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Trends in Ozone Concentrations along the 
Washington, D.C. to Coastal Maine Corridor  

 

Historically, elevated ozone 
concentrations have been recorded along 
the East Coast from metropolitan 
Washington, D.C. to Acadia National 
Park in Maine. Within the last five years, 
3-year averages of the fourth highest 
daily maximum O  

3 concentrations have 
been more than 90 ppb at the CASTNET 
sites in Maryland, eastern Pennsylvania, 
New Jersey, and Connecticut and as high 
as 87 ppb in Maine. Recent studies by 
EPA (2005b) demonstrated a decline in 
O  

3 concentrations in the eastern United 
States that is related to the decline in NOx 
emissions, which resulted from a number 
of NOx emission control programs. The 
analyses discussed by Rogers et al. 
(2006a) together with the analyses in this 
chapter demonstrate a significant 
reduction in O  

3 levels at the 34 eastern 
CASTNET reference sites. This 
reduction is attributed to the significant 
decline in NOx emissions, as manifested 
by the decline in total nitrate 
concentrations, and cool, cloudy, and wet 
weather conditions during the “ozone 
season” (i.e., May through September) of 
2003 and 2004. More typical ozone 
season weather was observed in 2005. 
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Fourth highest daily maximum O  
3 concentrations measured at six CASTNET sites indicate 

that ozone peaked in 2002, and the lowest concentrations occurred during the last three 
years. The trend was calculated from 1990-2005 measurements from Beltsville, MD 
(BEL116); Blackwater Wildlife Refuge, MD (BWR139); Arendtsville, PA (ARE128); 
Washington’s Crossing State Park, NJ (WSP144); Abington, CT (ABT147); and Acadia 
National Park, ME (ACA416). The data were aggregated over the six sites. Ozone season 
temperature, solar radiation, and precipitation data show that the 2002 O  

3 peak was 
observed during an exceptionally warm, sunny, and dry summer. Much lower O  

3 
concentrations were recorded in 2003 and 2004. The weather conditions during these two 
ozone seasons were cool, cloudy, and wet. Weather conditions returned to normal during 
the 2005 O  

3  season. Yet O  
3 concentrations remained low.  

Ozone season mean nitrate concentrations have shown a significant decline in atmospheric 
nitrogen along the East Coast since 1999. The trend in total nitrate concentrations along the 
East Coast is comparable to the trend in total nitrate levels for the 34 reference sites 
(Figure 4-11), but the decline in concentrations along the East Coast is more significant. 
The 3-year mean total NO- 

3 level for 1990-1992 of 4.4 µg/m3 
  declined to 3.2 µg/m3 

  in 
2002-2005, a 27 percent reduction. The 1999 peak in mean nitrate was 4.5 µg/m3 

 . EPA has 
estimated about a 25 percent reduction in annual NOx emissions in the eastern United 
States over the period 1997-2004 (see Figure 4-9) and an approximate 50 percent decline 
in power industry NOx emissions during the ozone season for the same period. The 
relationship between low ozone along the East Coast and weather is clear from the trends. 
The decline in ozone, especially in 2005, is also related to the decline in NOx emissions 
and the corresponding decline in nitrate concentrations. 
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Chapter 5:  

 

 

 

Data Quality 
 
 
 
 
 
 
 
 
The CASTNET Quality Assurance (QA) program was designed to ensure that all reported data 
are of known and documented quality in order to meet CASTNET objectives and to be 
reproducible and comparable with data from other monitoring networks and laboratories. The 
QA program elements are documented in the Quality Assurance Project Plan (QAPP), Revision 
2.1, (MACTEC, 2003b). The QAPP is comprehensive and includes standards and policies for all 
components of project operation from site selection through final data reporting.  
 
Estimating dry deposition requires the measurement of several meteorological parameters and 
information on vegetation and land use. The CASTNET data collection process and QA efforts 
were designed to ensure that the data collected meet program objectives. 
 
