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Environmental Monitoring, Evaluation and Protection in New York:
Linking Science and Policy

FOREWORD

These proceedings represent a summary of the
presentations at the conference on Environmental
Monitoring, Evaluation, and Protection in New York:
Linking Science and Policy, held October 7-8, 2003 in
Albany, New York. The PowerPoint slide presentations
from many of the session speakers are located on the
EMEP website
(www.nyserda.org/programs/environment/emep.asp).

The conference was made possible through a collaboration
of the following organizations:

Adirondack Council

Center for Clean Air Policy

Clean Air Task Force

Environmental Energy Alliance of New York

New York Academy of Sciences

New York State Departments of Environmental
Conservation, Health and Public Service

New York State Energy Research and
Development Authority (NYSERDA)

Northeast States for Coordinated Air Use
Management (NESCAUM)

U.S. Environmental Protection Agency

U.S. Geological Survey

There were over 220 conference attendees representing

a wide cross section of organizations involved in policy
making and scientific research. The conference highlighted
the environmental research that is being supported in New
York through NYSERDA’s Environmental Monitoring,
Evaluation and Protection (EMEP) Program, which is
funded through the New York Energy $mart*™ Program
(see Highlight Box). The conference brought together
scientists and policy makers to share ideas on critical
energy-related environmental issues in the region. This
helps to ensure that limited resources for environmental
research are used effectively, and most of all, that the
scientific information developed is relevant to the
formulation of environmental policy.

This is the third EMEP conference since its inception in
1998. The last conference focused on updates of EMEP
projects, environmental issues associated with distributed
generation, and information needs and future directions for
a multipollutant and multimedia environmental protection
strategy. This conference included sessions on increasing
the effectiveness of science-policy communication,
emissions control options, and energy-related environmen-
tal policy initiatives affecting New York State and the
region. Synthesis papers have been prepared to summarize
four sessions of the conference:

1. Fine particles: health effects, sources and
implications for New York State;

2. Ecosystem response to changing levels of sulfur,
nitrogen and mercury deposition;

3. Approaches to controlling particulate emissions
and co-pollutants, and economic implications;

4. Impact of nitrogen compounds on human health,
ecosystems and climate, and potential control
options.

We would like to thank the conference sponsors and the
many presenters and panelists who contributed to the
event and these proceedings. NYSERDA and its partners
in the EMEP program will continue to provide objective
research and a forum for exchange of science-based
information to help support sound environmental policy
making in New York and the region. Also, a variety of
new program products are now being produced to assist
in the dissemination of research results and to convey
information about current issues. In addition to project
final reports, new two-page “Project Updates” describe
each EMEP project and include recent findings and policy
implications. Short topical papers summarize pollution
associated with the generation of electricity which impact
New York State: ozone and fine particles, acid deposition,
and mercury. These products are available on the EMEP
website:
(www.nyserda.org/programs/environment/emep.asp).


www.nyserda.org/programs/environment/emep.asp
www.nyserda.org/programs/environment/emep.asp













quality standards. We have the
monitoring technology to move to
shorter averaging times. These
advances in monitoring— some of
which have come from New York
State—have been important.

One effect of particulate matter is
visibility. Obviously it affects
quality of life. It’s not just an
urban phenomenon— we have
regional haze.

And then there are the health
effects of ozone. New studies
show effects at levels below the air
quality standard. Ozone exposures
appear related to school absen-
teeism and to premature mortality
among the elderly. At least a part
Jib e ® in the Eas - of the increase in asthma might be
i ' coming from ozone. We do not
think it can explain the large
Figure 7 increase in asthma rates, but in any
case, ozone is a pollutant that we
are spending billions of dollars to
control (Figure 7).

