MercOx project and impact

Milena Horvat on behalf of all partners
Jozef Stefan Institute, Slovenia

Stakeholder Webinar
4. March, 2021

o0
o0 : : ,
® @ Jozef Stefan Institute, Ljubljana, Slovenia }/ www.environment.si Hgm WWW.Mercox.si P Shan  Www.gmos-train.eu


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiIrYzgvPDiAhWBb1AKHXm6D8wQjRx6BAgBEAQ&url=https://wedocs.unep.org/bitstream/handle/20.500.11822/26092/mercury_traceability.pdf?sequence%3D1%26isAllowed%3Dy&psig=AOvVaw3HR-YfPUmCa7xBuADUlb8b&ust=1560859459900135

Hod2®
EMRP/EMPIR Hg related projects

EMRP ENV0O2 PartEmission (2010 — 2013)

EMRP ENV51 MeTra http://projects.Ine.eu/metra/ (2013 — 2016)
* Development of traceable calibration methods for mercury

EMPIR 16ENVO1 MercOx http://www.mercox.si/ (2017 — 2020)
* Development of traceable calibration methods for oxidised mercury

EMPIR 19NRMO3 SI-Hg http://si-hg.eu/ (2020 — 2023)
* Metrology for traceable protocols for elemental and oxidised mercury concentrations
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EMRP/EMPIR Hg related projects

EMRP ENV0O2 PartEmission (2010 — 2013)

EMRP ENV51 MeTra http://projects.Ine.eu/metra/ (2013 — 2016)
* Development of traceable calibration methods for mercury

EMPIR 16ENVO1 MercOx http://www.mercox.si/ (2017 — 2020)
e Development of traceable calibration methods for oxidised mercury Hgm

EMPIR 19NRMO3 SI-Hg http://si-hg.eu/ (2020 — 2023)
* Metrology for traceable protocols for elemental and oxidised mercury concentrations
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Traceability of oxidised mercury
- MercOx project (2017-2020)

Starting date: 1. October, 2017
Total costs: 1,96 Mio EUR, EU: 1,80 Mio EUR

Coordinator: Milena Horvat
Jozef Stefan Institute,
Ljubljana, Slovenia

and the MercOx consortium:

Ina Fettig, Timo Rajamaki, Panayot Petroy, Iris deKrom,
David Amouraux, Maria del Rocio Arvizu, Jarkko Makkonen,
Warren Corns, lan Hangecock, Reinhold Moeseler, Can
Suleyman, Jan Ga¢nik, Igor Zivkovi¢, JoZe Kotnik, N. Pirrone,
F. Sprovieri, A. Naccarato, A. Tassone, R. Chouhan Singh, M.
Pavlin, S. Berisha, etc...
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Aims of the MercOx project

* MercOx aims to validate and develop traceable oxidised Hg standards and methods
for sampling and analysing oxidised Hg species in flue gas emissions and in the
atmosphere. This will result in significant improvement in measurement uncertainty
and comparability of measurement results.

e MercOx will introduce comparability of measurement results to enable legislation
and support Europe’s international obligations to reduce Hg emissions. Europe and
the NMls involved will be able to take a leading role in the future of metrology for
mercury measurements.
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Gas phase chemistry

OH ,0. ,Br* ,Cl I
(8)
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Real-time air monitoring not possible for
individual mercury chemical species without
preconcentration

Need to collect mercury halides from large
volume of air without losing chemical identity
(i.e. no reactions allowed!)
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Assuring Global Comparability for GOM

Sampling + Processing + Measurement = Result
Representative Selective trapping Comparison to + uncertainty
Appropriate of GOM S| units or
Contamination-free conventional
Stabilit scale

. y / denuders \
Handling | GEM generators:
sorbent traps e Saturated air in a bell-jar
— * Hg(0)diffusion
membrane traps * (Hg(0) permeation
N {I} Y, * Liquid standards
GOM generators:
Selective * Permeation tubes
nanomaterials for * Diffusion
GOM e Liquid standards
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Dutch
Metrology

WP 1 Institute
Traceable calibration R

-

eric

Traceable calibration method for the most
important Hg (Il) species, including HgCl, based

on a validated method to accurately compare the Hg
concentration in generated standard gases for Hg(0)
and HgCl,.

