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INTRODUCTION

Black carbon (BC) is a distinct type of car-
bonaceous material that is primarily produced
by incomplete combustion of fossil fuels (coal
and diesel), biofuels, as well as biomass burn-
ing. It is directly emitted to the atmosphere,
and presents a unique combination of  physical
properties [1]. BC is the most efficient atmo-
spheric light-absorbing aerosol species and it
could have a potential impact on the Arctic cli-
mate [1�6]. However, measurement data of the
distribution of BC in the atmosphere over the
Russian Arctic Seas is scarce [7�17].
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Abstract

The distribution of atmospheric black carbon (BC) in the marine boundary layer of the North Atlantic
and Baltic, North, Norwegian, Barents, White, Kara and Laptev Seas was studied in research cruises with
the RV �Akademik Mstislav Keldysh� during July 23 to October 24, 2015. Air was filtered through Hahne-
muhle Fineart Quarz-Microfibre filters. The mass of BC on the filter was determined by the measurement
of the attenuation of a beam of light transmitted through the filter. Source areas were estimated by
backwards trajectories of air masses calculated using NOAA�s HYSPLIT model (http://www.arl.noaa.gov/
ready.html) and FLEXPART model (http://www.flexpart.eu). During some parts of the cruises, air masses
arrived from background areas of high latitudes, and the measured BC concentrations were low. Over
other parts of the cruises, air masses arrived from industrially developed areas with strong BC sources,
and this led to substantially enhanced measured BC concentrations. Model-supported analyses are currently
performed to use the measurement data for constraining the emission strength in these areas.
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MATERIALS AND METHODS

We present measurements of atmospheric
BC in the marine boundary layer of the North
Atlantic and Baltic, North, Norwegian, Ba-
rents, White, Kara and Laptev Seas from the
62nd, 63rd and 64th research cruises of the
RV �Akademik Mstislav Keldysh� from July 23
to October 24, 2015. The route of the vessel is
shown at Figs. 1 and 2. During the cruises air
was filtered through Hahnemuhle Fineart
Quarz-Microfibre filters at 10 m above sea lev-
el. The mass of BC on the filter was deter-
mined by measuring the attenuation of a light-
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Fig. 1. Distribution of black carbon in marine boundary layer during the 62nd cruise (23.07�20.08.2015) (1) and the 64th
cruise (17.10�24.10.2015) of the RV �Akademik Mstislav Keldysh� (2). Sample numbers are indicated near circles.

Fig. 2. Distribution of black carbon in marine boundary layer during the 63rd cruise of the RV �Akademik Mstislav
Keldysh� (26.08�06.10.2015). Sample numbers are indicated near circles.
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beam transmitted through the filter. Source ar-
eas were estimated by backwards trajectories
of air masses calculated using NOAA�s HYS-
PLIT model (http://www.arl.noaa.gov/
ready.html) [18] and FLEXPART model [19, 20].

RESULTS AND DISCUSSION

During the 62nd cruise of the RV �Aka-
demik Mstislav Keldysh� (23.07�20.08.2015) the
BC concentrations (see Fig. 1) varied from <10
to 261 ng/m3 (81 ng/m3 on average, n = 61).
The highest BC concentrations were registered
in the Baltic Sea in the area of  intensive ship-
ping and situated close to areas with dense pop-
ulation (up to 258 ng/m3 in sample 8 and 261
ng/m3 in sample 11). BC concentrations in the
Baltic Sea in June of 2011 have been reported
to be 280 ng/m3 on average [21]. Emission sensi-
tivities calculated with FLEXPART showed that
these high concentrations are probably attribut-
ed to anthropogenic BC originating from North-
ern European countries, rather than biomass
burning in Eurasia. Relatively high BC concen-
tration was near the southeastern Greenland in
the area of  shipping (139 ng/m3 in sample 39
and 118 ng/m3 in sample 40). Ships contribute

Fig. 3. BC concentrations in atmospheric boundary layer in the Russian Arctic seas in summer-autumn period, ng/m3.

significantly to global climate change and health
impacts through emission of greenhouse gases
and other pollutants, including BC [22, 23]. Arctic
impacts from regional shipping may be com-
pared with long-range transport of larger emis-
sions sources from lower latitude biomass and
fossil fuel combustion [24].