Clear Skies with other air programs can improve ozone New York is relatively cleaner in

attainment significantly — but residual ‘sub-regional’ problems the amount of sulfur and particulate
matter emitted from energy
Countiss Exceading tha [ 4 b IFs g .
B-hour Cizone Standasd in 2001 i facilities, but we have a regional

particulate problem in the eastern
United States, and the Bronx and
Manbhattan are areas that do not
meet the PM standards. We see a
similar picture for ozone. There is
a persistent problem in California,
but another problem is Canada,
which I suspect explains part of
what we see in western New York.
We have an ozone annex to our air
quality agreement with Canada, and
we are going to be working on a
fine particle annex as well. We
have two mechanisms to address
regional transport. EPA’s preferred
Figure 8 strategy is multipollutant legislation
that addresses the power sector
first—that is, the Clear Skies
Initiative. This legislation also
would address SO,, NOy, and
mercury from the energy sector.
The second strategy is the Clean
Air Interstate Rule— a regulatory

I -7ttt uses current Clean







SURFACE OZONE ENHANCEMENTS CAUSED BY
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pollution today is lower in urban
areas. Trees also cool the urban area,
and cooling reduces emissions: the
evaporative losses from VOCs,
which also come from trees, actually
go down. So the net effect of trees in
the urban environment is undoubtedly
positive. When you prepare your SIP
for 10 years from now, will urban
forestry be part of the plan? It may
be, and New York and some other
states are considering it.

Climate Interaction

Conventional air pollutants—Iike
carbon monoxide, ozone, and black
carbon, but also particles and sul-
fates— are a factor in climate. If we
run a model in which we zero out
North American emissions, air
quality improves. Yet winds come
across the ocean and hit the United
States that are sometimes on the
order of three and four parts per
billion of ozone. Studies suggest that
ozone background is two to four
times higher today than it was in
preindustrial times (Figure 11).

GEOS-CHEM model,
July 1997

(zero-out)

(zero-out)

(zero-out)

Li et al. [2001, JGR]

What pollutant will be best to control
to reduce this ozone? NO, control
would reduce ozone—absolutely.
But somewhat equally effective
would be to reduce methane, and
reducing methane is more important
for climate change mitigation.
Methane reduction on a global scale
actually seems to reduce ozone, at
least in models. If that’s so, there’s
a link between climate and air
pollution. If we see the link, we
adopt the methane strategy over

the equally effective air pollution
strategy of regional or global

NOy reductions.

Black carbon is also a potentially
significant climate forcer—more
important, possibly, in terms of fine
particle standards, than some of the
other particles we control, like
sulfates. Sulfates may contribute

to cooling, and reducing sulfur for
health reasons and visibility reasons
will also reduce the amount of net
cooling from air pollution control.

Another challenge will be apportion-
ing contributions and effects of air
pollution to major sources.
Researchers are trying to separate
out the effects from vehicles, power
plants, wood-burning stoves, and
other factors. This type of source
apportionment analysis is needed to
help develop air quality management
strategies.

Alternative Futures and Trends

We need to stop looking narrowly at
air quality and look more broadly at
total urban planning and the total
environment—energy, agriculture,
transportation, and multimedia
issues. We know that integrated and
marketoriented approaches are good,
costeffective ways, and we want
them to accelerate progress.

Looking to the future, international
global air pollution and climate
issues will likely receive increasing
attention as new research findings
emerge, and as we begin to shift
focus from the more “manageable”
local and regional issues that we
have been addressing over the past
few decades. We will need to see air
quality management integrated into
larger societal programs, like smart
growth and urban planning. Local
and voluntary programs, like many
of the efforts here in New York State,
will become more significant. Lastly,
we need to track the results of these
initiatives to prove that they really do
benefit society in the way we hoped.
Our challenges in the future are
significant and we are faced with
increasingly complex, interrelated
systems spanning in many cases
international borders, yet history

has shown that if we put our will to
it and combine forces of innovation
with sound government policies, we
can improve air quality while our
economy continues to grow.






in summer (Figure 1). These pat-
terns are consistent with increased
photochemical activity in summer
and cooler temperatures in winter
causing condensation of

PM2.5 Fractional Composition by Month semivolatile nitrate species onto
particles. Measurements of H,SOy4

Queens, NY September 2000 — October 2002 in aerosols, SO, and OH for the
Queens site indicate significant
H,SO,4 production potential
during summer (Figure 2), further
illustrating the importance of local
SO, sources to observed sulfate in
PMj, 5 in NYC (note: this is from
power-point presentation, but not
covered at conference due to time
constraints).

Dr. Demerjian described a success-
ful program to test the use of
natural gas fuel and ultra-low sulfur
diesel with continuously regenera-
tive traps (CRTs) on conventional
diesel buses in New York City.

