fB i0OAOTIUHMU
@

{

Po3saia. Ximisa

@& ® AKYABTET
y «Axmyansri numania 6ionoed, exonozii ma ximiiy, Tom 12, Ne2, 2016
YIAK:577.11:613.2

JOCJIIIKEHHSA BMICTY BA’KKUX METAUJIIB Y 3JIMBOBUX BOJAX
Cunsena H.I1., k.X.H., njouent, lynapesa I'.®., k.c.-T.H., goueHnt, Ximii A.O., MaricTpadt
3anopizvkuti HayionanbHutl yHieepcumem,Yxpaina, 69600, m. 3anopidxcowcs, eyn. Kykoecvkoeo, 66

sinyaeva.1941@mail.ru

VY craTTi HaBeIEHO NOCHTiHKEHHS (POPMH 3HAXOKCHHS 32 3MICTOM BaKKHX METAJIB Y 3TMBOBUX BOJAX.
Mera — nposenenns MoHitopunry Cu, Fe, Ni y 3muBosux Bomax AT «Motop Ciu.

Metoau. BusraueHHs (opM 3HAXOMKEHHS MIPOBOIMIA Ha OCHOBI aHANI3y BiIOMEX JIITEpaTypHHX JDKEpEN Ta aHaJli3y
BOJM 10 Ta micis (ineTpanii. 3aimoBi BUKMIW 3IMBOBHX BOJ KOHTPOJIIOBAJIHM TECTOBHMH MeTonaMu. Ha JokambHUX
OUHMCHHUX CIOPYJax B 3aJI€KHOCTI BiJl eTaly OYHMCTKM BHUKOPHCTOBYBABCSI €KCIPECHUI METOJ aTOMHHUM aacopOuii 3
aToMizariero mpobu B moiaym’i. J[Kepemo BUIIPOMIHIOBaHHS — BHCOKOIHTECHCHBHA JiaMma (KCEHOHOBA) 3 HH3BKUM
BIZIHOLIICHHSIM «CUTHAJI-IIIYM», L0 TO3BOJISIE OJIEPKaTH Uy TIUBICTh HAa PIBHI eJIEKTPOTEPMIUHOT aToMi3arlii.

Pe3ysibTaTH Ta BUCHOBKH. BCTaHOBICHA MOUIIBHICTS TpH MOHITOpHHTY BMicTy Fe, Ni, Cu y 3nuBoBux Bomax AT
«Motop Ciu» IHCTpyMEHTAIBHOTO METOAY 3 BHKOpUCTaHHAM crektpoMerpa Contra AA300 (MynbTHeNeMEHTHUI
aHaii3) 1 Bu3HaueHo, mo BMicT Fe, Ni, Cu y 31MBOBHX Bojax ouucHux cropynd He nepesuniye I'JIK, BctaHOBieHI
Canllin.

Kouosi cnosa: aroMHO0-abCOpOIliifHA CIIEKTPOMETpis, 3IMBHA BOJA, BaXXKKi METalld, 3Ba)KCHI YaCTHHKH, MacoBa
KOHIICHTpAITis

NCCIELOBAHUE COAEPXKAHUA TSAXEJIBIX METAJIJIOB B CJIIMBHBIX BOJAX
Cunsesa H.I1, [[yoapesa I'.®., Ximiii A.O.

3anopoacckuil HayuonanvHuli yHusepcumem,Yxkpauna, 69600, 3anopoaicwe, yu. Kykoeckoeo, 66
B craTbe MMPpUBCACHBI MUCCIICAOBAHUA (I)OpMI/I HaXO0XACHUS TAXKEIIbIX METAJIJIOB B BOJdaX.
Heaw — mposenenne mouutopunra Cu, Fe, Ni B ciiuBHbIX Bogax AO «Motop Cuuy.

MeTtoasbl. Onpenenenne GopM HaXOXKACHHUS POBOJIUIN HA OCHOBE aHAM3a M3BECTHBIX JUTEPATyPHBIX UCTOUHUKOB H
aHaM3a BOJBI J0 U IMocie (GUiIbTpanuy. 3aimoBble BRIOPOCH CIIMBHBIX BOJ KOHTPOIHUPOBAIN TECTOBRIME MeToaamMu. Ha
JIOKQJIBHBIX OYHMCTHBIX COOPYXEHUSIX B 3aBUCUMOCTH OT 3Tara OYMCTKH HUCIOJIb30BAJICS JKCHOPECHUH METOJ aTOMHOM
azcopOIMu ¢ aToMU3aIueld mpoOsl B TuilaMeHH. VICTOYHUK M3NMydeHHsT — BHCOKOWHTEHCHBHAS Jlamra (KCEHOHOBAs) C
HU3KUM OTHOILIEHUEM «CHUTHAJI-IIYM», YTO MO3BOJIAET MOJYYUTh UYBCTBUTEIBHOCTh HA YPOBHE 3NEKTPOTEPMUUYECKOMN
aTOMHU3aLUH.

