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Pestome. B ocmaHHi Oecamunimmsi ceim 3imKHy8csi 3 HO80H €K0J102i4HOK MpobieMoto — 8idxodamu enekmpu4YHO20 ma erek-
mpoHHo20 obnadHaHHs (BEEQ). CeoevacHe 3arnobieaHHs1 ymeopeHHo BEEQ, miHimizauisi ixHb020 06’eMy, no8mopHe 8UKOpPU-
CcMaHHs1, PEUUPKYIAUis i pekynepauisi pecypcie — yci Ui numaHHsi umazarombs mepMiHO8UX 8i0M08IOHUX pilleHsb.

Mema. BusHaueHHsi cmyneHsi Hebesneku ei0xo0ie 2anbeaHidHUX enemeHmie (bamapeli) ma eiOHeceHHs Uux 8idxodie 0o
Kamezopii Hebeane4Hux abo b6e3neyHux 32i0HO 3 HauioHaIbHUMU HOpMaMmu i pasunamu.

Mamepianu ma memodu. O6’ckmom docnidxeHb 6ynu 8idxo0u 2anbeaHiyHUXx enemeHmie (6amaped). [Mpobu posquHaNU 8
KOHUeHmposaHili a3o0mHiti Kucriomi. Po3quHu po3godusiu ducmurib08aHow 80000, hilbmpysanu, a nomim gusHadaau emicm
saxkux memarnig 32i0Ho 3 [JCTY ISO 11885:2005 «S5lkicmb 800u. BusHayeHHs1 33 enemeHmie mMemoOoM amoMHO-eMICiliHOI
criekmpomempii 3 iHOykmueHo-38’a3aHoro nnaamoroy (ISO 11885:1996, IDT) ma FOCT 30178-96 «Cbipbe u npodyKkmbi nuwe-
8ble. AMoMHO-abcopbUUOHHBIL Memod onpedenieHus MOKCUYECKUX 31eMeHmo8y. BusHadeHHs npoeodunu Ha onmuyHomy
ewmicitiHoMy crnekmpomempi 3 iHOyKmueHo-38’si3aHoro nnaamoto « SHIMADZUICPE-9820».

Pe3ynbmamu. BcmaHoerneHo, ujo 8micm ceuHuto, kadmito, pmymi y eidxodax eanb8aHiyHux enemeHmie (bamapetll) He nepe-
8UULYE BCMAHOBIEHI 2ieieHiYHi Hopmamugu 0ns rpyHmy («[eieHiyHi peanameHmu 00mycmumMoe0 emicmy XiMiHHUX PEYOBUH y
rpyHmi», Hakas Minicmepcmea oxopoHu 30opos’st YkpaiHu Ne1595 gid 14.07.2020 p.). Pmyme: y 25 3paskax eusienieHo Ha
PiHI, W0 € MeHwWuM 3a Yymrugicmb Memody, y 080X 3pa3kax — MeHWe epaHu4Ho 0ormycmumux KoHueHmpauit (I4K) e 2,25
pa3a ma 4,2 pasa; y yomupbox — MeHwe 8 27-48,8 pa3a, 8 mpbox — meHwe 8 58-91 pa3. [IK pmymi & rpyHmi cmaHosums
2,1 me/ke. Kadmili: 8 1 3pa3Kky usierieHo Ha pieHi, Wo € MEHWUM 3a Yymiusicmbs Memody, y 26 3paskax — meHwe K y 2-7,5
pasa; y 7-u — meHwe 8 9-30 pasie. [IK kadmito & rpyHmi cmaHosumb 1,5 me/ke. CeuHeub: 8 13 3paskax 8USBNEHO Ha PiBHI,
w0 € MeHWuM 3a yymiusicms Memody, y 2-x 3paskax — meHwe 3a I'[JK y 3 pasu, e 6 3paskax — meHwe K y 12-19,4 pasa,
6 13 3paskax — 8 24-31 pasu meHwe K. K ceuHyto e rpyHmi — 32 me/ke. byno ecmaHoeneHo, wo docniokeHi 3pasku eio-
xo00ie eanbeaHi4HUX ennemeHmig (bamapeli) Moxymb 6ymu giOHeceHi 0o be3neyHux i nepepobreHi ma ymunisosaHi Ha 6i0mno-
8iOHOMY nidnpuemcmai.

BucHoeku. HenpasunbHe nogodxeHHs1 3 ei0xo0amu 2anbeaHiyHUX enemeHmig (bamapel) € MpuyuHo HadxodxeHHs 00
HaeKomnuwHb020 cepedosuiya BEEO, wjo cmeoproe pusuK HeeamugHO20 8riusy Ha 300p08’s moduHuU i cepedosuue i Kumme-
disimbHocmi. [nisi nonepedx)eHHs1 ma MiHiMi3auii puauky Onsi HaBKOMUWHbL020 cepedosulia ma HaceneHHs HeobxiOHO 3arnpo-
gadumu cenekmusHe copmyeaHHs KommnoHeHmie BEEO & micusix ix ymeopeHHs Yu 36upaHHs ma HarnpasneHHsl Ha nepepooky,
a makox po3pobumu caHimapHo-enidemionoaiyHi 8UMo2u Ha NPOUECU COpMy8aHHs1 ma MpoeedeHHs1 eKcrnepmu3au fMpoekmis i
ycmaHo8oK 1o ymunisauii makux eudie 8ioxodie Ha 8i0nosiOHiCMb LuM 8uMo2am.

Knroyoei crnosa: 8i0xodu enekmpuyHo20 ma efnekmpoHHo20 obradHaHHs, 8i0xo0u 6amapel ma akymynsmopis, ouiHka
Hebeaneku.

S. Snoz, L. Smerdova, A. Kudryavtseva, A. Kalashnikov, O. Bobylova
"L.I. Medved’s Research Center of preventive Toxicology, Food and Chemical Safety,
Ministry of Health, Ukraine" (State Enterprise), Kyiv, Ukraine

DETERMINATION OF THE DEGREE OF DANGER
OF WASTE GALVANIC ELEMENTS (BATTERIES)

Abstract. In recent decades, the world has faced a new environmental problem — waste electrical and electronic equipment
(WEEE). Timely prevention of the formation of WEEE, minimization of their volume, reuse, recycling and recovery of resources
— all these issues require urgent appropriate solutions.

Aim. Determining the degree of hazard of waste galvanic elements (batteries) and assigning this waste to the category of haz-
ardous or safe according to national norms and rules.

Materials and Methods. Waste galvanic cells (batteries) were the object of research. The samples were dissolved in concen-
trated nitric acid. The solutions were diluted with distilled water, filtered, and then the content of heavy metals was determined
according to DSTU ISO 11885:2005 "Water quality. 33 elements were determined by the method of atomic emission spectrom-
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etry with inductively coupled plasma" (ISO 11885:1996, IDT) and GOST 30178-96 "Raw materials and food products. Atomic
absorption method for determination of toxic elements". Determination of elements was carried out on an optical emission
spectrometer with an inductively coupled plasma "SHIMADZU ICPE-9820".

Research results. It was established that the content of lead, cadmium, mercury in waste galvanic elements (batteries) does
not exceed the established hygienic standards for the soil ("Hygienic regulations of the permissible content of chemical sub-
stances in the soil", Order of the Ministry of Health of Ukraine No. 1595 dated 14.07.2020). Mercury: in 25 samples it was
detected at a level that is lower than the sensitivity of the method, in two samples it is 2.25 times and 4.2 times less than the
Limit Permissible Concentrations (LPC); in four — 27-48.8 times less, in three — 58-91 times less. The LPC of mercury in soil
is 2.1 mg/kg. Cadmium: in 1 sample it was detected at a level that is lower than the sensitivity of the method, in 26 samples it
is 2-7.5 times less than the LPC; in the 7th — 9-30 times less. The LPC of cadmium in soil is 1.5 mg/kg. Lead: in 13 samples
it was detected at a level that is lower than the sensitivity of the method, in 2 samples it was 3 times less than the LPC, in 6
samples it was 12-19.4 times less than the LPC, in 13 samples —in 24-31 times less than LPC. Maximum permissible limit for
lead in soil is 32 mg/kg. It was established that the examined waste samples of galvanic elements (batteries) can be classified
as safe and processed and disposed of at the appropriate enterprise.

Conclusions. The negative effect of WEEE components on the environment and, as a result, on human health is associated
with the inevitable risk of their entering environmental objects due to improper handling of waste galvanic elements (batteries).
In order to prevent and minimize the risk to the environment and the population, it is necessary to introduce selective sorting
of WEEE components at the places of their generation or collection and sending them for processing, as well as to develop
sanitary and epidemiological requirements for sorting processes and to carry out an examination of projects and installations

for the utilization of such types of waste for compliance these requirements.
Key Words: waste electrical and electronic equipment, waste batteries and accumulators, hazard assessment.