The lowest BC concentrations (<50 ng/m3

and in some samples <10 ng/m3) were in the
North Atlantic and the Barents Sea when air
masses arrived from the Arctic (according to
backward trajectories analysis [18]).

During the 63rd cruise of the RV �Akademik
Mstislav Keldysh� (26.08�06.10.2015) the BC con-
centrations (see Fig. 2) varied from <10 to 116
ng/m3 (34 ng/m3 on average, n = 54). The av-
erage value in this expedition was lower than in
previous expeditions in this region (Fig. 3).

The highest BC concentrations were found
in the White Sea in vicinity of Arkhangelsk
city (116 ng/m3 in sample 83) and in the Laptev
Sea in vicinity of Tiksi port (112 ng/m3 in sam-
ple 120). Our FLEXPART backward runs asso-
ciated with ECLIPSE emission inventory [25]
predicted a surface BC concentration for Tiksi
port of 121.3 ng/m3. 49.7 ng/m3 are attributed
to anthropogenic emission and the rest to bio-
mass burning ones. Nevertheless, the origin of
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BC was rather from local sources. The lowest
values (<10 ng/m3) were observed in northern
Kara Sea (samples 112, 141, 142) and in the
Laptev Sea (samples 114, 124, 136, 137) when
air masses arrived from Central Arctic.

BC concentrations were relatively higher in
the Kara Sea, as well (samples 108�111), col-
lected when air masses arrived from the north-
western Siberia (area of active gas flaring and
industry [26]). Earlier the influence of BC from

Fig. 4. BC contribution on surface concentrations from various continents and sources for two different days when
samples 109 and 110 were collected onboard the RV �Akademik Mstislav Keldysh� in the Kara Sea. Figure 4, a and b
depict contribution from anthropogenic sources from various continents and Fig. 4, c and d from fires recorded from
NASA�s MODIS satellites.
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Siberian gas flaring was described for the Kara
Sea aerosols [15]. This is confirmed by FLEX-
PART, which estimated a BC concentration of
94.6 and 110 ng/m3 in the area of samples 109
and 110, of which 81.4 and 101.3 ng/m3, re-
spectively, are attributed to gas flaring (char-
acteristic hot-spot in Fig. 4, a and b). For both
samples 109 and 110 the influence of forest fires
source of visible in the southeastern Siberia (see
Fig. 4, c and d). Siberian forest fires in some
periods are important source of BC in the Arctic
[27, 28].

During the 64th cruise of the RV �Akademik
Mstislav Keldysh� (17.10�24.10.2015) the BC con-
centrations (see Fig. 1) varied from <10 to 483
ng/m3 (84 ng/m3 on average, n = 28). The high-
est BC concentrations were registered in the west-
ern Baltic Sea in the area of  intensive shipping
(355 ng/m3 in sample 189 and 483 ng/m3 in sam-
ple 190). The lowest BC concentrations (from <10
ng/m3 in sample 168 to 50 ng/m3 in sample 164)
were in the southern Barents Sea when air masses
arrived from the North Atlantic (according to
backward trajectories analysis [18]).

CONCLUSION

During some parts of the cruises, air mass-
es arrived from background areas of high lati-
tudes, and the measured BC concentrations
were low. During other parts of the cruises, air
masses arrived from industrially developed areas
with strong BC sources, and this led to substan-
tially enhanced measured BC concentrations. Mod-
el-supported analyses are currently performed
with the use the measurement data for constrain-
ing the emission strength in these areas.

Acknowledgements

The authors are thankful to the crew of the RV
�Akademik Mstislav Keldysh� for help in expeditions.
The authors greatly acknowledge the NOAA Air
Resources Laboratory (ARL) for the provision of the
HYSPLIT transport model, READY website (http:/
/www.arl.noaa.gov/ready.html) and authors of
FLEXPART model (http://www.flexpart.eu).