Pe3ysibTaThl M BBIBOABL. YCTaHOBJICHA I1€JIeCOOOPA3HOCTh MPH MOHHUTOpHHTE conepkanust Fe, Ni, CU B CIMBHBIX
Bomax AO «Motop Cuuy» HMHCTPYMEHTaJbHOTO METOJa C HCIOJIb30BaHMeM  crektpomerpa Contra AA300
(MyIBTHRIIEMEHTHBIN aHaNU3) 1 onpeneneHo, uro coaepxkanne Fe, Ni, Cu B CIIMBHBIX BOJIaX OYHMCTHBIX COOPYKCHHM
He nipeBbimiaet [1JIK, yctanoBnenusie CanlluH.

Kntouesvie cnosa: aTOMHO-a6COp6HHOHHa§I CIICKTPOMETpPHUA, CIIMBHAA BOJa, TAXKCIBIE METAJIBI, B3BCHICHHBIC
YaCTUYKHU, MACCOBasI KOHICHTPpAIUA

THE STUDY OF HEAVY METAL CONTENT IN WASTEWATER IN THE CITY
Synyaeva N.P, Dudaryeva G.F., Khimiy A.O.
Zaporizhzhya National University,Ukraine, Zhukovsky st., 66, Zaporizhzhya, 69600,

The article contains the research ways of detecting the heavy metals by their content in storm waters.
The aim of research is to conduct the monitoring process of Cu, Fe, Ni in the storm waters of the "Motor Sich" JSC.

Methods. Defining the forms of analysis was carried out on the basis of known literary sources and analysis of water
before and after filtration. VVolley emissions of the storm water was being controlled using the test methods. At the local
wastewater treatment plants, depending on the stage of purification process, the express method of atomic absorption
spectroscopy based on flame atomization was used. The source of radiation - high intensity (xenon) lamp with low
"signal to noise" ratio that allows achieving sensitivity at the level of electrothermal atomization.
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Results and conclusion. We have established the expediency of monitoring the content of Fe, Ni, Cu in storm waters of
the "Motor Sich" JSC by way of utilizing the instrumental method using a Contra AA300 spectrometer (multielement
analysis) and determined that the content of Fe, Ni, Cu in storm waters at the sewage treatment plants does not exceed
the TLV set by the Sanitary rules and regulations.

Key words: atomic absorption spectroscopy, storm water, heavy metals, suspended particles, mass concentration
INTRODUCTION

State of the environment is an important factor in determining the livelihoods of people and society. High
concentrations of many chemical elements and compounds are caused by the technogenic processes that nowadays can
be found in every environment. Heavy metals are among the most widespread pollutants of the aquatic environment and
toxicity wise are second only to pesticides. Once part of the biogeochemical cycle they seldom leave it and when they
do it happens extremely slowly. Metals are often found in the storm waters, so you need to be aware of the methods that
allow for a reliable determination in order to prevent their spread in nature. They are dangerous in that they have the
ability to accumulate in living organisms, become included in the metabolic cycle, form toxic organometallic
compounds, change forms of detection when moving from one environment to another, without succumbing to
biodegradation.

Heavy metals can be found in storm waters of metallurgical and metal processing companies, electroplating shops,
autoenterprises. The pattern of emissions will vary depending on the type of company. Among the emissions produced
by autoenterprises the lead compounds prevail unequivocally; galvanic shops, on the other hand, dump compounds of
zinc, iron, cobalt, cadmium, nickel and copper in storm waters.

Toxicity wise metals can be lined up in a following order:
Hg>Cu>Zn>Ni>Pb>Cd>Cr>Sn>Fe>Mn>Al [2]

Out of the large volume of industrial emissions that end up polluting the environment, the mechanical engineering
amounts to a tiny fraction of 1 to 2%. However, machine-building enterprises of the city of Zaporizhzhya are composed
of the main and auxiliary technological processes and plants that emit relatively high levels of environmental pollution.
Electroplating shops are one of the largest sources of waste water formation in the field of mechanical engineering
because emissions of iron, copper and nickel appear to be quite large.

Heavy metals that are being studied in terms of storm waters, can be classified toxicity wise as follows:
Cu>Ni>Fe

Local wastewater treatment plants operate at the manufacturing plants, which provide purification of rainwater from
metallic impurities and suspended solids. Purification techniques used: reagent-based and physico-chemical. pH
adjustment of galvanic discharges is carried out using two-stage reagent treatment before converting metals into an
insoluble hydroxide form. When processing storm water it undergoes neutralization and discoloration, which is the
result of interaction with a reagent. Then the storm water is subjected to mechanical treatment — flotation,
sedimentation, filtration, which allows separating the insoluble impurities. The next step in storm water purification is
filtering through high pressure sediment, sorption and ion exchange filters. At this stage the water loses all the
suspended particles, organic compounds, heavy metal ions, nitrates, sulfates, chlorides etc..

