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Standardisation

▪ EN 14181 Quality assurance of automated measuring systems

1. Requirements for the calibration and validation → QAL 2 

− With guidance specific for mercury measurements EN 14884 determination of total mercury – automated 
measuring systems

• 6.2.2 Zero and span check (EN 14181:2014, A.7): Elemental mercury shall be used for the independent 
span check provided that the reference material generator used by the test laboratory is calibrated with 
metrological traceability to the SI.

• 6.2.3 Linearity test (EN 14181:2014, A.8 and Annex B): Linearity tests shall be performed by passing 
gaseous reference materials through the entire automated measuring systems 

• 6.2.4 Response time (EN 14181:2014, A.11): Response time tests shall be performed by passing 
gaseous reference materials through the entire automated measuring systems 

• 6.2.5 Converter efficiency: The converter efficiency shall be tested to confirm that oxidized mercury is 
converted to elemental mercury. Oxidized mercury reference materials shall be introduced (e.g.; HgCl2).

− EN 13211 Manual method of determination of the concentration of total mercury SRM manual method 

• based on wet chemistry

2. Requirements for quality control→ QAL 3

• Zero and span check

▪ US EPA traceability protocol for qualification and certification of elemental and oxidised mercury gas generators
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Mercury gas generators

▪ Saturation gas generators (ISO 6145-9)

− Manually with syringe injection (bell-jar)

− Automatically 

▪ Permeation gas generators (ISO 6145-10)

▪ Mercury amount fraction in cylinders (ISO 6142-1)

▪ Continuous injection (ISO 6145-4)

− Based on vaporization of a mercury chloride solution
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Vapour pressure equations

▪ Mercury concentration dependent upon vapour pressure equation used

Courtesy of Tekran 5
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Oxidised mercury converter efficiency

RC 343

Rref 392

Ec 88%

Hg0 

generator

Thermal 

Converter

ICP Exhaust

ICP-MS 

detector

Splitting Atomic 

Absorption 

Spectroscopy

Waste

Total Hg

Hg0

Rref

Hg(II) 

generator

Total Hg

Hg0

RC

Hg0 Hg0

Hg0

Hg0Hg(II) Hg(II)

Hg(II)

Converter 

efficiency Rref

RC
=



Calibration protocol 

▪ This protocol specifies the procedures for establishing traceability to the SI for the 

quantitative output of mercury gas generators that are employed in regulatory 

applications for emission or ambient air monitoring. 

▪ This protocol provides methods for

− Calibrating the output of a mercury gas generator by comparison with a reference standard;

− Calculating the uncertainty of the mercury concentration generated with the gas generator in 

relation to the known uncertainty of the reference standard.
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Performance evaluation

22-11-2023

▪ Goal

− making sure the developed calibration protocol is fit for purpose

− establish a benchmark 

− encouraging the use of the best available methods 

▪ Characteristics

− stabilisation period

− short term drift

− precision, i.e., reproducibility and repeatability of the concentration generated

− linearity

− bias
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Elemental mercury

▪ Stabilisation period: between 10 and 30 minutes

▪ Short term drift: ≤2%

▪ Precision: ≤2%

▪ Bias & linearity: 

22-11-2023

50 100 150 200 250 300

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

Setpoint candidate gas generator (ng/m3)

D
 (

%
)

Bell-jar

 Channel A

 Channel B

50 100 150 200 250 300

50

100

150

200

250

300

Setpoint (ng m-3)

C
o

n
c
e
n

tr
a

ti
o
n

 (
n

g
 m

-3
)

Bell-jar

 Channel A

 Channel B

5000 10000 15000 20000 25000

-8

-6

-4

-2

0

2

4

6

8

10

12

Setpoint candidate gas generator (ng/m3)

D
 (

%
)

Generator 2 

 Channel A

 Channel B

5000 10000 15000 20000 25000

5000

10000

15000

20000

25000

Setpoint (ng m-3)

C
o

n
c
e
n

tr
a

ti
o
n

 (
n

g
 m

-3
)

Generator 2

 Channel A

 Channel B

10



Oxidised mercury

▪ HgCl2 salt based mercury gas generator
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Oxidised mercury

▪ Liquid evaporative HgCl2 gas generators
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HgCl2 solution storage conditions
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Temperature:

Fridge

Ambient

Shock heat 60 °C

Bottle:

FEP

FLPE

Borosilicate

Matrix:

0.1% v/v HCl

0.024% v/v HNO3 + 0.0144% v/v HCl

0.125 µg/g HNO3 + 0.125 µg/g HCl

Mercury concentration:

50 ng/g

200 ng/g

1000 ng/g
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Conclusion

▪ SI-traceable calibration protocols for mercury gas generators used in the field

▪ Validation through performance evaluation of mercury gas generators on the market

▪ Reports available online www.SI-Hg.eu 

▪ Calibration and measurement capabilities (CMCs) and ISO/IEC 17025 accreditation

− Calibration of mercury analysers and mercury gas generators

− Sampling of sorbent tubes

Next steps
 

▪ NWIP in CEN/TC 264 “Air quality” WG8 “Measurement of total mercury emissions” (2024)

▪ Protocol converted into written documentary standard (2025)

▪ SI-traceable mercury measurement results for emission sources

15

http://www.si-hg.eu/


Acknowledgement

22-11-2023

Thanks to our stakeholders and chief stakeholder: David Graham Uniper

16

https://www.google.nl/imgres?imgurl=https://www.bluebridge-vres.eu/sites/default/files/logocnr.png&imgrefurl=https://www.bluebridge-vres.eu/news/putting-e-infrastructures-university-curriculum-cnr-italy-promoting-course-e-infrastructures-be&tbnid=3b7tq778wK9PRM&vet=12ahUKEwiD5qu5gbnkAhWeeFAKHai2DFoQMygCegQIARBD..i&docid=2HHTdV7PeUUtjM&w=394&h=245&q=CNR%20italy&ved=2ahUKEwiD5qu5gbnkAhWeeFAKHai2DFoQMygCegQIARBD
https://www.google.nl/url?sa=i&url=https%3A%2F%2Fmsu.euramet.org%2Fdownloads%2F&psig=AOvVaw0Ti_MCEB5x1uqVRUcCgsZ2&ust=1600849334062000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCICT0NGq_OsCFQAAAAAdAAAAABAJ


17

Contact Info:  
Iris de Krom
idekrom@VSL.nl
www.SI-Hg.eu


	Dia 1: Metrology for traceable protocols for elemental and oxidized mercury concentrations 
	Dia 2: Introduction
	Dia 3: Standardisation
	Dia 4: Mercury gas generators
	Dia 5: Vapour pressure equations
	Dia 6: Traceability chain
	Dia 7: Oxidised mercury converter efficiency
	Dia 8: Calibration protocol 
	Dia 9: Performance evaluation
	Dia 10: Elemental mercury
	Dia 11: Oxidised mercury
	Dia 12: Oxidised mercury
	Dia 13: HgCl2 solution storage conditions
	Dia 14: HgCl2 solution storage conditions
	Dia 15: Conclusion
	Dia 16: Acknowledgement
	Dia 17

