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This conference brings together scientists and policy makers to share information on environmental research in New York 

State and its implications for policy making. The New York Energy $martSM Environmental program supports policy-relevant 

research in order to enhance understanding of energy-related environmental issues. The program will highlight research on 

air quality and related health issues, ecosystem responses to atmospheric pollutants, and proposed pollution control policies 

affecting New York State. A series of panels, breakout and plenary sessions will focus on four key areas: particulate matter, 

acid deposition, ozone and mercury. Results of NYSERDA/EMEP-sponsored and related research projects will be presented 

in poster sessions throughout the two-day event. The plenary sessions will draw attention to major energy-related environ­

mental issues of the 21st century and offer recommendations for improving the effectiveness of science-based policy. 
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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 $martSM 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). 

v 
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NEW YORK STATE ENVIRONMENTAL MONITORING, 

EVALUATION AND PROTECTION: PROGRAM OVERVIEW 

Energy production and use pose one of the greatest anthropogenic burdens on our environment. In 

order to better understand these environmental impacts and how they could be mitigated, New York 

State established an energy-related environmental research program in 1998, and began providing a 

forum for exchange of research and policy information on issues ranging from acid rain, mercury 

transport, ozone, and fine particulates. Program Opportunity Notices (PONs) are issued periodically 

to seek proposals which address targeted research areas. Projects are reviewed and selected through a 

competitive process. The program is guided by a steering committee comprised of representatives 

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

the U.S. Environmental Protection Agency; the National Oceanic and Atmospheric Administration; 

two utility associations; and an environmental/public interest group. A science advisory committee 

provides technical support and evaluation of projects. 

vi 



KEYNOTE PRESENTATION 

Major Energy- and Air-Related Environmental Issues 

for the 21st Century 

John Bachmann 
Associate Director, Science/Policy and New Programs Management Issues, 
U.S. Environmental Protection Agency 

The night sky is a good indicator 

of where people are, where energy 

is used, and where we have air 

pollution problems (Figure 1). 
Although we have made progress in 

reducing pollution over the years, 

the ongoing expansion of the built 

environment continues to challenge 

our ability to manage air quality. 

Continued economic growth will 

need to go hand-in-hand with con­

tinued efforts to reduce pollution, 

in order for our quality of life to be 

sustained. 

Air Pollution Scales of Influence 
Environmental problems such as 

stratospheric ozone depletion, cli­

mate change, and bioaccumulative 

toxics like dioxins and mercury 

exert influence over a global scale. 

These problems are associated with 

pollutants that travel long distances 

across many physical and geopoliti­

cal boundaries. 

On the regional scale—of great 

concern to New York State—are 

issues like tropospheric ozone, fine 

particles, and the health effects 

associated with those pollutants; 

acid deposition; and visibility 

impairment. Individual states 

cannot solve these problems by 

themselves. These are international 

as well as national regional issues. 

Ambient particulate matter and air 

toxics also have a local component 

that must be addressed. And, on an 

even finer scale, we have the 

personal or indoor environment, 

which affects health problems such 

as asthma. 

Figure 1
 

Figure 2
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Figure 3 

Figure 4 

Three Decades of Progress 
History has shown that if we put 

our national will to it, we can 

reduce emissions (Figure 2). 
Carbon monoxide emissions have 

gone down substantially since 

1970. Emissions of volatile organic 

compounds (VOCs) are down, 

sulfur dioxide (SO2) is down 

significantly, and direct emissions 

of particulate matter (PM) have 

gone down as well. Lead was 

effectively removed from the air, 

once we took it out of gasoline. 

Nitrogen oxide (NO ) emissionsx

have not changed much. What’s 

remarkable is that during this 

30-year period, which included 

some notable improvements in air 

quality, the economy grew, the 

number of miles people drove 

increased, energy consumption 

went up, and the population grew 

(Figure 3). We have been success­
ful in reducing emissions— 

especially with automobiles, more 

recently with power plants— and 

we have decoupled the economy 

from traditional air pollution. But 

ultimately we have to strive for 

“zero emissions” if we are to 

continue this kind of growth in a 

sustainable manner. 

Carbon Monoxide (CO). If we 

look at the national average of 

carbon monoxide emissions, we see 

tremendous improvement (Figure 
4). Progress in New York City is 
especially impressive, and part of 

that is transportation management. 

