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ABSTRACT

In this study the naturally occurring radionuclid€§'h and®®U were used to investigate the magnitude of
upper ocean particulate organic carbon export @nBfield Strait, Southern Ocean. This region isl#ngest
oceanic high-nitrate low-chlorophyll (HNLC) area time world and is known to contribute to regulafeie
atmospheric C@via the biological pump. Due to its different geemical behavior in seawater, the resulting
U/Th disequilibria can be easily used to constta@transport rates of particles and reaction e between
solution and particulate phases. Sampling occuiteihg the summer (March and November) 200dtal ***Th
activities in surface seawater samples ranged ftadnto 3.7 dpm L (station EB 011) during March/11
campaign, while in October/11 tot&lTh activity concentrations varied from 1.4 to 2@ L. Highest total
Z4Th activities were found late in the austral sumrseason. Activity concentrations of dissolV&U in
surface seawater varied from 2.1 to 2.4 dph Taking into account all sampling stations essitgid in March
and October/11 the relative variability of tot&iTh distribution was 22%.

1. INTRODUCTION

To study carbon cycle, scientists appliTh, a natural radionuclide 67U series, as a tracer
of the flux of particulate organic carbon (POC) estpd in the ocean [1]. The natural
radionuclides have been used as tracers in thatigadon of ocean processes and managing
the coastal region. Their applications in oceanglgiaworks and/ or marine pollution have
helped scientists to elucidate the processes tbairan the water column (e.g. particle
transport, carbon cycle, biogeochemical cyclesyestging) or in sediments (sedimentation,
deposition accumulation, transport and upwelling).

The Southern Ocean plays an important role in dlolmate change being considered a sink
of atmospheric carbon dioxide (@OIlt is the largest repository of available maerients

in surface waters and a very important region Fa tormation of intermediate and deep
waters [2]. According to several authors, the Bfiatts Strait is a highly productive shelf area

for all trophic levels, and considered a very dyiaregion under the influence of Weddell

and Belingshausen Seas [3-6]. There are curreatly direct measurements of particulate
export in the Bransfield Strait, Antartica. Suchowihedge has proven to be essential for



predicting the fate of organically bound or biokaly active contaminants, such as
anthropogenically produced GChydrocarbons and metals [7]. The predominantstearof
these contaminants from the upper ocean to undgrisediments is generally thought to be
biologically mediated.

The primary mechanism for removing €fdom the atmosphere into the ocean is “biological
pump”, governed by photosynthesis process by whlobut 20 — 40 % of fixed carbon by

phytoplankton is exported to the ocean bottom ffigr sinking biogenic material [8, 9]. The

seaweeds present in the Southern Ocean is theimpsttant group of primary producers,

converting inorganic carbon into organic matteotiyh photosynthesis, making it the basis
of the food chain. Therefore, phytoplankton playses role in biogeochemical cycles and in
the transfer of matter and energy to the envirortmen

23%Th is a naturally occurring particle-reactive rauiolide which has been commonly used
to study particle scavenging in the upper oceaih Bidice the half-life of**Th is 24.1 days,
the disequilibrium between its soluble conservatpsgent?*®U and the measuretf'Th
activity reflects the net rate of particle expadrh the upper ocean on time scales of days to
weeks. This period of time mak&%Th a useful radionuclide to study POC fluxes exgait
the Southern Ocean during Austral Summer phytoptamkloom. This methodology is
based on the assumption that a decrea$¥14/~*®U activity ratio implies a increasing of the
flux of particulate matter [10]. In the surface ane both the formation of fresh particle
surfaces (proportional to primary production) ahe packaging of particles into sinking
aggregates (export) are reflected in the obser¢®d@h distribution in the marine
environment.

The uranium cycle in the ocean is in steady staith a residence time of 400.000 years,
substantially greater than the average time of miceaixture [11]. Under oxidizing
conditions, uranium in seawater occurs predomigaasl a stable ion of uranyl carbonate
UO,(COs)s™. As > is conservative in seawater, its activity vasiesy little as a function of
depth and is proportional to salinity.

