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ENVIRONMENTAL STATE OF SURFACE WATERS AND BOTTOM SEDIMENTS
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Ecological research findings on surface waters and bottom sediments in water bodies of the southwestern part of the Altai
Territory are presented. Samples were collected and analyzed between 2020 and 2021. Activities of natural (*°K, 2*Ra,
232Th) and artificial (>**Am, 23%*24py,_ 137Cs and %0Sr) radionuclides were determined in bottom sediments, research into
the content of heavy metals (copper, zinc, lead and cadmium) in surface waters and bottom sediments was undertaken.
As a result, it was found that radiation parameters of bottom sediments in water bodies of the southwestern part of the
Altai Territory did not exceed the regulatory level. No residual nuclear plumes at the Semipalatinsk Test Site are currently detected
in water of water bodies of interest. The content of heavy metals in bottom sediments does not correspond to the regulatory level.
Ground water contamination with heavy metals was not detected.

Keywords: artificial and natural radionuclides, heavy metals, surface waters, bottom sediments, southwestern part of the
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INTRODUCTION As part of ongoing research, data on radiation

The area of the southwestern part the Altai Territory
the 50s through the late 80s of the last century was
exposed to various man-made impact, which resulted in
currently existing adverse ecological situation.

Natural resources of the Territory allow development
of two main economy branches: agriculture and industry.
Industrial enterprises are located in in big cities of the
Territory: Barnaul, Biysk, Rubtsovsk, Zarinsk, Gornyak.
In the countryside, animal hushandry waste, fertilizers
and toxic chemicals that are applied in the field and get
into natural waters mainly by being washed out of soils,
are a source of both environmental and natural water
contamination.

Some of settlements of the Loktyovsk, Rubtsovsk,
Zmeinogorsk, Krasnoschyokovsk, Kurinsk, Pospeli-
khinsk and Uglovsk regions of the Altai Territory, as
reported by the Order of the Government of the Russian
Federation No. 162-R dated February 10, 1994 [1] came
under a zone, in which the population received a total
effective exposure dose from 50 mSv to more than
250 mSv due to a nuclear test dated on August 29, 1949,
while the normal annual exposure dose to the public is
1 mSv on average over any consecutive 5 years but not
higher than 5 mSv per annum.

Many researchers of the Russian Federation and
Kazakhstan were engaged in studying the content of
radionuclides in different environmental compartments
including in water bodies. Known publications are by
I. Kolyado, A. Smagin, A. Trapeznikov and his disciples
[2, 3, 4] concerning radiation research into water bodies
contaminated with radioactive substances during
anthropogenic activities. However, the review of
scientific papers showed that no research into bottom
sediments of water bodies in nuclear fallout plumes was
undertaken over the entire period since testing at the
Semipalatinsk Test Site.

parameters of bottom sediments in water bodies of the
Altai Territory in its southwestern part was obtained for
the first time: the Nikitikha, Krutishka, Korbolikha rivers
as well as Lakes Gorkoye and Gorkoye-Peresheyechnoye
(see Figure). Besides, figures on the level of heavy metal
(copper, zinc, lead and cadmium) concentrations in water
and bottom sediments in question were obtained.
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RESEARCH TECHNIQUES

For research, up-to-date analytical techniques that
allowed correct data to be obtained on the content of
natural and artificial radionuclides, heavy metals in
environmental compartments were applied.

Measurements of alpha- and beta particle fluences
above surfaces of bottom sediments were performed in
the field using a dosemeter-radiometer pS-03SA.

Activities of 2!Am and ¥’Cs in samples of bottom
sediments were assessed with a gamma-spectrometer
ORTEC GEMZ25P4-70. The content of ®°Sr in a sample
was determined by daughter ®°Y following radiochemical
isolation with a beta-spectrometer TRI-CARB 3110TR
PerkinElmer. Plutonium isotopes (239*240Pu)  were
measured with an alpha-spectrometer Alpha Analyst
A1200-32AM CANBERRA following a counting
sample preparation by extraction-chromatography
isolation and electrolytic precipitation.

Research into bottom sediments and water for the
content of heavy metals was undertaken using an atomic
absorption spectrometer PinAAcle 900t.

Research objects are minor water streams and lakes
south-west of the Altai Territory (the Nikitikha, Krutishla
and Korbolikha rivers, Lakes Gorkoye and
Novoyegoryevskoye). One water sample (deeper than
0.5 m) and one bottom sediment sample across the entire
layer thickness were collected from each water body.

