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1. Material and methods



Map of sampling sites in Tomsk city
Scale of snowgeochemical surveying is 1:50 000
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1-16 - plants
17-19 — monitoring points: 17 — campus TPU,
18 — Academgorodok,

19 —village Timiryazevo.

1. OO0 «KOHTUHEHTDBY.

2. OAO «TOMCKMIN NHCTPYMEHT».
3. OAO «ToMcCKuMI 3aneKTponamnoBbIn
3aBoa».

4. Tomckaga «'P3C-2».

5. O00 «3aBog KpynHonaHesbHOro
aomocTtpoeHuss TOCK».

6. «AmanbnpounssogcTso 3A0
«Cunbkabenby.

7. OAO «MaHOTOMbY.

8. OAO «CunbaneKkTpomoTop».

9. OI'YT1 « TOMCKMIN 3NEKTPOTEXHNYECKNIA
3aBog» 1 HIMO «[Nontocy.

10. 3onootBan Tomckon «'POC-2».

11. 3A0 «KapbepoynpasneHue».

12. OAO «3aBog XBK-100» n OO0
«Kepamant-T».

13. OAO «TomMCKuM LLINanonponmTOYHbIN
3aBoa».

14. OO0 «Tomcknn 3aBof pe3rHOBOW
obyBun».

15. BAO «Cnbkabenby.

16. 3AO « ToMCKMI NOOLUMMHUKY.



The scheme of processing and analysis of snow samples

\ V.= 8 10

, Snow samples - 0
S Melting (18-22°C)
Snow sampling (15-20 kg)

(pit method)

/
Desilting \

Weighting

Drying the filter Filtering
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Innovation Scientific-Education Centre “Uranium Geology”
(TPU, Department of geoecology and geochemistry)

Laboratories:
Nuclear-geochemical

laboratory

Electron-optic laboratory
Isotope spectrometry
laboratory

Microelement Analysis
Laboratory

Geotechnology




Nuclear-geochemical laborator

Neutron activation analysis Is used to determine the
concentration of heavy metals (As, Cr, Zn, Co, Sb, Br, Ba, Sr),

macro elements (Ca, Na, Fe), rare, rare earth elements (RDb,
Cs, Hf, Ta, Sc, Tb, Sm, Eu, La, Ce, Yb, Lu, Nb), radioactive
elements (U, Th) and Br, Au, Ag.
sy Power of reactor is 6 MWt
Flow of thermal neutron Is
1.2*1014 n*sm?/sec
Quantity of canals is 24,
Including 10 horizontal, 14
vertical ones

Wight of samples for

analysis — 100 mg

research nuclear Analysts — Sudyko A.F., Bogutskaya L.7F.

reactor of TPU




The lower detection limits of element concentration
In natural environments using INAA method

Element Detection limit, mg/kg Element Detection limit, mg/kg
Na 20 Ta 0,05
Ca 300 Sc 0,02
Fe 100 Tb 0,05
As 1 Sm 0,01
Co 0,1 Eu 0,01
Cr 0,2 La 0,03
Sb 0,2 Ce 0,05
Ba 8 Yb 0,1
Br 0,3 Lu 0,01
RDb 0,6 U 0,1
Cs 0,3 Th 0,2
Sr 7 Au 0,01
Hf 0,01 Ag 0,5




The f- radiography method is a unigue method of the
fissionable radionuclides (%°U, 23°%Pu, 24Am)
analysis.

B ocHOBEe MeTo TA JIESKMT SITTeDH AT DEeAKIT Usi

fission
fragments

(9

The method allows to determine with high accuracy the
guantitative contents of fissionable radionuclides, their modes

of occurrence (dispersed or concentrated) in researched

object. .



Microelement Analysis Laboratory

Atomic absorption method is used to determine mercury

concentration.

eultra low detection limit;

*high selectivity of analysis;

~ direct continuous mercury detection (without
preliminary mercury concentration on a
sorbent);

scapability of the operation in the field using a
built-in battery;

suser-friendly computer interface;

*background monitoring of mercury vapour,
direct analysis of complex gas mixtures;
*on-line measurements;

wide dynamic range of the direct
measurements;

mercury analyzer RA-915+ ‘measurements from moving objects;

«data logger.