The effectiveness of storm water treatment is evaluated at 97-99%.

In aquatic environments metals are present in three forms: in the form of a suspension, colloid or a dissolved compound.
The latter are represented by the free ions and soluble complex compounds that have organic and inorganic ligands.
Hydrolysis has a great influence on the content of these elements in water, which determines the way of detecting the
element in the aquatic environment. A significant portion of Cu, Ni, Fe is transferred by the surface water in the form of
a suspension, so the analysis of such water is subject to certain difficulties [3].

They are represented by the test methods that we use in case of volley emissions with concentrations that lie in the
range of ~1000 mg/dm°.

Photocolorimetric method of using organic reagents such as sulfo-salicylic acid, a,a-dipyridyl, ortofenatrolin (Fe),
diethyldithiocarbonate (Cu), dimethylglyoxine (Ni) allows you to control the content of metals in accordance with the
range of 0,001-1 mg/dm®. Determination of small concentrations requires the use of pure reagents and measuring
vessels of the first class accuracy. In addition, you must consider the mutual influence of interfering elements and their
ratios, which are not always known, and even the analysis of variance, i.e.: the method, which is based on a large
number of samples, we think is inappropriate.

Among promising techniques for determining Cu, Ni, Fe are instrumental, selective methods, one of which is the atomic
absorption spectroscopy using flame atomization [4, 5].
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MATERIALS AND METHODS
The object of study is storm water near the "Motor Sich" JSC.
The subject of study here is the monitoring of the Fe, Ni, Cu content in storm waters.

Experiments carried out using Contra AA300 spectrometer that has a spectral range of 190-900 nm; radiation source -
xenon high-intensity lamp; measurements and access to the flame temperature mode - automatic; simultaneously with
the powering of the device. The double monochromator allows for selective multielement measurements from one
sample. Metal content under control is possible from 0.15 to 50 mg/m?®. Atomization mode given in Table 1.

Tabnus 1 — YMOBH poBeIeHHS aHAII3Y 3TMBOBUX BOJI.

Element A, nm d, mm Mixture of gases area/hour Z, nm
Ni 232,00 100 C,H, —air 68-635 5
Fe 248,33 100 C,H, — air 68-635 6
Cu 324,75 100 C,H, — air 40-600 5

Notes: d - width of the burner; n - the ratio of fuel to oxidizer; z - translucence flame zone. Modes of atomic absorption
spectroscopy are given below.

Element Cu A 324,75; Ni A 232,00; Fe A 248,33; period of integration C3; number of pixels: 7; spectrum number: 30;
spectral observations per length, 0.33 nm; 0.27; 0.37; 200 mcs; background adjustment tied to a reference spectrum.

Close attention is paid to the optimization of the combustion mode: its stoichiometry (ratio c/o0), temperature and the
working translucence area. Analysis was carried out using 2 or 3 absorption wavelengths and the line of absorption we
chose on account of absence of mutual influence of iron and nickel. The number of pixels that were included in the
analytical signal was 3 to 9, corresponding to the width of the registered absorption spectrum AX from 0,005 to 0,015.

Calibration of the device and the quantity of each element was determined using standard samples of metal ion
solutions for metrological maintenance of electroscopic and electrochemical analysis.

If storm water was disposed of directly into the water body, the samples were taken near their release into the pond.
Special emphasis was put on frequency selection. In emergency situations, when repairing sewage treatment plants, the
frequency selection is increased.

Storm waters vary in composition depending on the enterprise and so when monitoring one should take into account
their specific technologies. Samples were taken in turbulent flow in straight sections of sanitation.

Samples were taken for research in dishes from colorless glass or polyethylene of those brands that did permit contact
with drinking water. Glassware was thoroughly washed with detergents, repeatedly rinsed immediately before sampling
using tap water and then several times afterwards with the water, which was selected for the experiments. If the
experiments were carried out after a certain period of time - conservation of samples was conducted on the spot at the
pH level of 2 [3, 7].

Preparation of samples for the analysis using atomic absorption spectrometry with flame atomization is performed as
follows: at the first stage of the study we conduct wet ashing — 5 aliquot servings of 50 cm® in volume are being
transferred to a heat-resistant glass of 100 cm® in volume and then we add 3 cm® of concentrated nitric acid. After wet
ashing we fill up a glass with a wet residue with 20-30 cm® of 0.1 M solution of nitric acid. The resulting solution is
quantitatively transferred to a volumetric flask of 50 cm®. The walls of glass are rinsed with 0.1 M nitric acid solution
and transferred to the flask. The solution is brought to the mark using 0.1 M solution of nitric acid and then stirred. In
the process of determining the dissolved metals, part of the original water sample is filtered through a paper filter called
“white ribbon". We used the measuring cylinder to obtain 50 cm? in filtered samples and all the subsequent sample
preparation was carried out similarly. As a control test bidistilled water was used of the volume equal to the volume of
the analyzed samples [2,3,5,6]
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RESULTS AND DISCUSSION

According to the researchers, storm waters have soluble and insoluble forms of metals (the ions; hydroxides in the form
of suspension) and can have different environmental effects, that is why we conducted a test to determine the total metal
content before and after filtering, but the preparation of samples for measurements was carried out identically.

