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Presentation Outline

* Introduction to surface-air fluxes

* Measurements
— Equipment
— Site conditions
— Data interpretation

* Flux chamber design experiments



Table 1.28 -Total mercury emissions by source category.

Region Hg emission in Reference  Reference
atmosphere (Mg ) year /

Natural

Oceans 2682 2008 Mazon, 2008

Lakes 94 2008 Mason, 2008

Forest 342 2008 Mazon, 2008

Tundra/Grassland/Savannah Prairie/Chaparral 443 2008 Mason, 2008

DesertMetalliferrons’ Non-vegetated Zones 346 2008 Mason, 2008

Agricultural areas 128 2008 Mason, 2008

Ewasion after mercury depleticn events 200 2008 Mason, 2008

Biomass buming 675 2008 Friedliet al., 20

Velcanoes and geothermal areas a0 2008 Mason, 2008

Total (Natural) 5207

Anthropogenic

Coal combustion, oil combustion 1422 2000 Pacyna et al., 20060

Pig iren and steel production 31 2000 Pacyna et al., 20060

Non-ferrous metal production 136 2007 USGS, 2004

Caustic soda production 63 2000 Pacyna et al.. 20060

Cement production 140 2000 Pacyna et al.. 20060

Coal bed fires ] 2007 This work

Waste disposal 166 2007 This work

Mercury production 50 2007 This work

Artisanal gold mining production 400 2007 Telmer and Veiga, 2008

Other 63 2007 This work

Total (Anthropogenic) 2503

Total (Natural + Anthropogenic) 7710

Repo 008

Non-point sources



Introduction: surface-air fluxes

2 main methods used to measure surface-air Hg flux:

1) Dynamic Flux Chambers (DFC)
Flux = (cinside- Coutside) *(Q/A)

To Tekran

Hg
Hg

2) Micrometeorological Gradient Method

Hg Air Concat 2.2 m




Set-up: Equipment

Zero Air Regulator

Tekran Madel 1110 FC Inlet
Synchronized Two Port Line —
Sampling Controller

Sample Inlet )

et

+—— Connection Cable

<— FC Qutlet Line

Brailstord Valve
Pump — Unit

Tekran Twao Port
Sampling Valve Units

Inlet Air

FC Qutlet

e
// Flux Chamber (FC})

Tekran Mercury Vapor Analyzer 2537A

Tekran Mercury Analyzer - Dynamic Flux Chamber
Mercury Flux Measurement System

Mass Flow Meter Flushing Pump

Figure from Lindberg et al., 2002




Set-up: Equipment

Tekran 2537A/B Mercury Vapour Analyzer

Tekran Model 1110 Synchronized Two Port Sampling System (TADS)
Tekran 2505 Mercury Vapour Calibration Unit P
Generator (Honda EU2000iA) 2260 '
Line conditioner (Tripp Lite Line Conditioner)
Surge protector

Argon gas

Flush pump(s)

Flow meter

Teflon tubing (insulation)
Teflon tape

Silicon tubing connectors
Soda lime traps
Air filters (0.22 ym;pTFE)

Fan/heaters
Laptop computer
Dynamic Flux Chamber



Set-up: Equipment




Set-up: Equipment




Set-up: Equipment

* Ancillary data:
— Meteorological Measurements
* Solar radiation
* Temperature
Relative humidity
Wind speed/direction
Precipitation (tipping bucket)
— Soil moisture content
— Soil Hg conc. under chamber

Hg Flux {(ng/mZ2/h)

Hg Flux (ng/mzlh)

N B O
O O O O O
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Hg Flux vs Soil Hg

y=0.022x - 26.95
7 =0.747

20000 40000 60000

soil Hg concentration (ng/g)

—e—Hg Flux

24 36 48

Time (hours of sampling)
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Set-up: Sampling Considerations
* Location _

—Surface variability (important for scaling)
— Stable ambient air concentrations

Variable Hg Air Concentrations
e 24 hour measurements

* Seasonal measurements
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Set-up: Equipment

e Chamber blanks

~  Blank chamber: similar conditions to sampling

Hg Flux {ng/m?/h]

6:00 12:00

Time of Day



Sample Results—Good Data

Flux = (cinside-coutside) *(Q/A)