¥
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Microelement Analysis Laboratory
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2. Trace elements
concentration in dust aerosol

12



The average contents of element in
dust aerosols of Tomsk city

1000

100 1

10 1

mg/kg

0,1 -

0,01 I I I I I I I I I I I I I I I I I I I
Ca Na Fe Co Cr Sc Ag Au Ba As Sb Sr Rb Cs Br Hf La Ce Sm Eu To Yo Lu Ta U Th

element

—— Tomsk city —=— background

According to data of neutron activation analysis. Ca, Ne, Fe - %
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Linkage Distance
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Association links of trace elements
In dust aerosols of Tomsk-city
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The scheme of Hg concentration distribution in dust-

aerosols of Tomsk C|ty
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mechanical
engineering plants with

foundry and plants
produsing manometers

reinforced
concrete plant

0.6

=o.52

power thermo electrical

station[POC-2
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Hg concentration in dust aerosols plants
Impact zone in Tomsk city, mg/kg

0,6

0,4

Average for Tomsk
0,32 [ :

MK

0,2

0,08

background
0

@ 2009 = 2010 m 2011

1 —construction plants, 2 — v. Kaltai, 3 — power thermo electrical stationf POC-2, 4 —
reinforced concrete plant , 5 — campus TPU, 6 — petrochemical plant OOO
« ToMcKkHepTeEXM»
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Concentration coefficient (KK)

KK =C/C,
C — element concentration, mg/kg;
Cb - background value of element

concentration, mg/kg.
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Geochemical row of element association
from the highest value to the lowest value

concentration coefficient

Impact zone
More than 10 10..5 5..3 3..1

Construction Thyg, - Upsq - Yb15.2 - SM9.9 - Tad.7 - ¢ h Sc1.8-Fel.5-
lants As12.7 - Lall.5 Na7.9-Ce6.9- | H8.5-Th3.l | oo) 5 Hg1.2

P | ' Ba6.4 - LU5.9 ' '

Lu4.6 - Hg3.9
reinforced U22 - As16.8 - Th13.1 - ;1%%'_5(’:22'% ] - Sr3.8- Hf2.6 - Co1.9 -
concrete plants Yb12.5-Lal2.1 ' ' Ca3.1-Sb3.1 Fel5
Na5.1
- Th3
Power station Lud.7 - Sr4 - Sb2.1 - Hf1.9 -
Tomskaya GRES- UZl'Znglgl_&LiilAzB'S ' Ta::; 45@2;’ " | Hg3.5-Na3.4 | Col8-Cal7-
2 ' ' - Th3 Fel.6 - Brl.5
Petrochemical | U26.2 - Th16.6 - Yb16.2 - (A;Z%;_. fag'g | Th47-Na4l | Sr2.1-Fel9-
plant Lal5.3 - Tal3 - Sm11.3 .Hg5 1 ' - Hf3.3 - Br3 Sbl.6-Csl.4
Th2,3-Hf2,1—
Yb9,5-Lag-Bag6- | Nad5-Aga3- | Slro 8o
Tomsk city U13,8-Th11,5 Ta8,1-As7,6— Br4,2—Lu4,1— ’ !

Sm7,6-Ce5,2 Hga,2-sb3 | “Ch2~Eull-

! : g% Cs1-Cr0,9—

Rb0,8-Au0,3




Total pollution environment factor (Zc)

Z,=>» KK —-(n-1)
KK — factor of element concentration

n — a number of elements having the KK values
more than 1

contamination levels of total pollution factor

& less than 64 — low contamination level;
% 64-128 — middle one;

& 128-256 — high one;

& more than 256 — very high one

19
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The scheme of total pollution environment factor value
distribution in Tomsk city

1. OO0 «KOHTUHEHTDBY.
2. OAO «TOMCKUN UHCTPYMEHTY.
3. OAO «TomcKkuin aneKkTporiamMmnoBbIN

3aBoay.
Cl13 4. Tomckas «[P3C-2»
Very 5. OO0 «3aBop KpynHonaHeNbHOro
high nomoctpoeHuns TICK».
one 6. «OmanbnpounssoacTteo 3A0
256 «Cunbkabenby.
7. OAO «MaHOTOMbY.
high 8. OAO «CunbanekTpomMoTopy.
one 9. OI'YT1 « ToMcKUiA BNEKTPOTEXHNYECKUI
@ - 3asog» n HIMNO «[Tontoc».
10. 3onootBan Tomckon «['PIC-2»
middle 11. 3AO «KapbepoynpasneHuey.
one 12. OAO «3aBopg KBK-100» n OO0
«Kepamaunt-Ty».
o4 13. OAO «ToMcKkum LLINanonponnTOYHbIN
(e | low sasom.
11 popory contaminat 14, OO0 «ToMckuii 3aBof, Pe3VHOBOM
= —ypje—lKﬂ,Lt;!-IbM ion level O6yBVI».
—— 30 15. 3A0 «Cunbkabenb».