Our studies were financially supported by the
Russian Fund for Fundamental Research (projects
14-05-93089 and 14-05-00059), Program No. 32 of
Fundamental Research of the Presidium of Russian
Academy of Sciences and the Research Council of
Norway (SLICFONIA project).

REFERENCES

1 Bond T. C., Doherty S. J., Fahey D. W., Forster P. M.,
Berntsen T., DeAngelo, B. J.  Flanner M. G., Ghan S.,
Kärcher B., Koch D., Kinne S., Kondo Y., Quinn P.
K., Sarofim M. C., Schultz M. G., Schulz M.,
Venkataraman C., Zhang H., Zhang S., Bellouin N.,
Guttikunda S. K., Hopke P. K., Jacobson M. Z., Kaiser
J. W., Klimont Z., Lohmann U., Schwarz J. P., Shindell
D., Storelvmo T., Warren S. G., and Zender C. S., J.
Geophys. Res., 118 (2013) 5380.

2 Quinn P. K., Bates T. S., Baum E., Doubleday N., Fiore
A. M., Flanner M., Fridlind A., Garrett T. J., Koch D.,
Menon S., Shindell D., Stohl A., and Warren S. G.,
Atmos. Chem. Phys., 8 (2008) 1723.

3 Quinn P. K., Stohl A., Arneth A., Berntsen T., Burkhart
J. F., Christensen J., Flanner M., Kupiainen K.,
Lihavainen H., Shepherd M., Shevchenko V., Skov H.,
and Vestreng V., The Impact of Black Carbon on Arctic
Climate, Arctic Monitoring and Assessment Programme
(AMAP), Oslo, 2011.

4 Wang Q., Jacob D. J., Fisher J. A., Mao J., Leibensperger
E. M., Carouge C. C., Le Sager P., Kondo Y., Jimenez
J. L., Cubison M. J., and Doherty S. J., Atmos. Chem.
Phys., 11 (2011) 12453.

5 Novakov T.  and Rosen H., Ambio, 42 (2013) 840.
6 Stohl A., Aamaas B., Amann M., Baker L. H., Bellouin

N., Berntsen T. K., Boucher O., Cherian R., Collins W.,
Daskalakis N., Dusinska M., Eckhardt S., Fuglestvedt
J. S., Harju M., Heyes C., Hodnebrog Ø., Hao J., Im
U.,  Kanakidou M.,  Klimont Z.,  Kupiainen K.,  Law K.
S., Lund M. T., Maas R., MacIntosh C. R., Myhre G.,
Myriokefalitakis S., Olivié D., Quaas J., Quennehen B.,
Raut J.-C., Rumbold S. T., Samset B. H., Schulz M.,
Seland Ø., Shine K. P., Skeie R. B., Wang S., Yttri
K. E., and Zhu T., Atmos. Chem. Phys., 15 (2015) 10529.

7 Hansen A. D. A., Polissar A. V., and Schnell R. C., Atmos.
Res., 44 (1997) 153.

8 Shevchenko V. P., Lisitzin A. P., Kuptzov V. M., Van
Malderen H., Martin J.-M., Van Geieken R., and Huang
W. W., Oceanology, 39 (1999) 128.

9 Shevchenko V., Berichte zur Polar- und
Meeresforschung, 464 (2003) 1.

10 Shevchenko V. P.,  Kopeikin V. M.,  Govorina I. A.,  Makhotin
M. S.,  and Novigatsky A. N.,  in: International Geographical
Union Regional Conference (Abstract Book),  Lomonosov
Moscow State University, Moscow, 2015, p. 1477.

11 Shevchenko V. P., Starodymova D. P., Vinogradova
A. A., Lisitzin A. P., Makarov V. I., Popova S. A., Sivonen
V. V.,  and Sivonen V. P.,  Doklady Earth Sciences,  461
(2015) 242.

12 Pol�kin V. V., Panchenko M. V., Grishchenko I. V.,
Korobov V. B., Lisisyn A. P., and Shevchenko V. P.,
Atmos. Oceanic Optics, 21 (2008) 725.