The experimental results are shown in Table 2.

Table 2 — The results of determining Fe, Cu, Ni using atomic absorption spectroscopy with flame atomization (n =5 at
P =0,95)

Element Mass concentration, mg/dm’
Insoluble forms of elements (before filtration) | Soluble forms of elements in the form of ions (after
filtration)
1 2 3
Fe 0,4065 0,1211
0,4077 0,1216
0,4081 0,1202
0,4095 0,1201
0,4050 0,1216
Cu 0,0269 0,0164
0,0265 0,0153
0,0277 0,0160
0,0281 0,0165
0,0294 0,0160
Ni 0,0201 0,0145
0,0210 0,0150
0,0207 0,0155
0,0213 0,0158
0,0201 0,0144

Results of statistical analysis [9] presented in Table 3.
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Table 3 — Results of statistical analysis (n = 5; P = 0,95)

Mass concentration Element Xavg s? S €
Soluble forms of elements (after Fe 0,121 2,92:10° 0,0541 +0,067
filtration) with flame
atomization
Cu 0,016 2,23:107 0,0005 +0,001
Ni 0,015 3,73:107 0,0006 +0,001
Insoluble forms of elements Fe 0,407 3,32:107 0,1821 +0,023
(before filtration) with flame
atomization
Cu 0,028 1,2810° 0,0011 +0,001
Ni 0,021 8,47-10° 0,0092 +0,011

Table 3 shows that the metal content in the filtered sample studied is lower than metal content in the unfiltered sample.
This indicates that metals exist in storm waters not only in ionic form, but also in the insoluble one (hydroxides, etc.),
especially in the form of suspended particles.

CONCLUSION

1. It has been established that the quantitative study of metals in the filtered water sample is lower than that of metals
in the unfiltered sample, indicating the existence of metals not only in the ionic form, but also in the insoluble one
(hydroxides, etc.), especially in the form of suspended particles.

2. To monitor the content of iron, copper, nickel in the storm waters it is advisable to use multielement method of
atomic absorption spectrometry with flame atomization and continuous radiation source (xenon lamp) which gives
stable results with sensitivity at the level of electrothermal atomization.

3. Asaresult of our research we have determined the iron, copper, nickel content in the storm waters at the "Motor
Sich" JSC. Massive concentrations are at the threshold limit value (TLV).

BCTYII

CTaH HaBKOJIMIIHBOTO CEPEIOBUIIA € HAHBAXKIMBIIIAM YHHHUKOM, IO BU3HAYAE JKUTTEIISUTbHICTD
JIIOJMHU 1 CyCHIbCTBAa. BUCOKI KOHIIEHTpalil 6araTboxX XiMIYHUX €JIEMEHTIB 1 CIIOJIYK 3yMOBIIEHI
TEXHOTCHHUMH TPOIeCaMH, BUSBJICHI Ha ChOTOIHINIHIA JCHb Yy BCIX MPUPOAHIX CEPEIOBHINAX.
Baxxki mMeTanu BiTHOCATHCS 10 HAaHOUIBII IMIMPOKO PO3MOBCIOKEHUX 3a0py/IHIOBAadiB BOIHOIO
Cepe/loBHINA 1 3a TOKCHYHICTIO 3aiiMaroTh JApyre Micue micias nectunuaiB. [loTpanuBimm a0
610reoXiMi4YHOTO IIUKITY OJIHOTO pa3y, BOHM BKpail piKO Ta MOBUIBHO 3aJMIIAIOTh Horo. Metanu
9acTO 3yCTPIYAIOTHCS Y 3TMBHUX BOJAaX, TOMY HEOOXITHO 3HATH METOMM iX HaJIHOTO BU3HAYCHHS
3a/uld 3anoOiraHHs MOLIMPEHHs Yy mnpupoai. BoHu HeOe3meuHi TUM, IO MaloOTh 3IaTHICTh
HaKONMMYYBaTHCSd B JKUBUX OpraHi3mMax, BKJIIOYaTHCAd B MeTaOOJIYHMH IUKJ, YTBOPIOBATH
BHUCOKOTOKCHYHI METaJIOOPraHiuHi CIIOIYKH, 3MiHIOBaTH (POPMH 3HAXOKEHHS MPH MEPeXOidi Bif
OJTHOTO MTPUPOTHBOTO CEPEIOBUINA B 1HIIIE, HE MiAMaI0YHCh 010J0TITYHOMY PO3KIIAaHHIO.
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Baxki MeTanu MOXHa 3HANTH y 3JTMBHUX BOJIaX METAIypPriiHUX Ta METaJI000pOOHUX MIITPHUEMCTB,
raJibBaHIYHUX 1[E€X1B, aBTOMIAMPUEMCTB. B 3ale)KHOCTI BiJl BHIY MiAIPUEMCTBA Oy/Ie 3MIHIOBATUCS
KapTHHa BUKHIIB. B BHKHIaX aBTOMIANPHEMCTB TIEPEBAKAIOTh BUKHUIU CIIOIYK CBUHIIIO,
raJibBaHIuHI [IEXU CKUJAIOTh B 3JIUBHI BOJU CIIONYKH IIUHKY, (hepymy, KOOAIbTy, KaJMit0, HIKEIIO,

