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TRACKING THE IMPACT OF EMISSION REDUCTIONS ON AIR QUALITY TRENDSTRACKING THE IMPACT OF EMISSION REDUCTIONS ON AIR QUALITY TRENDS ATATQ 
WHITEFACE MOUNTAIN, NYWHITEFACE MOUNTAIN, NY


K L DEMERJIAN, U K R h  dh  d J  S h  b, At h i S i R h C t U i ityK.L. DEMERJIAN, U. K. Roychowdhury, and J. Schwab, Atmospheric Sciences Research Center, University at Albany,y,
y y,  p , t Alb 
St t U i ity f N Y k, 251 F ll Rd AlbState University of New York, 251 Fuller Rd, Albany, NY 12203;; 
, y,  NY 12203 

O R ttig , H D F lt , D p t t f E i t l C ti , Di i i f Ai R , Alb y, NY 12233O. Rattigan, H.D. Felton, Department of Environmental Conservation, Division of Air Resources, Albany, NY 12233


Long term measurements of air pollutants provide the opportunity to track the progress and efficacy of implemented regulatory emission control actions Over the past two decades primary air pollutants
Long term measurements of air pollutants provide the opportunity to track the progress and efficacy of implemented regulatory emission control actions. Over the past two decades primary air pollutants 

(SO22, NOxx) have been reduced under regulatory programs including) g  y  p  g  g  Acid Rain (Title IV), NOx SIP Call, Clean Air Interstate Rule (CAIR) and its subsequent replacement Crossq p -State Air Pollution Rule
( , ( ), , ( ) 
  
(CSAPR) These regulatory actions have resulted in estimated emission reductions of ~2 8% /yr in SO and NOx since 1990 Measurements performed at Whiteface Mountain which is situated
(CSAPR). These regulatory actions have resulted in estimated emission reductions of ~2.8% /yr  in SO2 and NOx since 1990. Measurements performed at Whiteface Mountain, which is situated 

d i tl d i d f th i i t ll d i l d t l th t h i t th i ipredominantly downwind of the emission controlled regions, are analyzed to explore the atmospheric response to these emission chhanges. 

~60mi N - Montrealhi  f  i i l  d i h  h  p f h Adi  d k S  kWhiteface Mountain is located in the northern part of the Adirondack State Park Atmospheric ReservoirAtmospheric Reservoir
~270mi WSW- Buffalo/Toronto 

Rochester 
~230mi SW – PSP O3 NH3th t d i tl fl f th t d th t t ti ~200mi SSE – Boston 

in upstate New York (see Figure 1) The region is typically influenced by aged airin upstate New York (see Figure 1). The region is typically influenced by aged air ~230mi WSW~230mi WSW - Rochester 

masses that predominantly flow from the west and southwest transporting 
2 3 4 32 DepositionDepositionemissions from source regions in the Midwest. Less typical northerly flows arey Emissions OHg yp  Emissions Sampling Location :

NONOXX & SO& SO2 NO → NO2 → HNO3 → NH4NO3 

Sampling Location : SO → ( H ) SOSO2 → (NH4)2SO4 
Wet associated from clean air Pollutant measurements at the Summit observatoryassociated from clean air. Pollutant measurements at the Summit observatory H2O2 

DryDry Wet 

(WFML)( )  ((altitude 1,500m) (see Figure 2) include both primary (SO(WFML)2) i (SO 2, NOx, CO) andCO)( l i  d 1 00  ) (  ig ) l d b h p i y ( 2 Ox ) d 
NOy) air pollutants SO2 SO =secondary (Osecondary (O33, NONO22, NOy) air pollutants. A similar suite of gas phase as well asA similar suite of gas phase as well as SO2 SO444o 23.6’’ N,  73N, o51.5’’W HNO3 NO33 NO3ti l t tt (PM) d iti d h i l t d iti ‐particulate matter (PM) mass and composition and chemical wet deposition 

Fi 3 h ti f th ff ti th t f ti dFigure 3. schematic of the processes affecting the transformation andmeasurements are carried out at Marble Mountain (altitude 600m) located to the( )  partitioning of primary pollutants (SO and NOx)partitioning of primary pollutants (SO2 and NOx).Figure 2. ASRC Summit  Observatory (altitude 1,500m).Figure 1. Map of northeastern U.S. and ASRC Summit  andnortheast of the Summit and adjacent to ASRC’s base of operationsnortheast of the Summit and adjacent to ASRC s base of operations . Pinnacle State Park monitor sites. 

