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Tekran Speciation System

• Semi continuous analysis of GEM, GOM and 
PBM

• High volume (10 lpm) to pre-concentrate GOM 
and PBM as concentrations are in pg/m3

• GEM is sampled at 1 lpm as concentrations 
are in ng/m3

• GEM is reported in 5 minute intervals while 
GOM and PBM is reported as 60 or 120 
minute averages



Inside Shelter

10 lpm
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Siting Basics

• Tekran System

• Shelter 
– Weather and temperature controlled

• Mounting tower

• Open fetch (20o rule)

• Electricity
– 110 or 220 volts

• Argon



Tekran

Simple shelter design

Four pieces of plywood 
with a door and roof



Shipping Container



Platform 
for service

Air conditioner



Old trailer with 
Scaffolding



10 meter tower 
with dual Tekrans



Interior 
Rack Mount

1130 Pump 
Two 2537’s







Ladder 
Hoist

Mounts



Pulley system 
from ground

Inlet 
obstructed
by panel ?



Telescoping 
Tower

Met Equipment

Two Sections

Lower unit to 
Service safely



Siting Criteria

• Open fetch

– 20 degree rule

• Away from potential sources

• Guidelines and rules

Specifics available at
https://nadp.isws.illinois.edu/lib/manuals/NADP_Site_Selection_and_Installation_Manual.pdf

https://nadp.isws.illinois.edu/lib/manuals/NADP_Site_Selection_and_Installation_Manual.pdf


document the relative location of ALL Hg sources
-incinerators (hazardous, waste, other)
-energy utilities (coal, oil, gas, refuse, other)
-energy boilers (coal, oil, gas, wood, refuse, other)
-cement plants
-crematories
-landfills
-CFL recycler/manufacturer
-chlor-alkali plants
-metal works
-metal refineries
-oil/gas refineries
-other known sources

NADP AMNet Siting Criteria

Location of instrument inlet:
height above ground: ≥ 6m, ≥ 4 m
height above mounting surface: ≥ 2 m, ≥ 1 m
elevation within 2km:  maximize
inlet airflow:  unrestricted (i.e. maximize fetch)
shelter corner: nominally upwind for site

≥ 50m from instrument inlet:

≥ 10m from instrument inlet:

inside instrument shelter:

≥ 100m from instrument inlet:

≥ 1km from instrument inlet:

herbicide use
pastures
cultivated fields

access roads (≤ 10 mph, ≤ 

10 vehicles/day,) 
shelter instrument exhaust

known Hg area sources (e.g., contaminated soil, 
water or mining waste)
handling of Hg0 (including Tekran 2505)

≥ 20m from instrument inlet:

parking lots (≤ 6 vehicles/day)
maintenance areas (≤ 6 vehicles/day)
fertilizer use
densely forested land

Rule
Guideline

≥ 5m from instrument inlet:

known Hg sources from list to the right

instrument shelter air: < 10 ng/m3, 
< 15 ng/m3
handling of Hg0 (e.g., Tekran 2505 
reservoir):  none
Hg sources (e.g., Hg thermometer, Hg 
barometer, Hg-type thermostats, stored 
Hg compounds):  none
fluorescent lighting:  none in use, none in 
storage

known small sources of Hg (e.g., 
municipal waste containers)
Hg sources (e.g., fluorescent light 
storage, Hg thermometer, Hg 
barometer, Hg-type thermostats, 
stored Hg compounds)

45o

< 10 km from instrument inlet:

HVAC unit

< 5m from instrument inlet:
vegetation height ≤ 0.6m
groundcover typical of area

20o



Urban location
Obstruction to NE at 35o

20o



Rural location 
Obstruction to W at 40o



Site differences can affect results

• Urban 

– sources present

• High altitude

– boundary layer influence

• Obstructions 

– trees or buildings

• All must be considered when choosing a site 
and analyzing data.



