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Summary

Atmospheric aerosol is an important characteristic of the state of the atmospheric air, therefore, in the
summer of 2021, atmospheric aerosol samples were collected in the expeditions of the Shirshov Institute of
Oceanology of the Russian Academy of Sciences to study the chemical composition (ions, trace elements,
polyaromatic hydrocarbons) of aerosols in the Arctic atmosphere. The expeditions were carried out on the
research ship (RS) Akademik Mstislav Keldysh in the Kara Sea (83rd cruise, June 18 - July 8, 2021), in the
Barents Sea and the Norwegian-Greenland Basin (84th cruise, July 24 - August 26, 2021). It is established
that the average total concentration of ions in the aerosol of the Kara Sea is 5.4+1.9 pg/m?, which corresponds
to the average data obtained in previous years. In the aerosol of the Barents Sea and the Norwegian-Green-
land basin, the average value of 5.0+2.1 pug/m® was considered as potentially possible for the studied region.
Concentrations of such ions as Na*, NH,* and Cl" dominated in the aerosol composition of all regions. The
average total concentration of trace elements in the composition of the aerosol of the Barents Sea and the
Norwegian-Greenland basin is 1,5 times higher than in the aerosol of the Kara Sea. The predominant con-
centrations of trace elements in the aerosol of both study areas were Cr, Zn, Al, Fe. Mo, Sr, Ba, Mn, Sn, Ti, Pb,
Cu, Ni. As a result of the calculation of the ranking of trace elements by atmospheric pollution in the aero-
sol of the Kara Sea, Fe, Cu, Ni, Pb are prioritized, and in the aerosol of the Barents Sea and the Norwegian-
Greenland basin - Fe, Cu, Sn, Pb. The level of air pollution with trace elements in both areas is low. 13 com-
pounds of polyaromatic hydrocarbons with an average total concentration of 0.65 ng/m? in aerosol collected
in 83 cruise, and 0.75 ng/m? in 84 one were identified. Compounds of polyaromatic hydrocarbons with two
and three benzene rings (naphthalene, phenanthrene and their homologues) coming from petrogenic sources
accounted for 92 and 80% of the total amount of polyaromatic hydrocarbons, respectively. Atmospheric aero-
sol sampling for the study of chemical composition was carried out under conditions of fog of various densi-
ties, with precipitation and destruction of seasonal ice.

Citation: L.P. Golobokova, I.A. Kruglinsky, A.O. Pochufarov, LI. Marinaite, N.A. Onishchuk, M.D. Kravchishina, M.V. Flint, M.Yu. Shikhovtsev,
O.L Khuriganova. Chemical composition of the atmospheric aerosols in Arctic regions in the summer of 2021. Led i Sneg. Ice and Snow. 2022, 62
(4): 607-620. [In Russian].
doi: 10.31857/52076673422040155, edn: miisrg

Tocmynuaa 31 mas 2022 2. / [locae dopabomiu 26 uronsn 2022 e. / lpunama k neuamu 7 okmsops 2022 e.
KnroueBbie cnoBa: Apkmuka, ammocghepHoiii a3po30/ib, UOHbI, MUKPO3/IeMeHMbl, Noauapomamuyeckue y21e8000podbl.

BblfiBNeHbl pa3nmMuma 1 CXOACTBO XMMWYECKOro COCTaBa (MOHbI, MUKpPO3anemeHTbl, MAY) npruBogHoro
aTMocdepHoro aspo3ons, cobpaHHoro B netHUn nepuog 2021 r. no maplpyTtam skcneguumin HAC
«Akagemuk Mctucnae Kenpolw» B parioHe Kapckoro mops (BTopon 3tan 83-ro peinca, 18 mioHA -
8 niona 2021 r.), B bapeHueBom Mope u Hopeexcko-IpeHnaHackom baccelHe (84-i1 pelc, 24 vions —
26 aBrycrta 2021 r.).
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BBenenne

O1ueHKa COCTOSIHUSI TAKUX 3JIEMEHTOB KPHOC-
(eprl, KaK CHEXXHBII MOKPOB, JEASIHON MOKPOB
MoOpei, JeMHUKU 1 BeYHas Mep3J0Ta B apKTUye-
CKHUX palioHax, yKa3bIBa€T HA YCTOMUYMBOE U3MEHE-
HUEe TeMIepaTyphbl BO3Iyxa B HUXHEM CJIO€ aTMOC-
¢epbl U cokpalieHrue 00bEMA JIEATHOrO TTOKpOBa
B 3uMHee Bpems (CemeHOB u ap., 2015; Menemiko
u 1p., 2018). ApkTuyeckas 30Ha TPaHUYUT C MSThIO
pa3BUTHIMM rocygapcTBaMu, Tpu U3 HUX — HopBe-
rust, Poccus n CILIA — go6siBatoT He(Th U ra3 ce-
BepHee IlonsipHoro kpyra. I[IpoBegeHue padboT Ha
menbge M pa3BUTHE B apKTUIECKUX pailoHaX CyHoo-
XOIICTBA CIIOCOOCTBYIOT POCTY BEIOPOCOB B aTMOC-
dbepy napaukoBbix razos CO,, NO,, SO, 1 yépHoro
yIJepoaa, KOTOphIe MTPAlOT BaXKHYIO POJIb B KIIMMa-
TUYeCcKUX n3MeHeHUsIX Apktuku (Bond et al., 2013;
Group..., 2015). B pe3ynbraTe atmMmocdepHoOTO TIe-
peHoca B apKTUUYeCKHe paiilOHbI IOCTYIIAIOT ad3po-
30JIbHBIC TPUMECH U3 00jiee HU3KUX IIUPOT. DTU
MIPUMECH, ITOIJIONIAs M pacCenBasi COTHEUHYIO pa-
OHUAILINIO, BIMSIIOT HE TOJIbKO Ha MHOTUE (PU3UKO-
XUMHWYECKHUE IIpoliecChl aTMOcGephl, ocaXnasich Ha
TMOJCTUJIAIOIIYIO IIOBEPXHOCTh B apKTUIECKOI 30HE,
HO M CTAaHOBSTCS MCTOYHMKOM OCAIOYHOIO Bellle-
CTBa B CUCTEME «KOHTMHEHT—aTMOC(epa—oKeaH»
(LLleBueHko, 2006; I'uuz3oypr u ap., 2008).

3HauYUTEIbHA POJIb a3P030JIsT B AaHTPOIIOTEHHOM
BO3JCHCTBUM U HA OKpyxKatolyio cpeny. I[Tpobie-
Ma JaJIbHETO TpaHCIopTa aTMOC(HEPHOTO a3p030Jisi
U3 KPYITHBIX TPOMBIIIJIEHHBIX HIEHTPOB CeBepHOTO
MoJIylapusi, U OlleHKa 3TUX 9MUCCUI Ha apKTUYe-
CKU OacceliH mojyynsa pa3Butue B Havaje 1970-x
rogoB. OpraHu3oBaHbl KPYTJIOTOAUYHBIE HAOIO-
NEeHUS 3a YPOBHEM 3arpsi3HEHUsI aTMOC(EPHOTO
Bosmyxa Ha Ansicke, B I'pennanauu, B Kananckom,
HopsexckoM n Poccuiickom cektopax ApKTUKHN
(Hamy6oBuu, 1977; Heintzenberg et al., 1981; Barrie
et al., 1985; Shaw, 1995). [TonydeHBI IIUTETbHBIC
psABI HAOMIONEHWI 3a BpeMEeHHON 1 IIpOCTpaH-
CTBEHHOM M3MEHYMUBOCTHIO (DU3UKO-XUMUISCKUX
CBOIICTB a3po30JIsI B apKTUIECKOM 30He. B pe3ynb-
TaTe POCCHUMCKUX MCCIEIOBAaHMI, HECMOTpPS Ha
SMU30ANYHOCTh U3MEPEHUIA, YCTAHOBJIEH SIPKO BBI-
paxkeHHBIN 3G GEKT YBeTMUSHUSI MHTeTPaIbHOM OIT-
TUYECKOM TOJIIIMHBI aTMOcGephl B BECCHHUI T1e-
pHOM, CBSI3aHHBIN ¢ MAKCUMYMOM a3pP030JbHOTO
3arpsI3HEHUST BO3OYIITHOM Cpembl APKTUKH, UYTO CO-
BITaJlaeT C pe3yJbTaTaMM 3apyOeKHBIX MCCIIeI0Ba-