The program showed a dramatic
reduction in PM and SO, emissions
compared to conventional diesel
buses with no after treatment

Diurnal Box Plot of SO, Production Rates, devices. Buses with each of these

ng/m? hr'as Calculated from (OH-SO, reaction) technologies, as well as conven-
2 tional diesel buses, are significant

emitters of organic PM. CNG buses
had an increase in formaldehyde
and methane emissions. The diesel
buses with CRTs had the same total
NO,, but emissions shifted to high-
er NO,/NO ratio. NO, emissions
from CNG buses increased along

with methane and formaldehyde

emissions. The carbonaceous gases
== i may be managed readily by adding
has E ; E E B

[@Ammonium wNitrate W Sulfate OCrustal MEC_niosh DOC*1.4]

Sulfate OH Production Rate, ug/m3 hr-1

an oxidation catalyst converter to
- the bus exhaust but the increased
10 11 12 13 14 15 16 17 18 19 20 21 22 23 NOX emissions remain an issue.

Hour

The study also showed a significant
Figure A-2 reduction in SO, emissions from
vehicles using ultra-low S diesel
without after treatment devices.
Planned decreases in sulfur content
of transportation diesel fuels in
2006 are expected to reduce some
of the local SO, and primary
sulfate emissions to further
decrease PMj 5 levels in the city.




Moreover, the use of this fuel will allow the installation
of emission control devices such as continuously regener-
ating traps (CRTs) and significantly reduce PM and
VOCs from vehicle emissions.

Future Supersite activities are needed to support: PM
model development and evaluation; upcoming SIP calls;
health effects studies; accountability in air quality man-
agement; and studies of regional transport of PM> 5, O3,
and precursors, and related source attribution studies.

A second important component of the supersite program
was the testing and evaluation of new measurement
techniques that complement or supplement filter based
monitoring technologies. The program evaluated a
number of semi-continuous methods for characterizing
fine particles, including the TEOM, sulfate and nitrate
instruments and the (Aerodyne) aerosol spectrometer.
Even though some questions remain about instrumenta-
tion performance, this array of instrumentation is likely
to replace filter based methods for monitoring in the next
several years.

As a follow on to the discussion of the results from the
supersite program, Prof. Phil Hopke gave the second
presentation describing recent progress in air quality
modeling using PM receptor techniques. These methods
are being used to complement source-based models to
identify sources of particles, and their precursor gases,
particularly SO,. The method favored by Prof. Hopke is
“positive matrix factorization (PMF)”. This method is
distinct from the chemical mass balance approach in that
it does not require a priori source profile information for
its application. PMF has been applied to a number of sites
in the Northeast, as illustrated for a rural location,
Brigantine, NJ. PM at this site derives from both local
influences in the greater New York metropolitan area, and
distant sources, whose effect depends on the long-range
atmospheric transport of pollution. For Brigantine, a
seasonal analysis indicated that the carbon fraction was
found to have about ten statistically “unique” source
signatures. Sulfate, a component believed to be produced
in the air from SO, oxidation, was found to have two
signatures, which were associated with the S/Se ratio
(Se is often used as a tracer for coal combustion). The
analysis suggested that the sulfate components were
identified with a photochemically dominated signal in
summer, and a non-photochemical component in winter.
Evidently an enriched organic component emerged with
the sulfate component in summer, possibly suggesting

a secondary origin for the organic species during the
summer months. The origins of the sulfate components
were investigated further using air mass flow patterns
estimated from trajectory analysis (Figure 3).

The results from the Brigantine site illustrate the value

of PMF as a complement to source based air quality
modeling. The receptor modeling techniques have been
limited in the past to identification of sources of primary
particle emissions. The new results show progress in
adding to this capability for identifying major sources of
precursor gases such as SO,. Professor Hopke will be
applying PMF and other techniques to New York State air
quality data in a project funded by EPA and NYSERDA.

The latter part of the session shifted to a discussion of
research on the health effects associated with exposure to
ambient particles. Dr. Mort Lippmann gave an overview
of the current knowledge about the exposure and health
effects of particles. He described the human respiratory
track, deposition of particles in the lungs as a function
of particle size and the known removal mechanisms for
particles in the lungs. He summarized the large body of
recent analysis of data reported in the literature, and
surveyed in the recent draft EPA PM Criteria document
(2003). These studies continue to show a significant
association between ambient PM and adverse respiratory
and cardiovascular health effects.

