
NYS Department of Environmental  Conservation

National Air Toxics Monitoring and Data Analysis Workshop        
Dallas, TX

April 4-7, 2011

Dirk Felton1, Kevin Civerolo1, and Mazeeda Khan2

1NYSDEC; 2USEPA

Establishing an Ambient Mercury 
Baseline in New York State: 

Results from an EPA Community 
Assessment Grant

Presenter
Presentation Notes
The NYSDEC Division of Air Resources has been measuring Hg in wet deposition and ambient air since 2008, using funds from a local-scale air toxics monitoring grant.  Travel restrictions precluded NYSDEC staff from attending this meeting.  Extensive developmental work was necessary to make the Tekrans suitable for remote operation, but now we have several years of data to characterize temporal (seasonal, diurnal) trends.  Our experiences and feedback has aided in the development of SOPs for the standardization of groups participating in the AMNet program.  Although the EPA portion of funding ended last Fall, we have pursued additional funding to keep the measurements going for the near future.
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Objectives
• Establish a mercury baseline in NY  – speciated 

air concentrations and wet deposition
• Track progress of recent emission reduction 

strategies, and ensure that monitoring is in place 
to assess future planning efforts

• Characterize diurnal, seasonal, and year-to-year 
patterns in Hg at two urban locations

• Compare data with rural sites across NY
• Participate in & provide feedback to MDN/AMNet

Presenter
Presentation Notes
Main objectives: (1) no urban Hg measurements in New York, we are interested in establishing baseline air concentrations and wet deposition; (2) the purpose of establishing a baseline is to track progress of recent and planned emissions reduction programs (e.g. 6 NYCRR Part 246 is two-phase regulation to reduce Hg emissions from coal-fired utilities by 90% from 1999 levels; EPA’s recent proposed first-ever national standards for Hg, As, and other toxics from utilities); (3) characterize diurnal, seasonal, and year-to-year changes in ambient concentrations; (4) see how data from two somewhat different urban locations compare with data from more rural sites in NY and the surrounding region; (5) provide feedback on Tekran performance, SOPs, lessons learned to inform the NADP’s MDN and AMNet programs
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Bronx, NY
• NY Botanical Gardens – Pfizer Plant 
Research Laboratory in north Bronx

• ~20 million people in metro area

• Numerous pollution sources and 
long chemical/industrial legacy in the 
region

Rochester, NY
• NYSDEC continuous air 
monitoring station, east of downtown 
Rochester

• ~1 million people in metro area

• Site downwind of numerous coal-
fired utilities 

Presenter
Presentation Notes
Google Earth images of the areas around the two monitoring stations, indicated by the arrows.Roadways, residential, commercial areas surround the sites.
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Atmospheric Mercury
• Elemental gaseous mercury, Hg(0)

– Weakly water soluble
– Global background concentrations ~1 to 2 ng/m3

– Atmospheric lifetime ~0.5 to 2 years
– Typically >95% of atmospheric Hg

• Reactive gaseous mercury, RGM
– Divalent, oxidized...
– Highly reactive & water soluble, readily wet/dry deposited
– Short lifetime (hours to days), pg/m3 concentrations

• Particle-bound mercury, PBM
– Condensed Hg, semi-volatile Hg bound to aerosols
– Readily wet/dry deposited
– Short lifetime (hours to days), pg/m3 concentrations

Presenter
Presentation Notes
Primer on the three Hg species from the Tekran measurements.  Hg(0) is a global pollutant, it is found everywhere including the pristine Arctic region, and accounts for most of the atmospheric Hg.  Away from direct sources, RGM and PBM are generally very small fractions of the atmospheric Hg burden, but contribute significantly to wet and dry deposition.
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MDN wet deposition system
ETI NOAH IV total precipitation gauge

N-CON 00-125-2 automatic precipitation sampler

Weekly total Hg wet deposition and 
precipitation

Presenter
Presentation Notes
The wet deposition equipment at the Bronx site (rooftop of the Pfizer Plant Research Lab at the NY Botanical Gardens).  The left slide shows the deposition sampler which only opens when the IR sensor detects precipitation, the right slide is the precipitation gauge.  This is wet-only, we have not attempted to estimate dry deposition to this point.  Samples are picked-up weekly by the sites operator and sent to the Frontier Geosciences lab for analysis of total Hg in rainfall.
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Tekran ambient air system
Model 1135 