Data quality indicators (DQI) are quantitative statistics and qualitative descriptors used in 
interpreting the degree of acceptability and utility of the data collected. The DQI for CASTNET 
are precision, accuracy, completeness, bias, representativeness, and comparability. Precision, 
accuracy, and completeness for CASTNET 2005 data were analyzed and compared with 
historical data collected during the period 1990–2004. The information in this report is 
supplemented by analyses that are discussed in quarterly CASTNET Quality Assurance Reports 
(e.g., MACTEC, 2006b). These QA reports are produced four times per year with the fourth 
quarter report including an annual summary. Both historical and current data can be used with 
confidence since CASTNET data are always verified and validated through the use of the DQI 
and associated measurement criteria. CASTNET has produced and continues to produce data of 
the highest quality. 
 

Joshua Trees in Nevada 

The CASTNET quality assurance program is based on specified data quality objectives, 
which are evaluated using data quality indicators (DQI). Historical data and measurements for 
2005 can be used with confidence since CASTNET measurements are continually evaluated 
through the use of DQI and their associated measurement criteria. CASTNET has produced 
and continues to produce data of the highest quality. 
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Figure 5-1 Historical and 2005 Precision Data for Atmospheric Concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Precision 
Exposed Filter Concentrations 
Figure 5-1 provides a bar chart in which the bars represent precision statistics for each 
CASTNET analyte in terms of mean absolute relative percent difference (MARPD) for both the 
historical (1990–2004) and the 2005 data for the collocated sites at Mackville, KY 
(MCK131/231) and Rocky Mountain National Park, CO (ROM406/206). Trace cations and 
chloride are excluded from this figure but are shown later in Figure 5-2. The historical results 
vary from about 4 percent for particulate sulfate (SO2-

4) to about 12 percent for particulate nitrate 
(NO- 

3). The historical MARPD for SO2-
4  met the criterion for the CASTNET laboratory 

measurements shown in Table 5-1. The historical results for sulfur dioxide (SO 
2), nitric acid 

(HNO 
3), and ammonium (NH+ 

4) were above the 5 percent criterion but were considered 
reasonable. The results for NO- 

3 were significantly above the 5 percent goal. Historically, the 
precision of NO- 

3 measurements has been consistently worse than for the other analytes, possibly 
because NO- 

3 concentrations are the lowest of all the pollutants, and nitrate species include 
sampling artifacts (Harding ESE, 2003). 
 
The 2005 precision results shown in Figure 5-1 indicate that the results for MCK131/231 were 
below (i.e., better than) the historical results for all five parameters. Four parameters (SO 

2, SO2-
4 , 

HNO 
3, and NH+ 

4) met precision criteria. The precision results for ROM406/206 were better than 
historical results for one parameter, HNO 

3. Only the result for NH+ 
4  met the DQI criterion. 

Overall, the filter pack precision results for 2005 were about the same as 2004. 
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Table 5-1 Data Quality Indicator Criteria for CASTNET Laboratory Measurements 
 

  Precision1 Accuracy2 Nominal 

Analyte Method (MARPD) (%) Reporting Limits 

Ammonium (NH +
4) Automated colorimetry 10 90 - 110 0.020 mg-N/L 

Sodium (Na +
 ) ICP-AES 5 95 - 105 0.005 mg/L 

Potassium (K +
 ) ICP-AES 5 95 - 105 0.005 mg/L 

Magnesium (Mg2+
 ) ICP-AES 5 95 - 105 0.003 mg/L 

Calcium (Ca2+
 ) ICP-AES 5 95 - 105 0.003 mg/L 

Chloride (Cl-) Ion chromatography 5 95 - 105 0.020 mg/L 

Nitrate (NO- 
3) Ion chromatography 5 95 - 105 0.008 mg-N/L 

Sulfate (SO2-
4 ) Ion chromatography 5 95 - 105 0.040 mg/L 

Note:  1 This column lists precision goals for both network precision calculated from collocated filter samples and laboratory precision based 
on replicate samples. The goal for the ICP-AES precision RPD criterion changed from 10 percent to 5 percent at the onset of the new 
contract beginning on July 30, 2003. The precision criterion is applied as described below: 