It is widely known that people in the U.S. spend more
than 80% of their time indoors, but epidemiological evi-
dence continues to associate outdoor PM concentrations
with mortality and morbidity risks. The indoor-outdoor
paradox has been resolved by separating the outdoor air
component that penetrates indoors from the indoor source
component. Using this hypothesis, the epidemiological
association between mortality and morbidity and PM
concentrations can be rationalized.

Investigation of the health effects of PM has continued
through a large number of epidemiological analyses, and
increasingly refined toxicological studies. Investigations
suggest the association with concentrations of both fine
and coarse particles, and potentially, the so-called ultra-
fine particles. However, interactions with “toxic” species
have not been identified.

The support for maintaining an ambient air quality
standard based on PM mass concentration continues to
rely primarily on the expanding epidemiological results
and corroborating toxicological studies. A number of new
studies have been reported, and re-analyses of older
results has taken place, including major efforts sponsored
by the Health Effects Institute. The analyses of data have
revealed issues in the basic statistical packages involving
a procedure called the generalized analytical method,
“GAMS?”. This procedure was applied to large historical
data sets in several cases; the initial application was
found to contain errors. With subsequent reanalysis, the
initial epidemiological results were largely verified. These
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watershed types that are unlikely
to recover.

The U.S. Geological Survey has
modeled projected recovery of
surface water chemistry in
Adirondack lakes and streams,
and has created an integrated
database for the Web.

The U.S. Geological Survey also
studied whether spatial patterns
of aquatic biota in the Neversink
River in the Catskills have
changed with changes in surface
water chemistry.

Modeling
* Atmospheric and Environmental
Research, Inc., used a model to
determine the relative contribu-
tions of local emissions versus
long-range transport to mercury
deposition in New York State.

The University at Albany is
using atmospheric models to
evaluate the transport, transfor-
mation, and deposition of mer-
cury in New York State.

Resources for the Future is
analyzing the benefits and

costs associated with potential
emissions reduction policies for
sulfur dioxide, nitrogen oxides,
and carbon dioxide from the
electricity sector.

Atmospheric Emissions and
Deposition in the East

Kathleen Weathers, Forest
Ecologist, Institute of Ecosystem
Studies, described emissions and
deposition of sulfur dioxide (SO,)
and nitrogen oxides (NOx) in the
31 states of the eastern United
States from 1991 to 2000. NOy
emissions showed very little
decline, whereas SO, emissions
decreased by 30%. The largest
declines in emissions occurred in
the electric utility sector, compared
with vehicles and other sources; the
relative contribution of vehicular
NOy emissions has increased.



Weathers and her colleagues find statistically signifi-
cant relationships between SO, emissions and vol-
ume-weighted sulfate concentrations in precipitation;
and between SO, emissions and dry deposition of
sulfur. However, data from Whiteface Mountain,
New York, do not indicate a relationship between
emissions reductions and the concentrations and
deposition of sulfur in cloud water.

Until recently, according to Weathers, no strong
relationship had been identified between NOx
emissions and nitrogen concentrations in precipitation
or air. However, Butler et al. (2003) recently showed
that a 50% decline in total NOx emissions from all
sources should result in an approximately 38%
decline in nitrate levels in precipitation and deposi-
tion. A 50% reduction in nonvehicle emissions would
lead to a 19% to 22% decrease. Thus, reducing NOx
emissions is predicted to have 75% to 95% efficiency
in reducing precipitation nitrate concentrations,
depending on the source of the reduction. These
findings have important consequences for policies
aimed at reducing nitrogen pollution and its
associated effects.

Surface Water Chemistry in the Adirondacks
Karen Roy, Program Manager, Adirondack Lakes
Survey Corporation, presented results on water
chemistry trends for lakes and streams in the
Adirondacks, quantifying the extent to which surface
waters are improving in response to changes in acidic
deposition. Based on data from 48 Adirondack lakes
for 1992-2000 and from 16 lakes for 1982-2000, the
trend analysis indicates the following:

» widespread improvement in surface water sulfate;
« varied improvement in surface water nitrate;

 improved acid-neutralizing capacity (ANC) in
29 lakes;

e decreased toxic aluminum in 28 lakes; and
* increased pH in 18 lakes, with 2 lakes decreasing.

