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HcToyHHKaMH TBepOBIX BBIOPOCOB B aTMOcdhepy MOryT OBITH Kak
MPOMBIIIIEHHBIE, TaK W NPHPOIHBEIE O6BEKThI. OCHOBHEIE NPOMBIIIIEHHEIE
HMCTOYHHKH aHTPOMOTeHHBIX BBIOPOCOB B aTMOChepy DCTOHMH — JIBE KPYIHbBIE
DIEKTPOCTAHIMH, paboTaiollie Ha TOpIOYEM CIAHIE-KYKepCHTe, —
«IIpubanTurickasi» ¥ «DCTOHCKasi» — M IeMeHTHBIM 3aBop «KyHOa Texacem».
DIIEKTPOCTAHIIMH BEIOPACEIBAIOT B aTMOCGEPY JIETYUYIO 30JIy OBIMOBBIX TPYO,
LEMEHTHBIM 3aBOJ, — OYEeHb TOHKYI0 (DpaKIMI0 YHOCAa IBUIM M3 LIEMEHTHBIX
neyven.

ITocKONBEKY MBI IIOCTaBHJIM TMepel CcOoOO0M Ieib OLEHHTh 3arpsi3HeHHe
aTMocdeppl MHKPO3JIEeMEHTaMH, CONEepXAallMMHUCS B Ha3BaHHBIX BbIIE
aHTPONOTreHHBIX BBIOpPOCaX, mMepel HaMH BCTala 3ajada OMNPeNeNIUTh
MHKDO3JIEMEHTHBIM COCTaB JIETy4el 30JbI CIAaHIA U MEeYHOM MBLIH, a TaKXe
BBIOpPATh STANOH, OTHOCHTEIBHO KOTOPOro ILeec006pa3HO MPOBOTUTE PacyeT.

Ilns W3ydeHHs. JIeTyYMX 301 CJaHIA M NEe4YHOM NBLTH ObLI NpHMeHeH
aKTHBALMOHHBIM aHAJM3 C MCIOJb30BAaHHEM HHTEHCHBHBIX IOTOKOB
HaJATeIUIOBEIX HeUTPOHOB [1—3]. IIpu BEIOOpE STAIOHA MBI HCXOIHIIM U3 TOTO,
YTO B MUPOBOM NMPAaKTHKE OCHOBHBEIM TOIIHBOM IS DJIEKTPOCTAHITAN SIBISETCS
KaMeHHBI Yrojb, JIeTy4as 30JIa KOTOpPOr0 TOX€e TMpeNCcTaBiIseT CcOo60
3arps3HATEND aTMOChephl. [103TOMY 32 STAIOH IJIS CPaBHEHUS HAMH OBLT B3SIT
CTaHEApTHBIM o6pasel «IeTy4yas 301a KaMeHHOro yrias NBS-1633»,
pa3paborannsni B CIIA [4].

Jns OILeHKH 3arpsi3HeHHSI aTMOChepbl OTHEeJIbHbIMH MHKpPO3JIEeMEHTaMHU
paccYMTaHbI K03 DHUIHEHTHI060ralleHHsT/00eIHEHHUS , KOTOPBIE MPEACTABISIIOT
co60¥ OTHOLIEHHE COOEPXKAaHMS DIIEMEHTA B Mpobe JeTydYel CIIaHIEBOM 30JIEI
OBIMOBOM TpPYOBI MM TNEYHOM MBUIM K ero aTTeCTOBAaHHOMY COIEPXKAHHIO B
CTAaHIAPTHOM 30JIe KAMEHHOIr'0 YTIIS.

I nmeryded 301bl ClaHIa 3HaYeHHS Ko03hduumeHToB K NMpUBemeHBI B
Tabn. 1, Ux KiIaccHdUKaUMs MO BeIWYHHaM — B Tabun. 2. BupgHO, 4TO
OTHOCHUTEJIbHO CTAaHHAPTHOM 30JIbI KAMEHHOIrO YIJIS CIAHLIeBas 30J1a JEIMOBOM
Tpy6Bl 0OeqHEeHA BCeMHM dieMeHTaMH, KpoMme Br, Rb u Cs. B cimaHIeBo 30ie
B 2—5 pa3 MeHblle Hanbolee TOKCHYHBIX (Se, Sb), paguoakTuBHEIX (Th, U) 1
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Tabmmna 1. Kosddamuearn K oGorameHAs/06¢HCHAS JIeTy49ed CIAHIEBOH 30JIbI
MHKDOSJICMCHTAMH, DACCYATAHHBIE OTHOCHTEJHLHO CTaHJAPTHOH JieTy4ed 30JIbI

KaMeHHOro yring [4]
Table 1. Enrichment/impoverishment factors K of oil-shale fly-ash with microelements

with regard to the standard coal fly-ash

Mukpo- KonnesTpanus K Mukpo- KonnenTpanus K
JICMCHT | 2JeMeHTa, /T, B 3JIEMCHT 3JIEMCHTa, I/T, B