Bectyn. B ocTaHHi OecsaTuniTTa CBIT 3iTKHYBCA 3
HOBOK €KOMNoriyHot npobnemor — Bigxogamu enek-
TPUYHOrO Ta enekTpoHHoro obnagHaHHa (BEEO).
LLnpoke BYKOpUCTaHHA Pi3HWX Npunagis 403BONMNO
MONINWNUTK SKICTb XUTTS, arne HeraTMBHO MO3HAYNUIO-
CA Ha [JOBKINMi Ta 300pOoB’i NoguMHM Yepe3 Henpa-
BUIbHE Ta HeeYEKTUBHE NOBOMKEHHS 3 IXHIMU BigX0-
damu. 3anobiraHHs yTBOopeHHio BEEO, wiHimizauis
IXHBOrO 06’€My, MOBTOPHE BUKOPUCTAHHS, PELMPKYs-
List i pekynepauis pecypciB — yci Ui NMTaHHS BUMa-
ratoTb TEPMIHOBUX Bi4NOBIAHUX PiLLEHb.

LWopoky y cBiTi yTBOpPOETECS NPMBNM3HO 50 MAH. T
BEEO, ixHe Hakonn4yeHHs BigOyBaeTbCA BTPUYI LUBUA-
e, HiX 3pOCTaHHA KIMbKOCTI iHLWKUX Bigxodis.
WopivyHo B CLUA Bukngatotb 30 MIH. KoMM'toTepiB, a
B €Bponi no36ysatoTbes 100 miH. Tenedoris[1].

BEEOQ craHoBnaATte 5 % Big ycix TBepamx nobyToBMxX
Bigxopis (TB) Ta € ogHieto 3 HaNHe6e3NeYHIWMX rpyn
cepen cknagosux TIB. Takuin xe Biacotok B TIB
Mae NnacTMKOBa yNnakoBKa, ane X enekTpoHHi Bigxo-
On Habarato HebGe3aneyHili.

Ha cwmitTesBanuwax nig BANMBOM pPi3HOMaHITHMX
chakTopiB BigbyBalOTbCA Npouecy pymHyBaHHS 060-
NOHKM eNeKTPUYHOro Ta eNneKTPOHHOro obnafHaHHs,
Gatapen, eHeprosbepirarumx nam, Yyepes Lo XiMiyHi
€rneMeHTW, HasiBHI B iXHbOMY cKnagi, nig Aieto npu-
pomHMX (haKTopiB HaaxodAaTb Y AOBKIMNSA. TOKCUYHI
PEYOBWHM NPOHMKaTb MMBOKO B I'PYHT i BOAY, Nepe-
HOCATLCA MOBITPSHUMK MOTOKaMU i BMNAAaTb Ha
3eMMI0 SK Henoganik Bifg NePBMHHOIO mpKepena, Tak i
Jyxe faneko Big Heoro [1, 2].

YnpaeniHHS BUKOPUCTAHUMKU GaTapesamu 3anuiia-
€Tbcsa npobnemoto B €C. MpnbnusHo 56,7 % ycix Bia-
npauboBaHMX NopTaTUBHUX GaTapel He 30MpatoTbCs
LwopiyHo. Lle npuaseno go Toro, wo 6nmssko 35 000 T
BignpaLbOBaHMX NOPTaTUBHUX akyMynsaTopiB notpa-
nUnn 0o TBepanx nobyToBMX BiOXOAiB, L0 CNPUYUNHN-
NO AIK HEraTUBHWI BMNMB Ha JOBKINNSA, Tak i BTpaTy

Introduction. In recent decades, the world has
faced a new environmental problem — waste electrical
and electronic equipment (WEEE). The widespread
use of equipment has improved the quality of people's
lives, but it has had a negative impact on the environ-
ment and human health due to improper and ineffec-
tive waste management. Prevention of the formation
of WEEE, minimization of their volume, reuse, recy-
cling and recovery of resources — all these issues
require urgent appropriate solutions.

Every year, approximately 50 million tons of WEEE
are generated in the world, their accumulation occurs
three times faster than the increase in the amount of
other waste. Annually, 30 million computers are
thrown away in the USA, and 100 million phones are
disposed of in Europe.

WEEE makes up 5 % of all solid household waste
(SW) and is one of the most dangerous groups
among SW components. Plastic packaging has the
same percentage in solid waste, but electronic waste
is much more dangerous.

In landfills under the influence of various factors,
processes of destruction of the shell of electrical and
electronic equipment, batteries, energy-saving lamps
occur, due to which the chemical elements present in
their composition enter the environment under the
influence of natural factors. Toxic substances pene-
trate deep into the soil and water, are carried by air
currents and fall to the ground both not far from the
primary source and very far from it.

The management of used batteries remains a con-
cern within the EU. An estimated 56.7 % of all waste
portable batteries are not collected, annually. This has
led to around 35 000 tonnes of waste portable batter-
ies entering municipal waste streams, causing nega-
tive environmental impacts and a loss of resources.
This amount is significant enough to jeopardise the
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pecypciB. Ls kinbkicte GaTapen € 4oCTaTHbO 3HAY-
HOO, W06 nocTaBUTK Nig 3arpo3y AOCATHEHHS Linew
[AVPEKTUBU LLOAO 3aXMUCTY HAaBKOMULLHBOIO cepeoBu-
wa [3-5]. 3okpema, MNonblya He gocsarna HeobxigHoro
LLOpIYHOro piBHSA 360py BignNpaLbOBaHUX MopTaTuBe-
Hux OaTapen i BignpaubOBaHWX akymynatopis. Y
2014-2016 pokax 6yno 3ibpaHo nuwe 33 %, 38 % i
39 % BignoBigHO, y TOW 4Yac sk piBeHb 300py, WO
BMMaraetbCs MIHICTPOM HaBKOMULIHLOTO CepenoBu-
wa 6yB 35 %, 40 % i 45 % BignosigHo [6].

3i 36inblIeHHAM KinNbKOCTI enekTpomobinis nepe-
pobka BignpaubOBaHMX akyMynsToOpiB enekTpoMobi-
niB € BaXXNMBOI A9 BiAHOBMEHHS LiHHWX MeTanis,
TakMx SK MiTi Ta kobanbT, a TakoX ONs KOHTPOIto
Hebe3neyHnx pevyoBuH, TakmMX SK CBMUHELb, KagMin Ta
migb. Buenumu lMiBgeHHoi Kopei 6yno 3anponoHoBa-
HO HeramHo MigroTyBaT NOMOXEHHS NPO 30epiraHHs,
TPaHCMNOPTYBaHHS Ta NepepobKy BianpaLboBaHMX
aKyMynaTopis enektpomobinis. Takox, Wob po3pobu-
TU TEXHiYHi pekomeHpauii woao nepepobku Bia-
npaLboBaHMX aKkyMynsToOpiB enekTpoMobinis, npomno-
HYETbCS CTBOPUTW MiDXHAPOAHWIA KOMITET 3 nepepob-
K1 BiAnpauboBaHWX akyMynsaTopiB enekTpomobinis sk
HOBOI iHiLliaTMBKN Ba3senbcbkoi KOHBEHLi [7].

MNigpaxoBaHo, B MacluTabax YkpaiHu oo atmoccepu
Ta rPyHTOBUX BOZ, 3a pik noTpannse noHag 40 kr pTyTi,
160 Kkr KagMito, @ TakoX iHLUMX CMOMYK, SKi B arpecumBs-
HOMY, HaCM4EHOMY XiMIYHUMU peqOBMHaMK cepenoBu-
Wi CMITTE3BanNWLL, MOXYTb BCTYnatu B Pi3HOMaHITHI
HEKOHTPOIbOBaHi peakLii 3 HenporHo30BaHWM YTBO-
PEeHHSAM Hebe3neuHux akTUBHMX XiMIYHMX CMOMyK.
Yepes xap4oBui naHutor (Boga, POCINMHMW, TBapuHK)
Hebe3neyHi XiMiYHi peyYoBUHK NOTPaNnsTb A0 opra-
Hi3MY JOAMHM, BUKIIMKAKOYM OTPYEHHS! Ta XBopobu. Lli
3abpygHtoBavi goskinnsg (BEEO) mictate Baxki meTa-
nm (CBMHeLb — Y Bigxodax obnagHaHHs ans iHopMa-
LiINHO-KOMYHiKaLiiHNX TEXHOMOTI Ta NoByTOBOI TEXHi-
Ku, kagMmin — opibHoT NoByTOBOT TEXHikW, PTYTh — Y Bia-
xoaax eHeprosbepiratoumx namn) [1].