Traceable generation of HgCl, at pg/m3 levels for
stack gas emission measurements, including a
certification protocol for confirming the output of
liquid evaporative HgCl, generators

S e AP NS

Transfer reference gas standards for atmospheric
(oxidised) Hg measurements for the calibration of
liquid evaporative HgCl, generators at sub-ng/m3
levels

quid evaporative.
- S y




Primary Mercury Gas Standards

* Traceable to Sl-units Y B
e Unce rtainty International System of Units Traceable Results of Hg Mass

Concentration at Saturation in Air from a Newly Developed
Measurement Procedure

Christophe R. Q.le’:te[,"‘fr”il Mariavittoria Zampe]la,t# Richard J. C. Brownft Hugo Ern:,§ Milena Horvat,”
Eduardo Paredes,T'J‘ and Murat Tunc"®

* VSL —diffusion method

de Krom et al. Measurement 169 (2021) 108351

doi: https://doi.org/10.1016/j.measurement.2020.108351
de Krom et al. Atmos. Meas. Tech., 14 (2021) 2317

doi: https://doi.org/10.5194/amt-14-2317-2021

* NIST —HR LA spectroscopy

Srivastava et al. Anal. Chem. 90 (2018) 6781

Doi: https://doi.org/10.1021/acs.analchem.8b00757
Srivastava et al. Anal. Chem. 93 (2020) 1050

Doi: https://doi.org/10.1021/acs.analchem.0c04002

10P Publishing t Science and

Meas. Sci. Technol. 2§ (2014) 115801 (11pp) doi: 10, 1088/0057-0233/25/11/115801

A gravimetric approach to providing Sl
traceability for concentration measurement
results of mercury vapor at ambient

air levels

Hugo Ent', Inge van Andel', Maurice Heemskerk', Peter van Otterloo',
Wijnand Bavius', Annarita Baldan', Milena Horvat’, Richard J C Brown*
and Christophe R Quétel’

' VSL. Th 2629JA Delft, The Netherlands
amova 39, Ljubljana, Slovenia
"hysi aboratory, Teddington, Middlesex, TWI1 OLW, UK

Institute for Reference Materials and Measurements.



https://doi.org/10.1016/j.measurement.2020.108351
https://doi.org/10.5194/amt-14-2317-2021
https://doi.org/10.1021/acs.analchem.8b00757
https://doi.org/10.1021/acs.analchem.0c04002
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Calibration of GEM : e
* CRMs- calibration solutions a3 4-
 SRM 3133 - Mercury (Hg) Standard Solution =
e SRM 3177 - Mercuric Chloride Standard Solution g 27
* Reduction to Hg(0) by SnCl, or NaBH, and preconcentration on Au gold g 0 i Dumarey /
= ISO 6978
* Hg gas standards: >
o KDB Korea
micro-syringe MERCURY VAPOR TABLE COMPARISON
capillary thermometer 100 5 10 15 20 25
tube a0 ., MERCURY VAPOR TABLE COMPARISON Difference between
/"/‘ o 0 || 2 STy VSL generator and
2 5 P 1207 @ VsL generator NIST liquid reference
2 e ll2” | m JSI-NIST SRM material (3133)
glass g g, —
chamber E 50 £ 5 4 -3 -2 -1 0 1 2 3 a s 110
§ 20 f TEMPERATURE (°C) - *
liquid Hg & / 1
< 30 / '/’/

Current situation 20

\
AV

\

= Dumarey (in-use)