Kynpymy.
3a TOKCHYHICTIO METAJT MOXHA PO3MOILTUTH B P
Hg>Cu>Zn>Ni>Pb>Cd>Cr>Sn>Fe>Mn>Al [2]

3 BENUKOro 00'eMy MPOMHUCIOBUX BHKHIB, IO MOTPAIUISIOTH Y JOBKUUISL, Ha MAlIMHOOYyBaHHS
JOBOJIUTHCS JIMILE HEe3Ha4yHa ioro yactuHa — 1-2 %. IIpote Ha MammHOOYIIBHUX HiANPHEMCTBAX
MicTa 3amopi’xcks € OCHOBHI 1 3a0e3rnedyrodi TeXHOJOTIUHI MpOLeCH 1 BUPOOHMITBA 3 JIOCHUTh
BHUCOKUM piBHEM 3a0pyAHEHHs JOBKULIA. ['anbBaHiuHe BUPOOHMIITBO — OJHE 3 HAWOLIbII KPYITHUX
JDKEpeTl YTBOPEHHS CTIYHMX BOJ Y MalmIMHOOYIyBaHHI, TOMY BUKHIM 3ajli3a, MiJll Ta HIKEIIO €
JIOCTaTHHO BEITMKHMHU.

Baxki meranmu, MO JOCHiIKYIOTBCS Y 3JMBOBHX BOJaX 3a TOKCHUYHICTIO MOXHA PO3MOMUIATH
HACTYITHUM YHHOM:

Cu>Ni>Fe

Ha BupoOHHUMX mianpueMcTBaXx (QPYHKIIOHYIOTh JIOKAJbHI OYMCHI CHOPYIH, IIO 3a0e3MedyroTh
OYMILIEHHS 3IMBOBUX BOJI BiJl METAJIIYHHUX JIOMIIIIOK, 3BQ)KEHUX PEUYOBHH. BUKOPHCTOBYBaHI METOAH
OYMIIEHHS: pearecHTHUH 1 Pi3UKO-XIMIYHUMA.

JIBOCTYIIEHEBOIO pEareHTHOI0 00POOKOIO 31MCHIOEThCSI KOPUTYBaHHS PH rajbBaHIUHUX 3JIUBIB JUIS
NepEeBEICHHS METaJIB Y HEPO3UMHHY T'iIpoOKUCHY dopMmy. IIpu 06poOiii 3TMBOBUX BOJ peareHTaMu
B1I0yBa€eThCs iX HeWTpaiizamis 1 3HeOapBieHHs. [loTiM 31MBOBI BOAM MiAJAIOTH MEXAHIYHOMY
OUMILEHHIO — (hJIOTallisl, BiACTOIOBaHHS, (UIbTPYBaHHS, IO JO3BOJSE BIJOKPEMHUTH HEPO3UMHHI
nomimikd. Ha HacTynmHOMy erari OYMILIEHHS 3JIMBOBI BOJIM (DUIBTPYIOTH 4Yepe3 HalipHI OCa/loBI,
copOuiitHi Ta ioHo0OMiHHI ¢iabTpH. Ha naniil cranii 3 Boau BUAAISIOTHCS yCl 3BaXKEH1 YaCTUHKH,
OpraHiuH1 CIIOJYKH, 10HU BaXKKHX METaJIB, HITPaTH, Cyab(}aTH, XJIOPUAU TOLIO.

Orminka e(heKTUBHOCTI OYMIIIEHHS 3TUBOBUX BOJ CTAaHOBUTH 97-99%.

VY BOAHMX cepeloBUIAX METalM MNPUCYTHI Y Tphox (opmax: y ¢opmi 3aBucel, KOJIOiJiB Ta
po3umHeHux crnosnyk. OcTaHHI NpeAcTaBieHI BUIbHUMU 10HAMU 1 PO3YMHHUMHU KOMIUICKCHUMHU
CIOJIYKaMH 3 OpTraHIYHUMH 1 HEOpPTaHIYHUMH JIiTaHlaMi. Benukuil BIUTMB HA BMICT IIUX €JIEMEHTIB
y BOJIl Mae TiApoii3, sSKUM BU3HAdae (HOpMy 3HAXOKEHHsI €JIEMEHTa Y BOJAHOMY CEpelIOBHILI.
3nauna yactuHa Cu, Ni, Fe mepeHOCUThCs MOBEPXHEBUMHU BOJAMH y BUIIIS/IB 3aBHUCEH, TOMY IpU
aHaJIi31 TAKMX BOJI BAHUKAIOTh MEBHI TpyaHOIIi [3].

