Measuring and Modeling
Mercury in the Pioneer Valley
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Mercury in the Atmosphere

Cm Natural Sources

e \/olcanoes, rock weathering...

= Anthropogenic Emissions

e Coal Power Plants, waste incinerators...
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e Elemental—Hg°

e Reactive—Hg?*
(most offten HgCl,)

e Particulate—Hg(p)
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Mercury Emissions and Deposition

Mercury is emitted as: Transport Distance: ; All forms of mercury can be
=~ Elemental mercury =~ 0 to global deposited to foliage, surface
= Reactive gaseous mercury = 0 to 150 miles waters, and the land.

= Particulate mercury = 0 to 250 miles | L - Importa nt Reactions:

eGas phase Oxidation of Hg? by
ozone and OH

é Industrial mercury emissions: 36% ?

TS

eAqueous reduction of Hg2* by
sulfite (SO5%)

eAqueous complexation of Hg2*
to soot, to form Hg(p)

Mercury deposition is
enhanced by:
= High ground-level ozone
- :ﬁlﬁ'iove, g Driscoll, C.T., D. Evers, K.F. Lambert, N. Kamman, T. Holsen,
= Proximity to sources . Y-J. Han, C. Chen, W. Goodale,
E T. Butler, T. Clair, and R. Munson. Mercury Matters: Linking
Mercury Science with Public Policy in
the Northeastern United States. Hubbard Brook Research
Foundation. 2007. Science Links Publication.

Vol. 1, no. 3.




Mercury in the Environment

= Methylation ==
s Bioaccumulation ‘
s Fish Advisories

MERCURY FISH ADVISORIES

[—————==p . ——————  ————r
- Methyl Mercury

% Methy!  50% Increases up the
mercury Food Chain
%
Methy mercury Fish-eating fsh
bicaccurnulation 10 million x
factor

® Active MDN sites © Hubbard Brook Research Foundation
©  Pending MDN sites

[] States with at least
one mercury advisory
I Statewide mercury Driscoll, C.T., D. Evers, K.F. Lambert, N. Kamman, T. Holsen,

.m:mw Y-J. Han, C. Chen, W. Goodale,
advisory T. Butler, T. Clair, and R. Munson. Mercury Matters: Linking
(] States with no Mercury Science with Public Policy in

Ty SR the Northeastern United States. Hubbard Brook Research
Foundation. 2007. Science Links Publication.
Vol. 1, no. 3.




Mercury In the Pioneer Valley

@® Amherst College MDN Site

@ Mount Tom Power Flant




Mercury in the Pioneer Valley

= 146 MW Coal Power Plant
= 1,200 tons of coal/day
= 10.5 kg of Hg in 2008

= 60.1% HQg®
s 21.6% Hg(p)
= 18.3 Hg?*
= Turbosorp




Wiezisitdele] Mercury.

- = Rain Deposition Samples
s Air Concentration Measurements




Mercury Deposition Network

Total Mercury Concentration, 2008

Measures Hg

concentration in
precipitation and total
weekly wet deposition
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Rain Deposition

- = Mercury Deposition Network
s Precipitation Collector
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Rain Deposition

Mercury Deposition Network
Precipitation Collector
Rain Gauge




MDN Results

Total Precip. Hg Weekly Hg
End Date Precipitation (mun) | Capture (%) Concentration (ng/L) Deposition (ug/m2

9/15/2009 11.43 97.5 0 068.1 \

012212000 Dry Week Avg. Concentration:
90.7 : 3.88 ng/L

97.3 { 9.

94

64,5 : : Total Wet deposition:
273 | 1798. ng/m?2

98.3

9/29/2009
10/6/2009
10/13/2009
10/20/2009
10/27/2009
11/3/2009
11/10/2009 103.7
11/17/2009 97.6
11/24/2009 96
12/1/2009 95.1
12/8/2009 89.2
12/15/2009 83.4
12/21/2009 24.1
12/29/2009 93
1/5/2010 47.67
1/12/2010 ; 19.69
1/20/2010% 81.70
1/26/2010 93.61
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Extrapolated annual
deposition:
4721. ng/m?
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Mercury Air Monitoring

- = Mercury Vapour Analyzer




Mercury Air Monitoring

Mean from July 22, 2009
to March 17, 2010:
1.508 ng/m3.