AMNet Manuals and Standard 
Operating Procedures

Mark L. Olson

AMNet Site Liaison

mlolson@illinois.edu

mailto:mlolson@illinois.edu


Manual and Standard Operating 
Procedures Development

• Over 30 scientists invited to contribute
• 18 scientists contributed
• Merged comments into one document
• October 2008 document sent to 65 scientists for 

additional comments
– 9 Countries
– 5 US Agencies
– 13 States
– 13 Universities
– 5 Private 



Manuals and Standard Operating 
Procedures Development

• Adopted by GMOS and other networks

• GOAL – everyone operates in a similar manner to 
ensure data comparability

Available to public

https://nadp.isws.illinois.edu/amn/docs.aspx

*Living Document – open to suggestions and changes

https://nadp.isws.illinois.edu/amn/docs.aspx


Manuals 

• Operations
– Equipment

– Operation

– Supplies

• Data Management
– Raw data submission

– Calculations

– Flags assigned by QA program

– Validation process



Standard Operating Procedures (SOP’s) 

• Site Report A  - Each Visit

• Site Report B - Glassware changes

– Laboratory and Field

• Site Report C - Quarterly  

– Laboratory and Field

• Site Report D - As Needed



SOP GOALS

• Checklist to ensure proper operation

• Laboratory and Field guide for maintenance

• Consistency!

– Operation

– Quality Assurance

– Field Activities Reporting

• Identify field activities 
– Routine Maintenance

– Quality assurance activities



Site Reports A - D

• Each entry field is explained in SOP

• All forms require basic header information

– Site name, Site ID, Date, Operator initials

• Designed for electronic data entry

• Forms cover all related activities

– Checks, routine maintenance, quality assurance, 
non-routine maintenance



Site Report A, Each Visit

• Check box provided for each day of the month

• Place operator initials above day check box

• Several checks can be performed remotely

• Check indicates positive response

• Designed to follow Tekran data string



Tekran Data String

A B C D E F G H I J K L M

Date Time Typ C Stat AdTim Vol Bl BlDev MaxV Area ng/m3

8/15/2009 10:55:01 CONT A OK 0 300 5 0.158 0.07 0.167 31578 1.176

8/15/2009 11:00:01 CONT B OK 0 300 5.01 0.158 0.068 0.169 36015 1.247

The parameters in red should be checked each visit



Site Report A

• Checks

– Data output, Calibration, Argon, temperatures, 
warning lights… Everything we could think of.

• If all the parameters meet specifications.  

– The operator has confirmed the instrument is 
running properly



Name: ID: Name: Initials:

Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X MM/DD 13:50 MM/DD 15:15

A00

A01

A02

A03

A04

A05

A06

A07

A08

A09

A10

A11

A12

A13

A14

A15

A16

A17

A18

A19

A20

A21

A22

A23

A24

A25

A26

A27

A28

A29

A30

A31

 6. Remarks

At the end of the month, please upload the completed form to:  http://nadp.isws.illinois.edu/upload/amn                       Problems? Contact Mark Olson at 608-335-4232

Sample line temperature 50 °C

Pyro temperature (sample) 50 °C

Denuder temperature (desorb) 500 °C

Elutriator heater temperature (sample) 50 °C

1130 Case temperature 35-41 °C

1130/1135 switches to auto

1130 pump flow switch to auto

1130 pump switch on

1102 drierite blue

1130 unit

Denuder temperature (sample) 50 °C

Pyro temperature (desorb) 800 °C

1102 warm to touch

Elutriator heater temperature (desorb) 75 °C

Part temperature (desorb) 800 °C

1135 unit

Part temperature (sample) 50 °C

1135 Case temperature 35-41 °C

Desorbtion blank C = 0.000 pg/m3

Argon tank ≥ 200 psi

2537 Lamp light off

GOM clear peak

PBM2.5 clear peak

Regulator ≥ 30 psi

2537 Perm light blinking

Baseline deviations < 0.100 V

SPAN RespFctr ≥ 6 x 106

Span difference A vs B ≤ 5%

Calibration zero = 0.000

Baseline voltage 0.100-0.250 V

Peak status = OK, OKF, or NP

Sample volume 5.0 L (adjustable)

Operator initials:

system open for denuder change, data suspect

For office use only

Atmospheric Mercury Network (AMNet) 

Site Report A

Checks performed remotely

 2. Operator  3. Year/Month (YYYY/MM) 1. Site

 4. Each Visit Checklist  5. Notes

2537 date time correct

MO

X

X
X
X
X
X
X
X
X
X
X



Site Report B, Bi-weekly

• Routine maintenance

• Glassware changes etc.