Bonu mpejcraBieHi TECTOBHMH METOJAMH, SKi BUKOPHCTOBYIOTH TPH 3aJIMIOBUX BUKHIAX B
niama3oHi KoHIeHTpaiiid ~10 1000 MP/I[M3.

@DOTOKOJIIOPUMETPUYHUN METOJ] 3 BUKOPHCTAaHHSIM OPTraHIYHHUX PEarcHTIB, TakuX SK CyiIbdo-
cajinmMiIoBa KHUCIOTa, O,0-aumipuami, oprodenarponin (Fe), auermnauriokapdonat (Cu),
mumetmirtiokcud (Ni) 103Boisie KOHTPOTIOBATH BMICT MeTasiB BiamoBigHo B miamazoni 0,001-1
mr/am® . BU3HauYeHHS Maimx KOHIIEHTpallil MOTpedye BHUKOPUCTAHHS YHCTUX PEAreHTiB, MipHOTO
MOCy/ly TepImIoro kimacy To4HocTi. KpiM 1boro, HeoOXiJHO BpaxOBYBaTH B3aEMHUHN BIUIWB
3aBa)KalOUMX €JIEMEHTIB Ta iX CIiBBIIHOIIEHHS, IO HE 3aBKIU BiIOMi, 1 HaBITh AUCKYCiliHa, TOOTO
METOJ] Ha OCHOBI BEJTMKOI KiJIbKOCTI TTP0O0, Ha HAIITY JYMKY € HEJOIIbHUM.

[TepciektuBHEMHU MeTomamu it Bu3HaueHHs Cu, Ni, Fe Moxyth OyTH IHCTpYMEHTaJIbHI,
CENIEKTHBHI METOAM, SKUMH € aTOMHO-a0copOmiiiHa crekTpodoToMeTpiss 3 MOIyM SHOIO
aromizartiero [4, 5].
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MATEPIAJIM 1 METOJAU JOCALIKEHHSI
06’extom poboTu o6pamu 3muBoBi Boau AT «Motop Ciuy.
[IpeameTom IOCTIIKEHHS] € MOHITOPHHT BMICTY 3aJli3a, HIKEJI0 Ta MiJli Y 3JTMBOBHUX BOJAX.

Hocnigu, nposeneni Ha cnekrpomerpi Contra AA300 — crmektpanpauii mianazon (190-900 um),
JDKEpEJI0 BHUIPOMIHIOBAaHHS — KCEHOHOBAa BHCOKOIHTEHCHMBHA JlaMIla, BHUMIPH 1 BHXII Ha
TEMIIEPATYPHUN PEXKUM IMOJIYyM’st — aBTOMATHYHUN, B MOMEHT BKItOuaHHs npmwiana. [loaBiitHuit
MOHOXPOMATOP JI03BOJISIE MPOBOJAUTH CEICKTUBHI MYJIbTHEIIEMEHTHI BUMIpH 3 OfHi€T mpodu. Bmict
METaJIiB MiJ KOHTpojeM MoxiauBui Big 0,15 mo 50 MKT/M®. Peskum aroMi3zarnii HaBeIeHO B TaOIMI
1.

Tabmuis 1 — YMoBU poBeACHHS aHATi3y 3JIMBOBUX BO/I.

Enement A, HM d, mm Cywmimi razis ILJ1/TOJ Z, HM
Ni 232,00 100 CyH, — noBitps 68-635 5
Fe 248,33 100 CoHy — moBiTps 68-635 6
Cu 324,75 100 CoHy — moBiTps 40-600 5
[Mpumitku: d — wmMpHHA TMajdbHUKA; N — CIHIBBIJHOIICHHS MAJWBA JO OKUCHHUKA; Z— 30HA

MPOCBIUyBaHHS MOIYM’sl. PexxuMuU MpoBeIeHHsI aTOMHO-a0COPOIIiITHOTO aHali3y HAaBEJeH1 HIKYE.

Enement Cu A 324;75; Ni A 232,00; Fe A 248,33; Tepmin interpyBannsi C3; KIIbKICTh MKCENIB: 7;
KUTIBKICTh CIeKTpiB: 30; CrieKTpalibHE CIIOCTEPEXXEeHHS 3a JoBxkuHo0, HM 0,33; 0,27; 0,37; 200 MKc;
(hoHOBA KOPEKIIisi aBTOMATUYHO 3 €TaJJOHHUM CIIEKTPOM.