But the biggest reason is the 

cleaner automobile itself. So 

reducing CO was easy compared 

with some other emissions. 

Ozone (O3). Ozone is a more 

modest success story (Figure 5). 
We clearly are better off today in 

the eastern United States, after a 

peak in 1988. But since then, we 

have not seen much progress— 

perhaps because we did not control 

the regional component of NO

emissions. We are about to do that 
x 
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under a variety of programs, and 

we expect to start making progress 

on ozone again. 

Acid Rain. The acid rain program 

has had significant success in all 

regions of the country. SO2 emis­

sions— actual, monitored data at 

the stack— show real results from 

this marketbased program. And 

sulfates are a major component of 

fine particles. We’ve also had 

progress on longterm acidifica­

tion—an issue of great importance 

in New York State (Figure 6). 
Because of the big reduction in 

sulfate, we are beginning to chip 

away at long-term acidification. 

There still remains episodic 

acidification, mostly associated 

with nitrogen, and the Adirondack 

region shows signs of being 

sensitive to nitrogen. Nitrogen is 

still an issue that will need to be 

addressed. 

Challenges Ahead 
Particulate matter forces us to look 

more holistically at air pollution 

sources. Ambient particulate matter 

has been associated with premature 

death from heart and lung disease; 

aggravation of heart and lung 

diseases, such as asthma; cardiac 

arrhythmias and heart attacks; 

coughing, wheezing, and chronic 

bronchitis; possibly even lung 

cancer and infant mortality. 

There are multiple bad actors in 

this pollutant mix, and the whole 

may be greater than the sum of its 

parts. We do not understand some 

of the toxicological results: sulfates 

apparently do not have much innate 

toxicity yet continue to be associat­

ed with health effects. At this time, 

it is hard to identify any component 

of PM that is not related to a 

significant health effect. 

What are the implications for 

future maximum achievable control 

technology (MACT) standards and 

control approaches? We have 

24-hour and annual ambient air 

Figure 5 

Figure 6 

3 



Figure 7 

Figure 8 

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 

of the increase in asthma might be 

coming from ozone. We do not 

think it can explain the large 

increase in asthma rates, but in any 

case, ozone is a pollutant that we 

are spending billions of dollars to 

control (Figure 7). 

New York is relatively cleaner in 

the amount of sulfur and particulate 

matter emitted from energy 

facilities, but we have a regional 

particulate problem in the eastern 

United States, and the Bronx and 

Manhattan 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 

strategy is multipollutant legislation 

that addresses the power sector 

first—that is, the Clear Skies 

Initiative. This legislation also 

would address SO2, NO , andx

mercury from the energy sector. 

The second strategy is the Clean 

Air Interstate Rule— a regulatory 

approach that uses current Clean
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Air Act mechanisms, much like the 

state implementation plan (SIP) 

call, to achieve reductions. Figure 8 

shows some estimates by EPA of 

the potential environmental 

improvements associated with these 

programs. 

What is causing the high levels 

of PM2.5 in New York City? The 

ambient PM in New York City 

has a large organic and elemental 

carbon component, some nitrate, 

and ammonium. It also has a large 

sulfate component. While research 

to try to identify the specific 

sources contributing to this 

ambient PM is still underway, we 

know we have local sources of PM, 

especially of organic carbon 

(Figure 9). A large contributor of 
black carbon is diesel engines. In 

the wintertime, the region uses a 

fair amount of oil for heating, 

which also contributes to the 

PM2.5 problem. 

New research on health effects is 

underscoring the significance of 

roadway vehicles. Data from the 

Southern California PM Supersite 

show a high concentration of 

particle number right next to the 

freeway, with levels of particle 

number, black carbon, and carbon 

monoxide dropping significantly 

as you move away from the free­

way (Figure 10). There is extensive 
research going on now to attempt to 

better understand these exposure 

relationships. 

Urban Planning 
Health effects research raises 

another question: what about the 

design of the built environment? 

If you know that traffic affects 

quality of life, what does that 

suggest about urban planning? 

Increasingly, architects are coming 

to experts in air pollution and 

talking about how urban planning 

can deal with air pollution. 

