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The International Framework WORLDWIDE OBSERVATION
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% GMOS data are used to test regional and

' \global scale atmospheric mercury models,

which can then be used for determining

"mercury deposition to ecosystems and the

- current state of atmospheric mercury
contamination.
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GMOS developed an interoperable system
€ to facilitate the sharing of information,
including measurement databases and
modelling results, with major stakeholders,

policymakers and the public.
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http://www.gmos.eu/

The GMOS Informatlon & Communication Technologies System

GMOS network provides to the community an ICT System
aimed to share information and data coming from different data
sources (measurements, sensors, models, ecc) requiring a
different information structure to be stored and used.

GLOBAL OBSERVATION SYSTEM FOR MERCURY

The design of GMOS ICT System is oriented to manage both

type of data in a single infrastructure.
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the GMOS monitoring network.

The Cyber Infrastructure

It manages and stores data and is the core of GMOS
having a simple Web Interface through which users can
produce metadata (following INSPIRE scheme), upload

~ data, and assign rights to their data.

The Cyber Infrastructure plays an important role

AR RE BA about data integration through different
o ak

{ GMOS partner and users.

_________,_...-“

Data Storage
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4 }L/ * Cinnirella, S., D’Amore, F., Bencardino, M., Sprovieri, F., & Pirrone, N. (2014). The GMOS cyber (e)-infrastructure:
b advanced services for supporting science and policy. Environmental Science and Pollution Research, 21(6), 4193-4208.
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Work In progress: Database on Marine and Freshwater Biota
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Total by

37..1 | 37.1.2 | 3703 3721 | 3722 3731 | 3732 | 3741 | 3742 | 5L1°* | decade 6
1969* 0 4 5 o | o o | o 0 0 o | 9 0.0 |
1970-1979 718 670 | 2281 | 1135 | 365 | 169 | 814 | 7 | 5 3 | 6167 | 252 |
. 1980-1989 923 1162 | 2010 1160 | 735 377 | 1013 8 44 19 | 7451 | 305
[ 1990-1999 810 840 | 1969 581 421 214 | 1139 5 a7 17 6043 | 24.7
'2010-2015 2000-2009 659 315 | 1153 | 347 | 398 | 210 | 1077 | & | 2 | a2 | 17
2000-2009 2010-2015 140 57 | 222 2 | 49 38 | 95 | 0 0 0 | 623 2.5
11990-1999 Total by
Division | 3250 = 3048 7640 3245 | 1968 1008 | 4138 26 101 a1
1980-1989 % 133 | 125 | 312 133 8.0 4.1 16.9 0.1 0.4 0.2
11969-1979 * This e g uped with the 1970-1979 decade
ted in the ma

Mercury in Marine Biota
provided by Cinnirella et al., 2019

Forty years of biota monitoring in the Mediterranean basin.

Existing peer-reviewed literature and datasets on mercury
concentration in marine flora and fauna (Animal, Plants
and Chromista Kingdoms) have been retrieved for a total
of 24,465 records from 539 sources.
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Mercury in Freshwater Biota

provided by Komov et al., 2014, 2016

Since 1989

5000 fish specimens were analyzed from 102 lakes and
35 rivers of Russia, Mongolia, Belarus, and Vietnam,
by the Papanin Institute for Biology of Inland Waters,
and the Russian Academy of Sciences.
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SERVICES

G-Data Acquisition - e

; o
LFAMOre rrancesce Logeut LIST SQUMCE  VIEW LOGS ;