Recovery is starting, according to Roy, but the rate
of improvement is slow, and chemical conditions are
still critical in many lakes. For example, in 2000,
compared with what is considered hospitable to
aquatic biota, 34 of 48 lakes had mean ANC below
50 peq/L; average pH was less than 5.5 in 23 lakes;
and toxic Al was over 2 pumol/L in 16 lakes. Roy and
her colleagues estimate that it may be decades before
many lakes reach a target ANC value of 50 peqg/L
(Figure B-1); the findings were published in
Environmental Science and Technology in May 2003.

At about the same time, the Environmental Protection
Agency published a report on acidification trends in
the northeastern United States, including the
Adirondacks, the headlines for which made broad
claims of recovery. Crucial differences between the
two surveys were lake size and summer versus year-
round sampling; moreover, EPA’s definition of acidi-
fied waters would give a more favorable picture of
chemical recovery. The details of the report show a
large number of Adirondack waters whose ANC is
30-40 in summer drop to critical levels-at or below
zero ANC-during spring snowmelt, meaning that for
the Adirondacks, a summer ANC level of 30-40, as
opposed to 0, may be needed to protect waters year-
round (Figure B-2). Year-round data generated by the
Adirondack Long-Term Monitoring program permit
such important, more detailed analyses.

Roy also reported findings on three streams moni-
tored weekly since 1992, which concluded that
flow variation plays a significant role in chemistry
changes. The limited chemistry data were individual
to each stream, however, and researchers could not
conclusively relate stream chemistry responses to
atmospheric deposition changes in the region.

Surface Water Chemistry Trends in the Catskills
and Adirondacks

Douglas A. Burns, Research Hydrologist, U.S.
Geological Survey, compared water chemistry in the
Catskills (5 streams) and the Adirondacks (12 lakes).
Burns offered several cautions about the use of trend
analysis:

* Trend analysis should use appropriate statistical
techniques. For example, linear regression analysis
would not be appropriate unless the data are
normally distributed.

* If trend analysis is conducted with fewer than
10 years of data, the outcomes are very sensitive
to anomalous years. Ideally, 15 or more years of
data would be used in trend analysis.

* Flow correction may be necessary for some chem-
istry data. For example, nitrate and acid-neutraliz-
ing capacity (ANC) are very flow-sensitive.

For both the Catskills and the Adirondacks sites,
precipitation sulfate and nitrate decreased and pH
increased slightly from 1984 to 2001. Since 1992,
sulfate and nitrate have decreased, and pH and ANC
have increased (Figure B-3a), consistent with results
presented by Karen Roy.

Comparing the chemistry trends, Burns found that
temporal trends in streamwater sulfate are well
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correlated between the Adirondacks
and Catskills (Figure B-3b). This
suggests that regional trends in
precipitation chemistry are a major
driver of streamwater chemistry.
Conversely, streamwater nitrate,

Precipitation — Annual Trends pH, and ANC are not well correlat-

ed between the two regions,
suggesting that these chemical
. )= - h ..
SO, NO;, pH attributes may be more sensitive
- ke 92:01 o201 EXRN to local conditions.
- Burns and his colleagues are
comparing soil and vegetation data
: to see why streamwater nitrate
LI Ll L may not respond consistently to
Al - - - atmospheric inputs. Tree species
Bennett Bridge RN NT NT composition may influence the net
NT NT +0.01 retention of nitrogen and surface
-0.94 NT +0.01 water nitrate concentrations. Soils

under sugar maple stands, for
example, have lower carbon-to-
Figure B-3 nitrogen ratios and higher nitrifica-
tion rates. If sugar maple declines
in the future because of nutrient,
insect, and climate stress, the
resultant changes in tree stand
composition may affect nitrate-
driven acidification.

2-

80 1 An integrated biogeochemical
o y=13818¢- 38362 ¢ model, PnET-BGC, is helping
R*=0.508 elucidate watershed processes and
50 the response of water bodies to
" acid deposition. Charles Driscoll,
Syracuse University, and colleagues
speorcs 40 have compared Biscuit Brook in
the Catskills with four Adirondack
o Lakes and found low sulfur reten-
20 tion in all watersheds. This is con-
sistent with the strong correlation
0 . in sulfate trends. The model results
o : F also suggest that land-use history
400 450 5.00 550 600 650 7.00 7.50 and in-lake processes affect
pH nitrogen retention rates, consistent
with the lack of a correlation in
Figure B-4 nitrate trends.
Relationship Between Number of Phytoplankton Species and pH Model simulations suggest that

although atmospheric deposition
has been the greatest source of
acidity, the largest contributors
to ANC are mineral weathering,
cation exchange, and in-lake
processes, which can differ

I icificanty beween watesheds.