OcobnuBy yBary MNpUIUIEHO ONTHUMI3alli peXUMY TOPIHHS MOJAyM’si: Horo crexioMmerpii
(cTiBBITHOILIEHHS C/0), TEMIIEpaTypu 1 poO0OYOi 30HM MPOCBIYYBaHHsS. AHaJi3 MPOBOAMIN Ha 2-3
JIOB’KMHAX XBWJIb MOTJIMHAHHS 1 BUOMpAIX Ty JIIHIIO MOTJIMHAHHSA, /1€ HE CIIOCTEpPIraBcs B3aEMHUM
BIUIMB (pepymy abo Hikemto. YUucio mikcenis, 10 BXOAWIN B aHAJIITUYHUI CUTHAN, HApaXOBYBaJIOCs
Bia 3 10 9, 110 BiAMOBIAANIO MIMPUHI 3apeecTpoBaHoro crekTpy normuHaHHs AA Big 0,005 1o 0,015.

I'panyroBaHHs Mpuiaay 1 KUIBKICT KOKHOTO €€MEHTa BH3HA4alld 3a JIOIIOMOIOI0 CTaHJapTHUX
3pa3KiB CKJIaJly PO3YHMHIB 10HIB METAJIIB JJISI METPOJIOTIYHOTO 3a0e3MeUeHHs eJIEKTPOCKOIMYHOTO Ta
eJIEKTPOXIMIYHOTO aHali3y.

k1o 37MBOBI BOAM BiABOJAMIIMCSA 0€3MOCEPEIHBO y BOJHUM 00’ €KT, TO MPOOM BiOMpany OiIs iX
BUITYCKY Y BoAoiMy. Oco0JIMBY yBary NpUIUISsUIA 4acTOTI BIAOOPY. A aBapiliHMX CUTYyallisix, Npu
PEMOHTI OUYHCHHUX CIIOPYA YacTOTY BiIOOPY 301IBIIYBAIIH.

3MMBHI 3a CKJIAJ0M BIJIPI3HSIOTHCSA B 3aJI€KHOCTI BiJl MIAMPHUEMCTBA, MAIOTh HEIICHTUYHUN CKJIA] 1
TOMY TIpH IPOBEJCHHI MOHITOPUHTY HEOOXIJHO BpaxoBYBaTH ix crerudiuni TexHosorii. [Ipobu
B1I0Mpaiy y TypOyJIEHTHUX MTOTOKaX Ha MPSMOJIIHIMHUX NUITHKAX BOJOBIABEICHHS.

[Tpobu ans pociikeHb BiAOUpaiu y mocys 3 6e30apBHOTO ckiia abo MOMIETUIIEHY THX MapoK, sKi
T03BOJICHI JUISi KOHTAKTy 3 NHTHOK BOAOK. [locyn peTeiapbHO BHUMHBAIM MHUIOYHMMH 3aCO0aMH,
OaraTopa3zoBO MPOMHUBAIHN O€3MOCepeIHBO Tiepe]] 3a00poM Mpodu BOJOIPOBITHOO BOAOKD, a MOTIM
JIEKUJIbKa pa3iB BOJOIO, IO BIIOWpaM I JOCTIAIB. SKIIO MOCTIIW MPOBOAMIM 4Yepe3 ACTKHUMA
TEpMiH — IPOBOJMIN KOHCEpBAIlilo MpoOu Ge3rnocepeHhO Ha MicIli BiOopy mpobu 3a piBHA PH 2
[3, 71.
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[linrotoBka mpoOM 110 aHamM3y aTOMHO-a0COPOILIMHOI CHEKTPOMETPIEId 3  IMOJIYyM SHOMO
aToMi3alli€l0 MPOBEACHA HACTYMHUM YMHOM: Ha MEpHIOMY €Tami JOCTIIKEHHS MPOBEICHO MOKpE
030JICHHS — 5 aJiKBOTHHX MOPIiil 06’ emMom 110 50 oM’ MIEPEHOCHIIN Y )KAPOMIITHUHI CTaKaH 00’ eMOM
100 cm®, momasamu 3 cm® KOHIICHTPOBAHOI HITPaTHOI KUCIOTH. I1iciisi MOKPOTO 030JI€HHS y CTaKaH
3 BOJIOTHM 3a/uIukoM gomusamu 20-30 ev® 0,1 M PO34YMHY HITPATHOI KUCJIOTH. OTpUMaHUN PO3UYHH
KiIBKICHO TepeHoCHIH y MipHy oGy mictkictio 50 cM®. CriHkm crakana omomickysamu 0,1 M
PO3YMHOM HITPATHOI KHUCJIOTH 1 MepeHocuiau 10 Koubu. Po3zumn gooawnu no pucku 0,1 M
PO3UMHOM HITPATHOI KHUCIOTH 1 mepemimryBanu. llpum BH3Ha4YeHHI pO3UMHEHHX (HOpPM MeETaliB
YaCTUHY BHUXIJHOT MpoOH BOaU (GiIbTPYBaW Yepe3 marnepoBuid GiabTp «Oia cTpiukay. Bindupanm
MipauM mEmiagpoM 50 om®  BindinbTpoBamoi mpoGH i mam IPOGOMIATOTOBKY IPOBOIMIH
aHaJIOTI4HO. SIK KOHTPOJIbHY NPOO0Yy BHUKOPHCTOBYBAJIW OiJUCTHIHOBaHY BOJY B 00’€Mi, pIBHOMY
00’eMy aHasizoBaHoi mpodwu [2,3,5,6].