• Operator informs Site Liaison which data to 
invalidate due to maintenance

• Each Site Report B covers two visits 
(one month)



Name: ID: Initials:

B01

B02

B03

B04

B05

B06

B07

B08

B09

B10

B11

B12

B13

B14

Initials:

B15

B16

B17

Leak check ≤ 0.3 ng/m3

Instrument meets specifications

1130 sample filter changed

Leak check ≤ 0.3 ng/m3

MM/DDX

X

Done

Denuder changed

Name:

MM/DD13:50

Elutriator glassware changed

Task Comments, Actions

Name:

Done

MM/DD 13:50

 4. Glassware Change-out Checklist
Period Impacted (local standard time, 24 hr)

Soda lime changed (second)

Soda lime changed

MM/DD 15:15

For office use only

 3. Date (YYYY/MM/DD)

Atmospheric Mercury Network (AMNet)

Site Report B
 1. Site  2. Operator

Comments, ActionsTask
Period Impacted (local standard time, 24 hr)

15:15

 6. Operator  7. Date (YYYY/MM/DD) 5. End-of-month Checklist

Soda lime changed

Soda lime changed (second)

Denuder changed

1130 sample filter changed

Elutriator glassware changed

Instrument meets specifications

 8. Remarks

RPF changed

GL 14-18 union cleaned

Fi
rs

t 
C

h
an

ge
-o

u
t

Se
co

n
d

 C
h

an
ge

-o
u

t
M

o
n

th
ly

At the end of the month, please upload the completed form to:  http://nadp.isws.illinois.edu/upload/amn                          Problems? Contact Mark Olson at 608-335-4232

1130 zero air filter changed

X   09/12  11:30  09/12  13:15

X   09/12  11:30  09/12  13:15

X   09/12  11:30  09/12  13:15

X   09/12  11:30  09/12  13:15

X   09/12  11:30  09/12  13:15

X   09/12  11:30  09/12  13:15



Site Report C, Quarterly

• Quality assurance
– Flow rates, calibration verification…

• Maintenance
–Heaters, zero air, pump…

• Designed for each annual quarter
– 1 and 3 (three month intervals)
– 2 (six month interval)
– 4 (annual interval)



Name: ID: Initials:

C01

C02

C03

C04

C05

C06

C07

C08

C09

C10

C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

C22

C23

C24

C25

C26

C27

C28

C29

C30

C31

2537 heater coils changed

Fo
ur

th
 Q

ua
rt

er

1130 pump diaphragm replaced

RPF elbow and tubing replaced

2537 DFU filter changed

2537 zero air canister changed

Cartridge B, 2537 concentration (pg/m3)

Task

Percent difference flow rate (%)

2537 scale factor

Cartridge A, manual injection % difference (%)

Cartridge A, 2537 concentration (pg/m3)

Cartridge A, mass injected (pg)

X

Done

Ea
ch

 Q
ua

rt
er

Cartridge B, mass injected (pg)

Cartridge B, manual injection % difference (%)

1130 flow rate, measured (lpm)

1130 flow rate, instrument (lpm)

Ea
ch

 Q
ua

rt
er

Soda lime to 2537 sample line rinsed

Instrument shelter air ≤ 10 ng/m3

Nichrome heaters bright orange

Se
co

nd
 Q

ua
rt

er

1130 DFU filters changed

1130 zero air canisters changed

1130 pump tubing cleaned

2537 sample filter changed

1130 flow within 3% of set point

1130 pump brushes ≥ 1 cm

At the end of each quarter, please upload the completed form to:  http://nadp.isws.illinois.edu/upload/amn                          Problems? Contact Mark Olson at 608-335-4232

Denuder to RPF (14/18) union replaced

 5. Remarks

MM/DD13:50 15:15
Comments, Actions

Period Impacted (local time, 24 hr)
MM/DD

Measured flow rate (lpm)

2537 flow rate, percent difference (%)

1130 flow rate, percent difference (%)

Elutriator flow rate (lpm)

Task Value

2537 flow rate, instrument (lpm)

2537 flow rate, measured (lpm)

15:15MM/DD 13:50 MM/DD

For office use only

Atmospheric Mercury Network (AMNet)

Site Report C

 4. First and Third Quarter Checklist

Name:

 3. Date (YYYY/MM/DD) 2. Operator

Comments, Actions
Period Impacted (local time, 24 hr)

 1. Site

Form Calculates Differences



As Needed, Site Report D

• Non-routine maintenance



Name: ID: Initials:

D01

D02

D03

D04

D05

D06

D07

D08 1130 Heated boot replaced

D09 1130 case heater replaced

D10 1135 case heater replaced

D11 Heated sample line rinsed

D12

D13

D14

D15 Swap 1130 Pump Module  - New Serial Number

D16 Swap 1130 Sampling Head - New Serial Number

D17 Swap 1135 Sampling Head  - New Serial Number

Site Report D

MM/DD

Name:

 1. Site  2. Operator  3. Date (YYYY/MM/DD)

For office use only

Atmospheric Mercury Network (AMNet)

Period Impacted (local time, 24 hr)

13:50 15:15MM/DD

 4. Service Options Checklist

2537 pump serviced

2537 cuvette cleaned

2537 cuvette replaced

2537 teflon valves cleaned

2537 teflon valves replaced

Gold cartridges changed -- New serial number

2537 lamp changed

Task Comments, Actions
Done

X

Comments, Actions
15:15

Period Impacted (local time, 24 hr)

MM/DD MM/DD13:50
Task Value

Independent survey performed

Swap 2537A -- New Cal Hg amount (pg)

Swap 2537A -- New Serial Number

Please upload the completed form to:  http://nadp.isws.illinois.edu/upload/amn                          Problems? Contact Mark Olson at 608-335-4232

 5. Remarks



AMNet Quality Assurance 
and Validation

Mark L. Olson

AMNet Site Liaison

mlolson@illinois.edu

mailto:mlolson@illinois.edu


Quality Assurance 

• Automated QA program

– Imports and stores raw Tekran data

– Calculates GOM and PBM averages

– Assigns flags to revised dataset

• 37 flags of which 16 will invalidate the data

• Incorporate maintenance records (field forms)

• Site Liaison evaluates flags and data

• Site operators have final approval of data



Data and Report Flow



Operator/Supervisor Data Approval

• After Site Liaison has incorporated Field Forms 
and reviewed flags the SL sends the Operator

– Spreadsheet with flags assigned and anomolies in 
the data (potential events) 

– Plots of monthly data comparing Valid data to all 
the data

– Bar graphs of flags assigned



Monthly Site Reports
(Data)

GA40 Mercury Concentrations January 2011

All DataValid Data Only



Monthly Site Reports
(Flags)

GA40 Mercury Concentrations January 2011Excluded data
1st two GEM 



On-line Data 

• Available to the public

– password protected…

• Access to all data from all sites

• Three types of reports available

– Plot

– Table by collection period

– Table by clock hour



On-line data selection

Select site

Select Start and End dates

Select output type

Data available
for site



Data in plot form

GA40
January 1, 2011 to
February 1, 2011



Data in table form

Only hourly averages are presented



Site Audits

• Flow and calibration checks with certified 
equipment

• Siting criteria evaluation

• Repairs

• Upgrades

• Safety

• On-site Training

• Recommendations made...



Training Courses Conducted

• Environment Canada – 3 day

• Midwest USA – 2 day

• AMNet Operators – 1 day

• Halifax – Short course

• GMOS – 3 day

• Future GMOS site audit training

All .pdf courses available upon request



AMNet Site Liaison

• My job is to help people run Tekran 
instruments, I get paid to do that.

• Contact information

– Email: mlolson@illinois.edu

– Skype: mlolson27

– Cellular phone: +01-608-335-4232

mailto:mlolson@illinois.edu


AMNet Quality Assurance 
Program

Mark L. Olson

AMNet Site Liaison

mlolson@illinois.edu

mailto:mlolson@illinois.edu


Select Site
Start date
End date

Press Retrieve



Incorporate field forms to invalidate 
data for maintenance performed



Automated flag (L2) for 
shortened collection period

Basically identical screen for PBM



ALL

Is this real?

Why
Invalid?



All flags, warning and 
control for all species









F2 flag invalidates all data 6 days after the last calibration



Cartridge diff and
Calibration change









Additional tools for Site Liaison
Include or Exclude parameters 
to focus on problem areas



Additional tools for Site Liaison
Filter data by trap, flag or valid/invalid



Additional tools for Site Liaison
Assign global flags to validate invalid data



QA Levels
Level 2 = Automated Program
Level 3 = Site liaison checked (forms incorporated)
Level 4 = Operator/PI approved
Level 5 = Approved but sequestered for up to 1 year



Button changes level 2 to level 3



And you thought your job was boring!

• 35 sites

• 65 years of data

• Over 5.5 million GEM observations

– Not to mention the GOM and PBM

• 40 Site audits – but that’s the fun part