PBM module 

Model 1130 
RGM denuder 

module 
Model 2537B – collects 

Hg(0) on gold traps; 
every 5 minutes Hg(0) 

thermally desorbed and 
detected using CVAFS

First two hours:  PBM collects on quartz filter, 
RGM collects on KCl denuder, analyze Hg(0)

Third hour:  PBM & RGM sequentially 
desorbed and sent to 2537B for analysis

Heated line for 
desorbed 

RGM/PBM
Model 1130 pump 
module to provide 

extra flow for 
RGM/PBM detection

Continuous speciated Hg air 
concentrations

Presenter
Presentation Notes
This is the ambient air equipment.  The right slide shows the Tekran Model 2537B which sequentially collects and desorbs/detects Hg(0) concentrations on matched gold traps every 5 minutes, for the first 2 hours of the 3-hour cycle.  During these first 2 hours, RGM and PBM are collected on an annular denuder and quartz filter.  During the 3rd hour RGM and PBM are sequentially desorbed and sent to the detector through a heated line for analysis.  NYSDEC staff visit each site every 2 weeks to perform basic maintenance – denuder replacement, filter cleaning/replacement, other routine maintenance.  The raw data and instrument diagnostic files are sent to the AMNet program office for QA on a quarterly basis.



Quarterly MDN data
• Precipitation (top), Hg concentration 
(middle), and Hg wet deposition (bottom) at 
Bronx and Rochester, in comparison with 
three more rural MDN sites – Huntington 
Wildlife (Adirondacks), Biscuit Brook 
(Catskills), and West Point (Hudson Valley)

• Biscuit Brook and Bronx generally receive 
the most precipitation in NY, Rochester the 
lowest

• Hg concentrations were considerably higher 
at Rochester than other sites in 2008, but the 
discrepancy is much smaller now

• Considerable seasonal variation in wet Hg 
deposition over the past 2.5 years

Presenter
Presentation Notes
This slide shows quarterly precipitation, Hg concentrations, and Hg deposition at the two urban sites and the three more rural MDN sites in NY – Huntington Wildlife (Adirondacks), Biscuit Brook (Catskills), and West Point (which is now shut down). The highest concentrations in wet dep in NY occur at the Rochester site, downwind of coal-fired utilities in NY and upwind states, especially in 2008.  Consistent seasonality in Hg concentrations, but not so in deposition which is largely driven by variations in precipitation volume.  Hard to talk about trends in wet deposition, as only Huntington has 10 or more years of data.  These measurements need to be continued.
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SO4 vs. Hg in wet deposition

• Weekly concentrations at Bronx and Rochester

• Pollutants share common combustion sources

Presenter
Presentation Notes
Both sites are collocated with weekly acid deposition samplers operated by NYSDEC.  Similar to the NADP NTN program.  SO4 and Hg in rainfall are pretty well-correlated as the two pollutants share common sources, like coal combustion.



Diurnal variations, ambient Hg
• Diurnal variations at Bronx and Rochester 
– winter (blue), spring (green), summer, 
(Red) and fall (black)

• Hg(0) (top), RGM (middle), PBM (bottom)

• Distinct nighttime peak in Hg(0) at the 
Bronx, especially during summer; 
amplitude is less at Rochester

• Distinct daytime peak in RGM at both 
sites, especially during spring (looks 
photochemical)

• Slight daytime peak in PBM during the 
warmer months at Bronx, not as noticeable 
at Rochester

• Bronx data are more variable

Presenter
Presentation Notes
Switch gears to ambient Hg.  Diurnal variations of the three species by season.  The top row is Hg(0), middle row is RGM, and bottom row is PBM.  The left column is Bronx, right column is Rochester.  Hg(0) at the Bronx has a distinct nocturnal peak especially during the warmer months, perhaps driven by boundary layer dynamics.  The diurnal peak is less pronounced at Rochester, but qualitatively similar.  RGM seems photochemical, with a afternoon peak which is more pronounced at the Bronx.  RGM is much higher in the spring in general.  Some evidence of photochemistry affecting PBM levels at the Bronx during the warmer months, but almost no diurnal variation at Rochester.  PBM is generally higher during the colder seasons – low boundary layer, combustion sources.



