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Dome C - East Antarctic Plateau
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Coordinates: 75°06°’S 123°2
Elevation: 3233 m a.s.l.

Located on one of the many
Antarctic Plateau)

1100 km inland from th
at DDU

1200 km inland from
Station at Terra Nova Ba

Site of the Concor

astrophysics
physics of



PNRA Project CATCH-O Observatory

Novel Observatory devoted to the study of the chemical composition of atmosphe
and ozone at the Concordia station

This facility takes advantage of solid infrastructure set up during previous ltali
Programs (PNRA Project LTCPAA and STEAR).

Working in synergy with other Projects: SIDDARTA Project (Pl Silvia Nava — Univ. F
Observatory (Pl Maurizio Busetto — CNR ISAC Bologna)

Shelter ATMOS Shelter ATMOS: inlet devices and cut-off heads on the roof VAL (e
Time
anc
atr

LAY \
4
Credits by Sjmoﬁ_él Srimaldi@PNRA&IPEVA,
- : ‘ »
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Off-line measurements
Set-up of aerosol sampling instrumentation at shelter ATMC

DK-4 Dekati multi-stage ECHO PM TECORA sampler: ECHO HV TECORA/DADOLAB PMx HV and
sampler: size segregated PM10 aerosol at 48 h low vol. samplers: PM10 aerosol a
aerosol at 96 h resolution. resolution. monthly resolution. Analysis of metals, P
Analysis of ion markers Analysis of ion markers isotopic composition, organic markers
synergy with SIDDARTA project

= . - - 3 ‘
p dits by SWaldi@PNRA&JPEV
TN N L S SO

a Grimaldi@PNRA&IPEV

Xl Convegno Nazionale sul Particolato Atmosferic



Off-line measurements: examples of achieved r

Relationship between biogenic markers (MSA and nssSO,%) in atmospheric a
environmental variables (Chl-a, SAM) in in 2004-2013 period [Becagli et al. 2022,
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Early summer: biogenic aerosol significantly correlated to sea ice retre
Mid-summer: Peak of Chl-a concentrations, not related to sea ice m
Late summer: MSA and nssSO,*™ highest concentrations. Both si
MSA interannual variability significantly correlated with SAM wi
months lag). Correlation likely occurring through the effect



Off-line measurements: examples of achieved re

Com pa rison of [Ong_te rm — NO, " snow (ug/L) —— tropospheric O, (ppbv)
temporal series of nitrate in N T S s e e
surface snow and ground- 2000
level ozone to better address

F oS

el
*
el LT
* *,
PO SO LW 2.7 LA I I
R i
- T o S CTLSREEE R

. - |

the atmospheric processes 5  1s00 ¢
involving the atmosphere- = wg
snow exchanges of N-cycle 2 100 _* =1
: <

species and atmosphere :
oxidative properties

[Traversi et al. VvAS.18
EGU23_5749]

NO3

ke
4o

hc.ss
fEﬁ -

500 —

2006 2007'2008 2009 2010 2011 2012 2013 2017 2018 2019 2020 2021

Sampling date

Summer nitrate peakin in phase with the narrow ozone peak in early-full

Possible reasons:
-enhanced re-emission of HNO;(g)/NOx from the snow to t
atmospheric concentration. High acidity of snow layers and aeros
subsequent re-emission into the atmosphere.

-larger occurrence of Stratospheric-Tropospheric Exch
Chemosphere, 172, 341-354; Cristofanelli et al., 2018 Atm



Off-line measurements: examples of achieved res
PM10 bulk medium-high volume - Metals and Pb isotopes

Highest concentrations shown
by Na (sea spray source 10 000-

dominant), with a significant 1000-
summer-winter difference w#

(Wilconxon test, p-value < 0.05. e
Same  significant  seasonal < 104
pattern for Mg and Sr.

On the contrary, many typically # “

pg m

0.1004 #“
crustal elements show slightly
higher concentrations in 0.010- *’
summer (Ba, Fe, Ti). 0.001-

Only significant seasonal

discrimination observed for Nd, RS Oo S P @ %@ (DK © @ o PP IR R
Ce and La (p value <0.05).

