — JJC3Y 022.43-96; MCO 136: 2003, ¢on 1M HNO3 10 mr/em®. Ha
BCIX Omeparllisix Mo po3BEACHHIO PO3YMHIB BUKOPUCTOBYBAIN O1TUCTUILOBAHY BONY.

Bwmict IlmoMmOymy 1 Kaamiro BH3Hauanu aToMHO-aJCOpPOLIMHUM METOAOM 3 BUKOPHCTAHHSIM
JDKepesia BUIPOMIHIOBaHHSA JlaMIl 3 TopokHucTUM KatoaoM (Hitachi 180-80) Ta kceHOHOBOT Tammu
(continuum source radiation AAS — Analytik Jena). ¥ mnepimomy Bumaaky Kopekiito (oHY
npoBoaui 3a edekToM 3eemMaHa, Y APYrOMy — 3 BHKOPHUCTAHHSIM OaraTOMIKCETbHOTO II0JIHO-
MaTpPUYHOTO JIETEKTOpa, SKUW 3a0e3nedyBaB YCYHEHHS CHEKTpPaJbHUX TMEpemKo] Ha JiHii
eJIEMEHTa, SKUI BHM3HAYalW, 1JEHTU(IKALiI0 Ta KOMIICHCALII0 CHEKTPAIbHUX CTPYKTYPHUX
MEepelKo MoiyM’sl, epeKTHUBHY I1ACHTU(]IKAIII0O Ta KOPEKLII0 CIEKTPAIbHUX MOJEKYISIPHUX
CTPYKTYp B KOMIOHEHTIB mnpoOHu. Taki MOXIIMBOCTI MNpWiIagy HiJBUIIYIOTH TOYHICTH Ta
iHpopMaTHBHICTh aHamizy [12,13,14].

BukopuctaHHs = CyHUJIbHOTO  CHEKTPY BHUIPOMIHIOBAaHHS  HAQJa€  MOXJIMBICTH  IPOBECTU
MYJIbTUEIIEMEHTHI BUMIpU aHaJi30BaHUX €JIEMEHTIB MPU aTOMi3allil B MOIYM i IOCIIIOBHO 3 OJHI€]
HaBa)XKM Ha PIBHI UYTIUBOCTI €NEKTPOTEPMIUHOI aToMizarlii.
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PE3YJIbTATH TA OBI'OBOPEHHS

AHauni3 SKocTi BUOpaHOI MPOJYKLIi po3NOYaay 3 OPraHOJENTUYHUX IOCHIKEeHb, SKi MPOBOIUIN
3TiTHO 3 HOPMATUBHUMHU JOKYMEHTaMH 3a IT ATHOQIBbHOI mKaiow [6,7]. JocmimHi 3pa3ku
OIIHIOBAJIM 33 TAaKMMH IIOKa3HWKAMU: CMakK, 3alrax, KOHCHCTCHIlis, 30BHINIHIA BUIJISA, KOJMIIp.
Pe3ynbraTty opraHoNIeNTHYHUX JOCITIKEHb JUTSIYMX CUPIB HaBelleHl B Tabmuii 1.

Tabmuus 1 — Pe3ynbratsl 1OCTIIKEHh OPTaHOJICNTHYHUX BIIACTUBOCTEH JUTSYMX CHPKIB

[Toxazuuku
Ne 3paska HailimenyBanHus ) 3oBHILHIH . 331"3_11“13
IPOAYKTY CMmak 3amax Koncucrenmis J— Komip OIlIHKa

1 2 3 4 5 6 7 8

1 «CoB’THOUKAY 4 4 5 5 5 4,6
2 «Témay» 5 5 4 5 4 4.6
3 «JTr0OUMUIHKY 4 4 4 5 4 4,2
4 «["apmoHisn» 4 4 4 5 4 4,2
5 «Momus» 4 4 4 5 4 4,2

3a pesylbTaTaMi  OPraHONENTHIHUX JOCHTIKEHb BCl 3pa3Kd CHPKIB 33 KOHCHCTECHIIEI0 Ta
3OBH1HIH1M BUTIISII0OM BlIIHOBlIIaJH/I HOle 3pa31<1/1 «CnoB’ssHouka» ta «Témay 6yJII/I IIPUEMHHUMH Ha
CMaK, i3 CHpPHHMM 3allaxoM Ta apoMaToOM BIANOBITHOrO HamoBHIOBada. Y cupky «lomns»
BiJT4yBajlach BEJIMKA KOHIICHTPAIIIS IITYYHOTO apOMaTHU3aTopa.