Huit (Barrie et al., 1985; Pycuna, Pagnonos, 2002).
ITo manueiM B.I1. IlleBueHKoO u KoJer, oodliee mo-
CTYILIEHUE a3p030Jis U €CTECTBEHHOr0, U aHTPO-
MOT€HHOTr0 MPOMCXOXIEHUs Ha MoBepXHOCTh Ce-
BepHoro JlemoBuToro okeaHa kKojeonercs ot 2,8 10
7,5—8,2 maH T B rog (IlleBuenko u np., 2001). 3axo-
paHMBAsICh B JIEASHOM M CHEXXHOM MOKpPOBaX apK-
TUYECKOI 30HBI, a3P030Jb CO3AaET CBOEOOpa3HbII
apXMUB COOBITUI TIpONLIOTO. XUMUYECKUI aHATIU3
coCTaBa JIeNSIHbIX U CHEeXXHBIX KEPHOB B apKTUYe-
CKOM pervuoHe IOo3BOJMI OOHAPYXUTh HE TOJBKO
clienbl ByJKaHuueckux u3BepxeHuit (Wei et al.,
2008), HO 1 pagOaKTUBHbBIE BEIOPOCH YepHOOBLIEL-
CKOM aBapuu, B pe3yJibTaTe KOTOPOM paadvuOHYKIIU-
Ibl PacIpPOCTPAHMIIMCH KaK 10 BCell TePPUTOPUU
EBpormnbl, Tak u B ApkTuueckoit 3oHe (Davidson
et al., 1987). B pe3ynbTaTte MOCIOMHBIX UCCIEI0-
BaHUII KEPHOB JIEIHUKOB OCTPOBOB apKTUYECKO-
ro peruoHa ooHapyxKeHo, 4To B nepuon ¢ 1956 no
1977 r. Habmonanoch 75%-e yBenudeHue 3arpsi3He-
HUS Bo3nyXa B APKTHUKE, KOTOPOE CBSI3aHO C 3aMeT-
HbIM yBennueHueM SO, u Beiopocos NO, B EBpone
(Barrie et al., 1985). MHTeHCMBHOE OCBOEHHUE apK-
TUYECKOI 30HBI B COBPEMEHHBIN TTEPUOI W PaCIIM-
peHre CyIOXOACTBa, KOTraa OOJBIIMHCTBO MOPCKUX
CyZIOB MPUMEHSIOT pa3peliéHHoe BIUIoTh 10 2029 r.
TSDKEIOe OU3EIbHOE TOIIMBO, OCTABUT CBOM «CIIe»
B JICASTHBIX M CHEXKHBIX KepHaX APKTUKHU B OyIyIeM
(Humpert, 2020).

WccnenoBanue pU3MKO-XMMHUUYECKUX CBOMCTB aT-
MocGhEepHOTO a3p030JIsI IIPOBOAUTCS KaK Ha CTALIMO-
HapHBIX CTAHIIMSX, TaK W 10 MapIIpyTaM MOPCKHX
SKCHeIUINI. 3Mech pacCMaTPUBACTCST XUMUICCKUI
cocTaB aTMOC(EpPHOTO a3p030Jisi, COOPAaHHOTO B JIET-
Huii iepuof 2021 r. Ha MaplIpyTax BTOPOTO OCHOB-
Horo 3Tarna 83-ro u 84-ro peiicoB HUC «AkageMuk
Mcrucnas Kengpmy (®auaT 1 ap., 2022; KpaBuu-
muHa u ap., 2022). Henab ncciaegoBaHus — OLEH-
Ka COBPEMEHHOTO COCTOSTHUSI BO3MYIITHON CpeIbl B
APKTUYECKUX 9KOCUCTEMAX, MOIBEepralolINXcs BII-
STHUIO TeKYIIMX KJIMMaTUIeCKNX IPOLIECCOB U aH-
TPOITIOT€HHOMY BO3IEICTBUIO, IJIsI IOHUMAHUSI TTPO-
HWCXOISIINX B PETHOHE U3MEHEHUIA.

MaTtepuaJjibl H METO/IbI HCCJIEIOBAHUS
ATMOChEpPHBI a3p030J1b COOUpACs IO Maplil-

pyTaM apKTUUYeCKUX MOPCKUX DKCIEIAMIIMI Hayu-
HO-UCCJIEI0BAaTEIbCKOIO CyaHa «AKageMuK Mctuc-
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Puc. 1. Cxema 83- (/) u 84-ro (2) peiicoB HaydHO-UCCIEI0BAaTEILCKOIO cynHa «AKaneMuk McruciaB Kenapiiins.
CIUTOIIHBIMUA U MYHKTUPHBIMU JIMHUSAMU ¢ HOMEpaMU Mpo0 MoKa3aHbl OTPE3KW MapIlpyTOB, 110 KOTOPBIM coOupaicst atMmochep-

HBIIA a3p030J1b

Fig. 1. The scheme of the 83" (7) and 84 (2) cruises of the Research Vessel «Akademik Mstislav Keldysh».
The solid and dotted lines with sample numbers show the sections of the routes along which the atmospheric aerosol was collected

naB Kenneimi» Ha BTOpoM 3Tame 83-ro peilica
(18 urons — 8 urong 2021 r., 83-i1 peiic) u B 84-Mm
peiice (24 urons — 26 aBrycra 2021 1., 84-ii peiic).
MapupyT 83-#i peiic mpoJjieras Ha CeBepO-BOCTOK
Kapckoro mops u ciaenoBajl o rpaHule CE30HHO-
ro nbaa. B peiice orobpano 14 mpod atMochepHOTO
asp030Jis, OHA UCKJIIOUEHA JIJIsS1 CPAaBHEHMSI Pe3yJib-
TaTOB B CBSI3M C ITONaJaHUEM Ha (DMILTP MOPCKOM
Boabl (cymma noHoB 102 Mxr/m3). Uccnenosanus
B 84-M peiice BoITIONHAAU B bapeHueBoM mMope u
Hopsexcko-I'pennanackom b6acceiiHe B o0nacTu
KOHTaKTa XOJIOAHOW TOJSIPHON U TEIION aTjiaH-
THUUYEeCKOl BOOHBIX Macc. B 84-m peiice oTrobpaHo
24 ipoOBI aTMOC(hepHOTO a3p0o30J4 (puc. 1, puc. 2).

B npo6ax atMochepHOTO a3p030is IpoaHaIn-
31MPOBAH COCTaB MOHOB, MUKPO3JIEMEHTOB U ITOJIU-
apoMaTtudeckux yriaeBomoponon (ITAY). Jlns omnpe-
NeJIeHUs: MIOHHOTO U MUKPO3JEMEHTHOI'0 COCTaBa
a’p030Jib COOMpPaaM Ha LEII0I03HO-0yMaxKHbIE
¢dunbTpel Whatman-41; ns nccienoBaHMsI COCTaBa
TTAY npumensnu kBapiuesble ¢GpuabTpbl Whatman
QM-A. JIng aHanu3a MOHHOTO COCTaBa (PpUIBLTP
MoABepraayd 3KCTPaKIMU OMIUCTUIIUPOBaHHOMI
BOIOI B yJIbTpa3ByKoBoll O0aHe. B mpoduabTpo-
BaHHOM I10JIyYeHHOM pPacTBOPE OMpPENeIsiid NOHbI

Ca?*, Mg?*, Na*, K*, NH,*, NO;", CI, SO, u
n3Mepsanu BeanduHbl pH. MoHHBIN cocTaB aspo-
30JI51 aHAJIM3UPOBAIU Ha Oe3peareHTHOM cucTeme
I1CS-3000 (CHIA, Dionex), omodbpeHHOI AMepHu-
KaHCKMM YTpaBJIeHUEM I10 OXpaHe OKPYKarollei
cpenbl (EPA). YpoBeHb (hJIyKTyalIMOHHBIX IIIYMOB,
Ipeiid HyJIeBOro CUTHAIA Y OTKJIOHEHUE BBIXOAHO-
ro cUTHaJIa Ipubdopa KOHTPOJIUPOBAIN C TTIOMOIIBIO
pacTBOPOB KOHTPOJILHBIX 00pa3ioB (["'omobokoBa
u 1p., 2020).

OnemenTHBIN coctaB (Li, Be, B, Al, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sn,
Sb, Ba, W, Pb, Th, U, Ag, Tl) B a3p03071bHBIX TPO-
0ax ompeaeasiiM Ha Macc-CIIEKTPOMETpPE C MH-
JYKTUBHO-CBsI3aHHOM 11azmoit Agilent-7500 CE
(CIIA, Agilent Technologies Int) ¢ TouHOCTBIO
He 6onee 0,2%. CyTh MeTOMA 3aKJII0YaIach B U3BJIE-
YeHUU COOpaHHBIX Ha DUIBTP MpUMeceil KOHIIEH-
TPUPOBAHHOM a30THOI Kucnoroit (Xu, Gao, 2014).
O0pa31bl mogaBaIK C IIOMOIIbLIO PACTIBLIUTEIIS C MU-
kpoTtokoM (0,3 mi/mMuH). Ipeiid npudopa KOHTpO-
JIUPOBAJIU C MCIIOJb30BAHUEM BHYTPEHHEIO CTaH-
JapTa ¥ KOHTPOJIBHOTO 00pa3iia KaxkI0ro JIeMeHTa.
Hnsa onpenenenus [MAY (nadpranuH, 1-meTunHadp-
TaluH 2-MeTuaHadTanuH, aneHaGpTUIEH, alle-
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a’po30Jis1, coopaHHoOro B 83- u 84-M peiicax HaydyHO-HMCCIIeN0BaTebCKOTO cynHa «AkageMuk Mctuciaas Kei-

IBIID» , HT/M>

Fig. 2. The total concentrations of polyaromatic hydrocarbon compounds in atmospheric aerosol collected in the 83
and 84'™ cruises of the Research Vessel «Akademik Mstislav Keldysh», ng/m?3