This study evaluated the seasonal variations di 58Th and?*®U distributions in surface
waters of the Bransfield Strait, during March (OPMBRAR XXIX) and October
(OPERANTAR XXX) campaigns.

2. MATERIAL AND METHODS
2.1. Study Area

The study area is located in the Bransfield Straitich is considered a semi-enclosed sea
approximately 300 km long and 100 km wide, situatetween the South Shetland
archipelago and northeastern tip of the AntarticiP®uila. The region is considered a narrow,
volcanic and seismically active extensional baSine northeastern part of the Bransfield
Strait opens in the Scotia and Weddell Seas. Aral shuthwest part opens in the
Bellingshausen Sea through the Gerlache Stra, [52].
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The bottom topography of the Bransfield Strait ¢sissof a central basin deeper than 1000
m. The shelf slope waters around the South Shetlsladds consist of the water strong
influenced by local processes of heating and fresémrunoff referred to as the Shelf Slope
Water, and the intrusion water from the Antartiacc@mpolar Current deep water which
intrudes into the Bransfield Strait from the deleptigh between Brabant and Smith Islands
and remains near the South Shetland Islands. AshibE slope, a western boundary current,
the Bransfield Current, determines the water exfrorn the Bransfield Strait through the
shelf slope of the South Shetland Islands and p@msiutrients, metals and biota [5, 6].

2.2. Sampling

Sampling cruises were carried out onboard K Rongel covering an area located
between latitudes 63°33'25”"S - 60°27°99”S and |tundgs 53°00°49"W - 62°09'47"W. The
first sampling was performed late in the 2010 AaisBummer, betweeri"8Vlarch to &' April
2011, in which a total of 47 surface stations wareupied (Fig.1).
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Figure 1: Location map of the surface water statioa sampled during March-April/2011
campaign (OPERANTAR XXIX) in the Bransfield Strait, Antartica.

The second sampling campaign was carried out @2p11 Austral Summer, between™3
October to 1% November 2011, in which a total of 17 surfaceistatwere occupied (Fig.2).
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Figure 2: Location map of the surface water statioa sampled during October-
November/2011 campaign (OPERANTAR XXX) in the BranBeld Strait, Antartica.

Seawater samples were collected using Rosette am dOupled, obtaining the record of
temperature and salinity in continuous mode. Theldescords were obtained with an XBT
profile meter.

In each hydrochemical station nutrients were atsued to examine pathway sources. For
such purposes, seawater samples were transfersainple-rinsed polyethylene bottles, and
filtered through HCl-washed Wathman GF/F filtersmidiately upon sample collection.
Those samples were kept frozen until return ofRNeAry Rongeto Brazil, where they were
assayed in the chemical laboratory of the Oceapbigdnstitute of the University of Sao
Paulo (Labnut) for nitrate, ammonia, silica andrgamic phosphate analyses following
recommended procedures [13-15].

2.3. Total ®*Th analysis

The measurement of total (dissolved + particulal&h activity in seawater samples was
based on the MnOprecipitation method described by Rutgers Vanldesff & Moore [1].
The technique involves formation of a precipitatenanganese dioxide (Mn{) which drags
preferably by co-precipitatioff*Th and insignificant amount 6f®U. Measurements 6f*Th
were performed by detection of its decay prodii¢tPa which is a beta emitter of high
energy [16, 17]. Analyses of totdf*Th activities were performed at the Environmental
Radiometrics Laboratory of IPEN/CNEN-SP using a-fiims low background proportional
counter from EG&G Berthold, model LB 770.