Data Sources

Name Station Code Organization Country

© Amsterdam Island ANS LGGE-UGF TAAF | Data Selection | F

© Calhau Sao Vincente CAL University of YorkINMG Cape Verde | Data Selection |

© Cape Point CPO SAWS South Africa | Data Selection |

@ Dumont dUnville Dou CHR-lIA; LGGE-UGF Antartica | Data Selection | v

© Dome-C, Antartica Doc CHR-lIA; LGGE-UGF Antartica | Data Selection |

O Ewk2 EVK CMNR-NIA MNepal | Data Selection |
| | '
| |
| |
| |
| |

Bencardino Mariantonia . Logout @ Report u GMOS-CI Home

DO NOT TOUCH
urces

Last Update

Alert ALE nvironmen Canada
anada

@ Longobucco LOMN CMR-IIA ltaly Data Selection : P . C d
© Wanaus MAN LBA Brazil Data Selection - o 2012-10-27 2015-11-08 2015-11-11
Amsterdam Island AMS LGGE-UGF TAAF (France) 00-00-00.0 93:55:00.0 15:50-47 0
© Wace Head MHE Helmholz-Zentrum Geesthacht Ireland Data Selection I
Auchencorth Moss ACM CEH United Kingdom
© La Seyne-sur-Mer LSM IFREMER France Data Selection u I
. - . ) 1999-12-31 2019-09-25 2019-11-19
© Station Nord STN Aarhus University Denmak Data Selection Bariloche BAR Inibioma-Conicet Argentina 00:03:40.0 11:25:00.0 14:34:29.0
Calhau Sao 1118-11-13 2020-03-26 2020-03-27
Vincent oL Capeleiic UDitiiIie 15:30:00.0 20:30:00.0 23:12:53.0
L]
Itis a GMOS web-compon ent
Cape Grimm CGR IVL Australia NO DATA NO DATA NO DATA
[} L] 3 g
de sSig ned to collect data comi ng from T G O

G-Data Quality Management System

R I S G-Stat is web-based service each night

GMOQOS stations. It permits automatic
data integration on the

GMOS Cyber Infrastructure. wm,,,_ ~— - (UTC Rome) upload statistics about the last
acquired measurement for each GMOS
0w stations

The G-DQM system is a web-based service . .. e e e e e e -
with real-time adaptive monitoring ~ - o e m ow m o m om ow omm e
procedures aimed at preventing the m e :

production of poor-quality data . ... T I T S T e S S e

*D'Amore, F., Bencardino, M., Cinnirella, S., Sprovieri, F., & Pirrone, N. (2015). Data quality through a web-based QA/QC system: implementation for atmospheric mercury data from the
global mercury observation system. Environmental Science: Processes & Impacts, 17(8), 1482-1491.
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GMOS-Data Quality Management System

: Automated
Date Time Typ C Stat AdTim Vol Bl BlDev MaxV Area ng/m3 ucler: ga €
1. AUTOMATED QA SCRIPTS 8/7/2012 15:00:00 CONT A OK 0 300 4.98 0.096 0.078 0.11 69197 2.698 W,