MeTa. BusHaueHHsi cTyneHs Hebesneku BigxopdiB
ranbBaHiYHMX enemeHTiB (baTapei) Ta BigHECEHHs
umx Bigxoais 4o kaTeropii Hebe3neyHnx abo Gesney-
Hux 3rigHo 3 [MoctaHoBoto KabiHeTy MiHicTpiB YkpaiHu
Big 13.07.2000 p. Ne1120 «[po 3aTBEpAXEHHS
MonoXeHHs MpO KOHTPOMb 3a TPaHCKOPAOHHWUMMU
nepeBe3eHHAMM HebeanevHMx Bigxodis Ta ix yTunisa-
uieto/BnganeHHsam i XKosToro Ta 3eneHoro nepenikis
BigXxoniBy.

Martepiann T1a Metogmn. OG’ekTOM [OCHIOXEHb
Oynu Bigxoou ranbBaHiYHKWX enemeHTiB (batapen).
Mpobun pO34MHSANM B KOHLLEHTPOBAHIN a30THIl KNCMOTI.
Po3unHKn po3Boamnu AMCTUABOBAHOK BOAOK, (iNbT-
pyBanu, a noTiM BU3Ha4anu BMICT BaXXKMX MeTanis
srigho 3 OCTY ISO 11885:2005 «Akictb BOAM.
Bu3HayeHHs 33 enemeHTiB METOOM aTOMHO-EMICi-
HOI CnekTpoMeTpii 3 IHAYKTMBHO-3B'sI3aHOK0 Mnas-
moto» (ISO 11885:1996, IDT) ta FOCT 30178-96

achievement of the directive’s environmental protec-
tion objectives. In particular Poland has not achieved
the required annual collection levels for portable
waste batteries and spent accumulators. In 2014—
2016, the collection rate was 33 percent, 38 percent
and 39 percent, respectively, while the collection lev-
els required by the Environment Minister were 35 per-
cent, 40 percent and 45percent.With increasing num-
ber of electric vehicles (EVs), the recycling of end-of-
life battery of EVs is important to recover valuable
metals such as Li and Co etc. and to control haz-
ardous substances such as Pb, Cd and Cu. South
Korean scientists were asked to immediately prepare
the regulation on the storage, transportation and recy-
cling of end-of-life battery of EV. To develop the tech-
nical guidelines for the recycling of end-of-life battery
of EV, it is proposed to set up an international commit-
tee on the recycling of end-of-life battery of EV as a
new initiative in the Basel Convention.

It is estimated that on the scale of Ukraine, more
than 40 kg of mercury, 160 kg of cadmium, as well as
other compounds enter the atmosphere and ground-
water per year, which in the aggressive, chemically
saturated environment of landfills can enter into vari-
ous uncontrolled reactions with the unpredictable for-
mation of dangerous active chemical compounds.
Through the food chain (water, plants, animals), dan-
gerous chemicals enter the human body, causing poi-
soning and disease. These environmental pollutants
(WEEE) contain heavy metals (lead - in the waste of
information and communication technology equip-
ment and household appliances, cadmium - from
small household appliances, mercury — in the waste
of energy-saving lamps).

Aim. Determination of the degree of danger of
waste galvanic elements (batteries) and the classifi-
cation of this waste into the category of hazardous or
safe in accordance with the Resolution of the Cabinet
of Ministers of Ukraine dated 13.07.2000 No. 1120
"On approval of the Regulation on the control of
cross-border transportation of hazardous waste and
its disposal/removal and Yellow and Green lists of
waste".

Materials and Methods. Waste galvanic cells (bat-
teries) were the object of research. The samples were
dissolved in concentrated nitric acid. The solutions
were diluted with distilled water, filtered, and then the
content of heavy metals was determined according to
DSTU ISO 11885:2005 "Water quality. 33 elements
were determined by the method of atomic emission
spectrometry with inductively coupled plasma" (ISO
11885:1996, IDT) and GOST 30178-96 "Raw materi-
als and food products. Atomic absorption method for
determination of toxic elements". Determination of
elements was carried out on an optical emission
spectrometer with an inductively coupled plasma
"SHIMADZU ICPE-9820".

The study was carried out as part of the research
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«Cblpbe ¥ MpodyKkTbl nuweBble. ATOMHO-abcopb-
LIMOHHBIN METOZ OnpeaerieHnst TOKCUYECKUX ANEMEH-
TOB». BM3Ha4YeHHs NpoBOAUMM HA ONTUYHOMY EMICIN-
HOMY CNeKTPOMETPi 3 iHOYKTUBHO-3B’A3aHOI0 Nnas-
moto «SHIMADZUICPE-9820».

[locnigXeHHs BUKOHAHO B paMKax HayKoBO-40CHia-
HOi poboTn «HaykoBe 0OrpyHTyBaHHS Ge3neyvHOCTi
Ans 300pOB’A N0AMHW NecTMUmMaiB Ta arpoximikaris,
HOBMX TEXHOMOri, PevyoBUH, MmaTepianie, BuUpobiB,
00’eKTiB [OBKINMISA, Xap4oBWX NPOAYKTIB Ta Mpomo-
BOSTbYOT CMPOBMHM; pO3pobKa BiANOBIAHMX MEANYHUX
KpWTepiiB i MOKa3HWKiB (CaHiTapHMX Ta enigemionoriy-
HUX); CaHiTapHO-XiMiYHa, TOKCMKOMOrO-Tiri€HiYHa OLliH-
Ka, pernameHTauis, HOPMYBaHHSA» (OepXaBHWUN
peectpauinHuin Homep - 0112U001133).

Pesynbtatn gocnigXeHHs. 3 METOK BU3HAYEHHS
CTyneHs1 Hebeanekn BigXodiB ranbBaHiYHUX €NeEMEH-
TiB (baTapeit) Ta BiJHECEHHS LMX BigXxodiB OO KaTero-
pii HebesneyHux abo 6GesnevyHMx 3rigHO 3
MoctanoBoto KabiHeTy MiHicTpiB YkpaiHn  Big
13.07.2000 p. Ne1120 «[lpo 3aTBEpOXKEHHS
lMonoXeHHs NPO KOHTPOMb 3a TPaHCKOPLAOHHUMM
nepeBe3eHHAMU Hebe3neyHnx Bigxodis Ta ix yTunisa-
uieto/BuganeHHsm i YKoeTtoro ta 3eneHoro nepenikis
BigxopiB» Oynu NpoBedeHi caHiTapHO-XiMiYHi gocnig-
xeHHs BEEO (BignpauboBaHi nyxHi 6aTtapei) Ha
BMICT BaXKWX MeTaniB — Kagmito, CBUHLIO, PTYTI.
BusHayanu came Ui metanu, agxe came iX BMiCT 403-
BOMSIE BigHECTM iX 4O BigNOBiAHOI KaTeropii — Bigxoan
ranbBaHiYHUX enemMeHTiB (baTapei), Ski BianosigaTb
cneumdikauii, 3a BUHATKOM TUX, 4O CKNaAy SKUX BXO-
OATb CBUHEL, KaaMin abo pTyTb MOXyTb ByTu BigHe-
ceHi oo 3eneHoro nepeniky Biaxodis (n. 34 — Biaxoau
ranbBaHIiYHUX enieMeHTiB (6aTapel), siki BignoBigaoTb
cneumdikauii, 3@ BUHATKOM TUX, 4O CKNagy SIKUX BXO-
OATb CBMHEUb, kagmii abo ptyTs, B1090).

Bigxogn 6ynu posgineHi Ha 34 rpynu BignoBiaHo Ao
BUPOGHWKIB Lmx BaTapen. BusHayeHHsa cBuHLO, Kaa-
Mito Ta pTyTi NpoBoAMKM nicns 06pobku 3paskis a3oT-
HO0 K1cnoTot. Pesynsrati ocnigkeHs npeacTasne-
Hi B Tabn. 1-2.

AHanis pesynbraTiB CBigYUTb, WO BMICT CBUHLIO,
Kagmito, pTyTi Y BigXo[ax ranbBaHIiYHWUX efeMeHTIB
(6aTapen) He nepeBuLLYE BCTAHOBIIEHI Tiri€HIYHI HOp-
matuBu ans rpyHTy («lirieHivyHi pernameHTn gonycTu-
MOFO BMICTY XiMIYHUX PEYOBWH Y TpyHTI», Haka3s
MiHicTepcTBa oxopoHu 3g0poB’s YkpaiHm Ne1595 Big
14.07.2020 p.).

PtyTb: y 25 3paskax ii BigxoaiB BUSBEHO Ha PiBHi,
L0 € MEHLUMM 32 YYTNMBICTb METOAY, Y ABOX 3pa3kax
— MeHwe K B 2,25 pa3sa Ta 4,2 pasa; y YOTMpbOX —
MeHLwe B 27-48,8 pasu, B TpbOX — MeHwe B 58-91
pasa. [AK pTyTi B I'pyHTi cTaHOBUTE 2,1 MI/KT.