RESULTS AND DISCUSSION

As a result of the analysis of water samples from the
Nikitikha, Krutishka and Korbolikha, concentrations of
heavy metalsB (copper, zinc, lead and cadmium) in there
were found to be low without exceeding MPC. Analytical
data on bottom sediments in these rivers showed that the
health standard established for soils is exceeded by 1.14
to 2.11 times. In bottom sediments of Lakes Gorkoye and
Gorkoye-Peresheyechnoye, the content of heavy metals
also exceeds the MPC regulatory level by 1.24 to 2.09.

According to field research, the gamma dose rate in
bottom sediments of the Gorkoye-Peresheyechnoye
varied from 0.10 to 0.12 pSv/h, that of the Gorkoye —
0.14 to 0.15 pSv/h, the Nikitikha — 0.13 to 0.15 uSv/h,
the Krutishka— 0.18 to 0.19 pSv/h, the Korbolikha — 0.11
to 0.12 uSv/h. Beta-particle fluence above surfaces of
bottom sediments in Lake Gorkoye-Peresheyechnoye is
(beta-particles)/(min-cm?) — 1.3, Lake Gorkoye — 1.8, the
Nikitikha — 1.9, the Krutishka — 3.3, the Korbolikha — 0.5.

Rapid studies of bottom sediments showed no excess
of radiation indicators (dose rate and beta-particle
fluence).

Laboratory research findings showed that at this point
in time, the content of artificial radionuclides *’Cs and
241Am produced during nuclear tests and reactor fission
is less than 1 Bg/kg in bottom sediments of water bodies
of the southwestern part of the Altai Territory. The
exception are bottom sediments of Lake Gorkoye-
Peresheyechnoye and the Nikitikha river containing 2
Bg/kg of ¥7Cs. Activities detected correspond to the

global fallout background and cannot be definitely
identified as residual radioactivity from fallout plumes of
the Semipalatinsk Nuclear Test Site.

The content of ®Sr in bottom sediments was detected
in Lake Gorkoye to a research depth of 0.4 m in the
Nikitikha.

Plutonium isotopes were detected in bottom
sediments of all water bodies of interest. 23%*24°Py activity
in bottom sediments varies from 3.7 to 5.8 Bg/kg.

The content of natural radionuclides (“°K, ??°Ra,
232Th) in bottom sediments corresponds to the natural
level, a standardized radioactivity indicator of NRN — the
effective activity concentration (Aer) of test samples
varied from 69 to 136 Bg/kg, which does not exceed the
regulatory level (370 Bag/kg, [5]).

CONCLUSION

Research findings showed that the content of artificial
and natural radionuclides in bottom sediments of water
bodies in the southwestern part of the Altai Territory does
not exceed the regulatory level. No residual nuclear
plumes at the Semipalatinsk Test Site are currently
detected in water of water bodies of interest. In water of
water bodies, the content of heavy metals does not exceed
the permissible level whereas an excess of the health
standard by up to 2 times was registered in bottom
sediments.

Taking into account findings, authors decided to
sample and undertake research into water and bottom
sediments of other water bodies south-west of the Altai
Territory so as to obtain a complete picture of radioactive
contamination of bottom sediments in lakes and rivers
being economically important to reduce social strain
related to ecological issues of the region.
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AJITAW OHIPTHIH OHTYCTIK-BATBIC BOJITTHAEIT JKEP YCTI CYJIAPBIHBIH
7KOHE CY OBBEKTUIEPIHIH TYHNTIK IO THAIIEPIHIH 9 KOJIOI'USUIBIK AXYAJIBI

0.10. KopoBuna, B.A. Comun

HU.U. ITon3ynoe am. Anmaii memnekemmik nmexHUKAIbIK yHUGepCUm emi,
Buomexnonozun, mamax, scane Xumuanslk unicenepus uncmumymat, bapnayn, Peceit