T ————
’ To Tekran
1

Inlet Air

1
2 Hg Flux

3 eltaC ng/m*h IF1 IF2 ng/m%h
4 J1/08/2009 00:40:00B OK 1 300 752 01 0069 0085 95612 3

5 11/08/2009 00:45:00 A OK 1 300 751 01 0055 0076 82893 2

6 T1/08/2009 0050008 OK 0 300 751 01 005 04309 Boriad 75 22 106 106 106 106
7 | 11/08/2009 00:55:00 A OK 0 300 75 01 0053 0264 861989 25

8 11/08/2009 01:00:00 B OK 1 300 752 01 0.047 0085 95413 3

9 11/08/2009 01:05:00 A OK 1 300 75 01 0075 0075 81567 2

10 11/08/2009 01:10:00 B OK 0 300 751 01 0085 0314 915034 26 23 108 108 108 108
11 11/08/2009 01:15:00 A OK 0 300 75 01 0049 0263 870156 25

12 11/08/2009 01:20:00 B OK 1 300 752 01 0042 009 113395 3

13 11/08/2009 01:25:00 A OK 1 300 751 01 0.049 0083 108953 3

14 11/08/2009 01:30:00 B OK 0 300 751 01 0059 0299 853990 24 21 102 102 102 102
15 11/08/2009 01:35:00 A OK 0 300 75 01 0051 0261 861292 25

16 11/08/2009 01:40:00 B OK 1 300 752 01 0.061 0086 103240 3

17 11/08/2009 01:45:00 A OK 1 300 75 01 0058 0076 78507 2

18 11/08/2009 01:50:00 B OK 0 300 751 01 0061 031 885222 25 23 108 108 108 108
19 11/08/2009 01:55:00 A OK 0 300 75 01 0058 0273 904459 26

20 11/08/2009 02:00:00B OK 1 300 752 01 009 0088 113083 3

21 11/08/2009 02:05:00 A OK 1 300 751 01 0054 0076 81343 2

22 11/08/2009 02:10:00B OK 0 300 751 01 0054 0283 784360 22 20 97 97 97 97
23 11/08/2009 02:15:00 A OK 0 300 75 01 006 0257 834566 24

24 11/08/2009 02:20:00B OK 1 300 752 01 0056 0084 99419 3

25 11/08/2009 02:25:00 A OK 1 300 75 01 0.068] n.nm_l 78537 2

26 11/08/2009 02:30:00B OK 0 300 751 01 0044 0323 912577 26 23 111 111 111 111
27 11/08/2009 02:35:00 A OK 0 300 75 01 0047 0276 913834 26

28 11/08/2009 02:40:00B OK 1 300 752 01 0055 0087 109512 3

29 11/08/2009 02:45:00 A OK 1 300 751 01 0049 0079 96339 3

30 | 11/08/2009 0285000 B QK 0 300 751 0.1 0.051 0313 895404 25 22 106 106 106 106




Sample Results—Good Data

Flux = (Cinside-coutside) *(Q/A) 'Itm“
1

Outlet Air

E

C

A B D] F G | H

1 Area: 0.0363 m? Flolv Rate:  0.17 m*/h

2 Air Hg Hg Flux Hg Flux
3 Date Time C St at ] AdTim Vol Bl BlDev MaxV Area ng/m® DeltaC ng/m’h IF1 IF2 ng/m?h
4 11/08/2009 00:40:00B OK I 300 752 01 0069 0085 95612 3

EoAdgosseana O0-Ae-00 8 a1 | A0 T E1 O O O N NT7E 22803 ']

6 [11/08/2009 00:50:00 B OK 0 300 751 01 005 0309 887154 25 22 106 106 106 106
7 | 01/08/2009 00:55:00 A OK 0 300 75 01 0053 0264 861989 25

8 11/08/2009 01:00:00 B OK 1 300 752 01 0.047 0085 95413 3

9 11/08/2009 01:05:00 A OK 1 300 75 01 0075 0075 81567 2

10 11/08/2009 01:10:00 B OK 0 300 751 01 0085 0314 915034 26 23 108 108 108 108
11 11/08/2009 01:15:00 A OK 0 300 75 01 0049 0263 870156 25

12 11/08/2009 01:20:00 B OK 1 300 752 01 0042 009 113395 3

13 11/08/2009 01:25:00 A OK 1 300 751 01 0.049 0083 108953 3

14 11/08/2009 01:30:00 B OK 0 300 751 01 0059 0299 853990 24 21 102 102 102 102
15 11/08/2009 01:35:00 A OK 0 300 75 01 0051 0261 861292 25