HadTeH, dyopeH, (peHaHTpPEeH, aHTpaleH, (QIyo-
paHTeH, MUPEH, peTeH, OeH3[a]aHTpalleH, XpU3eH,
o0eH3|[b]dayopanteH, 6eH3[k]payopaHteH, 6eHs|[e]
nupeH, 6eH3[a|nmupeH, nepuieH, uuaeHo[1,2,3-c,d]
nupeH, 6eHs3o[g,h,ijmepunen, nudens[a,hjantpa-
LIEH) 3KCTPaKIMIO U3 (GUILTPOB MPOBOIUIN C T10-
Moo 30 Ma H-rekcaHa. [TAY ananu3upoBaiu Ha
XpOMAaTO-MacC-CIEKTPOMETPE C TPOMHBIM KBaJIpaTo-
poM Agilent Technologies 7890B GC System 7000C
GC-MS (Agilent Scientific Instruments, Santa
Clara, California, USA) u KanuJiIsipHOU KOJIOH-
kot OPTIMA®17 mc (30 M X 0,25 mM X 0,25 MKM).
IIpenen onpenenenus ITAY B aapo3ojie cocTaBiisiia
0,002 Hr/mM3, KOTOpBIA OLIEHUBAJICS HAa OCHOBE pas-
Maxa CUTHaJI/1ryM Kaxaoro nuka [TAY, paBHoro 10
(Gorshkov et al., 2021).

B xavecTBe ucxoaHoi MHpOpPMAIIUK IJI pac-
4y€Ta 0OPATHBIX TPACKTOPUIA IPUMEHSIIM JaHHbBIC U3
0a3 HaumoHaabHOTro yIrpaBieHUS OKEAaHUYECKUX
u atMocdepHbix ucciaenoBanuii CIIIA c cepBepa
https://www.arl.noaa.gov/. Pacué€Tsl BbITIOTHSIIN
B nporpamMmmHoM obecrieueHnun HYSPLIT (Hybrid
Single Particle La-grangian Integrated Trajectory
Model) (Stein et al., 2015).

PesyabTaTsl ucceoBanus u 00CyK/aeHue

Xumuueckuii cocmaeé npueoonozo ammocghepno-
20 a’3po304s, coOpanHo2o Ha emopom 3mane 83 peiica
HHUC «Axademux Mcmucaas Keadviu». Cymma KOH-
LEHTpaLMii MOHOB B COCTaBe a’p030Jisi, COOpaHHO-
ro B 83-M peiice, u3MeHsIach ot 3,8 10 20,5 MKr/M>.
BbiaeneHbl yeTbipe paiioHa UCCIeI0BaHUIA CO Cpe-
HUMM CyMMaMM KoHLeHTpauuii 3,9+0,3, 7,6%0,2,
15,444,7 n 15,242,1 mMxr/m3. Ha goimo 1ByX HepBbIX
JIMAara30HOB MPUXOIUTCI 0KOJI0 73% onpeneiaeHuii
(cpenHee 5,411,9 Mkr/m3), BBITOJHEHHBIX HaJl aK-
Batopueii Kapckoro Mopsi. A9po30Jib ¢ HU3KOM KOH-
LeHTpalell MIOHOB B IIPUBOMHOI aTMOocdepe co-
Opan 21—22 utons (mpodsl Ne 1, 2) Ha MapiipyTe oT
o. Konryes 1o 1oxxHoii okoHeuHoctu HoBoii 3emiu,
a Taxke 28—30 1IOHS B pailoHe ceBepHOI OKOHEeU-
HocTH apxurienara (cM. puc. 2, 8—10). B atot nepu-
o mpubpexHas 3oHa HoBoii 3emnu u mpakTuye-
CKM Bech pailoH HoBo3emelbcKO# BaguHbI ObLIN
CBOOOJHBI OTO JIbJIa, a BCS LIEHTPaJIbHASL U I0XKHAasI
yactu 6acceiiHa Kapckoro Mopst HOKpbIThl CE30H-
HBIM JIbIOM. B palioHe ceBepHOIi yacTu apxuresara
Ha0II01aJICs TYMaH pa3HOM IIOTHOCTU. A3P030Jb
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Tabnuya 1. CpegHyue KOHIIEHTPALMI MIOHOB U VX CpeJHEeKBaJpaTHYHble OTKIOHEHUA B COCTaBe a3po3ons (83-it peiic cygHa
«Axagemuxk Mctucnas Kengpim» 18 nrona-8 uronsa 2021 r.)

CpenHue KOHLEHTPALMU HOHOB M MX CPeIHEKBAIPATUYHbIE OTKJIOHEHUS B COCTABE a3PO30JIS, MKT/M>
KomrmoHneHT

3,6—4,3 7,4—7,8 10,9-20,3 13,7—16.7

H* 0,011£0,001 0,016+0,003 0,028+0,010 0,020+0,001
Na* 0,3610,05 1,2610,09 2,81%1,69 3,4210,55
NH,* 1,25+ 0,11 1,37+0,19 2,05+ 0,71 1,37+0,07
K* 0,02+0,01 0,04+0,00 0,1610,06 0,100,01
Mg2* 0,01£0,00 0,02+0,00 0,09+0,04 0,14£0,03
Ca?* 0,07£0,02 0,12+0,02 0,33%0,10 0,2610,11
CIr 1,88%0,14 4,11£0,20 8,04+2,66 8,30£1,70
NO; 0,11£,04 0,12+,02 0,17£,09 0,20£0,17
SO,* 0,18%0,06 0,54+0,09 0,8610,66 1,21%0,00

CO BTOPBIM IMara30HOM CYMMbl MOHOB COOpaH Haj
TyOOKOBOIHOI ceBepHOIT yacThio Kapckoro Mops B
paiioHe BOCTOYHOTrO oTpora xkeénoba CB. AHHBI (26—
27 wioHs, ipoObl Ne 6, 7) 1 pU IPOXOXAEHUY CyIHA
B 00paTHOM HAaITpaBJICHUH BIOJIb OCTpoBa CeBepHBII
Hogoit 3emiu (1 aBrycra, mpo6a Ne 11). Hekoropo-
My IOBBILIEHWIO KOHILIEHTpallUil MpUMeceii B aTMOC-
(¢epe MorM cnocoOCTBOBAThH TEIJIO- U BIaro0OMeH
¢ aTMoc(depoli B YCIOBUSIX pa3pylIeHUs CE30HHO-
ro ipaa. Habmoganuces BeImageHne aTMOC(hEPHBIX
0CalIKOB B BUIE MOKPOTO CHETa M MEJIKOTO JOXKIS, a
TaK>Ke MOBBIIICHHAs! BIIAXKHOCTh BO3IYXa.

Bricokne KOHLIEHTpallUM MOHOB OIIpeaese-
HBI B a3po3oJie, oToOpaHHOM 23—24 utoHs (15,2—
20,3 Mkr/mM3, mpoost Ne 3, 4) u 25 UIOHS B LEH-
TpanbHoit yactu Kapckoro mops (10,9 Mxr/m3,
mpo6a Ne 5). I[Ipu otGope mpoObI 25 MIOHS OTMede-
HO IToTagaHue BEIOPOCOB M3 TPYOBI CyaHA Ha IIPO-
000TOOpHOE YCTPOMCTBO, MO3TOMY Mpoba Oblia UC-
KJII0OUeHa U3 JajibHeiero paccMorpeHus. I1poosl
C MOBBILIEHHBIM CYMMapHBIM COAEpXXaHUEM UOHOB
B a3po30Jjie coOopaHbl 3—4 WIS MPU MPOXOXKIL-
Huu cyagHa oT Kapckux Boport no n-Ba KaHuHa u
110 aKBaTOpnUM ceBepHoit yactu bemoro mops (13,7—
16,7 Mxr/M3) (cM. puc. 2, 13—14) B yca0BUSX TUIOT-
HOro TymMaHa. MI3BeCTHO, 4TO XUMHWYECKHIT COCTaB
aspo3oJieil onpenesseTcs UX UICTOUHUKOM, a Mac-
COBasl KOHILIEHTpaLIUsI — TeM, OTKYya IIPUXOST BO3-
IYIIHBIE MACChl B palOH U3MEPEHUN — C KOHTHU-
HeHTa unu ¢ mops (MBnes, 1982). B paitone benoro
MOps aHAJINU3 IIepeHOoca BO3MYIIHBIX MacC CBUIE-
TeJIbCTBOBAJ 00 MX MOCTyIIeHnU ¢ KolbcKoro mo-
JyoctpoBa. B Tabs. 1 moka3aHbl cpelHUE KOHLIEHT-
paluy MOHOB B COCTaBe a3po30Jisl AJIsl KaxkJI0ro 13
NMana3oHOB CYMM KOHIEHTpaluil noHoB. OTMme-

TUM YPE3BbIYATHYIO U3MEHUYUBOCTb KOHIIEHTPALIUIA
OTHeNbHBIX MOHOB. O0paialT Ha ce0sT BHUMaHUeE
BBICOKHE MOJIOXUTEIbHbIE KODDOUIIMEHTHI aCUM-
metpuu (> 0,5) u akcuecca pacrnpeneaeHus (> 1,0).
DTO MOKa3bIBAET, UTO OCPEIHSTH JaHHBIC U3Mepe-
HUI CJIeAyeT FTeOMETPUYECKH.