This explains, in part, why ANC
trends do not simply track trends
in sulfate deposition.

Biological Response in the
Adirondacks

Sandra Nierzwicki-Bauer, Director,
Darrin Fresh Water Institute, RPI,
discussed how aquatic biota are
responding to surface water trends.
In 1994, the Adirondack Effects
Assessment Program was estab-
lished to evaluate the effectiveness
of the Clean Air Act Amendments
of 1990 by determining the
relationships between changes in
water chemistry and aquatic biota.
Nierzwicki-Bauer and colleagues
sampled 30 lakes from the
Adirondack Lakes Survey
Corporation sites. Data collected
between 1994 and 2001 show the
following:

* a positive relationship between
lake pH and species richness of
phytoplankton and zooplankton
(Figure B-4);

* a positive relationship between
lake pH and aquatic macrophyte
species richness in drainage
lakes (but not seepage lakes);
and

* both positive and negative
correlations between water
chemistry and specific bacteria
in microbial communities.

Results from Brooktrout Lake, a
case study, show the same surface
water trends as the larger popula-
tion of lakes but strongly seasonal
patterns in nitrate, with pronounced
decreases during the summer grow-
ing season (Figures B-5a, B-5b).

Brooktrout Lake also shows
increasing trophic states and
declining dissolved oxygen and
light extinction during summer,
suggesting that nitrate trends are
influenced by lake productivity.
The findings from the case study
imply that aquatic biota may have
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Mercury Retention Based Upon Sediment Patterns of Eight Adirondack Lakes
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had elevated levels of mercury that
increased with age

and decreased with water pH. A

Har (gl
¥

relationship also existed between
mercury bioconcentration and dis-
solved organic carbon (DOC) in lakes:
the bioconcentration factor decreased

as lake DOC increased. Thus it appears
that DOC is important in the transport
of mercury to surface waters but may

CHaHg" (hol)

bind up mercury and reduce its
bioavailability.

Lake sediment patterns show that
mercury increased from 1800 to the

late 1900s but has been decreasing
over the past decade in response to

lower mercury emissions. An analysis

DOC (mg CA)

of sediment patterns for eight lakes
shows a strong positive relationship
between mercury flux and the ratio of
watershed area to lake surface area.

Plotted over time, these data suggest
that mercury retention has decreased in
the past 150 years, though the reasons

S042° umeliL)
:

-1 I I

for this are not yet well understood
(Figure B-6).

The Sunday Lake watershed has been
intensively studied. Over three years,

Upland Forest RiparianVWetland ShalowP eat
Site

Figure B-6
Comparison of Deposition Levels in Sunday Lake Watershed

an important effect on water chemistry. Nierzwicki-Bauer
concludes that biotic compartments should be better
integrated into models in order to more accurately predict
ecosystem response to changes in acidic deposition.

Mercury Transport and Transportation in Ecosystems
Charles T. Driscoll, Professor of Civil and Environmental
Engineering, Syracuse University, summarized the find-
ings on mercury in the Sunday Lake watershed in the
Adirondacks. In the 1990s, a study of water column and
fish mercury concentrations in 32 lakes found that methyl
mercury in water was strongly correlated with dissolved
organic carbon, and that lakes whose lower layers were
deficient in oxygen had higher levels of methyl mercury
than well-oxygenated waters. Yellow perch in these lakes

Desp Peat

Driscoll and his colleagues sampled
mercury in groundwater and in the
aquatic food chain. They found signifi-
cant differences in the mercury cycling
in peatlands and riparian wetlands
within the watershed. Although
peatlands have low levels of total
mercury, most of it appeared as methyl mercury. The
peatlands are not well hydrologically

connected to adjacent surface waters. Conversely, the
riparian wetlands show high levels of total and methyl
mercury and are well connected. Thus, even though only
10% of water flows through them, riparian wetlands
produce a large amount of methyl mercury and account
for a large contribution to the total supply of methyl
mercury to Sunday Lake.