13 Kozlov V. S., Tikhomirov A. B., Panchenko M. V., Shmargunov
V. P., Pol�kin V. V., Sakerin S. M., Lisitzin A. P., and
Shevchenko V. P., Atmos. Oceanic Optics, 22 (2009) 517.

14 Kopeikin V. M.,  Repina I. A.,  Grechko E. I.,  and
Ogorodnikov B. I., Atmos. Oceanic Optics, 23 (2010) 500.

15 Stohl A., Klimont Z., Eckhardt S., Kupiainen K.,
Shevchenko V. P., Kopeikin V. M., Novigatsky A. N.,
Atmos. Chem. Phys., 13 (2013) 8833.

16 Sakerin S. M., Bobrikov A. A., Bukin O. A., Golobokova
L. P., Pol�kin Vas. V., Pol�kin Vik. V., Shmirko K. A.,
Kabanov D. M., Khodzher T. V., Onischuk N. A., Pavlov



446 V. P. SHEVCHENKO et al.

A. N., Potemkin V. L., and Radionov V. F., Atmos. Chem.
Phys., 15 (2015) 12413.

17 Shevchenko V. P., Kopeikin V. M., Evangeliou N.,
Novigatsky A. N., Pankratova N. V., Starodymova D. P.,
Stohl A., and Thompson R., Geophys. Res. Abstracts,
18 (2016) EGU2016-3397.

18 Draxler R. R. and Rolf G. D., Silver Spring (MD): NOAA
Air Resources Lab. 2003. Mod access via NOAA ARL READY
Website (http://www.arl.noaa.gov/ready/hysplit4.html).

19 Stohl A., Hittenberger M., and Wotawa G., Atmos.
Environ., 32 (1998) 4245.

20 Stohl A., Forster C., Frank A., Seibert P., and Wotawa C.,
Atmos. Chem. Phys., 5 (2005) 2461.

21 Byèenkiene S., Ulevicius V., Dudoitis V., and Pauraite J.,
Adv. Meteorol., 2013 (2013) ID 380614.

22 Fuglestvedt J., Berntsen T., Eyring V., Isaksen I., Lee D. S.,
and Sausen R., Environ. Sci. Technol., 43 (2009) 9057.

23 Popovicheva O., Kireeva E., Persiantseva N., Timofeev M.,
Bladt H., Ivleva N. P., Niessner R., and Moldanova J.,
J. Environ. Monit., 14 (2012) 3101.

24 Corbett J. J., Lack D. A., Winebrake J. J., Harder S.,
Silberman J. A., and Gold M., Atmos. Chem. Phys., 10
(2010) 9689.

25 Eckhardt S., Quennehen B., Olivié D. J. L., Berntsen
T. K., Cherian R., Christensen J. H., Collins W.,
Crepinsek S., Daskalakis N., Flanner M., Herber A.,
Heves C.,  Hodnebrog Ø.,  Huang L.,  Kanakidou M.,
Klimont Z.,  Langner J., Law K. S., Lund M. T.,
Mahmood R., Massling A., Myriokefalitakis S., Nielsen
I. E., Nøjgaard J. K., Quass J.,. Quinn P. K, Raut J.-C.,
Rumbold S. T., Schulz M., Sharma S., Skeie R. B., Skov
H., Uttal T.,  Salzen K. von, and Stohl A., Atmos. Chem.
Phys., 15 (2015) 9413.

26 Vinogradova A. A., Atmos. Oceanic Optics, 28 (2015) 158.
27 Stohl A., J. Geophys. Res., 111 (2006) D11306.
28 Hao W. M., Petkov A., Nordgren B. L., Silverstein R.

P., Corley R. E., Urbanski S. P., Evangeliou N., Balkanski
Y.,  and Kinder B.,  Geosci. Model Dev. Discuss.,  2016.
doi: 10.5194/gmd-2016-89.

