Comparison of Fish Tissue,
Deposition and Emission Trends
by Dennis Leonard
DTE Energy

Importance of Looking Beyond Models
to Actual Monitor Data

* Models May not be accurate
* Most emission reduction already occurred

e Understanding what has occurred, allows
for informed discussion about benefits of
future emission reductions
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While there is general knowledge of
large mercury emission reductions
during the 1990’s, there is less
understanding of continued declines
in emissions and importance of
oxidized mercury emissions

U.S. Anthropogenic Emissions for 1990 and 1999 (USEPA)

There were big reporfed changes in

emissions between 1990 and 1999, it
250 when did these occur? And when did
they occur for individual fucilifies?
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Importance of Oxidized Mercury

* Mercury is emitted in oxidized, particulate,
and elemental forms.

e As the following slides from the National
Oceanic and Atmospheric Administration
demonstrate, only the oxidized and
particulate forms of mercury deposit in the
U.S. to any significant extent.

Three “forms” of atmospheric mercury

Elemental Mercury: Hg(0)
+ ~ 05% of total Hg in atmosphere

+ not very water soluble
+ long atmospheric lifetime (~ 0.5- 1 yr); globally distributed

- Reactive Gaseous Mercury (“RGM™)
+ a few percent of total Hgin atimosphere

+ oxidized mercury: Hg(II)
+ HgC12, others species?
+ somewhat operationally defined by measurement method
+ very water soluble
+ short atmmospheric lifetime {(~ 1 week or less);
+ more local and regional dffects

Particulate Mercury (Hgip)
+a few percent of total Hgin atmosphere
* not pure particles of mercury...
(Hg compounds associated with atmospheric particulate)
+ species largely unknown (in some cases, may he HgO?)
+ moderate atimospheric lifetime (perhaps 1~ 2 weeks)
+local and regional efects
+ hioavailability ?
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Why is emissions speciation information critical?
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Why is emissions speciation information critical?
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cumulative fraction deposited

i The fraction deposited and the deposition flux are both important,

but they have very different meanings...

i The fraction deposited nearby can be reiatively “small”,

. But the area is also small, and the relative deposition flux can be very large...

Cumulative Fraction Deposited Out to Different Distance Ranges from a Hypothetical Source)
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Background Information on
Historical Spatial Distribution of
Mercury Emissions and Typical
Data from Mercury Deposition

Network
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Geographic Distribution of Largest Anthropogenic Mercury

Emissions Sources in the U.S. (1999) and Canada (2000) Total Hg ittlEaiane
(kgl/year)
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Total Mercury Concentration, 2003
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Need to Confirm 12% Deposition
Decline with more MDN years

e Linear Regression Model showed no decline but
* Random Coefficient model showed 12% in N.E.
& Midwest (but not in Winter) & no decline in South

Preliminary MDN Trend
Data 1998 - 2005 (rural monitors)

Base No-Change

12 % decrease




Total Mercury Concentration, 2005
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Background Data on Past Emissions
of Oxidized Mercury and 2010 and
2018 Projections
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Basis for 2010 and 2018 Oxidized
Mercury Projections

CAIR will result in the deepest cuts in
sulfur dioxide and nitrogen oxide
emissions in more than a decade.

..... These technologies, once
implemented, not only reduce sulfur
dioxide and nitrogen oxide, they
provide important reductions of
mercury emissions from coal-fired
power plants. (source EPA)

Projected Annual S0, Emisgions for EGUs Under the
LEoR

- Current Programs in 2010

Interstate Air Quality Rule in 2010

\:l Interstate Air Quality Rule in 2015
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U.S. Anthropogenic, Oxidized and Particulate Mercury Emissions
1990 - 2018 (tons)

Preliminary MDN Trend
Data 1998 - 2005 (rural monitors)

Bai No-Change

12 % decrease
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Some models predict large sections
of the U.S. have/had large
percentages of deposition

associated with U.S. Emissions

CMAQ-simulated total mercury deposition for 2001

(micrograms persquare meter)

Base case
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Deposition (ugfmzZ-year)

CMAQ-simulated total mercury deposition for 2001

(micrograms persquare meter)
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Model-estimated U.S. utility atmospheric mercury
deposition contribution to the Great Lakes:
HYSPLIT-Hg (1996 meteorology, 1999 emissions) vs.
CMAQ-HG (2001 meteorology, 2001 emissions).
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Models that have depicted large

declines in Mercury Deposition are not

consistent with monitoring data which
is demonstrating little to no change in
deposition

2009 and 2010 data from monitors
near Steubenville Ohio will be
especially important to analyze.
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There have been a number of studies
analyzing mercury trends in fish

Canada
Minnesota
Florida
Michigan
Massachusetts

Some of these studies shows no
trends, while others show trends
but have a lot of variability in the
data
(e.g. Minnesota and
Massachusetts)
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Figure 17 Comparizon Between Recent and Historical Fish Mercury Levels in 176 lakes (Horthem
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Minnesota postulates that there may
have been about a 1.1% annual
decline in mercury in fish during the
1990’s

This 1.1% decline compares to the
earlier prediction that there was an
1.7% annual decline in deposition.
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Massachusetts, based on 1994 and 2001
measurements, concluded that there was a
32% (yellow perch) to 25 % (large mouth
bass) decline in mercury levels in lakes
close to former incinerator emissions and a
15% (yp) to 19% (Imb) decline in other
Mass. lakes
In state mercury emissions were estimated
to have declined by 87% over this time

BUT.....

More recent Data from at least one

lake in Massachusetts indicate
increasing concentrations

Table B1. Summary (mean, min, max) of mercury cancentrations (et weight) in North Watuppa P ond fishtizsue as reported by MassDEP (MassDEP
1997), the WassDEP ORS Mercury Research Project 1999 - 2004 (MassDEP 2006 and Rose 2008), and a3 calculated from 2005 and 2007 data (MassDEP

2008). Note: these data are not normaized to sz,

Sampling ‘Year SpeciesC ode’ Mean Hy concertration (pa/g) Win - MaxHg concertration (ugig) Sample size (n)
1934 P 0.3 0.17-0.54 8
1034 LMB 0 032-10 1
2001 P 0.57 0.17-055 2
2001 LMB 081 15-17 b
2002 P 0.40 0.20-076 £l
2004 P .42 019-078 a0
2004 LMB 0.83 033-12 12
2005 P 0.45 0.20-081 0
2005 LMB 11 0G4-14 15
2007 P 046 022-049 0
2007 LMB 0.82 0as-14 15

T Species code: YP = velowperch (Perca flavescens), LMB=argem outh bass (Micrpterns sabioided)
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Summary of Fish Trend Data

* Inrural settings small decreases in fish tissue
concentrations may have occurred as a result of
small changes in deposition. On the other hand
the alleged trend may be attributable to data
variability.

* In close proximity to former, large sources of
oxidized mercury, moderate decreases in fish
tissue may have occurred as a result of very large
decreases in oxidized mercury emissions, but
sampling of current conditions is necessary to
confirm trends that were based on only 2 points

Conclusions

* Over 90% of U.S. oxidized mercury emissions has
or will occur as a result of current regulations.
1990 emissions were greater than 100 tons. 2018
emissions will be around 10 tons.

e Deposition in rural U.S. has changed little, (or not
at all) as result of controlling most emissions.

e Controls on the approximate 10 tons of oxidized
mercury emissions that will remain after 2018
will not measurably alter deposition or fish tissue.
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