Trees in a city remove ozone 

and PM—one of the reasons air 

Figure 9 

Figure 10 
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Figure 11 

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—like 

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). 

What pollutant will be best to control 

to reduce this ozone? NOx 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 

NOx 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. 
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SESSION A 

Air Quality and Related Health Research: 

Particulates (PM) and Co-Pollutants 

The atmospheric and health science of airborne 

particles is a timely subject for informing public 

policy for air quality management. The 

Environmental Protection Agency is completing its 

review of the science relevant to revising the National 

Ambient Air Quality Standards (NAAQS) for 

particulate matter (PM); the agency is preparing the 

fifth revision of its Criteria Document (e.g. EPA, 

2003), and released it’s draft Staff Paper (EPA, 2003) 

recommending such revisions. At the same time, the 

implementation of the current standards implies that 

states, including New York, which anticipate regions 

that will be in PM non-attainment, are in the process 

of planning management approaches to reduce 

emissions of PM and its precursors beginning in 

2005 to decrease the concentrations of resulting 

PM in order to achieve the national standard. 

The 2003 NYSERDA Conference on Environmental 

Monitoring, Evaluation and Protection in New York 

has provided an important “snap-shot” of research 

progress on PM and its consequences on human 

health. The session was introduced by James Vickery, 

Acting Director of EPA’s research program on PM. 

Ellen Burkhard of NYSERDA added a New York 

overview and perspective to the session, taking into 

account the NYSERDA sponsored research programs. 

The session’s four major presentations summarized 

research progress in characterizing PM in New York, 

especially fine particles (PM2.5), as well as the 

potential for human health effects from PM exposure. 

Mr. Vickery described a recent assessment of PM 

policy relevant atmospheric science prepared by 

NARSTO (2003). This assessment was prepared 

by more than 19 principal authors, under the chair­

manship of Mr. Vickery, Ms. Marjorie Shepherd of 

Environment Canada, and Prof. Peter McMurry of the 

University of Minnesota. The report sets the stage for 

this conference by providing perspective on a number 

of subjects required for addressing the management 

of PM. These topics include ambient observations, 

atmospheric processes involving PM, emission 

inventories, air quality modeling, and a summary 

of the state of knowledge on PM health effects and 

visibility. 

The NARSTO assessment discussed the importance 

of improving current knowledge about PM chemistry, 

and its spatial and temporal distributions as a basis 

for understanding the origins and variation of PM in 

New York and its neighbors. The limitations in 

knowledge about the carbon fraction of PM, and the 

value in developing regional or local conceptual 

models describing PM are key themes coming from 

this report. 

The first presentation was given by Prof. Ken 

Demerjian of the State University of New York, 

Albany. Prof. Demerjian described the research 

results emerging from the New York “Supersite”. 

This strategic ambient monitoring research program 

is co-sponsored by NYSERDA, the New York State 

Department of Environmental Conservation (NYS­

DEC), and EPA to provide highly time-resolved 

chemical and physical characterization of PM2.5, its 

precursors, and other photochemically active gases 

and priority pollutants in the New York region. The 

aerosol characterization program consists of three air 

measurement stations in New York State located at 

New York City, Whiteface Mountain and Pinnacle 

State Park. The use of the three sites allows for 

the study of regional background and transport 

phenomena relative to the urban location which has 

numerous additional local sources. 

The presentation focused mainly on the work in 

progress in New York City for the fall 2000 to 

fall 2002 sampling period. Results indicate that 

the principal sources of PM in the State stem from 

the production and use of energy, including the 

combustion of fossil fuels. The study showed a large 

organic carbon component of fine particles sampled 

in the city, mixed with sulfate, nitrate and ammoni­

um. The source of the organic and black carbon 

fractions of PM2.5 are associated mainly with motor 

vehicle emissions, a substantial portion of which is 

from heavy duty trucks and buses. 