Pe3ynbpraTi OpraHONENTHYHHUX JOCHIDKCHb CYXHX CyMillleii Oe3MOJIOUHHMX Kalll HaBEeICHI B
Tabymui 2.

Tabnuis 2 — PesyapTaT OpraHOIENTHYHUX JTOCTIHKEHD IKOCTI CyXUX 0€3 MOJIOUHUX CyMillen

IToxa3znaukn
Nespaska | Haiimenysanns EY——— 3aranbHa
y CMmak 3amax Koncucrenuis Kouip OITIHKA
MPOAYKTY BUIJIS
1 2 3 4 5 6 7 8
1 «Nestle» 4 4 5 5 4 4.4
2 «Hipp» 5 4 5 5 5 4,8
3 «benakT» 4 5 5 5 5 4.8

Pesynpraty Tabmumi 2 cBig4ath Mpo Te, L0 BHUIPOOYBaHI 3pa3Kud 3a OPraHOJIENTUYHUMHU
MOKa3HUKaMM BIJMOBIJAIOTh CTaHJAPTHUM BuUMoraM. HaiiBuIlly OLIHKY OTpuUMalu 3pa3Ku cyxa
kama Oe3monouHa pucoBa «Hipp», OOO «Xunn VYkpaina» ta «bemakr», OAO «bemnakr»
(binopycis). Kama cyxa 6e3monouna pucoBa «Nestley Mae Ou1bll HU3bKMM piBeHb sKocTi. [Iporte
BCi 3pa3KH Bi/INOBIIAIOTH MTOKa3HUKAM, MPECTABICHUMH HOPMAaTHBHIMH JOKyMeHTaMu [7].

KinbkicHe BU3HAUEHHS CBUHIIO Ta KaJMIIO TMPOBEIM aTOMHO-aOCOPOIIfHUM METOJO0M Ha
cnekrpooromerpax Hitachi 180-80 3 kopexkropom s 00JiKy HECEIEKTHBHOTO MOITMHAHHS,
3acHoBaHOro Ha edekTi 3eemana, Ta ContrAA300.

OcobnuBa yBara IpHM JOCHIDKEHHSAX MpHAIeHa NpoOOMiAroTOBII Ta BHOOPY ONTHMAIbHOI
HaBaXKH, sIKa CKJajaae npu Bu3HaueHH1 [lmromOymy 20 r, Kagmiro — 5.

Jlns mpoBeieHHs aHalizy MNpoOy NepeBOJWIM B PO3YMH CIIOCOOOM MOKpPOI MiHepaiizalii,
3aCHOBAaHOMY Ha TIOBHOMY DYHHYBaHHI OpPTraHIYHMX pPEUYOBHH. PyiiHyBaHHS MPOOH TPOBOIHIN
B PO34YMHI KOHIIEHTPOBAHOI HITPATHOI KHUCJIOTH 3 JIOJaBaHHAM MEPOKCHUIY BOJHIO 3 MOCIIIOBHUM
BUIIAPOBYBAaHHSAM PO3YMHY /0 Bosorux coisieil. Bosori comi po3uunHsiin B 1M po3unHi XJIOpUIHOT
KHUCJIOTH Ta O1JMCTUIIbOBaHIM BOJII.

byna npoBenena Ttakox cyxa miHepaiizauis 3pa3kiB npu TemnepaTtypi 300-400°C 3 po3drHEHHSIM
norneny B 1M po3unHi CipyaHOi KUCIOTH 3 JOJaBaHHAM MarHii HiTpaTy. Y TakuX yMmMOBax BTpaTu
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ITnromOymy ta KaaMmiro He CIIOCTEPIrarOThHCA, aje IpU IMPOBEAECHHI BUMIPIB B MOAYM’i 3HAYHO
yMy P ) pu 1p p y

MOTIPITYETHCS Uy TIIMBICTD.

ITpu Bu3nauenHi Pb ta Cd aToMHO-aOCOpOIiHHUM METOAOM HaAWKpalli YMOBH 3 aromi3ailii,
YYTJIUBOCTI Ta TOYHOCTI OJIep KaH1 IPH MiATOTOBII IPOOH MOKPOIO MiHEpaTi3alli€ro.

Pexxumu npoBeieHHsS aTOMHO-a0CcOpOIiHHOTO aHaTi3y HaBeIeH] B TabmuIi 3.