16 11/08/2009 01:40:00 B OK 1 300 752 01 0.061 0086 103240 3

17 11/08/2009 01:45:00 A OK 1 300 75 01 0058 0076 78507 2

18 11/08/2009 01:50:00 B OK 0 300 751 01 0061 031 885222 25 23 108 108 108 108
19 11/08/2009 01:55:00 A OK 0 300 75 01 0058 0273 904459 26

20 11/08/2009 02:00:00B OK 1 300 752 01 009 0088 113083 3

21 11/08/2009 02:05:00 A OK 1 300 751 01 0054 0076 81343 2

22 11/08/2009 02:10:00B OK 0 300 751 01 0054 0283 784360 22 20 97 97 97 97
23 11/08/2009 02:15:00 A OK 0 300 75 01 006 0257 834566 24

24 11/08/2009 02:20:00B OK 1 300 752 01 0056 0084 99419 3

25 11/08/2009 02:25:00 A OK 1 300 75 01 0.068] n.wa_l 78537 2

26 11/08/2009 02:30:00B OK 0 300 751 01 0044 0323 912577 26 23 111 111 111 111
27 11/08/2009 02:35:00 A OK 0 300 75 01 0047 0276 913834 26

28 11/08/2009 02:40:00B OK 1 300 752 01 0055 0087 109512 3

29 11/08/2009 02:45:00 A OK 1 300 751 01 0049 0079 96339 3

30 | 11/08/2009 0285000 B QK 0 300 751 0.1 0.051 0313 895404 25 22 106 106 106 106



Sample Results—Good Data

Delta C Flux = (Cinside-coutside) *(Q/A) ’ To Tekran
AVE (25, 25)- AVE(2,3) = 22 (ng/m3) 1

Flux Calculation

A B c|D]|E F

1 Area: 0.0363 m? Flow Rate: | 0.17 m*/h

2 Air Hg Hg Flux Hg Flux
3 Date Time C St at AdTim|Vol Bl BlDev MaxV Area ng/m® DeltaC ng/m’h IF1 IF2 ng/mh
A e 1 T e I T A A T = K i WA FET 01 _N0R9 (1 0NRE QER12 3

5 11/08/2009 00:45:00 A OK 1 300 751 01 0055 0076 82893 2

6 [11/08/2009 00:50:00 B OK 0 300 751 01 005 0309 887154 25 22 106 106 106 106
7 | 11/08/2009 00:55:00 A OK 0 300 75 01 0053 0264 861989 25

& [11/08/2009 01:00:00 B OK 1300 7.52_ 0.1 0.047 0085 95413 3

9 11/08/2009 01:05:00 A OK 1 300 75 01 0075 0075 81567 2

10 11/08/2009 01:10:00 B OK 0 300 751 01 0085 0314 915034 26 23 108 108 108 108
11 11/08/2009 01:15:00 A OK 0 300 75 01 0049 0263 870156 25

12 11/08/2009 01:20:00 B OK 1 300 752 01 0042 009 113395 3

13 11/08/2009 01:25:00 A OK 1 300 751 01 0.049 0083 108953 3

14 11/08/2009 01:30:00 B OK 0 300 751 01 0059 0299 853990 24 21 102 102 102 102
15 11/08/2009 01:35:00 A OK 0 300 75 01 0051 0261 861292 25

16 11/08/2009 01:40:00 B OK 1 300 752 01 0.061 0086 103240 3

17 11/08/2009 01:45:00 A OK 1 300 75 01 0058 0076 78507 2

18 11/08/2009 01:50:00 B OK 0 300 751 01 0061 031 885222 25 23 108 108 108 108
19 11/08/2009 01:55:00 A OK 0 300 75 01 0058 0273 904459 26

20 11/08/2009 02:00:00B OK 1 300 752 01 009 0088 113083 3

21 11/08/2009 02:05:00 A OK 1 300 751 01 0054 0076 81343 2

22 11/08/2009 02:10:00B OK 0 300 751 01 0054 0283 784360 22 20 97 97 97 97
23 11/08/2009 02:15:00 A OK 0 300 75 01 006 0257 834566 24