During the sampling period, PM2.5 mass was general­

ly high in summer and is greatest in July but also 

high in January. The fraction of aerosol mass due to 

sulfate and organics were greatest in summer while 

the nitrate fraction was highest in winter and lowest 
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Diurnal Box Plot of SO4 Production Rates, 

μg/m3 hr-1as Calculated from (OH-SO2 reaction) 

Figure A-1 

Figure A-2
 

in summer (Figure 1). These pat­

terns are consistent with increased 

photochemical activity in summer 

and cooler temperatures in winter 

causing condensation of 

semivolatile nitrate species onto 

particles. Measurements of H2SO4 
in aerosols, SO2 and OH for the 

Queens site indicate significant 

H2SO4 production potential 

during summer (Figure 2), further 

illustrating the importance of local 

SO2 sources to observed sulfate in 

PM2.5 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 SO2 emissions 

compared to conventional diesel 

buses with no after treatment 

devices. Buses with each of these 

technologies, as well as conven­

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 

NOx, but emissions shifted to high­

er NO2/NO ratio. NOx emissions 

from CNG buses increased along 

with methane and formaldehyde 

emissions. The carbonaceous gases 

may be managed readily by adding 

an oxidation catalyst converter to 

the bus exhaust but the increased 

NOx emissions remain an issue. 

The study also showed a significant 

reduction in SO2 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 SO2 and primary 

sulfate emissions to further 

decrease PM2.5 levels in the city. 
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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 PM2.5, 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 SO2. 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 SO2 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 SO2. 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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SESSION B 

Ecosystem Response to Deposition of Sulfur, Nitrogen, and Mercury
 

Trends in atmospheric emissions associated with 

fossil fuel combustion have changed dramatically 

over the past century. Recent emissions reduc­

tions have produced changes in deposition that 

provide the opportunity to evaluate how ecosys­

tems respond to pollution levels and the extent to 

which recovery has occurred. Co-chaired by 

Kathleen Weathers, Forest Ecologist, Institute of 

Ecosystem Studies, and Mark Watson, Senior 

Project Manager, NYSERDA, this session of the 

2003 NYSERDA Conference on Environmental 

Monitoring, Evaluation and Protection in Albany 

focused on ecosystem response to changing 

levels of sulfur, nitrogen, and mercury in New 

York State. 

A Road Map for NYSERDA’s EMEP Program 

Watson outlined information gaps that research 

projects sponsored by the Environmental 

Monitoring, Evaluation, and Protection program 

are addressing through monitoring, field and 

process studies, syntheses and assessments, and 

modeling. 

Monitoring 
• Through its 52-lake long-term monitoring 


program, the Adirondack Lakes Survey
 

Corporation is tracking the response of
 

Adirondack lakes and streams to changes 


in atmospheric deposition. 


• The Institute of Ecosystem Studies is studying 

the response of forests to experimentally 

enhanced nitrogen deposition and assessing 

the long-term effects of chronic nitrogen 

deposition in the Hudson Valley. 

• The Adirondack Cooperative Loon Program is 

measuring mercury exposure in more than 

40 Adirondack lakes. This project will provide 

data to evaluate the relationship between 

methyl mercury availability and the health 

of loon populations. 

• The New York Department of Environmental 

Conservation is monitoring mercury concen­

trations in fish in over 125 New York lakes. 

The program will provide data to the State’s 

Department of Health to inform fish consump­

tion advisories. 

• NYSERDA is providing short-term funding 

for New York State's two Mercury Deposition 

Network sites, Huntington Forest in the 

Adirondacks and Biscuit Brook in the 

Catskills. 

Field and process studies 
• Tetra Tech has used a mass balance model 

to quantify mercury inputs, outputs, and 

cycling in Sunday Lake, a drainage lake in 

the Adirondacks. The model accounts for 

influences on mercury cycling and accumula­

tion in fish. 

• The SUNY College of Environmental Science 

and Forestry is examining sediment cores to 

assess the controls on the fate of sulfate, the 

contribution to watershed nitrogen by speckled 

alder, and the history of mercury deposition. 

• The SUNY College of Environmental Science 

and Forestry is also using a small watershed 

approach and an integrated model to predict 

patterns of acidification in the Adirondacks. 

This long-term study serves as a baseline for 

similar research in the region. 

• The U.S. Geological Survey is studying the
 

Black River and Oswegatchie River water­

sheds of the western Adirondack region to
 

improve characterizations of the acid-base 


status of New York watersheds. 


• The U.S. Geological Survey is also evaluating 

the use of isotopes to differentiate sources of 

atmospheric nitrogen and inputs of anthro­

pogenic nitrogen to land and surface waters. 