(Flagging Criteria) 8/7/2012 15:05:00 CONT B OK 0 300 5 0.096 0.057 0.123 105947 3.188 W,
8/7/2012 15:10:00 CONT A OK 0 300 5 0.097 0.075 0.11 64483 2.506 W,
Y( 8/7/2012 15:15:00 CONTB OK 0 300 5 0.097 0.084 0.123 115426 3.474 OK
7 Flags Q 8/7/2012 15:20:00 CONTA OK 0 300 5 0.097 0.042 0.11 68667 2.669 (0]
)| B ~ 8/7/2012 15:25:00 CONT B OK 0 300 4.99 0.097 0.08 0.124 112975 3.4 1y
GMOS ' N 2™ 8/7/2012 15:30:00 CONT A OK 0 300 5 0.097 0.082 0.111 67968 2.642 I
Tekran D o0 Cvel — T 8/7/2012 15:35:00 CONT B OK 0 300 4.99 0.097 0.062 0.125 115421 3.474 (o]
> Cyber >! Desorption Cycle 14 Flags S R 8/7/2012 15:40:00 CONTA OK O 300 5 0098 0.1 0111 75448 2.932 »
Raw data Infrastructure \’ ----------------------------------------------------------------------------------- g J|l 8= 8/7/2012 15:45:00 CONTB OK O 300 5 0.098 0.075 0.125 121046 3.642 W,
: ---------------------------------------------------------------------------------- . #)
Calibration Cvel A cED S 8/7/2012 15:50:00 CONT A OK 0 300 5 0.098 007 0.112 71704 2.788 W Fl . Criteri
: alibration Cycle =
: 11 Flags g 8/7/2012 15:55:00 CONTB OK 0 300 5 0.098 0.066 0.124 117140 3.525 oK agging Lriteria
/ \ / 8/7/2012 16:00:00 CONTA OK 0 300 5 0.098 0.088 0.111 66353 2.58 OK (based on GMOS SOPS)
| | 8/7/2012 16:05:00 CONT B OK 0 300 5 0.098 0.062 0.124 112641 3.389 Iy
8/7/2012 16:10:00 CONT A OK 0 300 5 0.098 0.083 0.11 58405 2.271 W, _
8/7/2012 16:15:00 CONT B OK 0 300 5 0.098 0.072 0.123 105796 3.183 Iy “ OK
QA 8/7/2012 16:20:00 CONTA OK 0 300 5 0.098 0.048 0.11 67993 2.643 (0]
Data;det 8/7/2012 16:25:00 CONT B OK 0 300 4.99 0.098 0.085 0.123 102309 3.079 Iy
8/7/2012 16:30:00 CONTA OK 0 300 5 0.099 0.073 0.11 63127 2.454 (o]
. 8/7/2012 16:35:00 CONTB OK O 300 4.99 0.099 0.063 0.124 101409 3.052 OK Ix
8/7/2012 16:40:00 CONTA OK 0 300 5 0.099 0.047 0.111 56470 2.195 (o]
3. SITE OPERATOR APPROVAL
2.L.oGpoox { | / W,
SERVICE X =
7 QC decisions —
1
Site Onerat GMOS LogBook , \ Manual Flagging Fd
ite Operator|—>| _. — —
Vit Site Reports Dataset fordata QC /< /intermediate/f” N :
- (Annex G- SOP # G-DQM application for GEM data recorded at LON,(Italy) in 2012-2013
QAed‘QCed ¢’/ -
\ - . . . . . . . .
Dataset Data points in graphs change-color according to their main Automated Flag resulting from the G-DQM service
| o @ .
| 4 » :- ° .
* i . 3 : .
L *e H L] ¢ ¢ L]
. - c o @ . . -' . .
i % % . 2 ® fe
- Dataset Yes Approval ;, s : $ 08 3 &
E = é s é
< > y & . :
| A -
w . A z 3
4. COMPUTATION O ;
S. DISSEMINATION 5
L & REPORTING