Kagmin: B 1 3pasky BigxogiB MOro BMSIBNIEHO Ha
PiBHi, LLIO € MEHLLMM 3a YyTNMBICTb MeTOZY, Y 26 3pas-
kax — meHwe MOKy 2-7,5 pasa; y 7-1 — meHwe B 9-30
pasis. K kagmito B r'pyHTi cTaHOBUTb 1,5 MI/KT.

work "Scientific substantiation of the safety for human
health of pesticides and agrochemicals, new tech-
nologies, substances, materials, products, objects of
the environment, food products and food raw materi-
als; development of relevant medical criteria and indi-
cators (sanitary and epidemiological); sanitary-chem-
ical, toxicological-hygienic assessment, regulation,
rationing" (state registration number - 0112U001133).

Research Results. In order to determine the
degree of danger of waste galvanic elements (batter-
ies) and assign this waste to the category of haz-
ardous or safe in accordance with the Resolution of
the Cabinet of Ministers of Ukraine dated 13.07.2000
No. 1120 "On the approval of the Regulation on the
control of cross-border transportation of hazardous
waste and its utilization/removal and the Yellow and
Green lists of waste", sanitary and chemical tests of
WEEE (used alkaline batteries) were carried out for
the content of heavy metals - cadmium, lead, mer-
cury. It was these metals that were determined,
because it is their content that allows them to be
assigned to the appropriate category — waste galvanic
elements (batteries) that meet the specification,
except for those containing lead, cadmium or mer-
cury, can be included in the Green list of waste (item
34 — waste galvanic elements (batteries) that meet
the specification, except for those containing lead,
cadmium or mercury, B1090).

The waste was divided into 34 groups according to
the manufacturers of these batteries. The samples
were dissolved in concentrated nitric acid. The solu-
tions were diluted with distilled water, filtered, and
then the content of heavy metals was determined
according to ACTY (State Standard) ISO 11885:2005
"Water quality. Determination of 33 elements by the
method of atomic emission spectrometry with induc-
tively coupled plasma" (ISO 11885:1996, IDT) and
GOST 30178-96. The results of the research are pre-
sented in table. 1-2.

The analysis of the results shows that the content of
lead, cadmium, mercury in waste galvanic elements
(batteries) does not exceed the established hygienic
standards for the soil ("Hygienic regulations of the
permissible content of chemical substances in the
soil", Order of the Ministry of Health of Ukraine No.
1595 dated 14.07.2020).

Mercury: in 25 samples of its waste, it was detect-
ed at a level that is lower than the sensitivity of the
method, in two samples — less than the LPC by 2.25
times and 4.2 times; in four — 27-48.8 times less, in
three — 58-91 times less. The LPC of mercury in soil
is 2.1 mg/kg.

Cadmium: in 1 sample of waste it was detected at a
level that is lower than the sensitivity of the method, in 26
samples it is less than the LPC by 2-7.5 times; u7-y — 9-
30 times less. The LPC of cadmium in soil is 1.5 mg/kg.
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Tabnuuga 1/ Table 1
Mepenik BignpauboBaHux nyxHux 6atapein / List of spent alkaline batteries
Toprosa mapka / Hasea / ng::l?p / Kﬂ:::;qjl X;:(AJ::;MIM ME:ZI-'IYb / Ne 3pa3ka /
Trademark Title Type-size| Classifi- |Chemical com-| Energy No. Sample
cation position
777 777 AAA LRO3 ALKALINE 1,5V 1
365 SUPER 365 SUPER AA LR6 ALKALINE 1,5V 1
ActivEnergy ActivEnergy AA LR6 ALKALINE 1,5V 1
AEROCELL AEROCELL AAA LRO3 ALKALINE 1,5V 1
AIGOSTER AIGOSTER AA LRO3 ALKALINE 1,5V 1
Andali Andali AAA LR6 ALKALINE 1,5V 1
ARO ARO AA LR6 ALKALINE 1,5V 2
ASSELUNGA ASSELUNGA AA LR6 ALKALINE 1,5V 2
AUCHAN AUCHAN AA LR6 ALKALINE 1,5V 2
Axent AA LR6 ALKALINE 1,5V 2
Axent Axent AAA LRO3 ALKALINE 1,5V 2
AXENT SUPER AA LR6 ALKALINE 1,5V 2
BEXEL BEXEL AA LR6 ALKALINE 1,5V 3
BLTZ BLTZ AAA LRO3 ALKALINE 1,5V 3
BUNCH+ BUNCH+ AA LR6 ALKALINE 1,5V 3
BUNCH+ AAA LRO3 ALKALINE 1,5V 3
CAMELION CAMELION D LR20 ALKALINE 1,5V 3
CLASSIC CLASSIC C LR14 ALKALINE 1,5V 3
DAEWOO DAEWOO AA LR6 ALKALINE 1,5V 4
DAILY DAILY AAA LRO3 ALKALINE 1,5V 4
DEFENDER DEFENDER AA LR6 ALKALINE 1,5V 4
Digital Digital AA LR6 ALKALINE 1,5V 4
Digital Super AA LR6 ALKALINE 1,5V 4
DMEGC DMEGC AAA LRO3 ALKALINE 1,5V 4
DMEGC AAA LR0O3 ALKALINE 1,5V 4
DURACELL KPOHA 6LR ALKALINE Vv 5
DURACELL C LR14 ALKALINE 1,5V 5
DURACELL DURACELL D LR20 ALKALINE 1,5V 5
DURACELL AAA LRO3 ALKALINE 1,5V 5
Duracell PROCELL AA LR6 ALKALINE 1,5V 5
Duracell PROCELL| AAF LRO3 ALKALINE 1,5V 5
Energizer AAA LRO3 ALKALINE 1,5V 6
ENERGIZER C LR14 ALKALINE 1,5V 6
ENERGIZER D LR20 ALKALINE 1,5V 6
. Energizer industrial AAA LRO3 ALKALINE 1,5V 6
Energizer -

Energizer max plus AAA LRO3 ALKALINE 1,5V 6
Energizer PILE AAA LRO3 ALKALINE 1,5V 6
Energizer MAX AA LR6 ALKALINE 1,5V 6
Energizer MAX AAF LRO3 ALKALINE 1,5V 6
ENERGYCELL ENERGYCELL AA LR6 ALKALINE 1,5V 7
ENERGYCELL D LR20 ALKALINE 1,5V 7
Energycell Extreme| AAA LR0O3 ALKALINE 1,5V 7
ENERLIGHT ENERLIGHT AAA LRO3 ALKALINE 1,5V 7
Ergolux Ergolux AAA LR0O3 ALKALINE 1,5V 7




Chos C.B,, Cuepaosa LM, Kygpseyesa A, Kanawsikos AA, BoSnbosa 0,0, / §. Snoz, L. Smerdov, A, Kudryaviseva, A, Kaloshnikov, 0. Bobylova

Tabnuuga 1/ Table 1 (mpodoexeHHs:)
Mepenik BianpauboBaHuX NyxHux 6atapen / List of spent alkaline batteries

Twvno-

Knacudi-

XimiyHnn

MNoty-

T . . . Ne 3pa3ska /
oproBa mapka / Ha?Ba / p03M|;.)/ Kaum'/. cx.na,ql XHicTb / No. Sample
Trademark Title Type-size| Classifi- |[Chemical com-| Energy
cation position
ETRON ETRON AAA LR6 ALKALINE 1,5V 7
ETRON KPOHA 6LR ALKALINE 1,5V 7
EUROGROUP EUROGROUP AA LRO6 ALKALINE 1,5V 8
EXCELL EXCELL AA LRO6 ALKALINE 1,5V 8
EXPERT EXPERT D LR20 ALKALINE 1,5V 8
FUJIFILM FUJIFILM AA LR6 ALKALINE 1,5V 8
FUJITSU FUJITSU AA LR6 ALKALINE 1,5V 8
GOLDEN-POWER | GOLDEN-POWER AA LR6 ALKALINE 1,5V 8
GOLDEN-QUEEN | GOLDEN-QUEEN AA LR6 ALKALINE 1,5V 10
GP AA LR6 ALKALINE 1,5V 9
GP KPOHA 6LR ALKALINE )Y 9
GP GP D LR20 ALKALINE 1,5V 9
GP Super Alkaline AA LR6 ALKALINE 1,5V 9
GP ULTRA AA LR6 ALKALINE 1,5V 9
GP ULTRA AAA LR0O3 ALKALINE 1,5V 9
HAUSMARK HAUSMARK AAA LR0O3 ALKALINE 1,5V 10
High Energy High Energy AAA LRO3 ALKALINE 1,5V 10
HM HM AA LR6 ALKALINE 1,5V 10
HYUNDAI HYUNDAI AA LR6 ALKALINE 1,5V 10
HYUNDAI MEGA AA LR6 ALKALINE 1,5V 10
IKEA IKEA AA LR6 ALKALINE 1,5V 11
I-NRG I-NRG AA LR6 ALKALINE 1,5V 11
Judo Judo AAA LRO3 ALKALINE 1,5V 11
Kendal Kendal AA LR6 ALKALINE 1,5V 11
KENDAL AA LR6 ALKALINE 1,5V 11
KINETIC KINETIC AA LR6 ALKALINE 1,5V 11
Kinetic AAA LRO3 ALKALINE 1,5V 11
KINGTIANLI KINGTIANLI AA LR6 ALKALINE 1,5V 13
KODAK AA LR6 ALKALINE 1,5V 12
KODAK AA LR6 ALKALINE 1,5V 12
KODAK KODAK AA LR6 ALKALINE 1,5V 12
KODAK D LR20 ALKALINE 1,5V 12
Kodak MAX AAA LRO3 ALKALINE 1,5V 12
KODAKXxtralife AAA LRO3 ALKALINE 1,5V 12
Lexman Lexman AAA LRO3 ALKALINE 1,5V 13
Logic power Logic power AAA LR0O3 ALKALINE 1,5V 13
LR6AA+ LR6AA+ AA LR6 ALKALINE 1,5V 13
MARS MARS AAA LRO3 ALKALINE 1,5V 13
MARS AAA LRO3 ALKALINE 1,5V 13
MastAk MastAk AA LR6 ALKALINE 1,5V 14
MastAk AAA LRO3 ALKALINE 1,5V 14
MASTER MASTER AA LR6 ALKALINE 1,5V 14
Maxell Maxell AAA LR0O3 ALKALINE 1,5V 14
MAXUS AA LR6 ALKALINE 1,5V 15
MAXUS KPOHA 6LR ALKALINE )Y 15
MAXUS MAXUS C LR14 ALKALINE 1,5V 15
MAXUS D LR20 ALKALINE 1,5V 15
MAXUS MEGA