For this analysis, a two-liter sample of seawates wollected without filtering in which

reagents such as potassium permanganate and maegdmha@ide (MnGland KMnQ) were
added to form Mn@precipitate ?°Th standard solution was added as a yield moriftoe.
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precipitate was set aside for 8 - 16 hours and ftitened through filter paper of fiber glass
with 47mm diameter (1}&n pore size). This methodology might be implemerdasily in
marine samples with accuracy and precisi&®o [16, 17].

Initial count rates were typically 2-4 counts peinate (cpm) for totaf**Th. The counting
was repeated over a 6-month period (> % h half-lives). This was to check that the
activity decrease followed the decay?3fTh and also allowed a background correction for
activity intrinsic to the detector and from othengd-lived natural beta-emitters. The final
counting rates averaged 0.5 cpm relative to theatlet backgrounds of 0.4-0.6 cpm [17].

The methodology also involved the determinatiof?dfh to estimate the chemical yield of
the process. Anion exchange chemistry was perforametirecovery of adde°Th yield
monitor was quantified by inductively coupled plasmass spectroscopy. Corrections were
applied to**Th activity calculations on the basis BfTh recoveries. All data are decay
corrected to the time of collection and reportedhwa propagated error that includes
uncertainties associated with counting, sample meki and other calibration errors. Errors
were typically + 0.04-0.06 cpmLon total***Th [17].

2.4. Dissolved®U estimation

The dissolved>®U activity must be known to estimate tH&Th flux exported [10]. A$*%U
IS conservative in seawater, its activity variesyvittle as a function of depth and it is
proportional to salinity according to the followieguation [11]:

238 (dpm L) = 0,069 x salinity (1)

3. RESULTS AND DISCUSSION

Temperature distribution maps of surface seawateated at OPERANTAR XXIX and
OPERANTAR XXX are presented in Figures 3 and 4peefively. Temperature data varied
from -0.2°C to 2.6°C (March/2011) and from -2.1 ®C0.6 °C (October/2011). Colder
seawater samples were detected around Trinity Belairand Nelson Island during the end
and beginning of Austral Summer, respectively. Rady warm waters were observed South
Shetland Islands at the final summer season, vétilthe summer beginning higher water
temperatures were found closest to Elephant Iskamdl central Bransfield Strait, around
Livingston Island.

Salinity distribution maps of surface seawater emitd at OPERANTAR XXIX and
OPERANTAR XXX are presented in Figures 5 and 6peesively. Results showed a
variation from 33.70 to 34.54 in March/2011, whiteOctober/2011 salinity values ranged
from 33.45 to 34.16. The lowest salinity values eavezported at the South Shetland Islands
during the beginning and end of Austral Summerpeesvely. Highest salinities were
measured around Trinity Peninsula at the final semseason, and at the next summer
beginning closer to Elephant Island and centraiigoiof Bransfield Strait.
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Figure 3: Temperature distribution map of surface gawater collected at OPERANTAR
XXIX expedition.
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Figure 4: Temperature distribution map of surface gawater collected at OPERANTAR
XXX expedition.
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Figure 5: Salinity distribution map of surface seavater collected at OPERANTAR
XXIX expedition.
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Figure 6: Salinity distribution map of surface seavater collected at OPERANTAR XXX
expedition.
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According to Tokarczyk [3] and Gracé al. [5], waters relatively colder with higher salinit
values observed around Trinity Peninsula duringetiné of summer season indicate intrusion
of waters from Weddell Sea, while warmer less salvaters detected in South Shetland
Islands show influence of Bellinghausen Sea.

Activity concentrations of totaf**Th, dissolved®®®U, total ***Th/”*®U activity ratios and
salinity of surface seawater samples from OPERANTARX and OPERANTAR XXX
expeditions are presented in Tab. 1 and 2, reygbgti

Total 2*Th activities in surface seawater samples studiedgathe Bransfield Strait ranged
from 1.3 dpm [} to 3.7 dpm [ (station EB011) during March/2011 campaign, while
October/2011 totaf**Th activity concentrations ranged from 1.4 dpm o 2.9 dpm [*
(station EBOO6) (Figure 7 and 8).