IIpeobnangaroiimre MOHBI B COCTAaBE a3pPO30JIsT BO
BCeX AMarna3oHax KoHueHTpauuit — Na+, NH*" u
Cl". DKkBUBaJIECHTHOE COOTHOIIICHNE KOHIICHTPALIWIA
HMOHOB ITOKa3bIBACT, YTO MPY HU3KMX KOHLIEHTpaLIH-
SIX OCHOBHasI 10JIsI B hOPMUPOBAHNN MOHHOTO CO-
cTaBa a’po30J1 puHaiexana nonam NH4 (34%)
u Cl~ (45%). oneBoe yuactrie noHOoB Na* cocraB-
a0 okosio 8%. Ilpu Bo3pacTaHUM CyMMapHBIX
KOHIIEHTpAIXii NOHOB I0JIEBOE COOTHOIICHIE KOH-
LEHTpaLKii OTOEIbHBIX MOHOB M3MEHWIOCH. Jlos
noHoB Na' Bospocia 10 10—19% B nuamnasone 7,4—
7,8 Mkr/M? 1 10 28% B nuanasone 15,2+4,7 mxr/m3,
pu 3ToM o nonos NH*' causunace no 23—26
u 12—16% coorBeTcTBeHHO. [Ipy MOBHIIIEHUU
CYMMapHBIX KOHIIEHTpAIluii MOHOB B MX COCTaBe
yBeMuuBazcs Bkiag moHos Ca?t ¢ 1,8 1o 2,7% u
SO,% — ¢ 2,1 no 5,3%. Nonesoii Bkian nonos Cl-
obL1 60stee 40% BO Beex aMaria3oHax KOHLIEHTpaLUi
MOHOB. JI1st maeHTUUKALIMNA BO3MOXKHBIX UCTOU-
HUKOB IIpuMeceil B aTMocdepe MCIOIb30BaId U3-
BecTHYI0 hopmyny (MBrnes, 1982; Xu, Gao, 2014)

Koi = [(Ci/:a)aap]/[(ci/g)MB]’ (l)

rae KO, — koadduunent odboramenus; C; /9 — or-
HOILEHWE KOHLIEHTPALIMU i-TO DJIEMEHTA U PeEIep-
HOTO 3JIeMeHTa D B a3p030JisIX (a3p.) M B BEIECTBE
BEPOSITHOTO UCTOYHMKA — MOPCKOM Bojae (MB.); B
Ka4yeCTBE perepHOro 3JIeMEHTa JJIsI MOHOB IIpUMe-
nsu Na (Millero, 2016).
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Oo6oraieHue a’po30JbHOr0 BellleCTBA MOHA-
MM MO3BOJISIET YCTAHOBUTD TOMOIHUTEIbHbBIN BKJIA
Pa3HbIX ICTOYHUKOB B (DOPMUPOBAHIE XUMUUECKO-
ro cocraBa adpo3oJis. s mepuomoB ¢ HU3KUMU
CYMMapHBIMU KOHIICHTPAIMSIMU UOHOB B a3P030-
Jie pacuéTbl OTHOLIEeHUU 1o ¢opmyine (1) mokasa-
JI1 TIoBbIIeHHbIe 3HaueHuss KO aspo3oiiss noHamMu
Ca?* (K = 4,0+7,5). CooTHOLIEHUE KOHLEHTPALINIA
noHoB Ca>" u SO,> MOPCKOro (sS) ¥ HEMOPCKO-
ro (nss) MPOMCXOXIEHUS B a3p030Jie, ONpeaeéH-
Hoe 1o popMmynaMm (2) u (3), TakKe yKa3bIBaeT Ha
3HAYUTEJIbHYIO 10JII0 HEMOPCKOM COCTaBIISIIONIEH
B cocTaBe asposolieit: 36—65% nist uonos SO, u
70—87% nns nonos Ca?* (Keene et al., 1986):

nss—S0,% =S0,> — 0,06Na™,
ss—S0,* = S0O,* — nss—SO,*, (2)
nss—Ca?" = Ca?t —0,02'Na*,
ss—Ca?" = Ca?" — nss—Ca?",

)

rae ISk pacy€ToB IMIPUMEHSUIM MOJIbHbIE KOHLIEHT-
paiuu.

Pacuér oboraiiieH1sI MOHOB B COCTaBe a3p030-
JIsl ¢ BBICOKMMM CYMMapHBIMM KOHIIEHTpalUsIMU
MOHOB HE BBISIBUJI YBEJIUYEHUS UX KO3 DUILIEH-
toB. CooTHOILIEHNEe KOHLIeHTpauuit noHosB Ca?t u
SO,?" MOPCKOTO ¥ HEMOPCKOTO MPOUCXOXKAEHUS
10Ka3aJio TpeodiagaHe MOPCKOM COCTaBISIONIEH
n1st noHoB SO, (64—100%). B npoucxoxXaeHun
nonoB CaZ" oTMeueHbI Kak BbICOKAs Mopckas (40—
57%), Tak 1 KoHTUHEeHTaNbHas (43—60%) cocTas-
Jsionue. MckiouyeHre coctaBuiia mpoda, oTodpaH-
Has 25 utoHs (mpo6a No 5) B LIEeHTpaIbHOI YacTu
Kapckoro mops. lonst Hemopckoro Ca?t B cocrase
a’po3oJst coctaBmia 85%, ipu oT6ope MPoOkl, Kak
y2Ke OTMEUajIoCh, OBLIO BO3MOXKHOE ITONagaHKe BbI-
OpOoCOB U3 TPYObI CyIHA.

I1pu cpaBHeHUM pe3yabTaToB u3MepeHuit 2021 r.
C JaHHBIMHU TMIPEIBIAYIINX UCCIeI0BaHNI YCTAHOB-
JIEHO, YTO paHee HaOtoAaIach O0JM30CTh KOHIIEH-
Tpauuii MOHOB B aspo3osie Kapckoro Mops ¢ aHaso-
TMYHBIMU JaHHBIMU B Mope JlanTeBbix u CeBepHOIt
Atnantuke (I'onobokona u np., 2020), onHako AaH-
Hble 2021 r. moka3aau pocT CyMMapHOIl KOHLIEHTpa-
it moHos B 1,3—1,5 pa3za B paiioHe CeBepHOI 0KO-
HeuHocTH apxumnenara Hosas 3emuts u B 3,5—6,5 pas
B ITyOOKOBOJHOI U LIeHTpaibHOI yacTsax Kapckoro
mops. [lpennonaraemble MPUIUHBI 3TOTO — pa3py-
ILIEHME CE30HHOTO JibJa B aKBaTOPUU MOPSI 1 YBEJIH-
YeHUsI BEPTUKAJIBHOIO 1 TOPU3OHTAJIBHOTO OOMEeHa

BO3yXa B pe3y/IbTaTe MHTeHCU(UKALINN aTMOCchep-
HOTO IepeHoca W TypOYJICHTHOIO IIepeMeIINBaHUS
B atMocdepe. Mi3aMepeHnsT IpeabIayInX JIeT BeIn B
0oJiee Mo3aHUe Tepuoabl (MI0Jb—CEeHTIOPh). boib-
IlIe BCeTO HabIomaeMble N3MEHEHMsI KOCHYJINCH
MOBBIIIEHNsT KOHIIeHTpaluii nonos NH, ", Ca?*,
Cl-, NO;, SO,*. XapakrepHO, 4TO KOHILIEHTpa-
uu nonos Nat, K*, Mg?* u SO,> B paitoHe cesep-
HOI oKOHeyHocTHu apxuriesnara Hosast 3emist 6buin
HITXEe, YeM CpeIHUe IIJisi apKTUIECKOIro palioHa I10
MapuIpyraM Mopcknx akcrneanumit 2018—2019 rr.
(Tonobokona u np., 2020). B LeaoM xe cpaBHEeHUE
CpeIHEero 3Ha4YeHMUs CYMMapHOI KOHIIEHTpalluu
MOHOB B cocTase asposond — 5,4+1,9 mxr/m? — co-
MOCTaBUMO C pe3yJIbTaTaMH MHOTOJIETHUX U3Mepe-
Huit (IlleByeHko u ap., 2021).