Synthesis and assessments 
• The Hubbard Brook Research Foundation has 

completed a project evaluating the multiple 

sources of nitrogen and its effects across 

New York and New England. The synthesis 

includes an assessment of potential mitigation 

strategies. 

• E&S Environmental Chemistry is using 

research, monitoring, and modeling results 

to estimate the response of lakes in the 

Adirondacks to varying levels of deposition. 

The study will also identify regions and 
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Figure B-1 

Figure B-2 

Years required to achieve target ANC value (50  g/L) 

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 (SO2) 

and nitrogen oxides (NOx) in the 

31 states of the eastern United 

States from 1991 to 2000. NOx 
emissions showed very little 

decline, whereas SO2 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 

NOx emissions has increased. 
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Weathers and her colleagues find statistically signifi­

cant relationships between SO2 emissions and vol­

ume-weighted sulfate concentrations in precipitation; 

and between SO2 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;
 

• 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 μeq/L; average pH was less than 5.5 in 23 lakes; 

and toxic Al was over 2 μmol/L in 16 lakes. Roy and 

her colleagues estimate that it may be decades before 

many lakes reach a target ANC value of 50 μeq/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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and Catskills (Figure B-3b). This 

suggests that regional trends in 

precipitation chemistry are a major 

driver of streamwater chemistry. 

Conversely, streamwater nitrate, 

pH, and ANC are not well correlat­

ed between the two regions, 

suggesting that these chemical 

attributes may be more sensitive 

to local conditions. 

Burns and his colleagues are 

comparing soil and vegetation data 

to see why streamwater nitrate 

may not respond consistently to 

atmospheric inputs. Tree species 

composition may influence the net 

retention of nitrogen and surface 

water nitrate concentrations. Soils 

under sugar maple stands, for 

example, have lower carbon-to­

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.
 

An integrated biogeochemical 

model, PnET-BGC, is helping 

elucidate watershed processes and 

the response of water bodies to 

acid deposition. Charles Driscoll, 

Syracuse University, and colleagues 

have compared Biscuit Brook in 

the Catskills with four Adirondack 

Lakes and found low sulfur reten­

tion in all watersheds. This is con­

sistent with the strong correlation 

in sulfate trends. The model results 

also suggest that land-use history 

and in-lake processes affect 

nitrogen retention rates, consistent 

with the lack of a correlation in 

nitrate trends.Figure B-4 
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 

significantly between watersheds. 
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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 

Figure B-5a 
Brook Trout Lake - Seasonal Patterns in Nitrates 

Figure B-5b 
Mercury Retention Based Upon Sediment Patterns of Eight Adirondack Lakes 
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Figure B-6 
Comparison of Deposition Levels in Sunday Lake Watershed 

had elevated levels of mercury that 

increased with age 

and decreased with water pH. A 

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 

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 

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 

for this are not yet well understood 

(Figure B-6). 

The Sunday Lake watershed has been 

intensively studied. Over three years, 

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 

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 

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.
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SESSION C 

Control of Particulates and Co-Pollutants: 

Technology Options and Costs 

This session of the 2003 NYSERDA Conference 

on Environmental Monitoring, Evaluation and 

Protection in Albany considered technical and 

policy approaches for controlling particulate 

emissions (PM) and the economic implications. 

Sandra Meier, Associate Director, Environmental 

Energy Alliance of New York, chaired the 

session. Presenters addressed four areas of 

interest to policymakers who are preparing state 

implementation plans (SIPs) to meet National 

Ambient Air Quality Standards for both ozone 

and particulate matter (PM): accurate baseline 

emissions inventories for PM and its precursors, 

the available technologies and associated costs 

for controlling emissions from the electric utility 

sector, emissions from the mobile source sector, 

and emissions reduction credits process for new, 

small-scale combined heat and power projects. 

Status of Particulate Matter Emissions 

Inventories 

Phil Lorang, Group Leader for Emission Factors 

and Inventories, Office of Air Quality Planning 

and Standards, U.S. Environmental Protection 

Agency (EPA), described the roles played by 

states, regional planning organizations, and 

industry in preparing inventories from informa­

tion about point, area, and mobile sources. 