Activity concentrations of dissolve®™U in surface seawater were estimated from salinity
data, using equation 1. Dissolv&fiU activities determined in surface seawater samisied
March/2011 and October/2011 varied from 2.3 dpmtd 2.4 dpm [}, the highest values
being observed at station EBO11 and EB032, resmdgtiFigure 9 and 10).

Activity ratios of total 2*Th/?®®U up to 1.52 (station EBO11) were observed during
March/2011 campaign, while in October/2011 thisvaétgtratio varied between 0.60 and 1.23
(the higher value at station EB006) (Figure 11 a2d

Non-conservative increases of totadlTh activities related to dissolvédU (resulting in AR

> 1.0) were observed in 14 surface hydrochemicdlosts performed in March/2011, while
in October/2011 this happened in 7 locations. Thes®ases can be representative of several
processes, among them: (a) occasional lower résolaf total >**Th measurements; (b)
processes of re-suspension and /or upwelling; ddjtianal sources of**Th to the studied
scenario, as for example, those related to thensléng and runoff.

Once®*Th is a particle-reactive radionuclide useful todst particle scavenging in the upper
ocean and this methodology is based on the assompiat a decrease dfTh/”*%U activity
ratio implies a increasing of the flux of particidlanatter, activity ratios of totaf*Th/ >**U
close to 1.0 indicate lower fluxes of particulatattar exported from surface waters. Values
around 0.6 like those observed in the euphotic zainetations EB001, EB004, EBOOG,
EBOO7, EB010, EB021, EB029, EB037, EB038, EB0390&Band EB0O41 in March/2011
suggest higher fluxes of particulate matter exgbrfeuring October/2011 expedition this
was also verified at stations EB027, EB028 and EB02spectively.
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Table 1: Activity concentrations of total >**Th, dissolved?*®U, total ?*Th/?*®U activity
ratios and salinity of surface seawater samples fro OPERANTAR XXIX expedition.

23¢
Station Salinity 23"ThT(c<;t|§rln e ( dmeL'l) 2347 239
EBOO1 33.91 17 23 0.71
EB002 34.14 22 2.4 0.93
EB0O3 34.04 25 2.4 1.07
EB004 34.17 18 2.4 0.75
EBOO5 34.30 2.0 2.4 0.84
EBO06 34.13 16 2.4 0.68
EB007 33.86 18 23 0.76
EB0O8 34.09 25 2.4 1.06
EB009 34.05 27 2.4 115
EBO10 34.20 18 2.4 0.74
EBO11 35.35 3.7 25 152
EBO12 34.37 22 25 0.94
EBO13 34.08 23 2.4 0.99
EBOL4 34.36 23 2.4 0.95
EBO15 34.32 25 2.4 1.04
EBO17 34.05 2.4 2.4 1.02
EBO18 34.22 27 2.4 116
EBOL9 34.07 25 2.4 1.05
EB020 34.01 21 2.4 0.89
EB021 33.96 15 23 0.65
EB022 34.32 21 2.4 0.87
EB023 34.37 2.0 2.4 0.86
EB026 34.30 21 2.4 0.90
EB027 34.27 22 2.4 0.91
EB028 34.27 21 2.4 0.86
EB029 33.99 18 2.4 0.78
EB031 33.94 2.0 23 0.86
EB032 34.29 21 2.4 0.88
EB033 34.00 21 2.4 0.87
EB034 34.16 22 2.4 0.95
EBO35 34.34 21 2.4 0.90
EB037 34.05 13 2.4 0.57
EB038 33.70 14 23 0.59
EB039 33.93 17 23 0.72
EBO40 34.02 18 2.4 0.76
EB041 33.92 14 23 0.60
EB044 34.03 25 2.4 1.07
EB045 34.26 25 2.4 1.04
EB046 34.06 2.0 2.4 0.85
EB047 33.89 21 23 0.89
EB049 34.07 2.0 2.4 0.85
EBO50 34.01 26 2.4 1.10
EBO51 34.26 2.6 2.4 1.08
EBO052 34.26 23 2.4 0.98
EBO053 34.41 2.4 2.4 1.01
EBO54 34.33 22 2.4 0.92
EBO55 34.54 238 2.4 1.16

INAC 2013, Recife, PE, Brazil.