POWER AA LR6 ALKALINE 1,5V 15
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Tabnuua 1/ Table 1 (mpodoexeHHs:)
Mepenik BignpauboBaHMUx NyxHux 6aTtapen / List of spent alkaline batteries
Tvm9- Knac'ucbl- XimiuHun ﬂf)Ty- Ne 3pazka /
ToproBa mapka / HasBa / po3mip / Kauis / cknag / XHicTb / No. Sambple
Trademark Title Type-size| Classifi- |Chemical com-| Energy ) P
cation position
MEGACELL MEGACELL AA LR6 ALKALINE 1,5V 14
MOTOMA AA LR6 ALKALINE 1,5V 14
MOTOMA
MOTOMA AAA LRO3 ALKALINE 1,5V 14
MSS MSS AAA LRO3 ALKALINE 1,5V 16
MSS AAA LRO3 ALKALINE 1,5V 16
MULLER MULLER AA LR6 ALKALINE 1,5V 16
Mustang AA LR6 ALKALINE 1,5V 17
MUSTANG AAA LRO3 ALKALINE 1,5V 17
Mustang
MUSTANG C LR14 ALKALINE 1,5V 17
Mustang HF AA LR6 ALKALINE 1,5V 17
NANGRAND NANGRAND AA LR6 ALKALINE 1,5V 16
Navigator Navigator AAA LRO3 ALKALINE 1,5V 16
Novacell Novacell AAA LRO3 ALKALINE 1,5V 16
Pairdeer Pairdeer AAA LRO3 ALKALINE 1,5V 18
Panasonic AA LR6 ALKALINE 1,5V 18
. PANASONIC D LR20 ALKALINE 1,5V 18
Panasonic -
Panasonic POWER AA LR6 ALKALINE 1,5V 18
PANASONICPOWER |  AAA LRO3 ALKALINE 1,5V 18
PeakPower PeakPower AA LR6 ALKALINE 1,5V 18
PEIDEN PEIDEN AA LR6 ALKALINE 1,5V 19
Perfeo super Perfeosuper AAA LRO3 ALKALINE 1,5V 19
Alkaline Alkaline
PHILIPS KpoHa 6LR ALKALINE Vv 19
PHILIPS PHILIPS Power AA LR6 ALKALINE 1,5V 19
PHILIPS Power Life| AAA LR6 ALKALINE 1,5V 19
Piscell Piscell AA LRO3 ALKALINE 1,5V 19
Pleomax Pleomax AA LR6 ALKALINE 1,5V 20
PLOUGH PLOUGH D LR20 ALKALINE 1,5V 20
PLUS++ PLUS++ AA LR6 ALKALINE 1,5V 20
Power Flash AA LR6 ALKALINE 1,5V 20
POWER FLASH AAA LRO3 ALKALINE 1,5V 20
Power Flash
Power Flash
SUPER AA LR6 ALKALINE 1,5V 20
Powerline Powerline AAA LRO3 ALKALINE 1,5V 21
PRICE STAR PRICE STAR AA LR6 ALKALINE 1,5V 21
PS PS AAA LRO3 ALKALINE 1,5V 21
Rablex Super RablexSuper AA LR6 ALKALINE 1,5V 21
RAVER RAVER AA LR6 ALKALINE 1,5V 21
RAYMAX RAYMAX AA LR6 ALKALINE 1,5V 22
RAYMAX D LR20 ALKALINE 1,5V 22
RAYMAX SUPER AA LR6 ALKALINE 1,5V 22
Rayovac Rayovac AA LR6 ALKALINE 1,5V 21
REAL REAL KPOHA 6LR ALKALINE 9V 22
RIGHT HAUSEN AAA LRO3 ALKALINE 1,5V 22
RIGHT HAUSEN
RIGHT HAUSEN | KPOHA 6LR ALKALINE Vv 22




Chos C.B,, Chepposa LM, Kygpssyesa A, Kanawsikos AA, BoSnbosa 0,0, / §. Snoz, L. Smerdov, A, Kudryaviseva, A, Kaloshnikov, 0. Bobylova

Tabnuuga 1/ Table 1 (npodoexeHHs)
Mepenik BignpauboBaHMx nyxHux 6atapen / List of spent alkaline batteries

Tuno- Knacudi- XimiyHun Moty- Ne 3pazka /
ToproBa mapka / Hasea / po3mip / Kauia / cknaa / XHiCTb / N; gam le
Trademark Title Type-size| Classifi- |Chemical com-| Energy ) P
cation position
ROCKET ROCKET AA LR6 ALKALINE 1,5V 23
RUBIN RUBIN AA LR6 ALKALINE 1,5V 23
RUBIN D LR20 ALKALINE 1,5V 23
Sagitar Sagitar AAA LRO3 ALKALINE 1,5V 23
SANYO SANYO AA LR6 ALKALINE 1,5V 23
SKY energy SKY energy AAA LRO3 ALKALINE 1,5V 23
SONY AA LR6 ALKALINE 1,5V 24
SONY Sony AA LR6 ALKALINE 1,5V 24
Sony AAA LRO3 ALKALINE 1,5V 24
STAR AAA LRO3 ALKALINE 1,5V 24
STAR
STAR Super AAA LRO3 ALKALINE 1,5V 24
Energy
SUNMOL SUNMOL AA LR6 ALKALINE 1,5V 24
SUNPADOW SUNPADOW AAA LRO3 ALKALINE 1,5V 25
Tecro Tecro AAA LRO3 ALKALINE 1,5V 25
TESLA TESLA GOLD KPOHA 6LR ALKALINE 1,5V 25
Tesla Silver+ AA LR6 ALKALINE 1,5V 25
TESLER TESLER AA LR6 ALKALINE 1,5V 25
TITANIUM TITANIUM AA LR6 ALKALINE 1,5V 25
TOP CRAFT AA LR6 ALKALINE 1,5V 26
TOP CRAFT
TOP CRAFT AAA LRO3 ALKALINE 1,5V 26
TOSHIBA AA LR6 ALKALINE 1,5V 27
TOSHIBA AAA LRO3 ALKALINE Vv 27
TOSHIBA
TOSHIBA KPOHA 6LR ALKALINE 1,5V 27
TOSHIBA C LR14 ALKALINE 1,5V 27
TOYSUS TOYSUS AA LR6 ALKALINE 1,5V 26
UFO D LR20 ALKALINE 1,5V 28
UFO UFO ENERGY AA LR6 ALKALINE 1,5V 28
UFO ENERGY D LR20 ALKALINE 1,5V 28
UFO neox AAA LRO3 ALKALINE 1,5V 28
ULTRA LONG LIFE |ULTRA LONG LIFE AA LR6 ALKALINE 1,5V 28
VARTA KPOHA 6LR ALKALINE 1,5V 29
VARTA C LR14 ALKALINE 1,5V 29
VARTA AAA LRO3 ALKALINE 1,5V 29
VARTA ENERGY AA LR6 ALKALINE 1,5V 29
VARTA VARTA HIGH
ENERGY AA LR6 ALKALINE 1,5V 29
VARTA LONG LIFE AA LR6 ALKALINE 1,5V 29
VARTA MAXTECH AA LR6 ALKALINE 1,5V 29
VARTA RE-
CHARGEABLE AA LR6 ALKALINE 1,5V 29
VERBATIUM AA LR6 ALKALINE 1,5V 26
VERBATIUM
VERBATIUM AAA LRO3 ALKALINE 1,5V 26