 QC conditions:  (v1 = initial response; v2 = replicate response; RL = nominal reporting limit)  
  Condition 1:  if (v1 or v2 < RL and the absolute value of (v1 – v2) < RL) = OK 
  Condition 2:  if (v1-v2) < RL and v1 < 5 x RL) = OK 
  Condition 3:  if (v1 > 5*RL and RPD < 5%) = OK 
 Status: one of the conditions is OK = Precision QC Passes 
 
 2 This column lists laboratory accuracy goals based on reference standards and continuing calibration verification spikes. The goal for 

the ICP-AES accuracy criterion changed from 90 – 110 percent to 95 – 105 percent for continuing calibration verification spikes at 
the onset of the new contract beginning on July 30, 2003. The criterion remains 90 – 110 percent for ICP-AES reference standards. 

  
 ICP-AES = inductively coupled plasma-atomic emission spectrometry 
 MARPD = mean absolute relative percent difference 
 N  = as nitrogen 

For more information on analytical methods and associated precision and accuracy criteria, see the CASTNET Quality Assurance Project Plan – 
Revision 2.1 (MACTEC, 2003b). 

 
Precision statistics for 2005 for four cations and chloride (Cl –

  ), based on collocated ambient 
concentrations, are summarized in Figure 5-2. The historical MARPD statistics for both 
MCK131/231 and ROM406/206 do not meet the DQI criterion of 5 percent, except for Cl –

  , 
which had a MARPD of approximately 5 percent. As discussed in the CASTNET 2002 QA 
Report (MACTEC, 2004) and in the CASTNET 2002 Annual Report (MACTEC, 2003a), the 
very high historical MARPD for sodium (Na +

 ) was the result of sample bottle contamination. 
These bottles are no longer purchased. Also, acceptance testing of the Teflon® filter was 
instituted for the trace cations and Cl –

   in 2003. The 2005 precision results for cations and Cl –
   

show that potassium (K +
 ), Na +

 , and Cl –
   met the precision criterion at MCK131/231 and that Cl –

   
met the criterion at ROM406/206. The MARPD for potassium measured by the two filter packs 
at ROM406/206 was about 18 percent. This relatively poor precision was caused by very low K +

  
concentrations at the park. Potassium is analyzed at a wavelength of 766.4 nanometers (nm) by 
the inductively coupled plasma-atomic emission spectrometry (ICP-AES) instrument. This is a 
difficult wavelength for the ICP-AES instrument because it is close to the wavelength of the 
carrier gas. Low concentration levels show more noise for K +

  and lower precision through 
repeatability as a result. 
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Table 5-2 summarizes 2005 precision results by quarter for the two sets of collocated sites. The 
results indicate comparable performance in 2005 precision versus 2004 for MCK131/231 and a 
slight decline in precision for ROM406/206 2005 values versus 2004 (MACTEC, 2005a). 
 
Figure 5-2 Precision Data for Cation and Cl –

   Concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5-2 Collocated Precision Results for 2005 by Quarter (MARPD) 
 

Site Pairs  SO2-
4  NO- 

3 NH+ 
4  Ca

2+
  Mg

2+
   Na

 +
  K

 +
  HNO 

3 SO 
2 

Total 
NO- 

3 Cl- 
 MCK 131/231, KY                    

Quarter 1 2.16 8.50 3.60 19.38 8.78 4.84 5.42 7.74 4.97 4.24 5.38 
Quarter 2 2.29 8.34 2.15 6.74 6.88 2.64 4.52 3.08 1.64 4.05 0.76 
Quarter 3 2.43 14.38 3.41 5.39 5.58 7.47 4.86 3.32 2.64 4.46 0.76 
Quarter 4 3.68 8.93 3.30 7.62 11.16 5.31 5.77 4.06 3.01 5.23 7.58 

2005 2.64 10.04 3.12 9.79 8.10 5.07 5.14 4.55 3.07 4.50 3.62 
 ROM 406/206, CO                    

Quarter 1 4.41 13.65 3.40 9.77 13.81 6.18 26.70 5.64 9.10 4.76 2.93 
Quarter 2 7.08 11.78 7.87 8.08 8.15 8.83 8.77 6.92 10.95 6.18 2.89 
Quarter 3 7.67 15.89 7.22 10.28 11.62 8.51 15.04 2.63 7.17 3.25 2.59 
Quarter 4 5.49 12.69 5.50 12.31 9.13 7.75 21.17 5.37 8.43 4.89 5.18 