Emissions data, generally annual, are combined 

with other information to develop inputs for 

modeling purposes. Spatial and temporal alloca­

tion factors are then used to provide an inventory 

that has finer resolution in both space and time 

so that grid models can develop hourly, daily, 

episodic, seasonal, and yearly predictions. 

A new consolidated emissions reporting rule 

of the Environmental Protection Agency (EPA) 

requires states to include the “condensable” 

fraction of PM, thereby improving the accuracy 

of reported PM data. Recent investments by 

regional planning organizations in inventory 

development and quality assurance will also 

result in more accurate estimates of emissions. 

The better data are expected to be incorporated in 

the draft 2002 National Emission Inventory, to be 

released in fall 2004. 

Because of its complexity, the New York City 

metropolitan area may be poorly represented by 

the standard national methods used to estimate 

emissions from area sources. For example, the 

inventory shows significant residential coal use 

in New York State even though the residential 

sector has switched to other fuels. Also at issue 

are the correct estimates of condensable PM. 

Based on dilution tunnel tests sponsored by 

NYSERDA and others, it appears that EPA’s 

PM-2.5 emissions factor for natural gas–fired 

sources is about 25 times the measured value. It 

also appears that New York State needs to collect 

more accurate information on the stack heights of 

point sources. 

Lorang noted that the emissions inventories have 

dramatically improved over the years and that the 

2002 inventory, when ready, should be a substan­

tial improvement over the previous efforts. 

Utility PM and Precursor Emissions and 

Multipollutant Control Options 

Praveen K. Amar, Director of Science and Policy, 

Northeast States for Coordinated Air Use 

Management, covered the regulatory landscape 

for emissions of SO2, NOx, PM, and mercury 

from the electric utility sector. Based on case 

studies of control technologies for NOx and SO2 
from power plants from the 1940s to 2000, a 

recent report showed that regulation with 

well-defined targets and deadlines drives the 

development and implementation of control 

technologies: technological innovation follows, 

rather than precedes, regulatory requirements. 

Additionally, early estimates of the costs 

imposed by new regulation have dramatically 

overstated actual compliance costs. If used to 

establish emissions reduction requirements, 

faulty initial cost estimates could lead to weak 

regulatory policies and a lower level of 

environmental protection. 

Analysis of the seasonal ozone control policy for 

electric utilities shows that NOx emissions could 

have been halved at an additional cost of 5% to 

10% if the control technology had been used 

year-round. Thus, additional NOx reductions to 
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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 NOx. 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 NOx 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, NOx 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 NOx as a nitrate. Then, in the rich mode, 

the stored nitrate dissociates to NO2, 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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Hubbard Brook watershed in New 

Hampshire. 

Model results for coastal estuaries 

show that nutrient loading is most 

effectively reduced by an integrated 

management strategy addressing 

wastewater, emissions from vehicles 

and electric utilities, and agricultural 

sources. The single action that would 

most substantially decrease nitrogen 

delivery to estuaries is biological 

nitrogen removal from wastewater 

treatment plants. 

Nitrogen in Rivers and Estuaries of 

New York State 

Elizabeth Boyer, Assistant Professor, 

SUNY College of Environmental 

Science and Forestry, described 

efforts to estimate the origins of 

nitrogen in Northeast watersheds, its 

fate in watersheds, and its movement 

into streams and estuaries. Several 

challenges to establishing such 

budgets and quantifying nitrogen 

inputs have emerged: 

• 	the presence of multiple species 

of nitrogen in the atmosphere, 

including ammonia species, nitro­

gen oxides, and organic nitrogen; 

• 	the existence of multiple input 

pathways (e.g., wet and dry 

deposition), making it difficult 

to quantify total nitrogen inputs 

across variable landscapes; and 

• 	the difficulty of “scaling up” 

measurements of nitrogen 

deposition from specific sites 

to large watersheds. 

Atmospheric nitrogen deposition 

may be underestimated for several 

reasons: most monitoring sites are in 

rural areas, ammonium deposition 

measurements can be affected by 

biological activity in collection 

buckets, and the input of organic 

nitrogen is not adequately consid­

ered. Recent research suggests that 

organic nitrogen could contribute up 

to 30% of total nitrogen deposition in 

the Northeast. Boyer summarized the 

uncertainties in nitrogen deposition 

Reprinted with permission from “Nitrogen Pollution: From the Sources to the Sea,” 
Hubbard Brook Research Foundation, 2003. 