Hg mass (ng)
'_\
3

Bell-jar 10 e NST-Dumarey ASTM (in-use) 60
R . / s ' " o =——NIST(Reconstructed)
Permeation device o K | 7.06% | - * + 1 3 (y
Gas m|XtureS -5 0 5 10 15 20 25 30 35 40 45 50 | i L] o
IDMS TEMPERATURE (°C) 50 - i
5 6 7 8

. Mercury vapour concentration dependent upon equation US€ | ading 50 & 100 ng - 3 mm cells (5 & 6) 33 mm cells (7 & 8)
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Optoseven Liquid Evaporative

GOM Calibrator

Pressure
Carrier regulator
gas

Filter

On/Off
valve

Syringe

Mass
Flow
Controller
(MFC)

Heater

r<H=TD—-

Solution Solution
1 2
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3-way
valve

Nozzle

_ Evaporator

Traceability to
SRM 3133 or
SRM 3177

Hg**-Vapor

Carrier Gas

Mercury Reagent Hg® impurities (~5 %)
Solution

Saxholm Sari, Rajamdki Timo, Hdmdldinen
Jussi and Hildén Panu, Dynamic calibration
method for reactive gases, Measurements
Science ad Technology, 2020, 31, 034001,
https://dx.doi.org/10.1088/1361-6501/ab4d68
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Lumex MercOx two-channel analytical set-up

Oxidized Hg -
generator | Hgfilter [
ambient air Hg - ambient air
— [ Vi — Heg
filter (VZ ] —rvo
filter
Total [T¢ Elemental
mercury Industrial fan cell mercury
channel PTFE channel
RA-915F ’_‘i RA-915F
Pump l l Pump
[T [
Hg Hg
filter filter
Room T PC

150-180 °C

Total Hg — Hg® = GOM
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Hgm,'Optoseven calibrator output time-trends over different
concentrations ranges

A challenge for low concentrations!

a) HgCl, + Hg’

(total output)
Heat
120 Mass
Carrer oo Flter e
g (MFC)
L —— Output
°
e = —*
— 80 ‘ ’
32 ——- theoretical output value On/Off Syringe
= o - ® 1178ngm-3 Vo
2 60 - L 289 ng m-3 '“’N g -— 1288 2 B
% ® 20.4ngm-3
2 590 ng m-3
T 40 S
0 T T T
0 20 40 60 80
time [h]
e Gacnik, J. Sensors 2021, |,
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Ho@ (o|d Plasma GOM Calibration

Non-thermal or cold plasma

f denuders \ o
E— Traceability to
sorbent traps

::: NIST 3133 and 3177

membrane traps

!

Atmospheric pressure and ambient T

Quantitative conversion

. Hg(0) = Hg(ll) (HeCl, HgBr, HgO) No detectable
Traceable quantity of and 100% trapping efficiency breakthrough of any
Hg(0) in He gas Hg species
— —

+air, Cl,, Br,

Gacnik et al., Anal Chem. 2022,
under review
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WP 2
Measurement of Hg(ll)

Measurement of gaseous Hg (ll)
selectively trapped gaseous Hg (Il)
at environmentally relevant
concentrations

L oew el

s for HE speciatic
jtures representing th

Fae . :
‘OFW -

Measurement of Hg (Il) on
particulate matter (PM)
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Achievements

WP 2 Measurement of Hg(ll)

Isotopic composition in gas phase by pre-concentration

techniques coupled to (MC) ICPMS performed

Testing method for measuring Hg(ll) and Hg0 by GC-ICP-
MS/MS using a reference aqueous solution and HgCl,

Traceable measurements performed on Au and AC traps at

VSL Sl traceable Hg(0) source

Comparison of methods : ASTM D6784-02 (Ontario Hydro)
method with commercially available speciation sorbent

traps, using elemental and oxidized Hg generators

Interlaboratory comparisons implemented for the

determination of Hg trapped on activated carbon and PM

Temperature fractionation methodology was tested for

speciation of Hg forms on adsorbent traps.
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B Hg'" thermal reduction

goal: 0 % of unconverted Hg"

results:

- 0% - with Al,O; catalyst

and >650 °C heating

-» unrepeatable and bad

results with catalysts: Pt wire,

Au coated corundum, quartz
Hg' — Hg® Hg’ wool

KW No YN ——— -

7
I\

Nzg;s AWML
heétiné
coil
goal: 100 % of Hg®
' All experiments done with ambient GOM results:

» amounts (HgO 100 pg, HgCl,/HgBr, 250 pg s - 100 % of Hg?- with Al,O,
catalyst and >650 °C heating

Gacnik et al., Anal. Chem. 2022, under review

. o Figure 6: TPD spectra of mercury compounds in precipitates prepared
Figure 5: TPD spectra of mercury compounds prepared by dry mixing by et mixing various Hg-compounds in a saturated solution of
various Hg-species with pure CaS0,-2H,0. CaSO0,-2H,0. Note: The absence of HgS peak is due to its low solubility.

Pavlin et al., Open Chemistry, 2018
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WP 3 i ot
Traceable sampling
methods

To investigate how
atmospheric and stack gas
emissions chemistry
influences Hg sampling and
measurement

o, N

[

Identify the critical
components and parameters,
that can alter Hg speciation
during sampling and to study
these processes using tracer
experiments.

aceable refe |
r Hg(0) and Hg(l))
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Achievements

WP 3 Traceable sampling methods

Detector's response for Hg (a.u.)
spiking on traps)

0.1

Selective Hg(ll) extraction/extraction and complexation have
been performed using CRMs and HgCl, spiked brominated or
iodated carbon materials.

Method development for Hg(ll) and Hg(0) interconversion and
stability testing using 197-Hg radiotracer

An efficient nanomaterials with 2D structure, low cost and
metal-free was prepared (g-C3N4) and graphene oxide (GO) for
selective trapping of Hg(ll)

Samples collected from the German environmental specimen
bank for Hg isotope measurements in biomonitors —trends
analysis

Specific isotope ratio measurements and use of biomonitors for
Hg isotope and atmospheric Hg migration pathways was
summarized and published
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R*=0.9986 °
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Zivkovié et al.,
a - Atmosphere, 2020
® 1000 ng
i 500 ng
£ 100 ng
r ® 50ng
' 10m8 e NIES (digestion bomb)
—— T S m |[PREM (microwave)
0.1 1 10 100 0.50
Detector's response for Hg (a.u.) '
(purging on traps) 0.00 & 1
' S
-0.50+ & ;
8 -1.00} I .
o e
o
-1.50 :
[ ]
-2.00+
Yamakawa et 1
al. ABC, 2020 20 5 o oo 0 5 5o
gL I T T T T T T I
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Graphitic Carbon Nitride g-C;N,

jﬂ' o 8 ('-*:NTNTN?_-,_; ; HLN?HTF\F“TM: S350
R T L L = Raghu et al.,
Sensors, 2019

DCDA Melamine Melam

-
N J N
e XL s PO T e whwa
NH YT H Y Y H NP .
' " Hagh A X
\Ip \]9’ ] N N N
NH, MH, ,\J"-Nfu"'.‘ NJ“-h'IL-N
Melem Melon NJ-bthRAr:‘JQN,Lz-NJ\


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiIrYzgvPDiAhWBb1AKHXm6D8wQjRx6BAgBEAQ&url=https://wedocs.unep.org/bitstream/handle/20.500.11822/26092/mercury_traceability.pdf?sequence%3D1%26isAllowed%3Dy&psig=AOvVaw3HR-YfPUmCa7xBuADUlb8b&ust=1560859459900135

Sampling,Btorage@nd Creat‘ingmpact

Measurements? > processingf
Mercury(® rylinithel]
tackBas

i

JRPOvebsite,?
Sampling 1l)EndHg(0)E! L

infthe@tmosphere@ndBtack®
gas@missionsl

Vot

3@vorkshops,

MIKES METROLOGY
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discrimination/migration,fathways@ndBpeciesinterconversion
Field applications
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Test and validate existing
methods for on-line Hg
monitoring from process stack
emissions (coal TPP, cement
production)