M3MeHYMBOCTh KOHIICHTPALIMT MUKPO3JIEMEH-
TOB B COCTaBe a’po3oiisd B atMochepe Kapckoro
MOpPS COAEPXKUT pa3INJaloNIeecss C MIOHHBIM COCTa-
BOM pacmnpeneicHue. I[1oBbleHHbIe KOHIICHTPALNT
MUKPO3JIEMEHTOB onpeaeacHbl (mpoobl Ne 6—11)
MpeuMYIICCTBEeHHO HaI ITyOOKOBOIAHEBIM paiio-
HOM MOpS y CeBepHOl yacTu apxuneiara HoBas
3emisd. IIpeobaamaloiuMu MUKPOIJIEMEHTAMU C
KOHLIEHTpALMAMU B nuamnazoHe 12—194 ur/m? B
nopsiiKe Bo3pacTaHMUsl KOHLeHTpauuit obn Cr,
Zn, Al, Fe. Bropoit nuana3oH ¢ KOHLUEHTpaLUsIMU
1,3—6,0 ur/m? cocraBuan MUKpo3seMeHTH Mo,
Sr, Ba, Mn, Sn, Ti, Pb, Cu, Ni. KoHueHrpauuu
JPpYTUX 2JIEMEHTOB U3MEHSIUCh B npeaeaax 0,01—
0,68 ur/m>. Kak 1 11 MIOHOB cyMMapHasi KOHLIEH-
Tpalus 3JIeMEHTOB B cocTaBe a’po3ois B 2021 r.
OblIa TIOYTH B 8 pa3 BEINIE, YeM CPEeIHME IJIsI apKTH-
YeCcKOro pailoHa mo MaplipyTaM MOPCKUX 9KCIean-
uit 2018—2019 rr. (I'ono6oxkosa u ap., 2020).

Koadpdpuumnents odoramenus (KO) Mukpoane-
MEHTOB, paccuuTaHHbIe 0 ¢opMmyie (1), rme B Ka-
YeCcTBEe PENepHOro 3jieMeHTa puMeHsiiu Al B co-
craBe Mopckoit Boabl (Millero, 2016), mokasanu,
yTto Haubosee Boicokue KO ompeaeneHsbl 1 Sn
(KO = 1340), Bxoagiero Bo BTOPYIO TpyIImny 3Je-
MEHTOB 110 BeJIMYMHE KOHIIEHTpauuii, u misg Sb
(KO = 1300), koHUEHTpaL1sl KOTOPOIO HAXOAUT-
ca B nuanaszone 0,01—0,68 Hr/m>. B rpymmny Mukpo-
BJIEMEHTOB C TTOBBIIIEHHBIMU (> 10) B mopsiake Bo3-
pactanusg KO Bouutu Tl, As, Ni, W, Cu, Cr, Cd, Pb,
Zn, Mo. [ng pacuéTta MpuOpUTETHOCTH MUKPOIJIe-
MeHTOB B atMocdepe Kapckoro Mopst mpuMeHsn
KOJIMYECTBEHHYIO XapaKTepUCTUKY MHIEKCa 3arpsi3-
HeHus atMocdepsl (M3A) oTaenbHO MpUMeECHIO,
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Tabnuya 2. KoHleHTpanuu NpMOPUTETHBIX MUKPOIIEMEHTOB I HOPMUPOBAHHbIE XaPAKTEPUCTUKI KOHI[EHTPAL[UIT MUKPO-
37eMEHTOB B COCTaBe a3po30is (83-11 peiic cyaHa «Akagemux Mctucnas Kenpprum» )*

M 3 W3A (I;) oTnenbHbIM Bkian MukpoanemeHTa B 001N ypOBEHb
WKPODTIEMEHT Konuenrpanws, Hr/m
MUKPOSJIEMEHTOM 3arpsisHeHust aTMocdepsl, %

Be 0,04 0,0001 0,3

Al 112,67 0,0007 1,9

Cr 12,86 0,0003 0,8

Mn 3,64 0,0006 1,6

Fe 216,78 0,0308 82,6

Co 0,24 0,0001 0,3

Ni 6,50 0,0013 3,5

Cu 8,83 0,0014 3,8

Zn 29,91 0,0007 1,9

Mo 1,74 0,0001 0,3

Sn 4,52 0,0002 0,5

Ba 3,25 0,0001 0,3

Pb 4,67 0,0009 2,4

KH3A 0,0373<< 1

"M3A (I}) — vHIEeKC 3arpsa3HeHnst aTMOChepbl OTIENbHBIM MUKPOIJIEMEHTOM, KM3A — KOMILIEKCHbIN MHIEKC 3arpsA3HEHUs aT-

Mocdephl.

YYUTHIBAIOIIEN KJIacC OMaCHOCTU BellecTBa (DKo-
JIOTUYECKHUiA..., 2015):

M3A (1) = (C/TIAK,.)B,,

rae U3A (1) — nHaekc 3arpsa3HeHust aTMocdephl
OTIEJIBbHOM NpuMechlo; C; — KOHLIEHTPALIUS MUKPO-
3JIeMEHTa B COCTaBe a3p030Jisl, COOpaHHOTrO B 83-M
peiice HUC «Akanemuk Mctucnas Kengblin»;
IIOK,, — npeneabHO AOIMyCTUMas CPELJHECYTOYHAsd
KOHILIEHTpaLlUsl MUKPORJEeMeHTa B BO3yXe Hace-
nénHbix MecT (ITpenensHo..., 2019); B; — KOHCcTaHTa
JIJIS1 pa3IMYHbBIX KJIACCOB OMACHOCTH.

IIpoBenén pacuyét paHXKMPOBAHUS MUKPOIJIe-
MEHTOB TI0 3arpsi3HeH1I0 aTMocdephl Hag Kapckum
mopeM. Hanbonbiiuit BKiaa B 3arpsi3HEHHE aTMOC-
¢epnl BHOCAT 13 371eMEHTOB, TIPUOPUTETHBIMU U3
koTopwix O0btn Fe, Cu, Ni, Pb. Paccuntan kom-
IUICKCHBIN MHOEKC 3arpsI3HEHMS aTMOC(epbl MU~
kpoateMeHTamu (KW3A), pasHelii cymme U3A (1)
OTIEJIBbHBIMH IIPUMECSIMU. B cOOTBeTCTBUM C Cylle-
CTBYIOIIMMHU METOIAMM OLEHKU 3arps3HEHUS aT-
Mocdephl YPOBEHb 3arpsI3HEHUST aTMOC(Eepbl MU-
KpoasieMeHTaMu Haj Kapckum MopeM olieHuBaeTCs
kak Hu3kuit (ITpenenbHo..., 2019). JlaHHbIe pacué-
TOB MMPUBEJEHbBI B Ta0I. 2.

ITpoBenén aHanu3 mpod a3po30s IS OINpee-
JIEHUSI COCTaBa U KOHIIEHTpalLUii IToJuapoMaTuye-
CKUX yIiieBonopoaoB. M3 21 omnpeaensieMoro coeau-
Henud [MAY unentnduuupoBansl 13: HadpTanuH,

2-metunHadTaNuH, 1-MeTwHadTaIUH, aueHapTU-
JIeH, anieHadTeH, GpayopeH, (peHaHTpPEeH, aHTpalleH,
¢ayopaHTeH, MUpeH, peTeH, OeH3(a)aHTpalleH, Xpr-
3eH. Takue coenmHeHus, Kak 6eH3(b)dayopaHTeH,
oens(k)pmyopanreH, oeHs(e)nmupeH, 0eH3(a)mpeH,
nepwieH, naneHo(1,2,3-c,d)mupen, 6en3o(g,h,i)
nepuyieH, anoeHs[a,h]anTpaieH omnpeaeneHbl Ha
YPOBHE IIIyMOB IIpUMeHsieMoro Metona. CyMmapHoOe
coaepxanue ITAY B aspo3oiie U3BMEHSIOCH B OCHOB-
HoM B nipenenax ot 0,13 1o 0,68 Hr/m? nipu cpenHeM
3HaueHun 0,65 Hr/m>. TToBBILIEHHBIE KOHLIEHTpA-
uuu TTAY B 83-M peiice (0,58—0,68 Hr/m3) onpene-
JIEHbI Ha HAaYaJIbHOM ¥ KOHEUYHOM 3TallaX MapIipyTa
CyIHa, a TaKXKe Han INIy0OOKOBOOHOI yacThio Kap-
CKOTO MOpSI B YCIIOBUSIX pa3pylIaOIIerocs JIbaa.
MakcumanbHOe 3Ha4eHue 10 2,5 Hr/m> Habmona-
JIOCh IIpU IpoxoxkaeHnu cyagHa oT Kapckux Bopot
no n-Ba Kanuna (cM. puc. 2).

B cocraBe aspo3zosist otMedeHo npeobiagaHue
nonu ITAY ¢ aByms 1 TpeMst 66 H30JbHBIMU KOJIbLia-
MM, COCTaBJISIONIEN B cpeaHeM 92% oOlLueil CyMMBbI
3TUX COCAUHEHUN B TAKOUW MOCIEI0OBATEIbHOCTHU:
Hadramun (40%) > denanrpen (25%) > 2-meTui-
HadranuH (20%) > 1-metunnadraiux (15%) >
dbnayopanten (11%). Coenunenus [1AY ¢ aByms
WU TpeMsl OeH30JbHBIMU KOJblaMu (HadTaniuH,
(peHaHTpeH U UX TOMOJIOTM) MOCTYMAIOT OT MeTPO-
T€HHBIX UCTOUHUKOB, K KOTOPBHIM OTHOCSITCS pa3-
JIUBBI HE(PTENPOAYKTOB, a TaKxKe 00pa3yroTcs Mpu
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Ta6nuya 3. CpejHue KOHIEHTPALMA MOHOB 1 NX CTATUCTUYECKNE XapaKTEPUCTHKN B COCTaBe aaposons (Mkr/m>) (84-it peiic

cynHa «AkageMuk Mcrucnas Kenppim» 24 monsa-26 asrycra 2021 r.)