JIETYYCH 30J1¢: JIETYYeH 30JI¢:

ropio- KaMeH- ropio- KaMeH-

Yyero HOTO Yero HOTO

cliaHNa yris [3] cllaHIa yris [3]

[1,2] (1, 2]

Ta6mana 2. Knaccadpuxamus xosddamaenTos K o6oramenns/o6eHcHAS
JIETy9eH CIAHICBOH 30JIbI MAKPODICMCHTAMHA 0 BEIHIHHE

Table 2. Classification of enrichment/impoverishment factors K

of oil-shale fly-ash with microelements

| K | DaeMeHRT I

> 20 Br

2,0—-1,0 Rb, Cs

1,0—0,5 Cr, Ni, Zn, Ga, As, Mo, Lu, Hf, Ta

0,5—0,15 Sc, V, Co, Cu, Sr, Zr, Sb, La, Ce, Nd, Sm, Eu, Tb, Dy, Yb, Th, U

0,15 > Se, Ba
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PeIKO3eMeNbHBIX dJIeMeHTOB. HampammBaeTcss BBIBOL: HAa OCHOBAaHHM
CPaBHEHHSI MHKPO3JIEMEHTHOT0 COCTaBa JIETy4YeM 30JbI KaMEHHOIO YIVIS M
CIIQHIIa-KYKEPCHTA MOCIeIHUM MOXHO CYHTATh 3KOJOTMYeCKH 00Jjiee YUCTHIM
TOIIMBOM.

YcpenHeHHbIe HaHHBIE 0 MHUKPO3JIEMEHTHOMY COCTaBy NEYHOHM MBLIH
npuBeIeHEI B paboTe [3]. B 3TOM mitaHe K JIeTy4Yed CIIAHIIEBOM NBLIH IHIMOBOM
Tpy6sl HaubGolee OJM3KM MpOOBI MEYHOM MBLUTH, OTOOpaHHBIE C V mois
3NeKTpOHIbTpa IeMeHTHOM neuyd. CpeqHUe TaHHBIE IO STHM Ipobam
(Ta6:1. 3) UICIOJIL30BAHEI IS pacyeTa KO3 GHIIMEHTOB 060raleHus/06eIHeHUS
KaK OTHOCHTEJBHO JIeTy4eH 30JbI KAMEHHOro yris — K|, Tak ¥ OTHOGHTEIBHO
JeTy4ed 30Jbl claHla — K,, KOTOpble KIIacCH(UIMPOBAHEI MO BEJIUYHUHE B
Tabi. 4.

Tab6mna 3. KosddummesTn 060ramenas/06e{HeHAL 16 THO M ITHLIA MUK PO3JIEMEHTAMH,
PacCYMTAaHHLIC OTHOCHTEIHFHO CTAHNAPTHOH JICTYICH 30JIbI KaMeHHOTO yrid [4] — K, u
JIETY9CH 30JII NOPIOYEr0 CIAHNa-KyKepcaTa — K,

Table 3. Enrichment/impoverishment factors of cement kiln outburst dust with
microelements with regard to the standard coal fly-ash [4] — K, and with regard to the
oil-shale fly-ash — K,

Muxkpo- Konnenr- K, K, Muxkpo- Konnenr- K, K,
JIEMEHT panus 3JIEMEHT pauus

3JIEMCHTa, I/T, 2JIEMEHTAa, I/T,

B IEYHOA B IeYHOH

obuUTH” obuTH”

"AHaJlOrHYHbIe JaHHBIC JUIA KaMCHHOI'0 YIJIA M roproyero ciania NpUBeICHEI B Tabi. 1.
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Ta6mmna 4. Knaccadpukanus xo3ddumuenTor K, u K, o6oramenns/ 06cHCHAS ICTHOR
LU MEKDPOSJICMCHTAMH 110 BEJIMIAHE

Table 4. Classification of enrichment/impoverishment factors of cement kiln outburst dust
with microelements

K, DeMeHT K, DieMeHT |
> 2,0 Br > 2,0 —
2,0—1,0 Rb, Cs 2,0—1,0 Rb, Cs, Eu, Tb, Yb, Lu,
Ag, Au
1,0—0,5 Lu 1,0-0,5 Sc, Co, Sr, Zr, Ba, Ce,
Nd, Sm, Hf, Th, U
0,5—0,15 Sc, Cr, Zn, As, Sr, Zr, 0,5—0,15 Cr, Ni, Zn, As, Br, Sb,
Ce, Nd, Sm, Eu, Tb, Yb, La, Ta
Hf, Ta, Th, U
0,15 > Co, Ni, Sb, Ba, La 0,15 —

AHAJIOTMYHO JIETYy4YeM CIaHIIEBOM 30JIie YHOC IIEMEHTHOM me4yn oborainéH Br,
Rb u Cs ¥ B pa3sNmMYHON CTeNmeHH OOEIEHEH IPYTHMMH OMNpenelIsieMbIMHA
aneMeHTaMu. ConocTaBlIeHHe STHX 06bEKTOB NOKA3bIBAET, YTO MO CPAaBHEHHUIO
C JIETY4YeH CIIaHIIEBOM 30JI0M MeYHas mbeUIh oborauieHa Rb, Cs, Eu, Yb, Tb, Lu,
Ag u Au. O BO3MOXHOM MNpHYHHe OOOraleHHs yHOCAa ILEMEHTHON NeYH
30JI0TOM MBI YIOMHHANH paHee [3].