0 1 2 g 4I<|VI 16. 3A0 «TOMCKMIA NOALLIMIHUKY.

Average - 93 20



Total pollution factor value in plants impact
zone in Tomsk city

high one

middle one
64
low
contamination
level
0_ I I I I
1 i 3 4 5 6

1 — south part of Tomsk region, 2 — Tomsk city, 3 — Construction plants, 4 —
power thermo electrical station N'P3C-2, 5 — reinforced concrete plants, 6 —
petrochemical plant OOO «TomckHedTEXUM»
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Forecast children morbidity according to the value of
total pollution factor

%A

0 4 immune system

change total pollution factor in
Tomsk city - 93.

In the iImpact zone of

/ Functional-morphologic anomaly 'COI’]S'[I’UC'[IO.I’] plants — 115
2t / / -petrochemical plant — 140

30 T

respiratory apparatus desease

/ :
// _ -power station - 115
ronic desease
ey : : >
0 64 128 256 cn3
s less than 64 — safety morbidity level; lower change of children’s health;
s 64-128 — mildly unsafe one; increase in total morbidity;
s 128-256 — unsafe one; increase in total morbidity and number of iliness children;
& more than 256 — immensely unsafe one; very high level of morbidity, there are

many children with chronic diseases and abnormalities in physical abilities;,



Factor of pollutant (element) load on the
environment (P,,,) (average daily fallout of
elements on the city territory )

P =CxP,

otal mg/km?2 per day

C — element concentration, mg/kg;
Pn — dust load, mg/m? per day

23
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The value of mean daily fallouts of elements

on snow in Tomsk city

100000 M@/kmexday

10000

1000 A

100

10

1

0,1

Ca Na Fe Co Cr 5c Ag Au Ba As Sh 5r Rb Cs Br Hf La Ce Sm Th Yb Lu Ta U Th

—4— OOH ——T.TOMCK

Background value according to A.lO. LWWaTtunosa (2001 r.) c agon. E.I'. d3ukosa (2006 r.),
Ca, Na, Fe g/km2xday.
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The scheme of the value of mean daily
fallouts of some elements distribution,
mg/km2?xda
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The scheme of value of mean daily fallouts of
mercury distribution

1. OO0 «KOHTUHEHTBLY.

2. OAO «TOMCKUI NHCTPYMEHT».

3. OAO «Tomckui aneKkTponamMnoBbIi
3aBoa».

4. Tomckasi «[PIOC-2».

5. OO0 «3aBop KpyrnHonaHenbHOro
aomocTtpoeHna TOCKy.

6. «Omanbnpounssoacteo 3A0
«Cunbkabernby.

7. OAO «MaHOTOMbY.

8. OAO «CubanekTpoMoTop».

9. ®I'Yr «Tomckun
aneKkTpoTexHudeckmmn 3asog» n HIMNO

Hg, mrikm?*cyT

«[ontocy.
k3 10. 3onooTsan Tomckoi «MPIC-2».
Y r—— 51 11. 3AO «KapbepoynpasneHuey.
i esicie . 12. AchanbrobeToHHbIN 3aBog 3A0
2 45 Dok, pysoi «TOMCKUI LIEeMEHT».
g ey —pt 13. OAO «Tomckuit
A TIyHT HOHTODHHTa Ly LLINanonNpPONUTOYHLIN 3aBOAY.
. 14. OO0 «Tomckun 3aBog pe3MHOBOW
o0yBU».

15. BAO «Cunbkabenb». 6
16. BAO «TomMCKMin NOALLINMHUKY.



Factor of relative increase In total
elements load (Kp)

K, /[ P,

total

Pb — background value of total element
load. It Is calculated by the formula:

P =C,xP,

Pnb — background value of dust load, it is
7 kg/km? per day for the Tomsk region

27



Factor of total element load (Zp)

Z,=> K, -(n-1)

n —a number of elements having Kp values more than 1.

contamination levels of factor of total element load

& less than 1000 — low contamination level;
% 1000-5000 — middle one;

& 5000-10000 — high one,

& more than 10000 — very high one.

28
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The scheme of factor of total element load
value distribution in Tomsk city

; Zp

™ o)

I YenosHbie oBoaKasens
| = rpaHnLbl paiioHoB
[foporu
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Background value 28 (LLlatunos, 2001 ¢ gon.
Asnkosa, 2006), average value is 1005 .