T

' Summer . Winter

Data distribution of metal and As concentration measured on PM10 by ICP-MS/
2017-2023 (2018 left out due to contamination issues). Monthly resolution. Su
SIDDARTA-CATCH-O projects synergy
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Near-Real Time measurements: ozone (established)

Ground-level ozone observations carried B
out since 2008, within several project 40
activities (e.g., LTCPAA, STEAR, CATCH-O) & 35 -
2 30 o
Several intercomparisons performed % o5 _ “
during the summer campaigns, to o 00 —
guarantee the quality of the collected data 5 _
following the WMO/GAW guidelines (data , , | | | : | |
quality objective £1 ppb) 2008 2010 2012 2014 2016 2018 2020 2022
Annual data submission to EBAS
Ozone temporal series (hourly averages) at ,40

Dome C from 2022 to 2025: measurements
accomplished within CATCH-O project
highlighted in grey.

O3 (nmol/mol)
8

Annual ozone cycle characterized by a
large winter maximum, a minor peak in
summer (November-January) and one

minimum in February

20

2023-02  2023-05 2023-08  2023-11  2024-02 2024-05  2024-08  2024-11  2025-02 2025-05 2025-08  2025-11
Date (UTC)

Data source: STEAR and CATCH-O



Near-Real Time measurements: AIM-URG (novel)

Ambient Air Monitor

URG-9000C Ambie
pro

time-resolved direct
particulate and g

Solution
reservoir

The AIM separate

lon Chronr

the AIM us
(as use

e Time-resolved direct measurements

» User-friendly software for system setup, programming, calibration
and maintenance

¢ Flexible sampling times
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Near-Real Time measurements: AIM-URG (n

AIM dra

Liquid flow out

Sk Size selective inlet (PM2.5) cyclone
with ions from

lon Chromatograph from th

Liquid diffusion
Denuder The

Liquid flow in
+

(ultrapure water)
Valves

™

Cl NOy SO.2
W Gas Liquid flow out
_ with ions from
\/ Particle  the particulate

Credits by Silvia Becagli@ePNRA&IPEV

Particle collettor

Liquid flow in

<+

(ultrapure water)

Air Pump
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Near-Real Time measurements: AIM-URG (no

Jan/6 Jan/20 Feb/3 Feb/17 Mar/3 Mar/17 T l f' l .I: h l ]
_ e I emporal profile of chlori
Cl 100 4 2026 ----#--- CI" gas URG (ng/m?) p p )
| B gas and particulate pha
¢+ :
Y . T L w by the Ambient lon
f?‘io . ? .
#o1 TPV
H 4 ¢ % g (2 B N
C M, W L The very first data ever
o for gas and p

sampled and mea

Jan/6 Jan/20 Feb/3 Feb/17 Mar/3 Mar/17
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) | | | | | Jan/6 Jan/20 Feb/3 Feb/17 Mar/3 Mar/17
! 60 | | I | | I | |
L 48 , s | 70
e NO, gas URG (ng/m®) o 2026 ° 80, gas URG (ng/m”)
L 40 7
~#--NO_ PM2.5 URG (ng/m°) ~~#--80,% PM2.5 URG (ng/m’) |- 60
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- 32 Iy | 50
L 4
-2 % ‘T i
. * i
1 Y * 1
™M 6 RN i
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g » J¢
/ - -8
$ wonp P30 BIN NG IO
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Near-Real Time measurements: AIM-URG (n

100 ] | | |

--------- median ratio at 12 h resolution —— CI" gas-to-particle ratio

e N03' gas-to-particle ratio

0,01 I I I i l N
Feb/6 Feb/13 Feb/20 Feb/27 Mar/6 Mar/13 Mar/20

The gas-to-particulate phase ratio |
Chloride and nitrate are do
while sulphate is mainly
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concentration (ng/m3)

concentration (ng/m3)

30

Comparison between on-line and off-line chromatographi
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Future perspectives

Keeping on with current off-line and on-line measurements and samp
following tasks:

- data validation and availability for AIM-URG

- analysis time for off-line measurements in Italy

- optimising snow samplings so to achieve the best representative info
and post-depositional processes

Increasing the number of markers that can be determined on-li
acquiring and installing a new lon Chromatograph)

Finding a closure among the different parameters and activities
also in collaboration with other long-term projects at Dome C

Developing collaborations with foreign research partners
opportunity to perform pivotal studies in the Antarcti
Scripps Institute of Oceanography)
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Thank you for your attention
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o’ b©“ .
Ozone analyzer

(ISAC-CNR Bologna)
ATMOS shelter

Near-Real Time measurements: ozone (established)

Monthly mean O3 with standard deviation

35

30

O3 (nmol/mol)

25

20

Month

2023-02 2023-05 2023-08 2023-11 2024-02 2024-05 2024-08 2024-11 2025-02 2025-05 2025-08

40

O3 (nmol/mol)
8

N
o

Q5 time series - Concordia, Dome C

2023-02 2023-05 2023-08  2023-11  2024-02 2024-05 2024-08  2024-11  2025-02 2025-05  2025-08  2025-1°
Date (UTC)

Ozone temporal series (hourly and monthly averages) at Dome C from 2022 to 2025:
the measurements accomplished within CATCH-O project are highlighted in grey.
Temporal series obtained in 2023 and 2024 were submitted to World Data Center for
Reactive Gases (WDCRG) belonging to GAW/WMO program.

See:

https://ebas-

data.nilu.no/Pages/Plot.aspx?key=4716A262042C4A71910B737C4E16FA34)

Similarly to what observed during previous years, annual ozone cycle is characterized
by a large winter maximum, a minor peak in summer (November-January) and one

minimum in February
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https://ebas-data.nilu.no/Pages/Plot.aspx?key=4716A262042C4A71910B737C4E16FA34
https://ebas-data.nilu.no/Pages/Plot.aspx?key=4716A262042C4A71910B737C4E16FA34

Near-Real Time measurements: ozone (established)

Ground-level ozone observations carried
out since 2008, within several project
activities (e.g., LTCPAA, STEAR, CATCH-0O)

Several intercomparisons performed
during the summer campaigns, to
guarantee the quality of the collected data
following the WMO/GAW guidelines (data
quality objective £1 ppb)

Annual data submission to EBAS

Evaluation of the O3 trend at Concordia
(0.32 [£1.05] ppb/decade, p = 0.55), and
analysis of the possible effects due to the
COVID-19 economic downturn (Putero et
al., 2023, Atmos. Chem. Phys., 23, 15693-
15709)

Evaluation of the ozone enhancement
events and comparison with South Pole
data

O3 (ppb)
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[From Putero et al. ACP (2023)]



Off-line measurements: examples of achieved results
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EC data are generally lower than eBC:
different resolution (8 days vs. 1h) and eBC
data calculated as “upper estimations”
[Virkkula et al., 2022, ACP, 22, 5033-5069].

eBC shows anomalously high peaks, likely
to be ascribed to contamination events
whereas sampling for EC measurements
should be controlled by meteo trigger (to
be investigated further).

10

0

01/2017 02/2

First continuous temporal series of

Elemental

Carbon

(EC),

Total

Carbon (TC) and Organic Carbon
(OC) from the Antarctic Plateau
(Dome C) by thermo-optical analyzer

Sunset Inc.
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t [Caiazzo et al., 2022, Atmosphere,
12, 320]
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PM10 bulk medium-high volume
Metals and Pb isotopes
(University of Torino and Genova - Chemistry Dept.)

1.300

1.250

Qo
.
&
2 .
§' 1.200 g " .
Lo >
1.150 o ¢
o
1.100
1.050
2.350 2.400 2.450 2.500 2.550
208pp / 207Pp
+PM10 DC (2023) Snow DC (2010-2017) m Natural signature
Volcanic signature ¥ Crustal signature = Anthropogenic signature

Pb isotopic composition in PM10 aerosol sampled at
Dome C in 2023. Reference values are taken from
Bertinetti et al., 2020, Chemosphere, Sep:255:126858.
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