89



Emne 3p0pos’ Ta npoBnenn xapuyaanus Yipaikn / One Health and Nutrition Problems of Ukraine 2/2022

90

Tabnuua 1/ Table 1 (mpodoexeHHs1)

Mepenik BignpauboBaHux nyxHux 6atapen / List of spent alkaline batteries

Tuno- Knacudi- XimiyHnn Moty- Ne 3pazka /
Toprosa mapka / Hasea / po3mip / Kauis / cknap / XHicTb / N:) gam le
Trademark Title Type-size| Classifi- |Chemical com-| Energy ’ P
cation position
Videx AA LR6 ALKALINE 1,5V 31
VIDEX AAA LRO3 ALKALINE 1,5V 31
Vid VIDEX KPOHA 6LR ALKALINE 9V 31
idex
VIDEX D LR20 ALKALINE 1,5V 31
VIDEX AA LR6 ALKALINE 1,5V 31
VIDEX+ AAA LRO3 ALKALINE 1,5V 31
VINNIC VINNIC AA LR6 ALKALINE 1,5V 26
VIPOW VIPOW AAA LRO3 ALKALINE 1,5V 26
VORHUT AA LR6 ALKALINE 1,5V 30
VORHUT
VORHUT AAA LRO3 ALKALINE 1,5V 30
Warrios Warrios AAA LRO3 ALKALINE 1,5V 26
WAT G WAT G AAA LRO3 ALKALINE 1,5V 30
Wilko Wilko AA LR6 ALKALINE 1,5V 30
Wini Winix AA LR6 ALKALINE 1,5V 32
inix
Winix AAA LRO3 ALKALINE 1,5V 32
Xdigital Xdigital AA LRO6 ALKALINE 1,5V 32
YOKOHAMA YOKOHAMA AA LR6 ALKALINE 1,5V 32
ZI5 ZI5 AA LR6 ALKALINE 1,5V 32
Kocmoc AA LR6 ALKALINE 1,5V 32
Kocmoc
Kocmoc AAA LRO3 ALKALINE 1,5V 32
HALLA CHNA AA LR6 ALKALINE 1,5V 33
HALLA CHNA AAA LRO3 ALKALINE 1,5V 33
HALLA CHNA
HALLA CUNA ADVANCED AA LR6 ALKALINE 1,5V 33
HALLA CUNA PRO AA LR6 ALKALINE 1,5V 33
HALLA CHNA
ULTRA AA LR6 ALKALINE 1,5V 33
MPEMIA AA LR6 ALKALINE 1,5V 34
MPEMIA
MPEMIA AAA LRO3 ALKALINE 1,5V 34
, Cexpethi AA LR6 ALKALINE 1,5V 34
CekpeTHi TexHonoril
TexHonorii i
Cekperi AAA LRO3 ALKALINE 1,5V 34
TexHonorii

CBuHeub: B 13 3paskax BiOxodiB BUSIBNEHO Ha
PiBHi, LLO € MEHLWM 3a YyTNuBICTb MeTody, Y 2-X
3paskax — MeHwe 3a [OK 'y 3 pasu, B 6-1 3pa3kax —
meHwe MKy 12-19,4 pasa, B 13 3pa3kax — B 24-31
pa3sa meHwe OK. TOK cBuHUO B I'pyHTI — 32 MI/KT.

Takum 4mHOM, Hamu Oyno BCTaHOBMEHO, L0
JAOCnigKeHi 3pasku BiaXoaiB ranbBaHi4YHUX enemMeHTIB
(batapeit) moxyTb OyTu BigHeceHi [o 6e3neyHux i
nepepobrneHi Ta yTuni3oBaHi Ha BigNOBIgHOMY Mia-
NPMEMCTBI.

Lead: in 13 samples of waste, it was detected at a
level that is less than the sensitivity of the method, in
2 samples — less than the LPC by 3 times, in 6 sam-
ples — less than the LPC by 12-19.4 times, in 13 sam-
ples — 24-31 times less than LPC. Maximum permis-
sible limit for lead in soil is 32 mg/kg.

Thus, we established that the examined waste
samples of galvanic elements (batteries) can be clas-
sified as safe and processed and disposed of at the
appropriate enterprise.




Chos C.B,, Cuepaosa LM, Kygpseyesa A, Kanawsikos AA, BoSnbosa 0,0, / §. Snoz, L. Smerdov, A, Kudryaviseva, A, Kaloshnikov, 0. Bobylova

BwmicT cBuHUIO, KagMito Ta pTYTi y Bigxoaax GaTtapen /

Content of lead, cadmium and mercury in waste batteries

Tabnuusa 2 / Table 2

®daKkTUyHe 3Ha4YeHHA Bwmicty nepep?xyHKy ha .
HasBa nokasHuka / ’ Bary 6artapewn, mr/kr / raK'y rpyuri, mr/kr
Indicator mrin | Content in terms of bat-| /LPC1 in soil, mg/kg
Actualvalue, mg/l tery weight, mgikg
3pa3sok / Sample 1
CuHeub / Lead 0,32 1,056 32,0
Kagmint / Cadmium 0,143 0,472 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 2
CsuHeUb / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,087 0,287 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3paszok / Sample 3
CsuHeub / Lead 0,4 1,320 32,0
Kapwmi / Cadmium 0,03 0,099 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 4
CsuHeup / Lead <0,3 <1,0 32,0
Kapmin / Cadmium 0,02 0,066 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 5
CsuHeup / Lead 0,5 1,650 32,0
Kapmin / Cadmium 0,02 0,066 1,5
P1yTb / Mercury 0,023 0,076 2.1
3pasok / Sample 6
CeuHeub / Lead 0,4 1,320 32,0
Kagmin / Cadmium 0,22 0,726 1,5
PtyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 7
CeuHeub / Lead 0,4 1,320 32,0
Kagmin / Cadmium 0,12 0,396 1,5
PtyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 8
CsuHeup / Lead <0,3 <1,0 32,0
Kagmint / Cadmium 0,1 0,33 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 9
CsuHeup / Lead <0,3 <1,0 32,0
Kagmint / Cadmium 0,11 0,363 1,5
PTyTb / Mercury <0,005 <0,017 2,1

lMpumimka 1: «lirieHivHi permameHTn 4oNyCTUMOro BMICTY XiMIYHUX PEYOBUWH B I'PYHTI»
(Haka3 MiHicTepcTBa oxopoHu 3aopoB's Ykpainn Ne1595 sig 14.07.2020 p.).

Note 1: "Hygienic regulations on the permissible content of chemical substances in the soil"
(order of the Ministry of Health of Ukraine No. 1595 dated 14.07.2020).
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Tabnuuga 2 / Table 2 (mpodoexeHHs1)

BwmicT cBuHUIO, Kagmito Ta pTyTi y Bigxopax 6atapen /
Content of lead, cadmium and mercury in waste batteries

®daKTU4yHe 3Ha4YeHHA Bwmicty nepep?xyHKy Ha .
Ha3Ba nokasHuka / ’ Bary 6aTtapemn, mr/kr / rOK!'y rpyuTi, Mr/kr
Indicator mrin | Content in terms of bat-| /LPC1 in soil, mg/kg
Actualvalue, mg/l tery weight, mg/kg
3pasok / Sample 10
CeuHeub / Lead 0,32 1,056 32,0
Kagmin / Cadmium 0,09 0,297 1,5
PTyTtb / Mercury <0,005 <0,017 2.1
3pasok / Sample 11
CsuHeub / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,16 0,528 1,5
PTyTtb / Mercury <0,005 <0,017 21
3pasok / Sample 12
CsuHeub / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,13 0,429 1,5
PTyTtb / Mercury <0,005 <0,017 21
3pasok / Sample 13
CsuHeub / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,14 0,462 1,5
PTyTtb / Mercury <0,005 <0,017 21
3pasok / Sample 14
CsuHeub / Lead 0,33 1,089 32,0
Kagmin / Cadmium 0,12 0,396 1,5
PTyTtb / Mercury <0,005 <0,017 2.1
3pasok / Sample 15
CeuHeub / Lead 0,31 1,023 32,0
Kagmin / Cadmium 0,13 0,429 1,5
PTyTb / Mercury <0,005 <0,017 2.1
3pasok / Sample 16
CeuHeub / Lead 0,5 1,650 32,0
Kagmin / Cadmium 0,21 0,693 1,5
PTyTb / Mercury <0,005 <0,017 2.1
3pasok / Sample 17
CeuHeub / Lead 3,3 10,89 32,0
Kagmin / Cadmium 0,06 0,198 1,5
PTyTb / Mercury <0,005 <0,017 2.1
3pasok / Sample 18
CsuHeub / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,2 0,66 1,5
PTyTtb / Mercury <0,005 <0,017 2.1

lMpumimka 1: «[irieHivHi pernameHT 4ONyCTUMOrO BMICTY XiMiYHUX PEYOBUH B I'PYHTI»
(raka3 MiHicTepcTBa oxopoHu 300poB's YkpaiHm Ne1595 Big 14.07.2020 p.).