IMoka3zatenb CpenHee CKO MuHumanbHoe | MakcumanbHOe |  ACUMMETpUSI DKclecc
H* 0,02 0,01 <0,01 0,05 0,3 0,3
Na* 0,66 0,57 0,21 2,63 2,2 5,1
NH,* 0,66 0,17 0,45 1,00 0,4 -1,0
K* 0,09 0,08 0,03 0,30 1,5 1,3
Mg2* 0,07 0,22 0,01 0,87 2,1 4,3
CaZ* 0,09 0,08 0,03 0,36 1,9 43
Crr 2,65 1,21 1,51 7,02 2,1 5,7
NO; 0,12 0,08 0,06 0,39 2,0 4,8
SO%> 0,37 0,30 0,15 1,54 2,4 7,2

HU3KMX U YMEPEHHBIX TeMIlepaTypax IIpu IIpolec-
cax CXKMIaHUsI OPraHWYeCKOro TOILUIMBA WM ITOCTY-
naroT B aTMocdepy Tpu ucrnapeHnn HeTEeIpoayK-
ToB (Morillo et al., 2007).

Xumuueckuii cocmae as3pozoasn, coopannozo 6 8§4-m
peiice HUC «Axademux Mcmucaaeé Keadviu». B co-
CTaBe a3pO030JIsI, COOPAHHOTO B 3TOM pelice, cymmap-
Hasl KOHIICHTpaLMs MOHOB U3MEHSJIACh B IMAama30-
He ot 3,0 1o 12,4 Mxr/m? (cpennee 5,0+2,1 Mxr/Mm3).
Hecmotpst Ha pa3dpoc gaHHbIX, 96% 3HAYEHMIT CyM-
MapHBIX KOHIICHTPALIMII MOHOB B a3p030JI¢ JIeXKaT B
npeaesax AByX CpeIHEKBAIpaTUIECKIX OTKIOHEHUIA.
DTO 03HAYaeT, YTO CPeAHME KOHIEHTPALlM NOHOB
B COCTaBE a3p030JIsI MOXXHO paccMaTpPUBaTh Kak I10-
TEHIIMAJIBHO BO3MOXHBIE TSI UCCIIEAYEMOTO PEerro-
Ha. IToBBIIIIEHHBIE CyMMapHBIE KOHLIEHTPAIIMsI MOHOB
B atMocdepe, paBHble 6,2—7,9 MKr/M3, onpeneaeHsl
npu Beixozae oT Konbckoro monyoctposa B bapeHiie-
BO Mope (cMm. puc. 2, 1-2), y rpanul I'peHaaHacKo-
ro u Hopsexckoro mopeii (mpoda Ne 6), a Takke y
KpoMKH Jbaa B paitoHe CeBepo-BocTouHoit 3emin
(mpoba Ne 19). HaubGosiee BbIcOKOE CyMMapHOE CO-
JepXKaHKe MOHOB B COCTaBe a3p030Jisl 3a(PMKCHPOBAHO
21-22 asrycra (12,4 Mxr/m3, mpo6a Ne 21) ripu nepe-
ceueHuu bapeHiieBa Mopst ot apxurenara HInunodep-
reH 10 KoJibCKOro mojiyocTpoBa B YCIOBUSIX BCTpEU-
Horo BeTpa 10 10 M/c. 74% onpeneneHuii cocTaBUIN
3HAYEHUs] CYMMAapHBIX KOHIIEHTpAllU B Mpenesax
3,0—5,8 Mxr/m3 (cM. puc. 2, 3—5, 7—18, 20, 22). Hau-
6osee HU3KKeE U3 HUX (3,0—3,7 MKr/M3) orpeneeHbl
B aTMocdepe ITyOOKOBOAHOM YacTu [ peHnaHaCcKOro
Mopst (ipoobI Ne 7, 9), mposBa @pama (ripoda Ne 14)
U BOKpPYT ocTpoBoB 3ananneiii Llnmuubepren (mpobda
Ne 16), Omx, benbrii (mpoba Ne 18).

Kak n B 83-M peiice, B cocTaBe a3p0o30JisT Ha-
Osromanach U3MEHYMBOCTh KOHIIEHTPALIMIA OTAS/Ib-

HBIX MOHOB, Ha YTO YKa3bIBaIOT BHICOKUE ITOJIOXKM-
TeJIbHBIe KOA(PDUIINEHTHI aCUMMETPUHN 1 DKCIIecca
pactipenenenns (tabma. 3). B ¢BI3u ¢ 3TUM UCITIONb-
30BaHO I'€OMETPUIECKOE OCPeOHECHUE pPe3ysIbTa-
TOB U3MepeHuii. B cocTtaBe aspo3oiis, Kak 1 B Ipe-
IBIOyIIeM pelice, mpeoOagaan KOHIEHTpalluU
nonoB Na®, NH," u CI". HecMmoTpst Ha HU3KHUE KO-
JIMYECTBEHHBIE XapaKTePUCTUKU MOHOB B a3p030-
JIe, B mepuon no 19 aBrycra mpu ciemoBaHAM CyTHA
no bapeHueBy Mopio, rinydokoBogHomy HopBex-
cko-I'peHnanackoMy 6acceifHy U BOKPYT OCTpPO-
BoB apxumneiara IInunodepreH oTMedaaoch odora-
menue asposoiid noHamu kanms (KO = 1,8+15,7).
B 5T ke mepuoabl OTMEUYEeHBI TTOBHIIIEHHBIE KO-
3pPuUIIMeHTH obOorameHus a’po30Jisd MOHAa-
mu SO, (KO = 1,5+4,9). Bo BTOpOIi MoJOBMHE
pelica — 14—23 aBrycra — B a3p030Ji¢ MOBbICUINCH
KOHILIeHTpauuu noHos Mg2* ¢ 0,02—0,08 no 0,06—
0,87 Mkr/m>. B 3TOT mepuos MOBBICUIICS BKJIAL
MOPCKOIi cocTasstionieil 11 nonos SO,> u Ca’™.
B npobax, cobpaHHBIX TIpM MepeceyeHUU bapeHiie-
Ba Mops 21—22 aBrycra, onpeaesieHbl MaKCUMasb-
Hble KoHueHTpamu Na® u Cl- (cm. Tab. 3). Ananus
nepeHoca BO3AYIIHBIX MacC MOKa3bIBaeT HA UX Tpe-
MMYLIECTBEHHOE MOCTyIIeHue U3 paioHoB CeBep-
Hoil ATitanTuku 1 CeBepHoro JIemoBUTOro okeaHa.
CpaBHeHHE MOHHOI'O COCTaB a3po30Jisl C aHa-
JIOTUYHBIMM JTaHHBIMU MPEIbIIYIIUX JET UCCAea0-
Banuii (2007, 2013, 2016—2018 rr.) yKa3sIBaeT Ha
HaMOOJIbIIYI0 U3MEHUYUBOCTh COCTaBa MOHOB KOH-
TUHEHTAJIbHOTO U aHTPOIIOT€HHOI'0 MPOMCXOXK-
nenust — NH,*, K*, Ca?*, NO;~, SO,>(CakepuH
u ap., 2018; I'omobokosa u ap., 2020; IlleBueHko
u ap., 2021). KoHueHTpalum 3TUX UOHOB B 00Ib-
1LI0¥ CTEeNEHHU 3aBUCST OT MecTa U Iepuoaa oTdbo-
pa po6. CocTaB MOHOB MOPCKOTO TTPOUCXOXKIECHUS
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Puc. 3. KoHueHTpauiuu MUKpO3JIEMEHTOB B COCTaBe aTMOC(epHOro a3po3oJis, coopaHHoro B 83- (1) u 84-m (2)
peiicax Hay4HO-UCCIIEN0BATENLCKOT0 cyaTHa «AKaneMuK McTucnas Kenasiims, Hr/M?
Fig. 3. The concentrations of trace elements in atmospheric aerosol collected in the 83 (7) and 84" (2) cruises of the

Research Vessel «Akademik Mstislav Keldysh», ng/m?