24 11/08/2009 02:20:00B OK 1 300 752 01 0056 0084 99419 3

25 11/08/2009 02:25:00 A OK 1 300 75 01 0.068] n.wa_l 78537 2

26 11/08/2009 02:30:00B OK 0 300 751 01 0044 0323 912577 26 23 111 111 111 111
27 11/08/2009 02:35:00 A OK 0 300 75 01 0047 0276 913834 26

28 11/08/2009 02:40:00B OK 1 300 752 01 0055 0087 109512 3

29 11/08/2009 02:45:00 A OK 1 300 751 01 0049 0079 96339 3

30 | 11/08/2009 0285000 B QK 0 300 751 0.1 0.051 0313 895404 25 22 106 106 106 106



Sample Results—Good Data

Flux F|UX = (Cinside-coutside) *(Q/A) To Tekran
22 (ng/m3)x 0.17 (m3/h) +0.036 (m?2)= 106 (ng/m2/h) ‘ 1

Flux Calculation

A B c|D]|E F

1 Area: 0.0363 m? Flow Rate: | 0.17 m*/h

2 Air Hg Hg Flux Hg Flux
3 Date Time C St at AdTim|Vol Bl BlDev MaxV Area ng/m® DeltaC ng/m’h IF1 IF2 ng/mh
A e 1 T e I T A A T = K i WA FET 01 _N0R9 (1 0NRE QER12 3

5 11/08/2009 00:45:00 A OK 1 300 751 01 0055 0076 82893 2

6 [11/08/2009 00:50:00 B OK 0 300 751 01 005 0309 887154 25 22 106] 106 106 106
7 | 11/08/2009 00:55:00 A OK 0 300 75 01 0053 0264 861989 25

& [11/08/2009 01:00:00 B OK 1300 7.52_ 0.1 0.047 0085 95413 3

9 11/08/2009 01:05:00 A OK 1 300 75 01 0075 0075 81567 2

10 11/08/2009 01:10:00 B OK 0 300 751 01 0085 0314 915034 26 23 108 108 108 108
11 11/08/2009 01:15:00 A OK 0 300 75 01 0049 0263 870156 25

12 11/08/2009 01:20:00 B OK 1 300 752 01 0042 009 113395 3

13 11/08/2009 01:25:00 A OK 1 300 751 01 0.049 0083 108953 3

14 11/08/2009 01:30:00 B OK 0 300 751 01 0059 0299 853990 24 21 102 102 102 102
15 11/08/2009 01:35:00 A OK 0 300 75 01 0051 0261 861292 25

16 11/08/2009 01:40:00 B OK 1 300 752 01 0.061 0086 103240 3

17 11/08/2009 01:45:00 A OK 1 300 75 01 0058 0076 78507 2

18 11/08/2009 01:50:00 B OK 0 300 751 01 0061 031 885222 25 23 108 108 108 108
19 11/08/2009 01:55:00 A OK 0 300 75 01 0058 0273 904459 26

20 11/08/2009 02:00:00B OK 1 300 752 01 009 0088 113083 3

21 11/08/2009 02:05:00 A OK 1 300 751 01 0054 0076 81343 2

22 11/08/2009 02:10:00B OK 0 300 751 01 0054 0283 784360 22 20 97 97 97 97
23 11/08/2009 02:15:00 A OK 0 300 75 01 006 0257 834566 24

24 11/08/2009 02:20:00B OK 1 300 752 01 0056 0084 99419 3

25 11/08/2009 02:25:00 A OK 1 300 75 01 0.068] n.wa_l 78537 2

26 11/08/2009 02:30:00B OK 0 300 751 01 0044 0323 912577 26 23 111 111 111 111
27 11/08/2009 02:35:00 A OK 0 300 75 01 0047 0276 913834 26

28 11/08/2009 02:40:00B OK 1 300 752 01 0055 0087 109512 3

29 11/08/2009 02:45:00 A OK 1 300 751 01 0049 0079 96339 3

30 | 11/08/2009 0285000 B QK 0 300 751 0.1 0.051 0313 895404 25 22 106 106 106 106



Sample Results—Bad Data

Flux = (Cinside-coutside) *(Q/A) I To Tekran

Criteria for accepting/rejecting a flux:

1) The delta C must be larger than the difference between the 2 inlets

\''o/ "1 g - —w \t1p/ i

2) The difference between the 2 outlets must be smaller than the outlet average
IEQ_ 7/I - 1Q/I Inn/m3\ s A\lEl')EQ 7/I\ - 1G4 Inn/m3\