T -y '_

Test and validate existing
methods for on-line Hg
monitoring in the atmosphere
(GMOS sites)

1-line and sorbe
asurements in the
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WP4: Field testing

Atmospheric measurements
 PAS (AC, Au,..)
* Automated (selective traps)
e Active (Lumex)
e Biomonitoring, lichens

Down-wind Salonit and Idrija

GMOS-Train, Iskrba, Slovenia

GMOS-site, Mt. Curcio, Ita_ll\»
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Emission measurements

e CEM
e Sorbent traps

Power station, Marl
M
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Oxidized, elemental, and total Hg on sorbent traps - Salonit cement plant

50 A

two-mills regime one-mill regime no-mills regime

m Hg(ll) (%) ™ Hg(0) (%)

100%
0%
60%

8
20%
0% -

40%
7.1.2021 8.1.2021 9.1.2021

Percentage of THg (%)

The average concentration in stack gas is calculated as the average of Hg concentrations obtained by two parallel

traps in the Ohio Lumex sampler probe. Dotted lines indicate corresponding trendlines
[ L]
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Mercury emissions and speciation from the cement plant Anhovo
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Comparison between CEM and sorbent trap method
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Ho @3 Outputs of the MercOx projects

» Stakeholder Committee established, 28 members, two
workshops organized

* Project web site, flyers, exhibition, professional press
release, and presentations at general public and
professional events

e ﬁ = l\__ * Minamata Conference of the Parties, at COP2 and COP3,

in November 2018 and November 2019

* 30 presentations at 18 scientific workshops/conferences;
13 oral and 17 posters. (7 invited)

* ICMGP September 2019; Krakow; Special session,
preconference workshop

» 22 peer reviewed journal articles (36 citations, over
12000 views)

[ 1]
[ 1]
... Jozef Stefan Institute, Ljubljana, Slovenia


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiIrYzgvPDiAhWBb1AKHXm6D8wQjRx6BAgBEAQ&url=https://wedocs.unep.org/bitstream/handle/20.500.11822/26092/mercury_traceability.pdf?sequence%3D1%26isAllowed%3Dy&psig=AOvVaw3HR-YfPUmCa7xBuADUlb8b&ust=1560859459900135

Ho &3 Impact of the MercOx projects

e Standardisation: CEN/TC264/WG8/WG9/WG10; CEN/TC146/WG32
* A good practice guide on Hg sample preparation and interspecies conversion

* Certification protocol for confirming the output of liquid evaporative HgCl,
generators

» 8 staff exchange and training; 5 PhD and 1 master degree students

e Contribution to:

 GEO- Global Earth Observation platform, GOS4M — Global Observation System
for Mercury

 UNEP’s Guidelines for monitoring for effectiveness evaluation

* Metrological uptake in new projects:

* Horizon2020 EU funded MSCA ITN GMOS-Train: “Global Mercury Observation
and Training network in support to the Minamata Convention”

 EMPIR project 1I9NRMO3 SI-Hg “Metrology for traceable protocols for elemental
oo and oxidised mercury concentrations”

[ 1
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Creating impact in SI-Hg project (WP4)

* Web page http://si-hg.eu/
¢ SpeCiaI SESSionS at the |CMGP 2022 dead line for abstracts 15. March 2022

- : EP, B
MERCURY AS A GLOBAL POLLUTANT
24TH - 29TH JULY 2022 ‘
VIRTUAL EVENT

REDUCING MERCURY EMISSIONS TO ACHIEVE A GREENER WORLD

www.ilmexhibitions.com/mercury2022/
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http://si-hg.eu/

Special Sessions

= Artisanal and Small- Scale Gold Mining — challenges and solutions

= Assessing the effectiveness of the Minamata Convention on Mercury under climate uncertainties