Table 2: Activity concentrations of total >**Th, dissolved?*®U, total 2*Th/?*®U activity
ratios and salinity of surface seawater samples fron OPERANTAR XXX expedition.

23¢€
Station Salinity 23“'I'hT((()jt|§r|n B ( dmeI_'l) Z4ThAA
EBOO1 34.10 2.3 2.4 0.98
EBOOIn 34.05 2.4 2.4 1.00
EB002 30.53 1.9 2.1 0.91
EBOOS 33.82 2.2 2.3 0.94
EBO06 33.77 2.9 2.3 1.23
EBO009 33.74 2.2 2.3 0.93
EB010 33.59 2.2 2.3 0.96
EBO018 33.55 2.1 2.3 0.90
EBO19 33.59 2.3 2.3 1.00
EB022 33.78 2.5 2.3 1.05
EB027 33.81 1.8 2.3 0.79
EB028 34.01 1.8 2.4 0.76
EBO029 33.62 1.4 2.3 0.60
EB0O31 33.58 2.5 2.3 1.06
EB032 34.16 2.4 2.4 1.02
EB038 33.46 2.4 2.3 1.05
EBO51 33.49 2.3 2.3 0.98
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Figure 7: Total 2*Th (dpm L ™) distribution map of surface seawater collected at
OPERANTAR XXIX expedition.
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Figure 8: Total 2*Th (dpm L™) distribution map of surface seawater collected at
OPERANTAR XXX expedition.
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Figure 9: Dissolved®®U (dpm L™) distribution map of surface seawater collected at
OPERANTAR XXIX expedition.
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Due to the fact of those 2 OPERANTAR expeditionsemearried out in different temporal
conditions, seasonal oscillations on t6tATh and dissolved®U activities can be noticed. In
October/2011 (beginning of summer season), ice imgelprocesses were occurring
intensively causing a major supply of tot&Th compared t6°%U at North Bransfield Strait,
possibly as a result of the presence of algaeat@imulate$**Th and release its excess to
surface waters. These results can also indicaterdioation of erosional continental input,
freshwater and the formation of waters enrichedtitrients. In the case of tofaf'Th, fluxes
tended to be largest nearshore and decreasednerttasing distance from land, showing the
importance of the coast ofi*Th distributions.Taking into account all sampling stations
established in March and October/11 the relativéafdity of total >>*Th distribution was
22%.

4. CONCLUSIONS

Research on the distribution of natural radionwdith Antartica is rare and thus, there is a
great interest in to know their occurrence anddiactelated to its mobilization, transference
and accumulation in this extremely fragile envir@mn ***Th is a particle-reactive
radionuclide produced continuously in seawater liiy dlecay of its soluble conservative
precursor”®J and the disequilibriun?®Th/”*®U in the surface ocean has been applied to
estimate carbon fluxes exported in the Southerna@acga sinking material. The flux of
particles biologically productive out to the eugbatone in the Southern Ocean has special
attention due to its importance in the control @@tmospheric concentrations. Because this
work focused on 2 OPERANTAR expeditions carried d@uing 2011 in different temporal
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conditions, seasonal oscillations on tGf4Th and dissolved®®U activities were verified. In
October/2011 a major supply of tota'Th compared td>®U at North Bransfield Strait
occured, indicating a combination of erosional gwental input, freshwater and the
formation of waters enriched in nutrient$aking into account all sampling stations
established in March and October/2011 the relatarébility of total®**Th distribution was
22%.
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