UDC 550.462 + 582.29

DOI: 10.15372/KhUR20160402

Àòìîñôåðíûé ÷åðíûé óãëåðîä íàä Ñåâåðíîé Àòëàíòèêîé
è ìîðÿìè Ðîññèéñêîé Àðêòèêè â ëåòíå-îñåííåå âðåìÿ

Â. Ï. ØÅÂ×ÅÍÊÎ1, Â. Ì. ÊÎÏÅÉÊÈÍ2, Í. ÅÂÀÍÃÅËÈÎÓ3, À. Ï. ËÈÑÈÖÛÍ1, À. Í. ÍÎÂÈÃÀÒÑÊÈÉ1, Í. Â. ÏÀÍÊÐÀÒÎÂÀ2,
Ä. Ï. ÑÒÀÐÎÄÛÌÎÂÀ1, A. STOHL3,  R. THOMPSON3

1Èíñòèòóò îêåàíîëîãèè èì. Ï.Ï. Øèðøîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ

E-mail: vshevch@ocean.ru

2Èíñòèòóò ôèçèêè àòìîñôåðû èì. À.Ì. Îáóõîâà ÐÀÍ, Ìîñêâà, Ðîññèÿ

3Norwegian Institute for Air Research (NILU), Kjeller, Norway

Àííîòàöèÿ

Ðàñïðåäåëåíèå  àòìîñôåðíîãî ÷åðíîãî óãëåðîäà â ïðèâîäíîì ñëîå âîçäóõà íàä Ñåâåðíîé Àòëàíòèêîé
è Áàëòèéñêèì, Ñåâåðíûì, Íîðâåæñêèì, Áàðåíöåâûì, Áåëûì è Êàðñêèì ìîðÿìè è ìîðåì Ëàïòåâûõ èñ-
ñëåäîâàíî â õîäå íàó÷íûõ ðåéñîâ íà áîðòó ÍÈÑ �Àêàäåìèê Ìñòèñëàâ Êåëäûø� ñ 23 èþëÿ ïî 24 îêòÿáðÿ
2015 ã. Âîçäóõ ôèëüòðîâàëè ÷åðåç  âûñîêîêà÷åñòâåííûå êâàðöåâûå ìèêðîâîëîêíèñòûå ôèëüòðû Hahnemuhle.
Ìàññó ÷åðíîãî óãëåðîäà íà ôèëüòðàõ îïðåäåëÿëè, èçìåðÿÿ îñëàáëåíèå ëó÷à ñâåòà, ïðîøåäøåãî ÷åðåç
ôèëüòð. Ðàéîíû-èñòî÷íèêè ÷åðíîãî óãëåðîäà îöåíèâàëè ñ ïîìîùüþ ìîäåëè HYSPLIT ðàñ÷åòà îáðàòíûõ
òðàåêòîðèé ïåðåíîñà âîçäóøíûõ ìàññ, ðàçðàáîòàííîé Íàöèîíàëüíîé àäìèíèñòðàöèé ÑØÀ ïî èçó÷åíèþ
îêåàíà è àòìîñôåðû (http://www.arl.noaa.gov/ready.html) è  ìîäåëè FLEXPART (http://www.flexpart.eu).
Ïðè ïðîõîæäåíèè ðÿäà ó÷àñòêîâ ìàðøðóòà ñóäíà âîçäóøíûå ìàññû ïîñòóïàëè èç ôîíîâûõ âûñîêîøè-
ðîòíûõ ðàéîíîâ, ïîýòîìó èçìåðåííûå êîíöåíòðàöèè ÷åðíîãî óãëåðîäà áûëè íèçêèìè. Ïðè ïðîõîæäåíèè
äðóãèõ ó÷àñòêîâ âîçäóøíûå ìàññû ïîñòóïàëè èç ïðîìûøëåííî ðàçâèòûõ ðàéîíîâ ñ ñèëüíûìè åãî èñòî÷-
íèêàìè, ïîýòîìó êîíöåíòðàöèè ÷åðíîãî óãëåðîäà çíà÷èòåëüíî âûøå. Ïîëó÷åííûå äàííûå î êîíöåíòðà-
öèÿõ ÷åðíîãî óãëåðîäà èñïîëüçîâàíû äëÿ âåðèôèêàöèè äàííûõ î åãî ýìèññèè â ýòèõ ðàéîíàõ.
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