0 2 4 6 8 10 12 14 16 18 20 22 24
End Time of 1 Hour Interval

July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March
Month




Mercury Air Moniforing

December

Average
Concentration Average
Concentration

0
8/1/2009 8/8/2009 8/15/2009 8/22/2009 12/8/2009 12/15/2009 12/22/2009  12/29/2009

Date Date




oelglisie) Mount Tom Viercury

= AERMOD
e Concentration and Deposition

s AERMET
e Meteorological Processing

= AERMAP
e Terrain Processing




Basics of AERMOD

s Steady State Dispersion Model
e Good within 50 km grid

e Characterizes the Planetary Boundary
Layer (PBL)




AERMET Inputs

= Surface Data (Barnes Municipal Airport, Westfield)

e Hourly wind speed/direction, temperature, cloud cover,
albedo...

s Upper Air Data (Albany Airport)
o Upper-Air Temperature Sounding

A Mount Tom Power Plant

B Westfield Barnes Municipal Airport
@® Hartford Bradley International Airport
@  Albany Airport




AERMAP Inputs

= Define Receptor Grid
e Cartesian or Polar

s Each receptor is assigned an
elevation and hill height scale
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AERMOD Output: Concentration

Average Total Concentration (pg/m’)

Average Elem. Concentration (pg/m’)
Average RGM Concentration (pg/m’) 0.059

Average PM Concentration (pg/m’) 0.079

©  Mount Tom Power Plant  ®  MDN Site
Average Concentration [ | 0.7-0937

pg/mA3 [ Joo3s-1278
o017 [ ]1279-184
B 0.171-0.341

[ ]o0342-0511

0.512-0.699




AERMOD Out

20 Kilometers "

ut: Deposition

2005-2009

Total Deposition

Deposition at Receptors (11g)

Average Deposition/Receptor (jig/receptor)

Total Deposition in Grid (g)

Percentage Deposited

RGM Total
Deposition

Deposition at Receptors (11g)

Average Deposition/Receptor (jig/receptor)

Total Deposition in Grid (g)

Percentage Deposited

PM Total
Deposition

Deposition at Receptors (11g)

40.0

Average Deposition/Receptor (jig/receptor)

0.00609

©  Mount Tom Power Plant @ DN Site

Total Deposition | |0104-0.149
pg/mA2 [ 015-0211

I 0-00216 [ 0212-0302
] 00217-00432 [ ]0303-0412
[ ]00433-00695 |0413-0612

Total Deposition in Grid (g)

39.0

Percentage Deposited

2.06

Elem. Total
Deposition

Deposition at Receptors (ug)

0.673

Average Deposition/Receptor (jig/receptor)

1.03E-04

Total Deposition in Grid (g)

0.657

|:| 0.0696 - 0.103

Percentage Deposited

0.0346




Putting it all Together

= What is Mount Tom Power Plant’s
Contribution to Local Mercury Levels?

Ambient
Readings at
Bunker:

~1.5 ng/m3
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Putting it all Together

(a)

Average

; Average Hourl
Concentration - y

Concentration

(ng/m®) . Hg (pg/m?)

8/1/2009 8/8/2009 8/15/2009 8/22/2009 e o e Vi

Date




Putlting it all Together

s What is Mount Tom Power Plant’s \
Contribution to Local Mercury Levels?

Extrapolated annual deposition at MDN Site:
4721. ng/m?2

Total Mercury Wet Deposition, 2008
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Back-Trajectory Results

Relative Probabilities
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Residence Time
Back-Trajectory Probability Plot (2009)




Back-Trajector ional Modelin

Special Case Back-Trajectory Results
Relative Probabilities
0-000083

Back-Trajectory Results

Relative Probabilities
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Interdisciplinary Work
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Bird Blood Samples
at Amhest College
Bird Sanctuary

Sediment
samples from /4
the Oxbow

L1ke

JSMnrer State Parv
Connestzut River

MDN Site at the
bunker

Bird Blood Samples
at Arcadia Bird
Sanctuary

: \ 5 \ ) Mount Tom

Sediment samples [ r \ 3 § 5 ¥ ] | Power Plamt

from Whiting St :
Reservoir
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