MpeuMYyILIeCTBEeHHO cTabuieH. CpenHsIsl cyMMapHas
KOHLIEHTpaLKs MOHOB B asposoie (5,0+2,1 mxr/m?)
0JIM3Ka MO BeJIMYMHE K aHAJIOTUYHOMY 3HAYEHUIO
Han Kapckum MopeM. AHaiu3 pe3yiabTaToB U3Me-
peHUsI KOHIIEHTpalliii MUKPORJIEMEHTOB B COCTa-
BE adp030Jisl, MOJYUYeHHBIX B 84-M pelice 1 TpoBe-
NEHHBIA MO TOW X€& METOAUKE, UTO MPUMEHSIACH
B IpenbIaylleM peiice, mokasaj Claeaylollee: psi
MUKPO3JIEMEHTOB ¢ BBICOKMMU KOHIIEHTPALIUSIMU
(12—215 ur/m3) B aspo3sosie, NOJAYYEeHHBINA B 84-M
peiice, o011 6onee gnuHHBIM — Cr, Cu, Zn, Sn,
Fe, Al; 4ncio a1eMeHTOB ¢ A1Mana30HOM KOHIIEH-
Tpauuii 6o1ee Huskoro nopsaka (1,0—5,7 ur/m3)
MeHbIle — Sb, Sr, Mo, Ba, Ni, Mn, Pb, Ti. B uietom
K€ Habop MHUKPO3JIEMEHTOB C KOHIIEHTpalluei
6oubiue 1,0 Hr/M? OIMHAKOB B a3p030J1€ 000UX peii-
coB (puc. 3). CpenHsiss cyMMapHasi KOHIIEHTpalMs
MUKPO3JIEMEHTOB COCTaBe a3p030Jisi, COOpaHHOTO B
84-m petice, Ob11a BoIle B 1,5 pasa.

B aToMm matepuane 6osee BhICOKHME KOHLEHT-
palyyu MUKPO3JIEMEHTOB aHTPOIIOT€HHOTIO Mpo-
ncxoxneHus: Mn, Cu, Mo, Cd, Sn, Sb, npuuém
KoHueHTpauuu Sb, Mo, Cu, Cd, Sn BbIiIe B 3,5—
11,2 pa3. [1oBbIlIEHHBIE KOHILIEHTPALIUU DJIEMEH-
TOB COAEPKaJIUCh B a3p030Jie, COOpaHHOM Yy rpa-

Hun I'pennanackoro n Hopaexkckoro mopeit (rmpoba
Ne 7), B ycloBuUsIX TYCTOro TyMaHa Y KPOMKM JibJia B
paitone apxunenara LlInunoepren (mpoda Ne 11) u
BOM3u Konbckoro nmonyoctposa (mpoobr No 2—3,
cM. puc 2, 24). B paitone Koabckoro mojiyoctpoBa
0oJiee BbICOKME KOHIIEHTPAILUU 3JIEMEHTOB U KO-
(buMeHTHI obOoralleHus a3po30JbHbIX IIPO0 Ipo-
caexuBanach U B 1993—1994 1r., 3T0 00BSICHSAIOCH
MNOCTYIJIEHUEM B paliOH MUCCIECOOBAHUM 3arpss-
HEHHBIX aHTPOMNOTEHHBIX BEIOPOCOB C KOHTUHEH-
ta (IlleBuenko, 2006; 2021). B 2018 r. oTmeyanocs,
YTO MOBBIIIIEHHbIE KOHIIEHTPALIMA MUKPOIJIEMEH-
toB (B 1,3—20 pa3) Habmogaauch B COCTaBe ad3po-
3071 B Mopsix EBporneiickoro cekropa CeBepHO-
ro JlenoButoro okeaHa (I'omo6okoBa u ap., 2020).
B 2021 r. cpenuss konueHtpauus Li, Be, Al, Co,
Ni, Zn, As, VB 1,1—1,6 pa3 Obljia BbIllIe B a3P030-
ne Kapckoro mops (cMm. puc. 3). XapakTepHo, UTO
B UMCJIO MUKPO3JIEMEHTOB C MOBbIIIEHHBIMU KO
(> 10) BomIM Te e KOMITOHEHTHI, YTO U B HAOJIIO-
neHusax 83-ro peiica (1o Bo3pacranuio: T, As, Ni,
W, Cr, Cu, Zn, Pb, Cd, Mo, Sb, Sn). Pe3synbra-
THl pacyéTa IMPUOPUTETHOCTA MUKPOIJIEMEHTOB B
atmocdepe bapeHiieBa Mops moka3aHbl B Ta0J. 4.
Haubonee nmpuoputeTHbIMU OBLIU 2JIeMeHTHI Fe,
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Tabnuya 4. KoHleHTpanuu NprOPUTETHHIX MUKPOITEMEHTOB I HOPMUPOBAHHbIE XaPAKTEPUCTUKN KOHI[EHTPAL[UII MUKPO-
97eMEHTOB B COCTaBe a3po30is (84-11 peiic cyaHa «Axkagemux Mctucnas Kenpprum» )*

M 3 W3A (I;) oTnenbHbIM Bkian MukpoanemMeHTa B 001U ypOBEHb
HUKPODJTeMEHT KonuenTpanus, Hr/m
MUKPOIJIEMEHTOM 3arpsisHeHust aTMocdepsl, %

Al 97,3 0,0006 0,9

Cr 20,8 0,0007 1,1

Mn 4,66 0,0009 1,4

Fe 318 0,0455 69,2

Co 0,20 0,0001 0,1

Ni 4,20 0,0008 1,2

Cu 34,3 0,0125 19,0

Zn 28,6 0,0007 1,0

Mo 8,0 0,0004 0,6

Sn 39,5 0,0020 3,0

Sb 1,20 0,0001 0,1

Ba 3,29 0,0001 0,1

Pb 6,49 0,0015 2,2

Al 97,3 0,0006 0,9

KW3A 0,0657 << 1

*NU3A (I;) — unaexc 3arpsis3HeHust atMocdepbl OTAeIbHBIM MUKpo3eMeHTOM, KM3A — KOMIIEKCHBII MHAEKC 3arpsi3HeHUs aT-

MocdephI.

Cu, Sn, Pb, ypoBeHb 3arpsI3HeHUS aTMOChephbl MU-
KpoaJieMeHTaMM, KaK 1 Hax Kapckum MopeM, olie-
HUBAETCS KaK HU3KUIA.

B npobax, codbpaHHbiXx B aTMochepe bapeHue-
Ba Mops U Hopsexcko-I'peHnnanackoro 6acceiiHa
cymmapHoe coaepxanue ITAY usmensiiocs ot 0,09
10 2,93 ur/m> (ipu cpenHem 3HadeHun 0,75 Hr/m>)
(cMm. puc. 2). I1oBbIllIeHHBIE KOHIIEHTPALMK XapaK-
TepHbI 11 1poo Ne 8 (1 aBrycra), Ne 10 (7—8 aB-
ryctra), Ne 11 (9 aBrycra), Ne 22 (21—22 aBry-
cra). CymmapHas koHneHtpannsg ITAY, paBHasg
1,82 ur/m3, na6moganach B a3po3ose, cOOpaH-
HoM 1 aBrycra (mpo6a Ne 7). Cymma I1AY, paBHas
1,93 ur/m3, 3adukcuposana 21—22 aBrycra Ha 3a-
KJTI0YMTEIBLHOM 3Tare peiica. MakcuManbHOe 3Ha-
yeHue 10 2,93 Hr/m>? Habmonanoch B mpode Ne 2
oT 26 utoJis B IEpUO ClieaoBaHusI cynaHa oT Kojb-
CcKoro nojyocTpoBa B bapeHueBo mope. os co-
enuHenuit I[TAY ¢ nBymsa u TpemMs 0eH30JbHBIMU
koabuamu cocraBuia 80% cymmebl [1IAY B Takoi
nocienoBaTesbHoCTH: eHaHTpeH (40%) > Hadra-
nuH (18%) > dayopanteH (16%) > 2-metunHadbTa-
muH (8%) > 1-metunHadTanuH (6%).

OOHapy:XeHHbIe KOHLIEHTpalluu cyMMbl TTAY
B XoJie pelicoB 83 u 84 HUXe JeTHEe-OCEHHUX 3Ha-
yeHuit 2018 1. 1y npuBogHO aTMocdepbl MOps
JlanTeBbix, bapeHuesa u Kapckoro mopeii (0,57—
7,75 ur/m3, cpennee 3HaueHue 1,31 ur/m3), npu
5TOM CpPaBHUMBI ¢ KOHLUeHTpauusMu I1AY B Bo3-

nyxe 3amagHoit yactn Poccuiickoit ApKTUKU
(noc. bapenuoypr, apxunenar IInundepren) —
0,36—1,7 ur/m? B cenTa6pe—oktsa6pe 2017 r. (Toso-
bokoBa u 1p., 2020).

3akioueHue

st OLleHKW COBPEMEHHOIO COCTOSIHUSI BO3-
JIYITHOW Cpeabl B apKTUYECKUX TTPUPOIHBIX KOM-
TUIeKCcax BO BTOPOM OCHOBHOM 3Tarie 83-ro u B 84-M
peiicax Hay4YHO-UCCIEeN0BaTEIbCKOIO CyaHa «AKa-
neMuk Mcrucnas Kengplii» mo MaplipyTaMm Ha ce-
Bepo-BocTOoK Kapckoro Mopst B paiioHe bapeHiie-
Ba Mops U Hopsexcko-I'peHnaHackoro 6acceiina,
0TOOpaHHI TIPOOKLI AaTMOC(HEPHOTO a3PO30JIsT IJIs UC-
CJICIOBAaHMSI €T0 XMMMYECKOTO cOCTaBa (MOHBI, MU-
KpoaieMeHThl, [TAY).