Tabmuis 3 — PexxuMu poBEICHHS aHATI3Y

CriBBiIHOILIEHHS .
EleMeHT I[OB')KI/IHa ITanpEUK Tem cyssimm rasis HaauBa 10 OKHCHHUKA 30Ha npoc?lquaHH;{
XBHJIL A, HM | IIUPHHOIO, MM MOJIYM s, MM
/Tox C/O
[TromOym 283,3 100 CoHo-noBiTps 115-614 0,187 6
Kanwmiit 228,3 100 CoH-noBiTps 50-686 0,073 6

KinpkicHe BU3HAUEHHS KaJMil0 Ta CBUHIIO IPOBEICHO METOJOM TpaJylBaIbHOTO rpadika 3a
JIOTIOMOT'OK0 CTaHAapTHUX 3pa3kiB. KanmiopyBanbHi rpadiku cnekrpodoromerpis ContraAA300 ta

Hitachi 180-80 moka3ani Ha pHUCYHKax
KaaMiro HaBeneHi B Tabnuisx 4 1 5.

la, 16, 2a, 26. Pe3ynprat BU3HAYCHb BMICTY CBHHIIIO 1

0425 g
o100 M
o
= a7 i
E aoso] |
Z
0025
o000 Fols 25
0.00 025 050 075 1.00 Gt
Conc. [megil]
Puc. 16
Puc. 1a I'paoyrosanvuuii 2paghix — Hitachi 180-80
I'paoyiosanvruii epagix — ContraAA300 rpadik minifiamii
rpadik JiniiiHMi Co (me/L) = 0.13
Co (me/L) =0.13 R? ==0,9990
R? ==0,9990
H H D:D? Pb .
P /
005 2AT.0005 . oSl T 0.06
:Mean H |
E‘o.os,,L,,,,,,,,J,,,,,,,,JE ,,,,,,,,,,,,,,,,,,,, 5 o /
= 8 004
§ [ ----------------------- D:D-z /

Conc. [marL]

Puc.2a  Ipaoywesanvruti  epaghix
ContraAA300
rpadik JiniiiHu
Co (me/L) = 0.204
R?=0.9993
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c,me/n

Puc. 26
I'paoyrsanvuuii epaghix — Hitachi 180-80

rpagik giniiiHuit
Co (me/L) = 0.13
R? ==0,9990



Tabmuus 4 — Bmict [TmomOymy ta Kagmiro B qutstuux cupkax (n=5; P=0,95).

Ne n/mt Haspa npoaykry Baicr, Mr/xr .
[TmromMOym Kaamiit
1 «C0B’ THOUKA» 0,235+ 0,004 0,161 £ 0,001
2 «Témax 0,210 £ 0,002 0,133 £0,001
3 «JI1I0OUMYHK 0,294 + 0,001 0,146 £ 0,001
4 «"apmoHis» 0,146 + 0,005 0,164 + 0,002
5 «lomas» 0,289 £ 0,005 0,188 £ 0,006
Tabmuus 5 — Bmict [ImromOymy Ta Kagmiro B cyminn xapuyBanss (n=5; P=0,95).
Ne /it Ha3sBa nmpoaykry Buticr, r/kr :
[TmromMOym Kanmin
1 «Nestle» 0,298 £ 0,050 0,191 +£0,010
2 «Hipp» 0,280 +0,012 0,186 + 0,006
3 «bennakTy 0,262 + 0,021 0,158 £ 0,002

I'pannyno nmomyctuma KoHmeHTpamis [ImoMOyMy B [HMX TNPOAYKTaX Xap4dyBaHHS CTAaHOBHUTH
0,30 mr/kr, Kagmiro — 0,20 mr/kr.

Sx BugHO 3 TabmUIpE 4 Ta 5, BMICT TOKCHUYHUX METAJiB HE MEPEBHINYE TPAHUYHO JTOTMYCTUMHUX
KOHIIEHTpallii 1 TOMY Ha3BaH1 IPOAYKTH Xap4yyBaHHS MOKHA BBa)KaTH O€3MEYHUMHU.

[TpoBeneHO MOPIBHSUIBHUMA aHAJ3 PE3YNIbTATIB, OJCPXKAHUX HA CYYaCHUX CHEKTPOPOTOMETpax 3
celleKTUBHUM JixepenoM BurpominioBHHS (Hitachi 180-80) Ta mkepenoMm CyIIBHOTO CHEKTPY
(ContraAA300). Pe3ynbraTy HaBeieHI B Ta0wili 6.