Figure D-3 

Reprinted with permission from "Nitrogen Pollution: From the Sources to the 
Sea," Hubbard Brook Research Foundation, 2003. 

Figure D-4 
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Figure D-5 

estimates and underscored the impor­

tance for policymaking of better 

estimates and a better understanding 

of atmospheric deposition. 

Boyer and her collaborators have 

used two modeling approaches to 

improve anthropogenic nitrogen 

budgets: a mass balance model called 

Total Net Nitrogen Inputs and a 

regression model known as Sparrow 

(Spatially Referenced Regression on 

Watershed Attributes). The mass 

balance model results for the Hudson 

River watershed show that nitrogen 

inputs vary from upstream to 

downstream with changes in human 

population, as the relative contribu­

tion of nitrogen in food increases 

from the sparsely populated uplands 

to the densely populated coastal zone 

(Figure D-5). 

The Sparrow model was used to 

evaluate differences in nitrogen 

inputs for two watersheds in New 

York with a similar size but different 

land-use patterns. When comparing 

the Mohawk and the Seneca water­

sheds, Boyer and her colleagues 

found that land-use differences can 

result in changes in nitrogen inputs. 

Although atmospheric deposition 

was the largest single input for both 

watersheds, the next largest input 

was associated with urban runoff 

in the Mohawk basin and with 

agricultural activities in the Seneca 

watershed. The researchers 

concluded that relatively small 

land-use changes can have large 

effects on the nitrogen cycle. 
HLL HLM LLL HML HLH LLM LML LLH HMM LMM HHL LHL HMH LMH HHM LHM LHH HHH 

Combinations of assumptions in scenario analysis characterizing 

market structure, epidemiology and valuation. 

Both modeling approaches indicate 

that atmospheric emissions and 

associated deposition are a 

Figure D-6 
significant source of nitrogen input 

to New York State watersheds. 

Benefits of Reduced Air Pollution
 

in the United States 

Dallas Burtraw, Senior Fellow, 

Resources for the Future, focused on 

cost-benefit analysis of reductions in 

atmospheric emissions from electric 

utilities. 
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Benefits of Reduced Air Pollution

Title IV of the Clean Air Act
 

Amendments of 1990 established the 

SO2 emissions trading program for 

electric utilities. Despite concerns 

that a trading program would create 

hot spots in areas sensitive to acidic 

deposition, a regional analysis of 

SO2 allowance trading in the eastern 

United States shows that emissions 

have decreased consistently across 

the region. Burtraw concluded that it 

does not appear that SO2 trading is 

causing a problem. 

To achieve further reductions in NOx 

emissions from electric utilities and 

reduce ground-level ozone in the 

eastern United States, the 

Environmental Protection Agency 

has issued its state implementation 

plan (SIP) call. Although ground-

level ozone is largely a summertime 

problem in the eastern United States, 

Burtraw and his colleagues have 

analyzed the cost-effectiveness of 

the NOx SIP call in dealing with 

year-round effects, such as acidic 

deposition. Assuming year-round 

NOx reductions, the project team 

found that net benefits (i.e., benefits 

minus costs) are consistently favored 

by a year-round approach to emis­

sions reductions (Figure D-6) and 

that regional reductions are generally 

more cost effective than mandated 

nationwide cuts in emissions.
 

Value of SO2 Emission Reductions by State 

Figure D-7
 

Burtraw and his colleagues have also 

analyzed the costs and benefits of 

multipollutant bills introduced in 

Congress. Using existing literature 

on human health benefits, they have 

determined that reductions in SO2 

and NOx emissions achieved by the 

proposed policies appear to be cost-

effective (Figure D-7). In fact, based 

on the economic studies, even 

greater cuts in SO2 emissions would 

be justified. Mercury is also 

addressed under some proposed poli­

cies. Based on available information, 

Burtraw expects that, broadly speak­

ing, mercury trading under certain 

constraints could lower costs, but the 

benefits are not well quantified. 