PE3YJbTATH TA iX OBITOBOPEHHSI

3MMBOBI BOAM 3a JaHWMH JOCITiJHMKIB MalOTh PO3YMHHI 1 HEepo3uwHHI (hopMu MertamiB (i0OHH,
rigpokcuan y ¢hopMi 3aBuceii) 1 MOXKYTh MO-PI3HOMY BIUTUBATH Ha JOBKULIS, TOMYy Hamu Oyio
MIPOBE/ICHO BU3HAYEHHS 3arajlbHOTO BMICTY MeTaliB a0 ¢inbTpamii Ta micis QimpTparii, ame
MiArOTOBKY MPOO AJIsi BUMIPIB IPOBOAUIH 1I€HTUYHO.

Pesynbratu gociimiB mpeacTaBieHi B Tabmuii 2.

Tabnuus 2 — Pesynpratn BuzHauenus Fe, Cu, Ni aToMHO-aOCOpOLIHHUM METOJIOM 3 TIOJIYM’ SIHOIO
aromizariero (N=5 nmpu P=0,95)

Enement MacoBa KOHILIEHTpALIisl, MI/M>
Hepozuunnux ¢popm enemeHTiB Ta (10 PozuunnuX hopm enemenrta
(pireTpanii) y BUIJIAI 10H1B (micis GinpTpartii)

1 2 3

Fe 0,4065 0,1211
0,4077 0,1216
0,4081 0,1202
0,4095 0,1201
0,4050 0,1216

Cu 0,0269 0,0164
0,0265 0,0153
0,0277 0,0160
0,0281 0,0165
0,0294 0,0160
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IIpooosoicenns mabauyi 2
1 2 3
Ni 0,0201 0,0145
0,0210 0,0150
0,0207 0,0155
0,0213 0,0158
0,0201 0,0144

PesynbraTu cratuctuunoi 00poOku [9] nogano B Tabmuii 3

Tabnuus 3 — PesynbraTu ctatuctuaHoi 00pooku (n=5; P=0,95)

MacoBa KOHIICHTpaIlis Enement Xeep s° S I
Fe 0,121 2,92:107 0,0541 +0,067
Pozunnenux popm
eneMenTa (Ticns Cu 0,016 2,23-107 0,0005 +0,001
¢inpTparii) 3 HOIyM’ SHOIO
aTOMIZALIICIo Ni 0,015 3,73-107 0,0006 40,001
Fe 0,407 3,32:10 0,1821 +0,023
Hepo3zunnuux popm
eneMenTa (10 (inbTpanii) Cu 0,028 1,28-10°° 0,0011 +0,001
3 MOJIyM STHOKO
aToMI3allEro Ni 0,021 8,47-10° 0,0092 +0,011
BUCHOBKHU

1. BcraHoBieHO, 110 KIIBKICHMM BMICT MeTaliB y (inpTpoBaHiil TociimxkyBaHiii mpoOi Boau
HIOKYMN 32 KUTBKICHMHA BMICT METalliB y He(UIbTpOBaHIM MpoOi, 10 CBIAYUTH MPO ICHYBaHHS
METaJiB He Juiie y ioHHIH ¢opmi, a i y Hepo3uMHHIN (TIAPOKCHIN Ta 1H.), 30CEPEIKEHUX Ha
3BOKEHHUX YAaCTHHKAX.

2. Jlis mpoBeieHHS MOHITOPHHTY BMICTY 3aji3a, MiJi, HIKENIO Yy 3JIMBOBUX BOJAX JOLIJIBHO
BHKOPHUCTOBYBAaTH MYJIbTHEIIEMEHTHHI METO]T aTOMHO-a0COPOIIIMHOT CIIEKTPOMETPii 3 MOTyM STHOIO
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aTomizaliero 1 0e3mepepBHUM HKEPEIOM BUIIPOMIHIOBaHHS (KCEHOHOBA JIaMIIa), IO JA€ CTaOlIbHI
pe3yabTaTH 3 UyTIUBICTIO HA PiBHI IEKTPOTEPMIYHOI aTOMi3allii.

3. B pesynbrari mociipKeHHsS BU3HAYCHWHA BMICT 3alli3a, Mifi, HIKEIIO y 31MBOBUX Bogax AT
«Mortop Ciu». Macosi konneHTpamii 3HaxoasTbes Ha piBHi I'IK.
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