Tabnuis 6 — Pesynpratu mopiBHSUIBHUX BU3HadeHb Ha crekTpodoromerpi Hitachi 180-80,
ContrAA300 ( n=5, P=0,95)
No Hitachi180-80 ContrAA 300
/‘ Hasga mponykry
wn Pb mr/kr Cd mr/kr Pb mr/kr Cd mr/kr
1 Cupku
«CHoB’THOUKaY 0,235+ 0,004 0,161 £0,004 0,237+ 0,002 0,162 + 0,002
«Témax 0,210 £ 0,005 0,133 + 0,003 0,212+ 0,002 | 0,135+ 0,001
«JIroOuMUnK» 0,294 + 0,008 0,146 £ 0,005 0,294 £0,004 | 0,144 +0,004
«lomas» 0,289 + 0,005 0,188 + 0,006 0,289 + 0,003 0,188 = 0,006
«["apMoHis» 0,146 £ 0,005 0,164 + 0,002 0,146 = 0,005 0,164 = 0,002
2 Cymii
Xap4yyBaHHS
«Nestle» 0,313 +£ 0,050 0,200 + 0,010 0,310+ 0,030 | 0,200+ 0,010
«Hipp» 0,283 + 0,020 0,186 + 0,006 0,285+ 0,010 | 0,188 +0,002
«bemnakT 0,262 +£0,020 | 0,158 +0,002 | 0,267 + 0,005 0,158 0,001

Sx BugHO 3 Tabnuii 6, pe3ynbTaTH 100pe BIATBOPIOIOTHCS HAa MpHUIafaxX 3 PI3HUMHU ONTUYHHUMHU
CXeMaMH{ Ta aHATITHIYHUMH MOXJIMBOCTSIMH, TOMY MOKHA BBaXKaTH iX JOCTATHHO HATIMHMMH. 3a
pekoMeHaauisMu [15] mpaBUIIBHICTE pE3yNbTaTiB JOBEJACHA METOAOM JApIOHUX HABaXOK.
PesynbraTu HaBeneHi B Ta0IMII 7.
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Tabmuus 7 — KoHTposIb MpaBUIILHOCTI METOIOM ApiOHUX HaBaxoK (n=5; P=0,95)

BMiCT eJIeMeHTiB, MI/aM°
HalimenyBanHs IpOayKTy CBuHelb Kanmiit
20r 10T 5Tt 25T
Cupxku
«C1noB’sHOUKa» 0,235 + 0,004 0,238 + 0,005 0,161 + 0,001 0,158 0,002
«Téma» 0,210 £ 0,002 0,215+ 0,003 0,133 + 0,001 0,133 £0,001
«JIroOuMYHK» 0,294 + 0,001 0,300+ 0,006 0,146 + 0,003 0,148 + 0,002
«["apmoHisn» 0,146 + 0,005 0,147+ 0,006 0,164 + 0,002 0,162 + 0,002
«omus» 0,285 £ 0,005 0,288 +0,006 0,114 +0,005 0,116 + 0,006
Cywmimn xap4yyBaHHS
«Nestle» 0,310 £ 0,053 0,312 £ 0,045 0,205 £0,015 0,210 £0,012
«Hipp» 0,280+ 0,012 0,286 = 0,015 0,186 + 0,006 0,189 + 0,005
«bemnakT» 0,262 + 0,021 0,266 £ 0,026 0,158 £ 0,008 0,160 = 0,008

OTxe, IpaBUIBHICTh PE3YIbTATIB TAKOK MIATBEPKYE OE3MEUHICTh MPOAYKTIB XapUyBaHHS.

[TepcriekTHBaMH TIOIATBIIIOTO JOCIIHKCHHS € TIONIYK MYJIbTHEIEMEHTHOTO aHalli3y 0e3ImocepeTHbO
3 aHaJII30BaHOI MpoOu 6e3 mornepeHbO1 JOBrOTPpUBAIIOl MiHepaTi3allii.

BUCHOBKUA

Pe3ynbrat MOHITOPHHIY SIKOCTI IMPOJIYKTIB  XapuyBaHHS CBIAYATH, IIO0 BMICT BaXXKHUX
meTaniB He nepesuirye I'JIK (Pb = 0,30 mr/kr, Cd = 0,20 mr/kr).