h h i l d p y i l p h y h ff h f f SO 2 d O i i i h h ill d i i 3 h p l i ph i lif i gi g f 1/2 3 d  ( hh p g  y ( hThe chemical and physical pathways that affect the fate of SO2 and NOx emission in the atmosphere are illustrated in Figure 3. These processes result in atmospheric lifetimes ranging from ~1/2- 3 days (the shorter 
lifetimes associated with NOx) and transport scales in the range of 200 to 1000 km Trend analyses of these primary pollutants and their oxidation produand their oxidation productscts are compared with emission trends to determine theirare compared with emission trends to determine theirlifetimes associated with NOx) and transport scales in the range of 200 to 1000 km. Trend analyses of these primary pollutants 

i t ith i l t d l t i i t l ticonsistency with implemented regulatory emission control actions. 
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The sequence of graphs above from left to right show temporal trends in SO emission estimates in the northeast (OTAG) region (1988 2011) Whiteface Mountain annual boxplots of hourly SO measurementThe sequence of graphs above from left to right show temporal trends  in SO2 emission estimates in the northeast (OTAG) region (1988-2011), Whiteface Mountain annual boxplots of hourly SO2 measurement, 
monthlyy boxplots, annual mean linear regression of these data for the period 1996, g  p  -2010. The final graph shows the annual mean linear regression of sulfate wet deposition measurements taken at the lodge level. Thep gp g p g  
rate of reduction of the annual mean concentration of ambient SO is 5 6 % /yr while that for annual mean precipitation weighted wet sulfate deposition is 2 5% /yr The wet rate of reduction is comparable with SO2rate of reduction of the annual mean concentration of ambient SO2 is 5.6 % /yr, while that for annual mean precipitation weighted wet sulfate deposition is 2.5% /yr . The wet rate of reduction is comparable with SO 

ti t d i i d ti t f 2 8% / b t l th th t b d f bi t SO Th EPA N ti l T d N t k (134 it ) t l d ti i bi t SO f 2 5 %/  Thestimated emissions reduction rate of 2.8% /yr, but less than that observed for ambient SO2. The EPA National Trends Network (134 sites) reports an annual mean reduction in ambient SO2 of 2.5 %/yr. The 
explanation for the factor of 2 difference between the national mean trend and that observed at Whiteface Mountain is not immediately apparent, but is likely due to enhanced SO2 processing occurring in aged airexplanation for the factor of 2 difference between the national mean trend and that observed at Whiteface Mountain is not immediately apparent, but is likely due to enhanced SO2 processing occurring in aged air 
parcels typically sampled at Whitefaceparcels typically sampled at Whiteface. 
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The sequence of graphs above are similar to those for SOh f  ph b i il h f SO 22 above, but for nitrogen oxide species, where from left to right show temporal trends inb b  f  i  g pid i h f l f igh h p l d i NOxO emission estimates, Whiteface Mountain annuali i  i  hi  f  i  l  boxplotsb l  offq g  p 
hourlyhourly NOyNOy measurementmeasurement, monthlymonthly boxplotsboxplots, and annual mean linear regression of these data from1996and annual mean linear regression of these data from1996-2010 The final graph shows the annual mean linear regression of nit2010. The final graph shows the annual mean linear regression of nitrate wet deposition measurementsrate wet deposition measurements. TheThe 

t f d ti f th l t ti f bi t NO h t d hil th t f l i it ti i ht d  t it  t d  iti  i 1 9% /  Thi i i  i  ith NO  ti  trate of reduction of the annual mean concentration of ambient NOy shows no trend, while that for annual mean precipitation weighted wet nitrate deposition is 1.9% /yr . This is in comparison with NOx estimatedd 
emissions which indicate a reduction rate of 2.7% /yr. The EPA National Trends Network (151sites) reports an annual mean reduction in ambient NO22 of 2.0 %/yr.% y  ( ) p  % y  

C l iConclusion: 
Emission trends of SO and NOx in the northeast over the past 20 years have been estimated to have very similar (i e ~2 8% ) annual rates of reduction The chemical lifetime of the
Emission trends of SO2 and NOx in the northeast over the past 20 years have been estimated to have very similar  (i.e., ~2.8% ) annual rates of reduction . The chemical lifetime of the 
SO22 and NOx affects their transport and fate, which in turn affects sensitivity to detect emission changes in ambient reservoirs and atmospheric sinks.SO and NOx affects their transport and fate, which in turn affects sensitivity to detect emission changes in ambient reservoirs and atmospheric sinks.
 
Longer li ed SO sho s trending in ambient SO concentrations and s lfate et deposition that is consistent ith emission red ction rates hile trends in ambient NO ere not
Longer lived SO2 shows trending in ambient SO2 concentrations and sulfate wet deposition that is consistent with emission reduction rates, while trends in ambient NOy were not 

observed likely due to NOx’s very short lifetime and the significant distance between source and receptor (Whiteface Mountain)
observed, likely due to NOx s very short lifetime and  the significant distance between source and receptor (Whiteface Mountain).
 
Th d l d h ili f l g i l  i  i i h ffi  f i i  l i  hi  i g pi i d i l/ i q li
These trend analyses demonstrate the utility of long-term environmental measurements in monitoring the efficacy of emission contg y  rols in achieving anticipated environmental/air qualityy
y y 
  
outcomes elements fundamental to establishing an “accountable” air quality management systemair quality management system.
outcomes, elements fundamental to establishing an accountable
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