B pesynbrate uMccienoBaHuit Hald aKBaTOPHU-
e Kapckoro Mopsi BbIeJIEHbl 30HbI ¢ pa3IMYHbIM
CYMMapHBIM COJIep>KaHHEeM MOHOB B COCTaBE a’po-
30JI4: Y 10XHOU 1 CEBEPHOM OKOHEYHOCTEN apXUIie-
nara Hosaa 3emna — 3,9+0,3 Mxr/M?, B ceBepHOM
IIyOOKOBOIHOM M LIEHTpaIbHOM paifoHax Kapcko-
ro mopd — 7,6+0,2 u 15,4+4,7 mxr/m> cooTBeTcT-
BEHHO. 13 BBINOJHEHHBIX ONpeaeieHuit okoo 73%
(cpennee 5,4+1,9 Mkr/m3?) npuxonuTcd Ha JOJIO
MepBbIX ABYX Auana3zoHoB. B asposone bapeHiieBa
mops 1 Hopsexcko-I'pernannckoro 6acceiina 96%

-616-



J1.M. lono6okoea u op.

3HAYCHUI CyMMapHBIX KOHIICHTpallMii MOHOB Ha-
XOIWJINCH B IIpeaesaxX IByX CPpeaHEeKBAAPATUICCKIX
OTKJIOHEHUI, B CBSI3U C YeM HX CpeaHee 3HaUYeHHE
5,042,1 MKT/M? paccMaTpUBaIOCh KaK MOTEHIUAIb-
HO BO3MOXKHOE IIJIsSI MCClIemyeMoro pernoHa. Hau-
0oJiee BBICOKOE CYMMapHOE COIepKaHNe MOHOB,
paBHOe 12,4 MKT/M?3, onpenesieHo Npu nepeceye-
Huu bapeHueBa mops ot apxunenara Inuubep-
reH 10 Koabckoro noyyoctpoBa, Hauboiee HU3KIE
koHueHTpauuu (3,0—3,7 Mkr/m3) — B aTMocdepe
HaJ IIyOOKOBOIHOM YacThio I'peHIIaHaCKOTO MOps,
npoiuBoM dpama, BOKPYTr OCTPOBOB 3aIagHbIit
IInuuodepreH, Bax u benwlii. B coctaBe aspo3o-
JIsk B 000MX paiioHax MCCIIeTOBaHUS IIpeodiagain
KoHueHTpauu noHoB Na*, NH,™ u Cl. Cpenxue
CyMMapHble KOHILIEHTPALIMA MOHOB B a3P030JI€, CO-
OpaHHOM U B 83-M, u B 84-M peiicax, HaXOAsITCS B
OJIM3KMX IMalla30HaX KOHLIEHTPALIMIA.

CpenHss cyMMapHasi KOHIEHTpalusi MUKpPO-
2JIEMEHTOB B cocTaBe a’po3oJisi bapeHiieBa Mops
n Hopaexcko-I'peHnaHackoro d6acceiiHa Bbillle B
1,5 pa3a, yeM B aspo3zoiie Kapckoro mops. OTmeua-
€TCSI CXOXECTh HabOpa MUKPOIJIEMEHTOB ¢ KOHIICH-
tpauueii 6onbmie 1,0 or/m> — Cr, Zn, Al, Fe. Mo,
Sr, Ba, Mn, Sn, Ti, Pb, Cu, Ni. B aspozone Kap-
CKOT'O MOpsI CpelH1E KOHIEHTPALIMY MUKPO3JIEMEH-
T0B Sb, Mo, Cu, Cd, Sn B 3,5—11,2 paza Huxe, yeM
mukpoaneMmeHToB Li, Be, Al, V, Co, Ni, Zn, As, Wu
npu 3toM B 1,1—1,6 pa3a Bbiilie, yeM B aspo3ose ba-
peHueBa Mmopst U1 HopBexxcko-I'peHnaHackoro d6ac-
celiHa. Pacuér paHXXnpoBaHUS MUKPORJIEMEHTOB I10
3arpsI3HEHUIO aTMOC(Ephl ITO3BOJIVII BBISIBUTH 3JI€-
MEHTHI, BHOCSIIIME HAUOOIBIINIA BKJIAI B 3arpsi3He-
Hue atMocdepsl. TakoBbiMU B atmMochepe Kapckoro
mops 6wt Fe, Cu, Ni, Pb, B atMocdepe bapeHiieBa
mopst — Fe, Cu, Sn, Pb. YpoBeHb 3arpsizHeHus aT-
Mocdepbl MUKPO3JIEMEHTAMU B 000X palioHaX MC-
cJIeIOBaHMs OLIEHMBAJICS KaK HU3KUIA.

B asposone, coopaHHoM B 83-M peiice, cymmap-
Hast KOHLIEHTpaLMsI UASHTU(OULIMPOBAHHBIX COEIN-
Henwmii TTAY usmensnace ot 0,13 10 0,68 ur/m3 npu
cpenHeM 3HadeHun 0,65 Hr/M> 1 MAKCUMATBLHBIM 3Ha-
YEeHMH 110 2,5 HI/M>, KOTOpoe HabIo1aIoch B aTMOC-
depe ot Kapckux Bopot 1o n-Ba Kanuna. CpenHsist
cymmapHas KoHueHTpaius [TAY B coctaBe aspo3ons,
cobpaHHoro B 84-m peiice, B 1,2 pa3a Bblllle, YeM
B 83-M peiice. CymmapHoe cogepxkanue [TAY us-
MEHSJI0Ch B 0oJjiee IIMpPoKOoM auanazoHe — oT 0,09
10 2,93 ur/m? npu cpeaneM 3Hadenun 0,75 Hr/m3.
Hawnb6onee Beicokue cymmbl [TAY onpeneneHbl BOIM-

3u Koabckoro momyoctpoBa. Coeqgnnenus [1AY ¢
IBYMSI 1 TpeMsl O€H30IbHBIMM KOJibIIaMu ((peHaH-
TpeH, HadTaauH, (IyopaHTeH), 00pa3yIoIInecs Ipu
HU3KOTEMIIEPaTypHBIX IIpolleccax CXXUTaHUs Opra-
HUYECKOTO TOIUIMBA MJIY MOCTyHAIoIIre B aTMOC(he-
py OpH McnapeHuH He(TEIPOIYKTOB, COCTaBUIN 92
u 80% o61eit cyMMbl [TAY cOOTBETCTBEHHO.

CyMmMapHasi KOHIIEHTpallus MOHOB M MUKPO-
3JIEMEHTOB B cocTaBe a’po3oiisi Kapckoro mops
B 2021 T. BBIIIE, YeM cpeIHWe 3HAUCHUS JJI apK-
THYECKOTO pailoHa I10 MapIIpyTaM MOPCKHUX 3KC-
nenuuuii 2018—2019 rr. CpenHsasg cymmapHas
KOHIIEHTpALs MOHOB, paBHas 5,4+1,9 Mxr/m3, co-
MOCTaBMMa CO CPEIHUMU MHOTOJISTHUMHU TaHHBIMU
(2007—2016 rr.). CpaBHEHHE MOHHOTO COCTaBa a’3po-
3011 bapeHiuesa mopst 1 Hopsexcko-I'peHnaHackoro
OacceifHa ¢ aHAJIOTUYHBIMY TaHHBIMU TIPEABIIYIINX
JIET YKa3bIBaeT Ha OOJIBIIYI0O M3MEHUYMBOCTh COCTaBa
MOHOB KOHTMHEHTAJIBHOTO W aHTPOITOT€HHOTO IIPO-
ucxoxaenus — NH, ", K*, Ca’", NO;, SO,>. Co-
CTaB MOHOB MOPCKOTO ITPOMCXOKICHUS IIPeUMYIIIe-
CcTBeHHO cTtadbuieH. B mopsix EBporneiickoro cekropa
CesepHoro JIenoBUTOro okeaHa KOHLEHTpALMU MU-
KpoaJjieMeHTOB Bbillle. KoHueHTpauu cymmsl [TAY
B XoJie peiicoB 83- u 84-ro peiicoB ObIJIU HIKE, YEM B
APKTUYECKOM palioHe 110 MapIIpyTaM JIETHE-OCEHHUX
skcneauumit 2018—2019 rr.
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HbIe ICTOYHUKHU U (paKTOPBI U3MEHIMBOCTH». ABTO-
pBI OarogapHBl 3KMUIIAaXy Hay4YHO-HCCIIEIO0Ba-
TEJILCKOIo cyaHa «AKageMuk McrtuciaB Kenapbiin»
3a MOMOIIb IIPY BHIITOJIHEHUU 3KCIIeIUIIMOHHBIX
paboT. 3a MpeaocTaBJIeHHYIO BO3MOXKHOCTb IIPOBe-
CTU TPAaeKTOPHBIN aHAJIM3, MOJIb3YSICh MOACIBIO
HYSPLIT, aBTOpbI NpU3HATEAbHbBI COTPYAHUKAM
JlaGopaTtopuu BO3AyLIHBIX pecypcoB AMEpUKaH-
CKOI HAlIMOHAJIBHOM agMUHUCTPALIMU 10 UCCIIEI0-
BaHUIO oKeaHa 1 aTMocdepbl (NOAA).
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