5000

4500

4000

3500

3000

2500

2000

1500

1000

1. OO0 «KOHTMHEHTBY.

2. OAO «TOMCKUI NHCTPYMEHT».

3. OAO «TomcKuMIn aneKkTporiamMmnoBbIN
3aBoay.

4. Tomckasa «[P3C-2»

5. OO0 «3aBop KpynHonaHeNbHOro
aomoctpoeHna TOCK».

6. «OmanbnpounssoacTteo 3A0
«Cnbkabenb».

7. OAO «MaHoTOMbY.

8. OAO «CnbanekTpomMoTop».

9. OI'YTT « TOMCKNIN 3NEKTPOTEXHUYECKMIN
3asog» 1 HIMNO «[Tontocy.

10. 3onootBan Tomckon «POC-2»
11. 3AO «KapbepoynpasneHuey.

12. OAO «3aBog XXBK-100» n OO0
«KepamanTt-T».

13. OAO «ToMcKkun LINanonponnTOYHbIN
3aBoaY.

14. OO0 «Tomckun 3aBoOa PE3NHOBOM
00yBU».

15. BAO «Cunbkabenb».

16. BAO «ToMCKMIN NOALLMMHUKY.
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3. Radioactive elements
concentration in dust aerosol
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The scheme of U and Th concentration
distribution in dust aerosols of Tomsk city
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Distribution of ratio Th/U in dust

& | ) e bCKIN Nai .
<17 | <% i ) According to the data of
V 7 TR, Ay (i .
e Rl | ratio Th/U aerosols
L) N origin is identified
SO (A3ukos, 2006):
NEm Less 2 — uranium origin
B LY (mostly anthropogenic
i origin)
S g From 2 to 5 — mixture
origin
- R ,L,,,z;f“”rgfe;’:@g?;?‘?ﬁﬁieﬂé 1 More than 5 - thorium
g ! \ Q i ymue . .
= Wi\ AL 0 origin (mostly natural
-:-:1—2:h4|<|v| Origin)

Background value — 14.2 32



The scheme of value of mean daily fallouts of U
and Th distribution

OKTA0PLCK av@ U

@ U, Mr/kB.KMXCYT.

ﬁ et
e

Th, Mr/KkB.KMXCYT.
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1. OO0 «KoHTUHEHTBLY, 2. OAO «Tomckunin MHCTpyMeHT», 3. OAO «ToMckuin anekTponamnoBbin 3aBoay», 4. Tomckasa MP3C-2, 5. 000
«3aBog kpynHonaHenbHoro gomoctpoeHuna TOCK», 6. «Omanbnponssoactso 3A0 «Cubkabenb», 7. OAO «MaHoToMby, 8. OAO
«CwubanektpomoTtopy, 9. PIYI «Tomckmin anekTpotexHunyecknn 3asoa» n HIMO «[Montocy, 10. 3onootean Tomckon MPAC-2, 11. 3A0
«Kapbepoynpasnenue», 12. OAO «3aeop XXBK-100» u OOO «Kepamaut-T», 13. OAO TpaHcByncepsug3 «Tomckui
wnanonponuToyHbln 3asog», 14. OOO «Tomckmi 3aBog pesumHoBon obyeu», 15. 3A0 «Cubkabenb»; 16. 3A0 «Tomckui

noALLNOHUKY .
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The modes of occurrence of radioactive
fissionable elements in the snow residue

ey AR
1.:..".- - N

d) micro- |nclu5|ons e) micro- mclusmns f) micro-inclusions

Detector: lavsan. Magnification X160-180
micro-inclusions are called “stars”
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Conclusion

& One uses the modern and high sensitivity analyses to
determine trace elements concentration.

& Treatment the analytical data includes calculation of the
concentration coefficient, concentration coefficient, daily
fallout of elements, factor of relative increase in total
elements load and total element load.

& Geochemical associations of trace elements in dust
aerosols should be determined by the method of
multivariate correlation analysis (Ward’s method) using the
software Statistica.
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Conclusion

& According to micro-element content in dust aerosols it is
possible to map the anthropogenic transformation zones on
the area and the souses of the elements.

& Investigations of dust aerosols in the impact zones of
nuclear-fuel plant are given certainty that f-radiography
method makes it possible to identify “hot” particles in dust
aerosols and perform radio ecological assessment of the
territory.
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Thank you for your attention!
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