Most cost-benefit analyses of 

emissions reductions policies have 

focused on improvements in human 

health rather than on general 

environmental improvements, large­

ly because economic information 

on “nonuse” values is lacking. To 

address this shortcoming, Burtraw is 

seeking to quantify values that are 

characteristically ignored in cost-

benefit analyses by surveying “will­

ingness to pay” to improve natural 

resources in the Adirondacks and 

including economic benefits 

associated with nonuse values. 

Session D 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.
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CONFERENCE CLOSING ADDRESS
 

Elizabeth Thorndike, Founder and Director, Center for Environmental Information
 

and Member of the NYSERDA Board
 

The discussions in this conference have underscored 

the significant environmental impact of energy use and 

the need for regional, national, and even international 

solutions and cooperation, both in research and in policy 

making, to solve the problems. 

This doesn’t mean that one state cannot make a difference. 

In fact, many initiatives seem to be taking place at the 

state level. Governor Pataki’s Regional-State Climate 

Initiative is an important example. As was pointed out by 

the speaker from the Department of Public Service, the 

economies of the New England states, New York, New 

Jersey, and California together constitute the world’s third 

largest economy. 

With modest financial resources, New York has launched 

an excellent scientific research program in the 

Environmental Monitoring, Evaluation, and Protection 

Program here at NYSERDA. With an outstanding research 

community, with the leveraging of funding that takes 

place, and with the focus on enhanced communication, the 

research that has been presented here does indeed provide 

a good scientific foundation for health-related and 

environmental management decisions that are ahead of us. 

The conference addressed a variety of science and policy 

topics, through breakout sessions, panel discussions, 

plenary presentations, and an extensive poster presenta­

tion. From discussions in the Fine Particulate Matter and 
Health Effects sessions, it is clear that we are making 

progress in understanding this environmental threat - but 

we have really just scratched the surface. While a body of 

research has emerged that has given us the statistical 

confidence to conclude that fine particles cause adverse 

health effects, we do not yet know what exactly it is in the 

fine particle soup that is causing the impacts. Is it the 

sulfates, the metals, the organic mixture, or is it the very 

small, ultra fine particles? And, while we’re focusing on 

reducing the PM2.5 mass in our air quality management 

strategies, what if we achieve that mass reduction by 

reducing a constituent that is comparatively inert and not 

the major component contributing to adverse health 

effects? We may get some benefits, but will we attain our 

public health goals? We are still at the beginning of under­

standing this very important field and if our track record in 

addressing ozone holds true, it will be some time before 

we fully understand the nature of airborne particulate 

pollution. 

So how do we proceed in the meantime? We’ve heard 

good arguments that we should do what we can to reduce 

ambient levels of PM2.5 and hold the course, while we 

continue to understand better the specific constituents 

causing the adverse health effects. Should we have a 

standard that is PM1 (i.e., 1 micron) in the future? 

Should we have a particle-number-based standard? We do 

not yet know the answers to these questions, but looking 

back five years we have made fundamental progress in 

understanding how PM interacts with biological systems 

and I am confident that with adequate research investment 

we can address these critical policy questions. 

In terms of Control Technology Options, over history 

we have seen that innovation in control technology can 

precede establishment of regulation. However, sometimes 

innovation and reduction in control cost follows regula­

tion. We need to keep this historical experience in mind 

as we consider various policies in the future to reduce 

particulate matter and co-pollutants. 

We also need to ensure that we understand how the 

different pollution control technologies affect other 

constituents in the PM soup. Does a new device or new 

technology increase the number of particles? Does it 

increase the elemental carbon fraction? We have to 

continue to ask these questions. We have learned that 

lesson from our endeavors to reduce ozone pollution. 

In the Ecosystem session we struggled with a fundamental 

question. Are we observing recovery from acidification? 

What does the recovery mean? How much improvement 

is needed to declare recovery? How long will it take? 

We are seeing a reduction in sulfate deposition and we are 

seeing the beginning of minor, yet statistically significant 

increases in measured pH in many lakes. We’re headed in 

the right direction, but it’s only the beginning. 

Another very important lesson we can learn from our 

efforts to address the acid rain problem is that we should 

not be too quick to think we’ve solved the problem. Recall 

back in the early 1990s there was little funding for acid 
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