-_—— o1 "t e = \———y - —_—— - \rO7 """

B (
0.0363 m? Flow: 0.13 m°/h

Air Hg Hg Flux Hg Flux
at AdT.m Vol BI BI[.‘rev MaxV ﬂrea ng/m® DeltaC ng/m*h IF1 IF2 ng/mh

U.UB
0.136
0.089
0123 0.
0104 0. 11-52 125?[]19'
0.09
0.045 0. -1r:|E' 1. n-1C|UH
0107 0.387 1055121
0.067 0. tLrH 11?9188
0.099
0.073

/08/2016 1.:.[]9..-_'9 A
i 08/08/2016 17:12:49 B
USIUSIZME 17:16:09 A

1
0
0
1
1
0
0
1
1
0
0

[0810812016 174248 A 1 98 01 007 0612 1786474
08/08/2016 17:46:09 B OK 200 501 0.1 0111 1938 6861453

J 49:2! ' 200 496 0.1 015 0.663 1964540
08/08/2016 17:52:49 B 3 0101 0.151_0.297 709723
08/08/2016 175609 A 1 98 01 0065 0441 1197234




Sample Results—Good & Bad Data

Flux = (cinside-coutside) *(Q/A) I I To Tekran

Ideal Flux Sampling Conditions:
Stable Ambient Air Concentration:
1.6 to 4.7 ng/m3

—+—HgFlux
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All flux data was acceptable

F0000 12:00:00 18:00:00 00000

Time of Day

—+—AllHg Flux Data
Poor Flux Sampling Conditions:

Unstable Ambient Air Concentration:
15 to 350 ng/m3

+ Acceptable Hg Flux
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-800
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Dynamic Flux Chamber Design:




DFC Design:

Large diversity of DFC designs and flow rates

Volume Material Researcher

(L)

32 . Stainless steel Schroeder et al. 1989

25 : Teflon He et al., 1998

24 . : Acrylic Magarelli & Fostier, 2005
Polycarbonate Kuiken et al., 2008

10 . : Stainless steel/Teflon Poissant & Casimir, 1998
24 : Teflon Carpi and Lindberg, 1998

24 Plexiglass Ferrara & Mazzolai, 1998
24 Teflon Zhang et al., 2001

2.2 . : Teflon Zhang et al., 2008

3 . : Polycarbonate Eckley & Branfireun, 2008

1.5 . Polycarbonate Ericksen and Gustin, 2006
Quartz Wang et al., 2005
Polycarbonate Gustin & Stamenkovic, 2005
Polycarbonate Nacht & Gustin , 2004
Polycarbonate Engle et al., 2001




Question: How does flux chamber design influence

the quantification of Hg emissions?

Research Objectives:

Compare DFCs with different:
1) materials
2) volumes
3) port placements
4) flow rates



Introduction:

Several studies address the influence of these variables:

Flushing Flow Rate (& Chamber Volume)

Wallschlager et al., 1999
Flux increases with flow; high flows recommended

Gillis & Miller, 2000
No flow recommendations—they felt their flows (1-10 [pm) were below optimal

Zhang et al., 2002 & Lindberg et al., 2002
Low flows may underestimate fluxes—recommend high flow: 15 to 40 lpm

Engle et al, 2006
Optimal flow rate may vary with magnitude of surface emissions

Chamber Material

Carpi et al., 2007

UV mWim?)

n (PAR Wint,

o
£
x
3
w
o
I
1

Polycarbonate chambers may underestimate flux relative to Teflon




DFC: Chamber Material

Mat S BBt » _

Thickness: 3.7 mm e athal T g ~_ Thickness: 0.19 mm
Volume: 1.5 L e RS VVolume: 2 L
Area:0.038 m?2 | B Arca: 0.036 m?2

Flow (TOT): 1.13 lpm (1.32) Flow (TOT): 1.5 Ipm (1.36)




DFC: Chamber Material

Polycarbonate vs Teflon

= Ee—— ey

Teflon Flux: 298 ng/m?/h

(p < 0.001)

Polyc. Flux: 204 ng/m?/h

—e—Teflon
—e—Polycarb

Hg Flux (ng/m?/h)
N w H (@] (@]
o o o o o
o o o o o

Solar Radiation (W/m

12:00
Time of Day




DFC: Chamber Material

] Polycarbonate vs Teflon
Sunlight Hours Flux o __

Teflon Flux: 325 ng/m?/h

(p < 0.001)

Polyc. Flux: 207 ng/m?/h

—o— Teflon

—e—Polycarb

B (&) (o))

o o o

o o o
! ! !

