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New methods have increase our understanding of 
atmospheric mercury species behavior

1993
24 hour manual method 
for TGM and Hgp

2004
5-min automated for Hg0; 
hours for RGM & Hgp
Use of and improvement in ancillary 
measurements has also been  important

Adapted from Dvonch et al., 1995 WASP
and Jaffe et al., 2005 Atm. Env.

Atmospheric Mercury, Cape Hedo, Okinawa, 2004
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Using passive samplers and lab analysis 
appears to be taking a step backwards for 
ambient air monitoring at first thought.  But 
now with Minimata compliance, low-tech 
air mercury monitoring is needed and 
necessary to compliment electronic high 
resolution air mercury fate & effects 
measurements.   
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 Developed at U. of Toronto by David McLagan, Frank 
Wania and Carl Mitchell

 U. of Toronto global study documented that MerPAS is 
capable of accurate and precise background ambient 
air measurements (1-3 ng/m3 = 100-350 ppqv).

 On-going studies for contaminated sites and indoor air

 Tekran is commercializing sampler through licensing 
agreement with U. of Toronto and scientists

MerPAS Development Summary
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MerPAS Studies
U. of Toronto
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Basics of MerPAS

 Design resulted in precise, stable, 
robust Sampling Rate (SR)

 Jar provides protection, eliminates 
wind effects and used as a 
container for transport

 SR determined using the Tekran 
2537 Hg Monitor

High sulfur carbon media in stainless 
steel screen insert
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 Range of background GEM is 100-350 parts per quadrillion (ppqv)

 Passive samplers need a high level of accuracy and precision similar 
to active Tekran 2537 samples (e.g. uncertainty of 5-10%)

 Variability in sampling rate (SR = m3/day) results in a loss of 
accuracy and precision

 Potential sources of SR variability

Challenges for Passive Measurement of 
Ambient Air Gaseous Elemental Mercury (GEM)

 Changes in meteorology

 Sorbent degradation

 Low sorbent uptake capacity

 Reactions of adsorbed analyte

 Poor analytical sensitivity 

 Poor analytical blank control

 Interfering compounds or particles
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 All samplers deployed in triplicate for precision

 All sites have active Tekran 2537 GEM measurements

 Temperature and wind speed measured at each site

 Site colors indicated MerPAS sample frequency

Global Study 
Sampling 
Locations

From McLagan et al., (https://doi.org/10.5194/acp-18-5905-2018)
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From McLagan et al., (https://doi.org/10.5194/acp-18-5905-2018)

 Test previous calibrated SR (0.121 m3/day) 
under variable meteorological and mercury 
levels at active monitoring sites

 Recalibrate SR using a greater pool of data

 Assess effectiveness of SR adjustment 
factors for T & WS established in 
McLagan et al. (2017) 
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 Range 1-4 ng/m3 [GEM] X-Axis Active   Y-Axis Passive

 Replicate Precision (RSD) = 3 ± 3 % (n=396)

 Accuracy Improved RPD 14 ±11%  >  9 ± 8%  >  8 ± 6% m3/day 

MerPAS Sample Rate Calibration (m3/day)
Global ambient air study with “active” Tekran 2537 at 20 sites

From McLagan et al., (https://doi.org/10.5194/acp-18-5905-2018)

SR=0.121 m3/day SR=0.135 m3/day SR Wind and T adjusted
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 No power required

 Simple to deploy & retrieve

 Low entry cost – low temporal resolution

 Range likely unlimited (1 ng/m3 to 10 mg/m3)* 

 Confirmed linear SR to ug/m3 levels 

 Relatively immune to WS and T effects

 Uses well known Radiello diffusive barrier

MerPAS Features

* See specifics in subsequent slide
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Former Hg Mine Site Mapping
McLagan et al., 2018 (submitted)

 Values in ng/m3

 Area of ~0.6 km2

 Survey around mine site 
buildings

 1-week sample deployment

 Seasonal differences
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Former Hg Mine Site Mapping
McLagan et al., 2018 (submitted)