Note 1: "Hygienic regulations on the permissible content of chemical substances in the soil"
(order of the Ministry of Health of Ukraine No. 1595 dated 14.07.2020).




Chos C.B,, Cuepaosa /LM, Kygpssyesa A, Kanawnikos AA, BoSnbosa 0,0, / §. Snoz, L, Smerdova, A, Kudryaviseva, A, Kaloshnikov, 0. Bobylova

Tabnuvuga 2 / Table 2 (mpodoexeHHs:)

BwmicTt cBuHUIO, kKagmitlo Ta pTyTi y Bigxonax 6atapen /
Content of lead, cadmium and mercury in waste batteries

®daKkTUyHe 3Ha4YEeHHA Bwmicty nepepf\xyHKy ha .
Ha3Ba nokasHuka / ’ Bary 6atape#n, mr/kr / roK!'y rpyuTi, mr/kr
Indicator mrin | Content in terms of bat-| /LPC1 in soil, mg/kg
Actualvalue, mg/l tery weight, mglkg
3pasok / Sample 19
CsuHeup / Lead <0,3 <1,0 32,0
Kagmirnt / Cadmium 0,15 0,495 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 20
CuHeub / Lead <0,3 <1,0 32,0
Kagmint / Cadmium 0,15 0,495 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 21
CsuHeub / Lead <0,3 <1,0 32,0
Kagmint / Cadmium 0,12 0,24 1,5
PTyTb / Mercury 0,007 0,023 21
3pasok / Sample 22
CsuHeub / Lead <0,3 <1,0 32,0
Kapwmi / Cadmium <0,005 <0,017 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 23
CsuHeup / Lead 0,36 1,188 32,0
Kapwmi / Cadmium 0,09 0,297 1,5
PTyTb / Mercury <0,005 <0,017 2,1
3pasok / Sample 24
CsuHeup / Lead 0,53 1,749 32,0
Kapwmii / Cadmium 0,08 0,264 1,5
P1yTb / Mercury <0,005 <0,017 2.1
3pasok / Sample 25
CsuHeup / Lead <0,3 <1,0 32,0
Kagmin / Cadmium 0,051 0,168 1,5
PtyTb / Mercury 0,152 0,502 2,1
3pasok / Sample 26
CeuHeub / Lead 0,4 1,320 32,0
Kagmin / Cadmium 0,04 0,132 1,5
PtyTb / Mercury 0,013 0,043 2,1
3pasok / Sample 27
CeuHeub / Lead 0.4 1,320 32,0
Kagmint / Cadmium 0,093 0,307 1,5
PTyTb / Mercury 0,015 0,050 2,1

lMpumimka 1: «[irieHiYHi pernameHTy 4ONyCTUMOrO BMICTY XiMiYHMX PEYOBUH B I'PYHTI»
(Haka3 MiHicTepcTBa oxopoHu 3aopoB's Ykpainm Ne1595 sig 14.07.2020 p.).

Note 1: "Hygienic regulations on the permissible content of chemical substances in the soil"
(order of the Ministry of Health of Ukraine No. 1595 dated 14.07.2020).

93



Emne 3p0pos’ Ta npoBnenn xapuyaanus Yipaikn / One Health and Nutrition Problems of Ukraine 2/2022

94

Tabnuua 2 / Table 2 (npodoexeHHs1)

BwmicT cBuHUIO, Kagmito Ta pTyTi y Bigxopax 6atapen /
Content of lead, cadmium and mercury in waste batteries

®daKTU4He 3HaYeHHSA Bwmict y nepepaxyhky ha .
Ha3Ba noka3Huka / ’ Bary 6atapemn, mr/kr / rOK!'y rpywTi, Mr/kr
Indicator A mrin | Content in terms of bat-| /LPC1 in soil, mg/kg
ctualvalue, mgl/l tery weight, mg/kg
3pas3ok / Sample 28
CsuHelb / Lead 0,35 1,155 32,0
Kagmin / Cadmium 0,015 0,050 1,5
PTyTb / Mercury <0,005 <0,017 2.1
3pasok / Sample 29
CsuHeub / Lead 0,33 1,089 32,0
Kagmin / Cadmium 0,045 0,149 1,5
PTyTb / Mercury 0,011 0,036 2.1
3pasok / Sample 30
CsuHeub / Lead 0,54 1,782 32,0
Kagmin / Cadmium 0,065 0,215 1,5
PTyTtb / Mercury 0,009 0,030 2.1
3pasok / Sample 31
CeuHeub / Lead 0,72 2,376 32,0
Kagmin / Cadmium 0,24 0,792 1,5
PTyTb / Mercury 0,283 0,934 21
3pasok / Sample 32
CeuHeub / Lead 0,7 2,310 32,0
Kagmin / Cadmium 0,06 0,198 1,5
PTyTtb / Mercury 0,021 0,069 21
3pasok / Sample 33
CsuHeub / Lead 0,33 1,089 32,0
Kagmin / Cadmium 0,06 0,198 1,5
PTyTtb / Mercury <0,005 <0,017 2,1
3pasok / Sample 34
CsuHeub / Lead 0,8 2,640 32,0
Kagmin / Cadmium 0,11 0,363 1,5
PTyTb / Mercury <0,005 <0,017 2.1

lMpumimka 1: «[irieHiYHi pernaMmeHTy AonyCTUMOro BMICTY XiMIY4HUX PEYOBUH B MPYHTI»

(naka3 MiHicTepcTBa oxopoHu 300poB'st YkpaiHm Ne1595 Big 14.07.2020 p.).
Note 1: "Hygienic regulations on the permissible content of chemical substances in the soil"
(order of the Ministry of Health of Ukraine No. 1595 dated 14.07.2020).

O6roBopeHHsA. 3a ouiHkamu, siki 6yno 3pobneHo y
CLWIA, pxepenom maike 70 % BCiX BaXKMX MeTarniB
Ha 3BanuLax € BiOXOAW eNeKTPOHHOMO Ta eneKkTpuny-
Horo obnagHaHHs. CeuHeub, LWo npucyTHIn y BEEO,
MOXe BWKMUKATW CBUHLEBY aHEMIlO, 3HA4YHi mopy-
LUEHHS! B CUCTEMI 3ropTaHHsA KpPOBi, OOMIHHI Ta eHZo-
KPWHHI nopyLieHHs. 3a ouiHkoto MixkHapogHoro areHT-
CTBa 3 JocnigXeHHs paky (aHrn., International Agency
for Researchon Cancer, IARC): cBuHeub i Woro

Discussion. According to estimates made in the
USA, the source of almost 70 % of all heavy metals in
landfills is waste electronic and electrical equipment.
Lead present in WEEE can cause lead anemia, signif-
icant disorders in the blood coagulation system, meta-
bolic and endocrine disorders. According to the
International Agency for Research on Cancer (IARC)
lead and its inorganic compounds are classified as
possible human carcinogens (group 2B).



Chos C.B,, Cuepaosa LM, Kygpssyesa A, Kanawsikos AA, BoSnbosa 0,0, / §. Snoz, L, Smerdova, A, Kudryaviseva, A, Kaloshnikov, 0. Bobylova

HeopraHivHi Cronyku knacudgikoBaHi SK MOXNMBI KaH-
LeporeHun ans noavnum (rpyna 2B) [2, 8, 9.

Y Takux Bugax obnagHaHHs sk 6atapei, akymynsTo-
pU Ta OCBITMIOBAbHI NpUNagy MOXe MiCTUTUCS PTYTb
— Hebe3neyHui Baxkkuii MeTan. Jluwe ogHa Gatapest
Moxe 3abpyaHuTy pTyTTio 20 KB.M IpyHTY i 400 11 BOAMW.
TOKCWYHI came iOHM PTYTi, TOMy 0COBNMBO HEGE3NeYHi
— nobpe po34MHHI Ta Nerko AMCOLIitoYi Coni.

OTpyeHHs MIoQMHN COMSIMK PTYTi NPOSIBIAOTLCS Y
BUMMsOi ronoBHoro Gomt, caniBalii, NoYepBOHiHHI,
HabyxaHHi Ta KPOBOTOYMBOCTI SICEH, MOSIBU Ha HUX
TeMHOI 06naMiBKM Cynbdigy pTyTi, CTOMATUTY, Habps-
KaHHs NiMaTUYHMX | CIMHHUX 3an03, OUCNEeNCUYHUX
ABULL, KoONiTy. YacTo nigsuLlyeTbca Temnepatypa. B
MOPIBHAHO NMerkMx Bunagkax vepes 2-3 TWxHI nopy-
LWeHi (YHKUT BiOHOBMIOKTLCH, Y BaXKMX — PO3BU-
BaKOTLCA Pi3Ki 3MiHW B HUPKAX (HEKPOTUYHMIA HedpO3)
i Yyepes 5-6 gHIB HacTae cMepTb.