= Climate-Driven Perturbations of Arctic Mercury Cycling — a Special Session Coupled to the 2021 AMAP Mercury
Assessment

= Global mercury concentrations in biota: their use as a basis for a global monitoring framework

» Impacts of Climate Change on Global Mercury Cycling

= Mercury in the Southern Hemisphere

hemical mercury cycling

Metrological Traceability for mercury analysis and speciation

= National Action Plans to reduce mercury use in artisanal and small-scale gold mining: translating data into policy

responses

}_
=
—
]
|
|
o
-
—
=
(aa)]
=
O
<
v
<
>_
e
=)
O
s
(-
=

24TH - 29TH JULY 2022

VIRTUAL EVENT

= New developments in understanding reactive mercury concentrations and chemistry

= planetGOLD: A Pathway to Reducing Global Mercury Pollution from Artisanal and Small- Scale Gold Mining

Selenium-mercury interactions in aquatic food webs: The state of the science and future research directions

Week of 18 — 22 July

Pre conference workshops
Reactive Mercury Measurement
Organized by Mae Gustin & Team, SI-HG invited

REDUCING MERCURY EMISSIONS TO ACHIEVE A GREENER WORLD

ICMGP




7 Speakers
(&) &
U N W 5 {"'{5 CONVENTION Mae Sexauer Gustin, University of Nevada, Reno

emnronment 1 972_2b22 ON MERCURY Milena Horvat, JoZef Stefan Institute, Slovenia

rogramme
prog Seth Lyman, Utah State University

Sarrah Dunham-Cheatham, University of Nevada, Reno
Lynwill Martin, International Conference on Mercury as a Global Pollutant

Iris de Krom, National Metrology Institute, the Netherlands

M i n a m ata o n -I i n e Se ri es Eisaku Toda, Minamata Convention on Mercury

https://www.mercuryconvention.org/en/events/reactive-mercury-air

REACTIVE MERCURY IN AIR / CONVENTION
< SEASON 2 - 2021 ON MERCURY
e <) REGISTER NOW: 1 MARCH 2022

making, implementation and evaluation. This event will focus on L

comparability of measurements of the three forms of atmospheric
mercury: gaseous elemental (GEM), gaseous oxidized (GOM), and
particulate bound (PBM). Currently, comparability of GEM can be
demonstrated, while limited metrological infrastructure for Please register for the WebEx session using the link above.
traceable, validated, and accurate measurements of oxidized

= A Information about Minamata Online Check the Season 2 calendar
mercury species in the atmosphere exists.

Reno Lynwill Martin
: International Conference
7 on Mercury as a Global

Mae Sexauer Gustin
University of Nevada,
Reno

Eisaku Toda
Senior Policy and
Coordination Officer

Seth Lyman
Utah State University

Pollutant '_,f
Milena Horvat Sarrah Dunham- | Iris de Krom
Jozef Stefan Institute, Cheatham | National Metrology Institute,
Slovenia University of Nevada, The Netherlands

3 p» Reno



Conclusions from the joint Minamata on-line

e Research teams are making progress toward development of oxidized
Hg measurement and calibration methods

* New measurement methods are demonstrating comparability

* New calibrator method is demonstrating accurate measurements by
the RMAS and dual channel systems (Lyman et al. 2020; Dunham-Cheatham et al.,
in prep)

* Next Steps

* Continued development and testing of accuracy, precision, robustness, and

comparability of newly developed measurement and traceable calibration
methods

* Metrological traceability is a key to comparability! Comparing different
calibration systems

* Harmonization of new methods and demonstration of comparability is urgently
needed by global community (e.g., field inter-laboratory comparisons)
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Assuring Global Comparability for GOM

Sampling + Processing + Measurement = Result
Representative Selective trapping Comparison to + uncertainty
Appropriate of GOM S| units or
Contamination-free conventional
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