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Oxidized Mercury is a Special Analytical Challenge

extremely labile  

 Interferences   
  
 ozone            H2O 
 particulate bound 
  etc….

 HgII sticks to EVERYTHING!   

    what are we measuring?
  

HgII
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Transfer pathway
• Shortest path length possible!  
• Hot temperatures. 120-180C   
• Plan on long-ish   equilibration times
• Alternative materials   needs investigated further?  
• Minimal dead space throughout flow path
• Conversion of oxidized to elemental Hg. 
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Outlet ZDV fittings 

Pressure sensors  connections 



Impactor 
housing 



He carrier He carrier N2 carrierN2 carrier

Upstream orifice

Downstream orifice

Little things matter:   Carrier gas & 
Flow orifice placement

Upstream flow orifice

Downstream flow orifice
Upstream
orifice

Downstream
orifice
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Perm Tube
Stability 

Calibrator 1

Calibrator 2

Calibrator 3



Jones et al., 2016 GCMS work 
Successes!

able to separate and identify Hg 
halides low enough for ambient air 
collections (90pg).  

Able to coordinate all the parts to 
produce data!!!!

Needs some more work
HgO and Hg(NO)3 where are you?    
Better interface for the user.  



Where we’ve come since then
Built a much more beautiful GC-MS system for UNR

New materials and designs we tried created a lot of problems





What we wanted        what we got!

• NIST tracibility, 
• Field deployable 
• Integrated data 

collection

• NIST tracibility,  YES!!!  
• Field deployable 

•  yes  but we can do better!!!

• Integrated data collection 
• We have this and it can be 

improved

www.usu.edu/binghamresearch



Summary.  
• All surfaces retain some oxidized mercury and result in some reduction to 

elemental form. 
• Delivery systems need equilibration times of hour(s) due wall surface 

interaction  
• Permeation tube based oxidized Hg  needs hot temperatures to prevent 

sticking to surfaces in flow path.  120o-180oC.   Without thermally converting 
to elemental Hg

• Shortest flow path with high passthrough rates and appropriate carrier gas
• Integrated instrument analytics.   Proper instrument parameters tracking
• Keeping systems similar for proper comparability  sometimes small 

differences =large changes in outcome. 



QUESTIONS?

www.usu.edu/binghamresearch



USU dual channel mercury analysis system

Blue and orange lines 
indicate flow path 
through the CEMs and 
pyrolyzer.

USU dual channel mercury analysis 
system

Heated inlet, total flow of 9 L min-1 using a quartz impactor at 2.5 
µm cut point with custom designed ports for calibration purposes.

Pyrolizer

650 °C
quartz chips vs 
wool

Cation-exchange 
membrane

Temp/heat 
controller

Ambient Hg0 and HgII were measured while deployed for 2 years at Storm peak laboratory in 
the Rocky Mountains ~3200 M a.s.l. 
• NIST-Traceble calibration standards with recovery ± 10%
• Detection limit for HgII  of   11.8 ± 6.5 pg m-3 and 5.8 ± 1.9 pg m-3 for the two sampling 

periods at Storm Peak. Detection limits calculated as 3 times the standard deviation of HgII 
concentrations. A PTFE valve was used to route pyrolyzed sample into the CEMs channel 
for determining bias between the channels, and for detection limit calculations. 

• Flow directed at 1 L min-1 into one of two channels.
• First, utilizing pyrolyzer heated to 650 °C, converting all Hg into Hg0.
• Second, two cation-exchange membranes (CEMs) which collect HgII and allowed Hg0 to 

pass through producing Hg0 without HgII. 
• HgII was calculated by taking the difference between the two channels (total Hg – Hg0 = 

HgII)
• Tekran 2537X Hg0 analyzer sequentially received each sampling channel in 5 minute 

increments. Flow from unused channel is measured through a mass flow controller.

two cation-exchange membranes (CEMs) 
collect HgII and allowed Hg0 to pass through 
producing an Hg0 measurement 

Control box  CR1000x datalogger, power supplies , 
switching valves, communications, and flow 
controllers.
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