Posnagn TpaBneHHst HOCATb Pi3HUI XapakTep — Bif,
BTPaTV anetuTy i HyooT1 Ao 6noBotu (iHodi 3 KpoB'to)
i CMM30BOro MPOHOCY, YacTie KpoB'aHucToro. MoxyTb
BUHMKATW YNCIEHHI BUPa3Kn CRN30BOI LUMYHKA i OBa-
HaOUATMNIAnNol KULLKK, B OKPEMUX BUNAOKax aTpodidHi
3MiHM MEeYiHKW, NOCUMEHHSI CEYOBUIINEHHS Ha no4aT-
KOBIl CTafii iIHTOKCUKaL,ii, 3BMEHLUEHHS | HaBiTb NMOBHE
MPUNVHEHHS! HA HACTYMHUX eTanax OTPYeHHS.

€ [aHi Npo MigBMLLEHY 3aXBOPHOBAHICTb Ha Tybep-
KynbO3 Ta BUCOKY CMEPTHICTb NMPU KOHTAKTI 3 PTYTTHO.
3a oujHkoto IARC: crnonykv MeTunpTyTi KnacudikoBa-
Hi Ik MOXMNMBI KaHLEeporeHn ans noguHn (rpyna 2B);
PTYTb, il HEOPraHiyHi CMOMyKM He € KaHueporeHamu
ans nogunn (rpyna 3) [2,10-12].

3HayHa KinbKiCTb Yy IPYyHTI BMICTY KaaMilo Npu3Bo-
AnTb 00 36iNbLUEHHS AOr0 MOMMMHAHHS POCIIMHAMM i
HaKoMWYeHHs1 B xap4yoBMX NaHutorax. lNpouecn nig-
KUCINIEHHSA TPYHTIB (Hanpuknag, KUCMOTHI JoLi)
MOXYTb NiABMLLYBaTU CEpPenHI0 KOHLEHTpaLilo kag-
Mil0 B Xap4yoBWX MNpoAykTax. Y TOW Xe 4ac icHye
[AO0CTaTHbO CBiAYeHb MPO KaHLEPOreHHICTb Kaamito Ta
KagMieBUX CNONyK ANS NOAUMHWU. I0HW KaaMito BUKNU-
KatoTb reHOTOKCUMYHI edheKTu B Pi3HMX Tunax eykapio-
TUYHUX KNITUH, BKIOMAOYM KNITUHW nognHn. Kagmin
Ta noro cnonyku knacugikoani IARC sk kaHuepore-
HU Ans noguvnm (rpyna 1) [2,13,14].

AHania BWAiB €NEeKTPOHHOrO0 Ta EenekTPUYHOro
obnagHaHHA CBiOYMTL MPO HAsIBHICTb cepepq iHrpedi-
EHTIB BaXKKUX METANIB, sIKi MOXYTb BUKIMKATK OHKOMO-
riYHi 3aXBOPIOBaHHSA y MoAMHM (€ OgHO3HaYHO abo
MOXIMBO KaHLEPOTreHHUMM ANS MHOQWHM), CIPUYNHS-
TV aneprivyHi peakuii Ta OyT1 NpUYMHOK PAZY HLLKMX
BaXXKMX XBOPOO.

Y TOI Xe Yac cnig Big3HaunTy, wo BEEO mictatb
He Tinbku HeGe3neYHi, ane i LiHHI Ta pigkicHi maTepia-
nu. Y BigxoZdax enekTpoHiku Moxe Oyt go 60 ximiy-
HUX enemeHTiB. [ligpaxoBaHo, AKWO nepepobutn 1
MITH. MOGINbHUX TenedoHiB, TO MOXHa oTpumaTn 24
kr 3onota, 250 kr cpibna, 9 kr nanagito Ta 9000 kr
migi. Takum unHom, BEEO € He Tinbku gxepenom rno-

Such types of equipment as batteries, accumulators
and lighting devices may contain mercury, a danger-
ous heavy metal. Just one battery can pollute 20
square meters of soil and 400 liters of water. It is pre-
cisely mercury ions that are toxic, therefore, highly
soluble and easily dissociating salts are particularly
dangerous.

Human poisoning with mercury salts manifests itself
in the form of headache, salivation, redness, swelling
and bleeding of the gums, the appearance of a dark
border of mercury sulfide on them, stomatitis, swelling
of the lymphatic and salivary glands, dyspeptic phe-
nomena, colitis. The temperature often rises. In rela-
tively mild cases, impaired functions are restored after
2-3 weeks, in severe cases, sharp changes in the kid-
neys develop (necrotic nephrosis) and death occurs
after 5-6 days.

Digestive disorders are of different nature — from
loss of appetite and nausea to vomiting (sometimes
with blood) and mucous diarrhea, often bloody.
Multiple ulcers of the mucous membrane of the stom-
ach and duodenum may occur, in some cases atroph-
ic changes in the liver, increased urination at the initial
stage of intoxication, reduction and even complete
cessation at the later stages of poisoning.

There are data on the increased incidence of tuber-
culosis and high mortality in contact with mercury.
According to the IARC assessment: methylmercury
compounds are classified as possible human carcino-
gens (group 2B); mercury, its inorganic compounds
are not human carcinogens (group 3).

An increase in the content of cadmium in the soil
leads to an increase in its absorption by plants and its
accumulation in food chains. Processes of soil acidifi-
cation (for example, acid rain) can increase the aver-
age concentration of cadmium in food products. At the
same time, there is enough evidence about the car-
cinogenicity of cadmium and cadmium compounds for
humans. Cadmium ions cause genotoxic effects in
various types of eukaryotic cells, including human
cells. Cadmium and its compounds are classified by
the IARC as human carcinogens (group 1).

The analysis of types of electronic and electrical
equipment shows the presence among the ingredi-
ents of heavy metals that can cause oncological dis-
eases in humans (are definitely or possibly carcino-
genic to humans), cause allergic reactions and be the
cause of a number of other serious diseases.

At the same time, it should be noted that WEEE
contains not only dangerous, but also valuable and
rare materials. Electronic waste can contain up to 60
chemical elements. It is estimated that if you recycle
1 million mobile phones, you can get 24 kg of gold,
250 kg of silver, 9 kg of palladium and 9000 kg of cop-
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HanbHOro 3abpyaHeHHs JOBKINNSA, ane npu Hanarog-
XEHIN CUCTEMI MOBOMXEHHS 3 HUMU — J)KEPENOM LjiH-
HUX MaTepianbHux pecypcis [1].

BucHoBKMW. HeratvBHa fAis cknagoBux iHrpedieHTIB
BEEO Ha HaBKonULWHE cepeoBuLLE i, SK HAacMigoK —
Ha 340pOB’A MIOAEN, MOB'A3aHA 3 HEMUHYYUM PU3N-
KOM iXHbOr0 HaoXOMKEHHs A0 00’eKTiB AOBKINNSA 3a
HenpaBUIIbHOTO MOBOMKEHHS 3 BiAXO4aMU ranbBaHiy-
HUX enemeHTiB (baTapew).

[na nonepepxeHHs Ta MiHiMi3aLii puauky Ans
HaBKOMMULLUHBOIO CepeaoBMLLa Ta HaceneHHs Heobxia-
HO 3anpOBaAMTM CENEKTUBHE COPTYBAHHS KOMMOHEH-
TiB BEEO B micusx ix yTBOpeHHs uu 36upaHHsa Ta
HanpaBneHHs Ha nepepobky, a TakoX pPo3pobuTH
CaHiTapHo-enigemionoriyHi BUMOrM Ha npouecu cop-
TyBaHHs Ta NPOBEAEHHS eKCNepTU3n NPOEKTIB i ycTa-
HOBOK MO yTWNi3aLii Takux BUAIB BigX04iB Ha BiANOBIa-
HICTb UMM BMMOram.

KoHdpnikT iHTepeciB. ABTOpK 3asBNsAOTb NPO BiACYTHICTb
KOHCMIKTY iHTepeciB

per. Thus, WEEE is not only a source of global envi-
ronmental pollution, but also a source of valuable
material resources with an established system of han-
dling them.

Conclusions. Improper handling of waste galvanic
elements (batteries) is the cause of WEEE entering
the environment, which creates a risk of negative
impact on human health and the environment.

In order to prevent and minimize the risk to the envi-
ronment and the population, it is necessary to intro-
duce selective sorting of WEEE components at the
places of their generation or collection and sending
them for processing, as well as to develop sanitary
and epidemiological requirements for sorting process-
es and to carry out an examination of projects and
installations for the utilization of such types of waste
for compliance these requirements.

Conflict of interest. The Authors declare no conflict of inter-
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