AnTaii eJKeciHiH OHTYCTIK-OaTbic OeiriHmeri kep YCTi Cymapsl MEH Cy OOBEKTiJepiHIH TYNTIK MeriHAiIepiH
SKOJIOTHSUTBIK 3epTTEY HOTIDKEIEepl YCHIHBUFAH. YJTIJIEPAl ipikTey KoHE ONapblH aHAJUTHKAJIBIK 3eprreyiepi 2020—
2021 xox. opbinaanrad. Temenri merinainepae taduru (“°K, 22Ra, 2*2Th) sxoHe xacaHapl paguoHykmuaTepid (2*XAm,
239+240py, 137Cs sxome %°Sr) GenceHmiIiri aHBIKTAIBI, JKEP YCTi CYNapbIHAA JKOHE aybIp METAIIAPABIH (MBIC, MBIPBILL,
KOPFachIH JKoHE KaJMHI) TOMEHTI LIeTiHAIIepiHae 3epTTeyep XKypriziani. 3eprreyiep HoTHKeciHae ANTail eJIKeciHIH
OHTYCTIK-0aThIC OeiriHneri cy OOBEeKTIJIEpiHIH TYNTIK INOTiHAUICPIHIH paaualysibK MapaMeTpiepi HOPMAaTHUBTIK
JICHIelIeH acCTaiTHIHBIFBl AHBIKTAJ/IbI, Ka3ipri yakpITTa 3epTTeNeTiH cy 0ObekTiiepiHiH cybiHna CeMmel ChIHAaK
TIOJIMTOHBIHBIH SIIPOJIBIK CHIHAKTAp 13/1epiHIH KaIABIKTaphl TaObLIFaH KOK. TOMEHT! MeriHIIeperi ayblp MeTalaapIbH
Kypambl HOpPMaTHBTIK JAEHreire colikec KeJIMEH/Ii, )Kep YCTi CYJIapbIHbIH aybIp MeTalJapMEH JIACTaHYbl aHBIKTAJIFaH JKOK.
Tyitin ce30ep: scacanovl dcaHe maduzu paouoHyKIUOmep, ayblp Memanoap, xep ycmi cy-1apel, myn ueziHoiiepi,
Anmaii alimagvinely oymycmik-oamoic O6niei.

3KOJIOTMYECKOE COCTOSTHUE MOBEPXHOCTHBIX BOJI 1 IOHHBIX OTJIOXKEHUM
BO/IHBIX OBBEKTOB IOT'O-3AITATHOM YACTH AJITAMCKOI'O KPAS

0.10. KopoBuna, B.A. Comun

Anmaiickuii zocyoapcmeennulii mexuuueckuit ynusepcumem um. H.U. Ilonsynosa,
Hucmumym duomexnonozuu, nuuieeoii u xumuieckoul unxcenepuu, bapnayn, Poccus

[IpencTaBieHbl pe3ynbTaThl 3KOJOIMYECKHX HCCIENOBAHUM IOBEPXHOCTHBIX BOJ M JOHHBIX OTIOKEHHH BOIHBIX
00BEKTOB 0ro-3anafHoi yacTu Anraiickoro kpas. OT60p 06pasLOB U UX AHATUTUYECKHE UCCIIE0BAHMS BhIIOIHEHBI B
20202021 rr. B 10HHBIX OTJIOKEHUAX ompejeseHbl akTUBHOCTH ecTecTBeHHbIX (“OK, ?2°Ra, 2%°Th) u HCKyCCTBEHHBIX
paguoryknuaos (*LAm, 239+240py, 187Cg y %0Sr), BBIMOIHEHB! MCCIIENOBAHHS COIAEPKAHUA B IIOBEPXHOCTHBIX BOJAX M
JIOHHBIX OTJIOKEHUAX TSKeIbIX METAIOB (MeH, [IMHKA, CBHHIA U KaaMus). B pesynbTaTe ucclief0BaHuil YCTaHOBIEHO,
YTO pajUalMOHHBIE [APaMETPhbl JHOHHBLIX OTJIOKEHMH BOJHBIX OOBLEKTOB IOrO-3aMajHOI 4YacTH AJTalickoro kpas He
IPEBBINIAIOT HOPMATHBHOTO YPOBHS, OCTATKM CIENO0B SACPHBIX HCIBITAHME CeMMIATATHHCKOTO HCIIBITATENEHOTO
HOJUIOHA B BOJE HCCIEAYEMBIX BOAHBIX OOHEKTOB B HACTOSIIEE BpeMs He oOHapyxkeHsl. CoJepiKaHWE B JIOHHBIX
OTJNIOKEHUAX THKENBIX METAZIOB HE COOTBETCTBYET HOPMATHBHOMY YPOBHIO, 3arps3HEHHE MOBEPXHOCTHBIX BO
TSOKEIBIMU METAJUIAMH HE O0OHAPYXKEHO.

Kniouesvie cnoea: uckyccmesennvie u ecmecmeennvie PAOUOHYKIUObL, MANCENbIE MEMALIbl, NOEEPXHOCMHbBIE 600bl,
OOHHbBLE OMA0IICEHUS, 1020-3aNA0HAA Yacmb ATMaiicKo2o Kpast.
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