Hg Flux (ng/m?/h)
Solar Radiation (W/m

12:00
Time of Day




DFC: Chamber Material

Teflon Flux:

Polyc. Flux:

Hg Flux (ng/mé/h)

Polycarbonate vs Teflon

— Fe—ayy ey

-—
o
I

(&)
I

—eo— Teflon
—e— Polycarb

14:24

Time of Day

15:36




DFC: Chamber Material

« Teflon DFC blanks were lower than polycarbonate
(with & without acid cleaning)

« Teflon DFC Hg fluxes were higher than
polycarbonate for 2 of 3 substrates--

Daily average relative difference: 46 £12 %
Hourly maximum relative difference: 107%



DFC: Chamber Volume

| ?

-u-v“l a“&“ ! ! '] -Vf
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Large DFC
Material: Polycarbonate
Thickness: 3.7 mm

Volume: 10.00 L
Area: 0.071 m?
Flow: 1.5 -9.9 [pm

Small DFC

Material: Polycarbonate
Thickness: 3.7 mm
Volume: 4.05 L
Area:0.063 m?

Flow: 1.5-4.1 Ipm




DFC: Chamber Volume

Same Flow Rate

Small DFC Flow: 1.5 L/min
Large DFC Flow: 1.5 L/min

Small DFC Flux: 134 ng/m?2/h
Large DFC Flux: 78 ng/m?/h

Air-stream velocity:

Flux (ng/m?/h)

—— Small DFC
—e&—Large DFC

12:00
Time of Day

Sol Rad (W/m?)




DFC: Chamber Volume

Same TOT

Small DFC Flow: 4.1 L/min
Large DFC Flow: 9.9 L/min

Small DFC Flux: 351 ng/m?/h Small DFC A C: 91 ng/m3
Large DFC Flux: 579 ng/m?/h Large DFC A C: 68 ng/m?3

—e—Large DFC

—e—Small DFC
Sol Rad

Hg Flux (ng/m?h)
Solar Radiation (W/m ?)

12:00
Time of Day




DFC: Chamber Volume

* At the same flow, the smaller chamber has a higher
alr-stream velocity over the surface which may
enhance emissions

« At the same TOT (& velocity), the larger chamber has
a greater Hg emission potential due to a lower
chamber air concentration and/or a higher flushing
flow rate promoting release of Hg from the surface



DFC: Port Placement
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DFC: Chamber Flushing Flow
Flux = (CingigeCoutsice) *(Q/A) \ e /

Target zone for
measuring flux

15 20
Flow (Ipm)

15 20

Flow (Ipm)



DFC: Chamber Flushing Flow

Ideal flow rate would create conditions inside the chamber similar to those outside the chamber

Competing criteria: similar air flow vs similar air Hg concentration gradient

R : ; 7 e egion
Wl 002 mis . Tl 147 ng'm




DFC: Chamber Flushing Flow
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Target zone for
measuring flux

15
Flow (Ipm)




DFC: Chamber Flushing Flow

Flow rates can have a larger influence on calculated Hg emissions

Ideal flow rate and TOT vary with the strength of the emission

Hg Conc. Stable period AC Optimal Flow in |
(Mg g”) (ng m®) min”
(TOT minute)

Alluvium 1025 ~ ]34%03 |50 (0.82)
0

+ 0
Low-grade ore 13 130207 4.9 (0.84)
185 [ 19%37 = |93 (044)
High-grade ore _ 0 : :

13
Tailings 85




DFC: Chamber Flushing Flow

Flux changes on diel cycle—therefore \
sometimes TOT will be less than ideal

Flux
Solar Radiation

Hg Flux (ng/n%/h)
Solar Radiation (W/n?)

12:00

Time of Day




Overall Conclusions

Question: How does flux chamber design influence

the quantification of Hg emissions?

1) materials < 1-fold difference
PARCININES < 1-fold difference
3) port placements  No difference

4) flow rates > 7-fold difference

Questions: ceckley@cabnr.unr.edu
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