[lopiBusiHHS pe3ynbTaTiB BuMipiB [lmomOymy Tta Kagmito Ha crnekTpodoTomMeTpax
3 BUKOPUCTaHHAM JIaMI 13 TOPOKHUCTMM KaTOJOM Ta JDKEPEJIOM BHUIPOMIHIOBAHHS
CYLJIBHOTO CIIEKTPY CTATUCTUYHO HE PO301KHI 1 MIATBEPAXKYIOTh KOPEKTHICTh OJI€pP’KaHUX
TaHUX.

BukopuctanHss ~ jgamMn  CyHUIBHOTO  CIEKTpPY  —  TEPCHEKTUBHUN  HANpsSMOK
B MYJIbTUEIEMEHTHOMY aHalli3l, 10 CIpHSE YIOCKOHAJIEHHIO KOHTPOJIO SIKOCTI MPOAYKTIB
Xap4yyBaHHS.
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Po3risHyTO BUKOpHCTaHHS 3aco0iB mijlarecy js Uil HOIEPEPKEHHs YCKJIaIHEHb BAriTHOCTI JKIHOK Yy ApYromy
TPUMECTpi BariTHOCTi. HaBeneHO pe3ynbTaTH OLIHKK (DYHKIIIOHYBaHHS OCHOBHHX (Di310JIOTIYHHX CHCTEM — CEPIIEBO-
CYIUHHOI 1 30BHIIIHBOTO AMXAHHS Ta MCUXIYHOTO CTaHy, aHTPOIIOMETPIl Ta OI[IHKK PYXJIMBOCTI KYJBIIOBOIO CYTIIO0y
BariTHHUX >KIHOK JI0 1 MicJIs 3aCTOCYBaHHs 3ac00iB MijlaTeCy Ta TPaIULIiHHOIO KOMIUIEKCY JIIKYBAJIbHOI MIMHACTUKH JIS
BariTHHX. [IpoaHai3oBaHO MMOYaTKOBHH PiBEHb PYXJIMBOCTI KyJIBIIOBOTO CYTJI00Y 3a JaHMMH BiIBEAECHHS IIPaBOi, JIiBOT
HOTM B CTOPOHHM Ta INMNarary, IOKa3HWKIB (YHKI[IOHaJLHOTO CTaHy CEpLEBO-CYJMHHOI CHUCTEMH Ta CHCTEMH
3oBHimHBOrO amxanHi — YCC, CAT, HAT, XKEJI, ncuxidyHOro cra"y 3a piBHEM CTpecy, IaHi aHTpOMOMeTpii i3
po3paxyakoM inaekcy Macu Tima (IMT). Tlomana mopiBHSJIbHA XapaKTEpHCTHKA 3a3HAYEHUX IMOKA3HHKIB ITiCIIsS
3aCTOCYBaHHS 3ac00iB MijlaTecy Ta TPAJUIIHHOTO KOMIUIEKCY JiKyBalbHOI TIMHAaCTHKM JUIA BariTHUX. JloBexeHo, mio
3aHATTS, OO SIKUX BXOAWJIM BIIPaBH 3 MIaTecy, Maju OUTbII BHpaXCHWH BIUIMB HA IMOKAa3HUKH (DYHKIIOHYBAaHHS
OCHOBHHX (Di310JIOTIYHHX CHCTEM, NCUXIYHHH CTaH Ta PYXJIMBICTh KYJBIIOBOTO CYIJ00Y BariTHHX JKiHOK Y JIPYTOMY
TPUMECTPI, SIKi BXOJMIM B OCHOBHY I'pyITy. BcTaHOBJIEHO OiNIbII CYTTEBI 3MiHM B MOKa3HUKaX (PyHKI[IOHAJIBHOTO CTaHY
BariTHUX JKIHOK Yy JAPYroMy TPHMECTpPi OCHOBHOI TpyIH, IIO XapaKTepHU3YIOThb MisJIBHICTH CEepLEBO-CYIHHHOI 1
JIMXaJIbHOT CHCTEM MOPIBHSHO 3 BariTHUMU KOHTPOJBHOI Tpynu. Bu3Ha4eHO OCTOBIPHO Kpalll BEIWYMHHU PALY
MOKa3HUKIB (YHKIIOHAIBEHOTO CTaHy CHCTEMH 30BHIIIHBOTO JWXaHHS, sIKi 3a)ikcOBaHI y BariTHUX XKiHOK y APYromy
TpPHUMECTpPi OCHOBHOI IrpyIy.

Kouosi croea: ninamec, yckiaoHeHHs: 6A2IMHOCMI, JHCIHKUY, OpYeUll mpumecmp.
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