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The Problem

A. Commercial (i.e., KCl denuder-based) measurement
systems for Hg' are, at best, merely qualitative

B. Ittook a decade and more to figure this out
because no field-deployable calibration system
existed

C. We need methods for Sl-traceable Hg' calibration
so we don’t repeat past mistakes
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Options for Sl-traceable calibration
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Options for Sl-traceable calibration

1. Aspiration or evaporation of liquid standards

Sari et al., 2019, Gacnik et al., 2021 @
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Options for Sl-traceable calibration

2. Flow over a saturated bed

PS Analytical Mercury Vapour Generator @
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Options for Sl-traceable calibration
3. Diffusion tubes

Xiao et al., 1997; Swartzendruber et al., 2009; de Krom et al. (multiple; for Hg°) Q
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Options for Sl-traceable calibration

4. Direct Hg® oxidation
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Options for Sl-traceable calibration

5. Permeation tubes
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Why are we putting our effort

into permeation tube methods?
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Why are we putting our effort

into permeation tube methods?

* Capable of low, continuous emission rates
* Shown to work in real field conditions

* Confidence in identification of compound emitted

* Simple (in principle)
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Basic principles of our method
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Basic principles of our method

Oven with precise temperature control

Perm tube housed
in outer vial

>100°C

arrier gas
temperature
equilibration

Heated lines ,l,
for transport

Inert carrier gas in ,l,
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Basic principles of our method

* Tubes kept warm (50-
70°C?), which keeps the
permeation rate stable

e Permeable area minimized
to keep permeation rate
low

Oven with precise temperature control

Perm tube housed
in outer vial

* |nert materials

>100°C

* Give ample time for
equilibration

arrier gas
temperature
equilibration

Heated lines ,l,
for transport

Inert carrier gas in ,l,
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Sl-traceable gravimetric verification of permeation rate
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Verification of chemical speciation by GCMS
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Recent success (Elgiar et al., 2024):

Validation of Sl-traceability
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Recent success (Elgiar et al., 2024):

Validation of Sl-traceability

Outdoor components
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Recent success (Elgiar et al., 2024):

Validation of Sl-traceability
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Remaining Challenge:

All available materials retain Hg compounds
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Remaining Challenge:

All available materials retain Hg compounds

Outdoor components

Permeation tubes Critical orifice

[T ' * HgBr, is retained by all surfaces, even at
74 high temperature (up to 150°C)
* About 2 hours of continuous flow is
required to achieve equilibration

Dual-channel
system inlet
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Remaining Challenge:

The last centimeter
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Remaining Challenge:

The last centimeter

Outdoor components

Permeation tubes Critical orifice
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* HgBr, can be retained on unheated inlet
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* Hg' can spike when inlet is first inserted
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Remaining Challenge:

Stability/permeation rate tradeoff
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Remaining Challenge:

Stability/permeation rate tradeoff

Outdoor components

s * Permeation rates are:
P * unstable at low temperatures
i ‘—', y (probably even at 50°C)
* Too high at high temperatures

Indoor components
Dual-channel

system inlet

= ° Intermittent injection is difficult
* Dilution calibrators could work
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Remaining Challenge:

How to make speciation of output NIST-traceable?
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Remaining Challenge:

How to make speciation of output NIST-traceable?
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Remaining Challenge:

Will it work for non-halide Hg compounds?
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