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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.arlnoaa.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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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].

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.
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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/m? (81 ng/m? 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/m?® in sample 8 and 261
ng/m? in sample 11). BC concentrations in the
Baltic Sea in June of 2011 have been reported
to be 280 ng/m? 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/m? in sample 39
and 118 ng/m? in sample 40). Ships contribute

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/m?
and in some samples <10 ng/m?% 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/m?® (34 ng/m?® 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/m? in sample 83) and in the Laptev
Sea in vicinity of Tiksi port (112 ng/m? 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/m?3. 49.7 ng/m? are attributed
to anthropogenic emission and the rest to bio-
mass burning ones. Nevertheless, the origin of
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Fig. 3. BC concentrations in atmospheric boundary layer in the Russian Arctic seas in summer-autumn period, ng/m®.
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BC source contributions in global domain for 20150818_bb

Start time of sampling
20150818. 13930
Lower release height 0 m

End time of sampling
20150818. 95331
Upper release height 100 m

Start time of sampling
20150818. 95331
Lower release height 0 m

End time of sampling
20150818. 142501
Upper release height 100 m

~

[ | ol
0. 1. 2. 4 8 16. 31l
10E-10 ng/m®
Maximum value 0.114E-08 ng/mb
Total concentration 81.4 ng/m? American 4.2 ng/m3
European 74.3 ng/m? Asian 2.8 ng/m3
South American 0.0 ng/m?3 African 0.1 ng/m?
Australian 0.0 ng/m3

63. 125. 250.500. 1000.

0. 1. 2. 4. 8 16. 31. 63. 125. 250.500.1000.
10E-10 ng/m®
Maximum value 0.242E-08 ng/mb
Total concentration 101.3 ng/m?3 American 6.6 ng/m3
European 91.6 ng/m? Asian 2.9 ng/m3
South American 0.0 ng/m?3 African 0.1 ng/m?
Australian 0.0 ng/m3

Fire BC source contributions in global domain for 20150724 _bb

Start time of sampling End time of sampling
20150818. 13930 20150818. 95331
Lower release height 100 m  Upper release height 0 m

Start time of sampling
20150818. 95331
Lower release height 100 m

End time of sampling
20150818. 142501
Upper release height 0 m

Passive tracer used, meteorological data are from ECMWF

' s th‘(V N

N~

C T 0] [ [ S
0 0.050.10 0.200.39.0.78 1.56 3.13 6.2512.50 25.00 50.00

ng/m3
Maximum value 0.643E-10 ng/m?3
Total concentration 13.2 ng/m3

== N | ]

0 0.050.10 0.20 0.39.0.78 1.56 3.13 6.2512.50 25.00 50.00
ng/ms3

Maximum value 0.766E-10 ng/m3
Total concentration 9.0 ng/m3

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, ¢ and d from fires recorded from

NASA’s MODIS satellites.

BC was rather from local sources. The lowest
values (<10 ng/m?®) 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
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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/m? in the area of samples 109
and 110, of which 814 and 101.3 ng/m?, 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, ¢ 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/m?® (84 ng/m?® 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/m? in sample 189 and 483 ng/m? in sam-
ple 190). The lowest BC concentrations (from <10
ng/m?in sample 168 to 50 ng/m?® 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.
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AnHoTanms

Pacnipenesnenne artmocdepHOro 4epHOro yriepoza B IPUBOLHOM cJjoe Bo3xayxa Haz CeBepHON ATJIaHTMKON
n Banruiicknm, Cesepremv, Hopsesxkcknwm, BapennesbiM, Bessiv 1 Kapcknm mMopsaMy u MopeM JlanTeBeIX mc-
CJIeIOBaHO B XoZe HaydHbIX pejicoB Ha Oopty HVIC “Axanemuk Mcrucnas Kengpnn” ¢ 23 nrosd no 24 oktadpa
2015 r. Bosgyx domipTpoBasi yepe3 BbICOKOKAUYECTBEHHbIE KBapIiEBble MUKPOBOJIOKHMCTBIE (huiabTpbl Hahnemuhle.
Maccy uepHOro yriepoja Ha (PUJIbTPax OIpefesAy, U3MepsAd ocjadJeHye Jiyda CBeTa, IMPOIIEAIIEro uepes
puabTp. PajloHBI-MCTOYHNKN YepHOro yryepoja oueHusasy ¢ nomomutsio mMomesan HYSPLIT pacuera oOpaTHBIX
TPaeKTOPUII IepeHoca BO3AYIIHBIX Macc, padpaboranHoit Hanmonanproi anMmumnctparmyt CIIIA nmo m3ydeHuio
okeaHa u atmocdeps! (http://www.arlnoaa.gov/ready.html) u mozmenu FLEXPART (http://www.flexpart.eu).
IIpu mpoxoskJeHnN pana yIacTKOB MapIIPyTa Cy[HA BO3AYIIHbIE MACChl IIOCTYIAJM M3 (DOHOBBIX BBICOKOIIIV-
POTHBIX PajiOHOB, IOATOMY M3MEPEHHbIe KOHI[EHTPAIMM YePHOro yriaepoja Oblm Hu3KMMU. IIpy IpoxoskaeHun
JIPYIUX Y9IaCTKOB BO3IYIIHbIE MACChI IIOCTYIAJM 13 IIPOMBIIIJIEHHO Pa3BUTHIX PAalOHOB C CUJIBHBIMIM €TO MICTOY-
HMKAMM, IIO9TOMY KOHIIEHTPAIMM YepPHOro yIJIepofia 3HAUMTEJbHO BbIlIe. IlosyueHHbIe JaHHbIE O KOHIIEHTPA-
IMAX YEPHOTO yIylepofa VICIOJb30BAHbI AJIA BepudMKaImMy JaHHBIX O €ro SMUCCUY B DTUX paifoHax.

KaioueBble coBa: 4epHBI yIJIepo, IPMBOAHbBIA CJI0V MOpPCcKoi atMocdepnl, CeBepHasa ATyaHTHKA, APKTUKA,
obpaTHble TPAeKTOPNUM, MOIIHOCTb IMMICCUN