Mass balance work for Sunday Lake shows a substantial
contribution of mercury in litterfall. In fact, dry deposi-
tion accounts for fully two-thirds of mercury input,
indicating a need for better estimates of dry deposition.

Session B Summary was prepared by Kathy Fallon Lambert. Ms. Lambert is the President of Ecologic:
Analysis and Communications, and is a member of the EMEP outreach and communications team.










environmental regulations are in sometimes in
conflict and deregulation of the electricity sector
is evolving, the choice of new-generation
technologies becomes more complex.

Afonso described recent work on selective
catalytic reduction (SCR) for mercury removal.
For bituminous coal (about half of the coal used
in the United States), SCR causes significant
oxidation of elemental mercury into oxidized and
ionic mercury. This helps in later capture of more
soluble mercury in a wet scrubber. However, this
oxidation process seems to decrease over time
and is also reduced by the presence of ammonia,
the reagent used in SCRs to control NOy. For
subbituminous coals, field studies indicate
minimum oxidation, making SCRs less effective.

Results from U.S. Department of Energy
demonstration projects are encouraging: four
power plants using activated carbon injection
achieved 60% to 90% control of mercury.
Moreover, emerging multipollutant technologies
have the potential to reduce costs, increase
performance, and increase flexibility for power
plant owners.

State-of-the-Art Diesel Emissions Control
Systems

Timothy V. Johnson, Director, Emerging
Regulations and Technologies, Corning
Environmental Technologies, reported that recent
tailpipe regulations are spurring rapid develop-
ment of engine and emissions control technolo-
gies for diesel fuel-powered mobile sources. U.S.
standards for NOx and PM emissions for 2010
are an order of magnitude more stringent than
those for the year 2004, requiring increasing use
of diesel particulate filters and diesel oxidation
catalysts for PM and hydrocarbon control, and
selective catalytic reduction and lean-NOx traps
for NOy control.

In the near term, filters and catalysts will be used.
The filters become plugged with collected PM,
however, and thus strategies to accomplish on-
board filter regeneration are being improved.

By 2007, Johnson expects advanced combustion
technologies, such as low-temperature combus-
tion and high exhaust gas recirculation, will
begin to appear in heavy-duty diesel vehicles.
Additionally, improved filter designs will
increase ash storage capacity. One policy-relevant
issue concerns the use of filters: even though they
are effective in removing ultrafine particles (less

than 0.1 micron in diameter), they might, under
some limited conditions, permit the formation of
aerosol nanoparticles (less than 0.030 micron in
diameter), which are thought to cause adverse
human health effects. However, ultralow-sulfur
fuel and the use of catalysts show promise for
mitigating this phenomenon.

Compared with PM, NOy is more difficult to
control in the lean conditions present in diesel
engines. An alternative to the selective catalytic
reduction systems technology is the NOx adsor-
ber. During the lean phase of engine operation,

it stores NOy as a nitrate. Then, in the rich mode,
the stored nitrate dissociates to NO,, which is
then converted to molecular nitrogen through
chemical reactions.

For the more advanced systems needed to meet
the more stringent 2010 standards, integrated
systems are currently being field-tested, with
NOx reductions of 82% and PM reductions of
89% under some driving conditions.

Emissions Reduction Credits and Small-Scale
Combined Heat and Power Projects

Thomas Bourgeois, Senior Economist and
Director of Research, Pace University Energy
Project, outlined the use of market-based emis-
sions trading approaches that provide economic
incentives for combined heat and power (CHP)
projects. CHP is the simultaneous production

of electrical or mechanical power and thermal
energy from a single process. It is becoming a
popular application of distributed generation with
excellent energy efficiency, due to its ability to
utilize waste heat and the potential for significant
reductions in emissions.

The siting of a large number of CHP projects in
New York State is proceeding, with NYSERDA
funding. Currently, $46.5 million has been
earmarked for 95 projects, which are expected
to produce 105 MW of electric power. Although
CHPs have low operating costs, the up-front
expense of installing the system remains an
economic barrier. Capturing the value of on-site
pollution reductions via quantification, certifica-
tion, and sale of pollution credits can provide
additional cash flow to make CHP projects
economical (Figures C-3, C4).

In New York, one economic incentive for new
CHP projects comes from a marketable currency
of emissions reduction credits (ERCs). These
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