Password protected \ Fully R SRR
GMOS { Validated

webpage ‘ (Iighhil ' / Dataset

C Data User ) ’

Sep Oct Nov D| Jan Feb Mar Apr May
*D'Amore, F., Bencardino, M., Cinnirella, S., Sprovieri, F., & Pirrone, N. (2015). Data quality through a web-based QA/QC system: implementation for 2012 2013

atmospheric mercury data from the global mercury observation system. Environmental Science: Processes & Impacts, 17(8), 1482-1491.
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i u n
T o e =] GMOS-SOPs and Data Quality Fl
L # L
G-DOM Flag Description l Flagging Criteria Flagged| Flag | s a n a a u a I y a g g l n g
WB2 Baseline voltage change | | Baseline voltage; - Baseline voltage;.; | > 0.01 | All F ‘ 1
WBI Baseline Voltage Low or High ] 0.01< Baseline voltage <0.05V or Baseline voltage > 0.25V ] All F i 2
IB0 Baseline Voltage too Low | Baseline voltage <0.01 V | All F : 3 H(:l-g])((;(l)\(/i[e Flag Description Fagging Criteria Eﬂlzataedi T;']p: of 4
WB3 Baseline Deviation High l Baseline deviation > 0.10V for 5 consecutive readings l All F 14 o o | ; | Ggg 5 s 5
i concentration hi l i ' | GEM | F 11
IBS Baseline Deviation too High | Baseline deviation > 0.15V | All F 15 @ @ l : : —— Q]'E'M'EQ'I'I'C'?EE@:[}'QE'?';{'Q'I}g'm """""""""""""""""" E— e H—
. | GEM tration < 1.0 ng m” ft rtrid i | '
IDL Below Detection Limit l Hg concentration <(.1 ng m> l All F i 6 @ E coneen 1(')&21011 ; fng Hi Or Satil cantride® i GEM ! SS 2
| ; <0.2ng m” for polar sites i ! i
WM2 Multiple Peaks Detected | Status = M2 (multiple peaks) I L7 i ( : : ) ) : ! |
e L i | (GEM; - GEM;_; )/GEM; | > 0.5 for the same cartridge i GEM ! F 3
M3 Multiple Peaks Detected ’ Status > M2 (multiple peaks) LN N O\ \ [T e e [ T T
WOL Overlond | Status = OL (overload) i 0.10<|(Air cartridge bias; - Air cartridge bias;.; J/Air cartridge bias;[<0.15 { GEM | F 4
WV5 Questionable Sample Volume i 0.05 < (Volume,ess - Volume,y,)/ Volu GEM (A cartridge bias; - Air cartridge bias;.; /Air cartridge bias; |>0.15 | GEM ﬁ' Fos
I\ Sample Volume | | (Volume ey - Volumeey, )/ Voluppesy, | > 0.0 Readings ak Status = NP (no peaks) GEM F 6
: . L D ) e GEM values | Following desorption first two GEM data are not considered representative { GEM | F | 7
WTG Time Gap | Sampling time; - Sampling tlmei-lkm - - ' !
output , —————
. —_ ! Flaswine Criteri iDataiTypeofi#
DESO]‘pthH seripto | agsing Lriteria {Flagged! Flag !
Flag Code Flao Descrint | Hlaveine Criteri . CyCIG ______ E+F+G:O ____________________________________________ Desoer ______ Foil
GDOM ag Description agging Criteria Gy | : H44 =0 | Desorp COF 12
WF1 l Calibration Interval I 72 h <Time between calibrations < 144 h > 4 ble | E <0.70 (E+F+G) or F > 0.20 (E+F+G) or G> 0.10 (E+F+G) | Des orp F 3
[F2 [ Calibration Interval Time between calibrations > 144 h L Cal i Calibration ] tionable H <0.70 (H+1+]) or [ > 0.20 (H+I+]) or J > 0.10 (H+I+)) Desorp : F : 4
WRI | Detector Sensitivity | 4.10° units <RespFetr < 6°10° units or RespFetr> 12" 10° units . Cal | Cycle WP2 e | E+HF+G<3C Desop{ F |9
IR2 | Detector Sensitivity RespFetr <4 10% units i : ‘ ‘O;m‘r GOM@eYative value : H++J <3 C : Desorp F 6
- T T o i e, o i i
WD2 l Calibration Change I | (Calibration; - Calibration;.; )/Calibration; | >0.10 _E IP3 PEM -Afﬁeﬁ?vilvalue'fgi p((i)lar sites E DHEHF+G<4avg(K+L) Desorp : SS : 7
WDI1 [ Calibration Change 0.05 < | (Calibration; - Calibration;.; )/Calibration; | < 0.10 ; (with highly variable data) | \ ! i
L : ! . : _ ! : M negati lue for polar si i i
WCl l Calibration Trap Bias ! 0.10 <[ (Cal.cartr. bias; - Cal. cart. bias;;;)/Cal. cartr. bias; | < 0.20 ! i i IG3 IGO (\EiilfelllilgﬁI;izfiagiepga?;)s fres : HHH+T <3 avg(K+L) i Desorp;  SS ¢ 8
(0% | Calibration Trap Bias | (Cali. Cartr. bias; - Cal. Cartr. bias;;;)/Cal. Cartr. bias; | >0.20 E E \iﬁ; @ = I Begin of Desorp Begin of cach single Desorption Cycle Desorp : r : 9
WZ1 l (Calibrations Blanks . Zero > 1500 Peak Area units i Cal -E F E 9 - | End of Desorp | End of each single Desorption Cycle ' Desorp CF 10
: : 0 i i i |
122 [ Calibrations Blanks Zero > 170 SPAN Cal ' f ' 10 WLI Load Cycle i Load Cycle <lor2or3h - GEM cycles <12 or 24 or 36 before desorption ! Desopri SS J 1
IIC | Incomplete Calibration ; Calibration cycle is incomplete i Cal v F 111 D Incomplete Desorp E Desorption Cycle is incomplete < 12 Step i Desorp{ F {12
jati E 3 3 ! ! !
* D'Amore, F., Bencardino, M., Cinnirella, S., Sprovieri, F., & Pirrone, N. (2015). Data quality through a web-based QA/QC system: implementation for w0 l Speciation Blanks © | 1.67pgm” <Cycle ©< 10pg m  Desorp F 13
atmospheric mercury data from the global mercury observation system. Environmental Science: Processes & Impacts, 17(8), 1482-1491. IS1 | Speciation Blanks © Cycle (C)>10pg m° Desorp!  F 114
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Share of Valid/Invalid data for TGM/GEM

Range of values:

Data quality resulting from the usage of G-DQM

Share of Valid/Invalid data for PBM&GOM

Range of values:

- Valid - Invalid n _15 - Valid - Invalid
- n=>5
100% 100% 100% 100%
0
76.90/%'
75% X 1 15% 80% 66.30/ﬁq 75%
- 60% i 0
>  50% L 50% . 50%
- b= 40% 33.7%‘
23.1% “ . T 25w
25% Bq T 25% 20%
0% = - \ .
0% | o | |
*faTslelalzlalalzlel=lz = 28] o ‘1 - 0% AMS BAR LON MAN MAL | MCH MWA Valid | Tnvalid
Sgm|2g 3 3 “«|2/x5 3 35 3 E alid | Invali MI | M2 M3 M4 M5 | M6 | M7
S1 S2 | S3  S4 (S5 /8S6 | S7 | S8 M1 M2 M3 M4 M5|M6|M7
n =14
n=>5
100% 87_80/;‘]‘ 100% 100% 100%
73.2%
1% i | 750 80% . 50
A 60%
S 50% 1 50% - 50%
~ = 40%
(@] 26.8‘7:'
25% 12va7 1 25% 20% i 25y
B 0% - -
0% . ” ~ | 0% AMS BAR LON MAN MAL MCH MWA . "
g § g 8 c% % 75 é = Sé C:ZZD <Zﬂ j % § Valid ‘Invalid S O C W Valid Invalid
ClEET R SIET R R R ML M2 | M3 M4 | M5 | M6 @ M7
S1 S2[S3 1S4 | S5 S6|S7|S8 M1 | M2 M3 M4 M5 M6 M7

*Bencardino, M., D'Amore, F., Cinnirella, S., Sprovieri, F., & Pirrone, N. (2017). Quality screening for atmospheric mercury data within the GMOS network.
13thinternational Conference on Mercury as a Global Pollutant - ICMGP 2017. 16 - 21 July 2017 Providence, Rhode Island, USA
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GLOBAL OBSERVATION SYSTEM FOR MERCURY

Hemispheric gradient in GEM
concentration for GMOS data in

(a) 2013 and (b) 2014.
Sites are organized by latitude.

AMAP/UN Environment 2019. Technical
Background Report for the Global Mercury
Assessment 2018.

Southern
hemisphere
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*Sprovieri, F., Pirrone, N., Bencardino, M., D’Amore, F., Carbone, F., Cinnirella, S., ... & Brunke, E. G. (2016). Atmospheric mercury concentrations observed at
ground-based monitoring sites globally distributed in the framework of the GMOS network. Atmospheric chemistry and physics, 16(18), 11915.




= - GMOS Project Ongoing
e NetwWOrkK and Its ddta coverage
i - N ®m® & O © N~ 0o o o
= by - by - by - oy oy - N
S ©O o o o o|lo o o o o
5 Partecipating Organisation | Scientific Referent | Station Name | Station Code Country A A T A A B B N B B B
%
£ e Henrik Skov .
% S s AU Claus Nordstrem Station Nord STN Greenland
>
g H e ™ HZG Ralf Ebinghaus Mace Head MHE Ireland
O Centre for Materials and Coastal Research
2 R SPBSU Nikolay Mashyanov Listvyanka LIS Russia
O - vs v .
(@m{;h(ﬁlobe CVGz Kat::.ma Kommk,ova Kresin u Pacova KRE Czech Republic
| ice Dvorska
UNIVE Carlo Barbante Col Margherita CMA ltaly
Milena Horvat .
S Joze Kotnik Iskrba ISK Slovenia
Northern (. IFREMER ?jzglle:(gg::; La Seyne-sur-Mer LSM France
Hem_lsphere & IGCAS Xinbin Feng Mt. Changbai MCH China
Previous #15 — S 9
- - : g - ‘T CNR-IA ieoraTrone® | Longobucco LON Ital
23 Partecipating Organisations Ongoing #12 || &\ Francesca Sprovieri : g
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20 stations with active
instrumentation operating GM_OS
during the GMOS project Project

(2010-2015)
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Future planned activities

v Facilitating cooperation of governments and institutions tracking mercury
releases;

v Encouraging an intercomparison between existing tools aimed to quality assure
and quality control (QA/QC) mercury datasets;

v Supporting the technological development of advanced sensors aiming to reduce
the investment and running costs of long-term monitoring programmes;

v' Creating advanced web services for using and discovering information in
coherence with GEO Sharing Principles;

v Promoting continuous interactions and engagement of the scientific community
In the policy making process.

GOS*M Kick-off Meeting, 2020 7-8 October
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