Monthly variations, ambient Hg

• Monthly speciated Hg at Bronx, 
Rochester, and the rural Huntington 
Wildlife site

• Hg(0) (top), RGM (middle), PBM 
(bottom)

• Huntington Hg(0) exhibits a summer 
minimum, winter maximum; seasonal 
amplitude not as pronounced at Bronx 
or Rochester

• RGM has pronounced spring peak at 
Bronx and Rochester

• PBM has pronounced winter peak at 
Bronx and Rochester

Presenter
Presentation Notes
Monthly average Hg concentrations at the two urban sites, compared to the rural Huntington Wildlife site.  Error bars denote +/- standard deviation.  Top panel is Hg(0), middle panel is RGM, bottom panel is PBM.  Average Hg(0) concentrations are very similar at all three sites during the winter and spring, but the rural site tends to be lower during the summer months.  As shown in the previous slide, there is a clear spring peak in RGM at the urban sites, much less pronounced at Huntington.  Also a clear winter peak in PBM, also less pronounced at Huntington.  RGM and PBM are clearly elevated and much more variable at the urban sites.



Variations with co-pollutants, Bronx

August 12-21, 2009

Photochemical nature of RGM 
– correlation with O3 during a 

summertime episode

January 7-20, 2010

PBM correlated with SO2
during a wintertime event

Presenter
Presentation Notes
Two examples of co-pollutant analysis, both for the Bronx site.  The left panel illustrates the photochemical nature of RGM.  During periods of high RGM in the summer, RGM can correlate with O3.  The right panel shows that PBM can be correlated with SO2, a tracer of combustion that also tends to peak in the winter.  This is a very preliminary look at co-pollutants, investigations are ongoing.



Pollution rose analysis, Bronx
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• Clear enhancement of Hg from the 
S/SW, especially for PBM

• Current and/or legacy sources of Hg?

• Future plans may include comparison 
with Tekran and wind data from NJ

Presenter
Presentation Notes
Wind/pollution roses can be used to investigate possible source directions for pollution at a site.  Speciated Hg concentrations were binned by surface wind direction for the entire monitoring campaign, and average concentrations were computed for different wind sectors.  At the Bronx, all three species are elevated when the winds are from the south/southwest, most evident in PBM.  Landfills, numerous upwind sources (utilities, steel, chemical, crematoria,…), and legacy Hg in the region may be playing a role.  Currently working with NJ to compare with data from their Elizabeth monitor.



Winter stagnation event, Bronx

• Early February 2009

• Strong low-level inversion – low PBL 
heights and wind speeds, rising 
temperatures – February 7-8

• Hg(0) and PBM correlated with PM2.5, 
NOx, NMHC, and SO2

• peak Hg(0) levels nearly doubled, 
peak PBM values exceeded 120 pg/m3

Presenter
Presentation Notes
Example of a stagnation event in NYC during the winter.  Top panel shows T, PM2.5, and estimated PBL height from NOAA; second panel down shows wind speed and direction; third panel down shows NOx, NMHC, and SO2; and bottom panel shows the three Hg species.  In early February 2009 there was a strong low-level inversion, leading to conditions suitable for building-up local and regional emissions – low PBL heights, calm re-circulating winds.  The peak in Hg(0) tracks PM2.5, NOx, NMHC, and SO2 very well on February 7.  PBM was very high the previous day as well, roughly a factor of 5 higher than other days; Hg(0) was roughly double.
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Summary
• NYSDEC has collected nearly 2.5 years of Tekran and 

more than 3 years of MDN data at two urban sites to 
establish a Hg baseline

• The method development work helped to make the 
measurements more reliable and more consistent across 
the country

• The study data show that the wet and speciated ambient 
Hg concentrations from rural sites cannot be used to 
characterize concentrations in urban areas

• Additional data analysis will include urban co-pollutant 
interaction and collaboration with NJ to assist in potential 
source identification  
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