 Emissions estimated at 
80±40 and 150±75 kg/yr
for October and July, 
respectively

MerPAS Measured Vertical 
Gradients at former Hg Mine Site
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MerPAS Example: Indoor Mercury Spill
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MerPAS Example: Indoor Mercury Spill
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MerPAS Analysis

• Analysis must be done in a 
trace-clean analytical lab by 
skilled mercury chemists

• Direct thermal analysis is 
preferred, no acid digestion 
(EPA Method 7473)

• Multiple instrument vendors 

• EPA Method 1631, acid digestion may be required for 
very high Hg loading (e.g. artisanal gold mining)

Nippon MA-3000
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Tekran MerPAS Analysis

• Tekran is offering MerPAS Analysis Service 
using the direct thermal analysis method 
(EPA method 7473)

• Tekran will offer to be an independent 
reference laboratory for national and 
international networks 
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MerPAS Analysis Challenges - I

• The sulfur rich carbon sorbent is a tough matrix that 
can cause low bias, catalyst failure and gold trap 
degradation

• Matrix issues are mitigated with addition of sodium 
carbonate and limiting amount of sorbent for each 
analytical run

• Typical ambient air sample split into 2 or more runs of 
sorbent

• Many quality assurance samples must be run to 
maintain high quality results 
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MerPAS Analysis Challenges - II

• Direct thermal analysis is destructive
− Must transfer 100% of sorbent to analysis boat for 

accurate results
− Easy to spill sorbent during preparation, weighing and 

transfer – loss of results can cause large data gaps
− Easy for analytical run to go bad >> data gaps

• Blank control
− Field blanks, trips blanks and material blanks are 

necessary to evaluate accuracy and performance of the 
site operator, shipping/storage and analyst.  
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 High Hg = 500-3000 ng/m3

 ~9 days of blank exposure

 2 separate tests

 Test B included carbon sorbent 
packet added to Ziploc bag 

 Study lacks comparison to non-
exposed preparation blanks

 Raw MerPAS carbon is ~0.04 ng 
per sample

Blanks: Exposure to High Hg Levels
Should tape be added to the jar lid seal?
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 Can include clean hands sampling kit

 Multiple mounting options

 Handwritten sample info or bar code 
may be used

 Sample location, blanks and 
replicates should be considered

MerPAS Sampling Procedure



AMNet Rural Site
Close to high emission source region

Rich, high resolution 
multi-Hg species data 
useful for models, dry dep 
estimates, fate & effects, 
source apportionment…



AMNet Rural Site
Close to high emission source region

What low-resolution MerPAS data would 
look like at same site when using seasonal 
sampling rate.  

MerPAS = 4 data values per year

Tekran 2537 = 95,000 data values per year
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Select Applications for Minimata & Exposure

• Artisanal gold mining

• Identifying and mapping hot spots 

• Community exposure monitoring

• Contaminated site cleanup monitoring

• Indoor spill cleanup and monitoring

• Personal exposure industry, schools, workplace & homes 

• Area source emission estimates (high spatial resolution 
and vertical gradients)

Vertical profile industry site
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Select Applications for Fate & Effects

• Remote Sites – No Power
− National Parks & Federal Lands
− High Elevation Sites
− Industrial Fence Line (e.g. gold smelters)

− Agriculture Land Use Studies
− Gradient and Canopy Studies

• NADP MDN and Litterfall Sites

• AMNet - SR confirmation

• GAPS Global Atm. Passive Sampling Network 
(ECCC, Sandy Steffen Initiative) 

Remote Canopy Deployment
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 Radial diffusive surface has better performance than 2-D 
badge type passive air samplers

 Proven to be highly accurate and precise

 Media has low consistent blanks and massive uptake 
capacity

 Robust packaging and simple to deploy

 Direct thermal analysis can be faster, easier and lower 
cost compared to liquid acid digestion and analysis

Why Use MerPAS