ITOCKONMBKY B DCTOHWHM HET NMPHPONHBIX HCTOYHHKOB TBEPIBIX BHIOGPOCOB B
atrMocdepy, CpPaBHHTb aHTPOINOreHHbIE TBepHble BBIOPOCEI C MECTHBIMH
BBIOPOCAMH €CTECTBEHHOI'O MPOUCXOXKIECHHUS HE MPEICTABISAETCA BO3MOXKHBIM.
ITosTOMYy NI M3ydeHHS eCTECTBEHHBIX TBEPIBIX BEIOPOCOB MBI B3SIIIH MEMEN U3

Tabmana 5. Knaccadpuxanus x09¢ddunmeaTOR 060ramenns/o6eaeHAs
BYJIKaHHYCCKHAX NCIUIOB MEKPODJICMCHTAMHE [0 BEIHIHHE

Table 5. Classification of enrichment/impoverishment factors of volcaneous ashes
with microelements

Byinkan Be3pMSHHBIA Bynkan KiiovyeBckas comka

DileMeHT BileMeHT

Sc, Fe, Zr, Hf 1,0—0,5 Sc, Fe, Co
0,5—0,2 Co, Rb, Sr, Ba, Nd, Sm, 0,5—0,2 Zr, Nd, Sm, Eu, Tb, Yb,
Eu, Tb, Yb Hf
0,2—0,1 Cr,'Cs, La; Ce 0,2—0,1 Ni, Rb, Sr, Ba
0,1—0,05 Ni, Sb, Ta, Th, U 0,1—0,05 La, Ce

0,05—0,02 Cr, As, Sb, Cs, Ta, Th,
U
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IBYX ByJkaHoB moxyocTpoBa Kamuarka (Poccust) — DBe3bIMSHHOro H
KiroueBckoi conkd. IToJrydeHHBIe JaHHBIE COMOCTABUIIM C XapaKTepPUCTUKaAMH
CTaHIapTHOro o6pasiia JeTyded 30JIbI KaMeHHOro yris [5]. OnpeneneHHbBIE B
3TOM paboTe K03GbDHIHEHTHI 060ralieHnss NEemIoB KIacCHDUIIUPOBAHBL MO
BeJIMYMHE B Tabi. 5. OKa3aiock, YTO MO CPAaBHEHHUIO CO CTAaHLAPTHOM JIeTyder
30JI0l KaMEHHOI'0 YIis B ByJKaHHYecKuX memiax B 20—40 pa3 MeHblle As U
Sb u B 10—30 paz — Th u U. OTcyTcTBYIOT 3HaYeHusI Kodddunuenta K > 1.
Hau6ousinue 35auenus K parot Se u Fe.

B 1enom comocTtaBieHHe KOd(DODUIIMEHTOB aHTPONOreHHbIX U €CTECTBEHHBIX
TBEpIBIX BBIOPOCOB MOKAa3bIBaeT, YTO IS MOCIENHHX XapakTepHa 6GOblIas
cTeneHb OOeOHEHHS pPEIKAMH M pacCessHHbIMM JJIEMEHTaMHM H3 4YHCIa
onpeneeHHbIX.

Lidia PETS, P. VAGANOV

COMPARISON OF MICROELEMENTAL COMPOSITION
OF OIL SHALE ASHES EMISSIONS
INTO THE ATMOSPHERE OF ESTONIA

Summary

Fly-ash from local power plants utilizing oil shale and dust outburst from cement kilns of
Kunda factory are the main anthropogenic particulates emissions into Estonian atmosphere.

By means of instrumental neutron activation analysis (INAA) more than 30 microelements
have been quantitatively determined in waste products of Estonia [1—3] and in natural ashes
of Kamtchatka volcanoes (Russia) [5]. In this paper a quantitative comparison of
microelemental composition of anthropogenic pollutants from the plants mentioned above and
of volcaneous ashes with the composition of the American standard — coal fly-ash NRS-1633
[4] — is given. The respective enrichment factors K have been calculated and presented
in Tables 1—S5.

Fly-ashes of oil shale are poorer in all elements except Br, Rb, and Cs as compared to this
standard. They contain 2—S5 times less toxic (Se, Sb), radioactive (Th, U), and rare elements.

The comparison of the cement kiln dust with the standard gave almost the same results. The
comparison of two local pollutants indicated that the kiln dust is enriched by Rb, Cs, Eu, Yb,
Tb, Lu, Ag, and Au.

As there are no natural throw-out sources in Estonia, we cannot compare natural and
anthropogenic throw-outs. Nevertheless, we have compared the composition of two samples
of volcaneous ashes from Kamchatka with the American standard and with oil-shale fly-ash,
too. The respective results are given in Table 5. Volcaneous ashes are poor in all elements.
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