2005 6.16 13.50 6.00 10.11 10.68 7.82 17.92 5.14 8.91 4.77 3.40 
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The 2005 analytical precision results for five analytes and the three filter types are presented in 
Figure 5-3. The results were based on analysis of five percent of the samples that were randomly 
selected for replication in each batch. The results of in-run replicate analyses were compared 
to the results of the original concentrations. The laboratory precision data met the 5 percent 
measurement criterion listed in Table 5-1. 
 
Figure 5-3 Precision Results for Laboratory Replicate Samples (2005) 
 
 
 
 
 
 
 
 
 
 
 
 

 

Ozone Concentrations 
CASTNET QA procedures for the EPA-sponsored ozone (O 

3) analyzers are different from the 
EPA QA requirements for State and Local Monitoring Stations (SLAMS) monitoring 
(EPA, 1998). The QA procedures for the O 

3 analyzers at the NPS-sponsored sites also do not 
meet the SLAMS requirements. While NPS utilizes the appropriate procedures and equipment, 
the NPS sites are calibrated twice per year versus the SLAMS requirements of four times per 
year. In any event, the operation of the collocated O 

3 analyzers at ROM406/206, CO provides an 
opportunity to evaluate the precision of the independent systems. Table 5-3 provides the DQI 
criteria for the CASTNET continuous measurements including O 

3. The precision criterion for the 
collocated O 

3 data is 10 percent. 
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Table 5-3 Data Quality Indicator Criteria for CASTNET Field Measurements 
 

Measurement Criteria* 
Parameter Method Precision Accuracy 

Wind Speed Anemometer ± 0.5 m/s The greater of ± 0.5 m/s for winds < 5 
m/s or ± 5% for winds ≥ 5 m/s 

Wind Direction Wind Vane ± 5° ± 5° 
Sigma Theta Wind Vane Undefined Undefined 

Relative Humidity  Thin Film Capacitor ± 10% (of full scale) ± 5%, relative humidity > 85% 
± 20%, relative humidity ≤ 85% 

Solar Radiation Pyranometer ± 10% (of reading taken at local 
noon) ± 10% 

Precipitation Tipping Bucket Rain Gauge ± 10% (of reading) ± 0.05 inch† 
Ambient Temperature Platinum RTD ± 1.0°C ± 0.5°C 
Delta Temperature Platinum RTD ± 0.5°C ± 0.5°C 
Surface Wetness Conductivity Bridge Undefined Undefined 
Ozone UV Absorbance ± 10% (of reading) ± 10% 
Filter Pack Flow Mass Flow Controller ± 10% ± 5% 

Note:    
 °C = degrees Celsius 
 m/s = meters per second 
 RTD = resistance-temperature device 
 UV = ultraviolet 
 * Precision criteria apply to collocated instruments, and accuracy criteria apply to calibration of instruments. 
 † For target value of 0.50 inch. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MARPD statistics were calculated from hourly O 

3 measurements obtained from the collocated 
sites MCK131/231, KY and ROM406/206, CO during 2005. In addition, quarterly historical 
precision statistics were compiled for all collocated sites. Quarterly precision results are 
summarized in Figure 5-4. The data show the historical results met the 10 percent criterion. The 
2005 precision data also met the 10 percent criterion for all four quarters for both MCK131/231 
and ROM406/206. The results for ROM406/206 indicate that the two independently operated O 

3 
analyzers with different QA/quality control (QC) procedures produce nearly identical results.

MCK131/231, KY ROM406/206, CO 
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Figure 5-4 Historical and 2005 Precision Data by Quarter for Ozone Concentrations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Accuracy  
Laboratory Filter Concentrations 
Accuracy of laboratory measurements is assessed through the analysis of reference samples and 
continuing verification samples (CVS). Reference samples and CVS are procured from 
independent suppliers and are National Institute of Standards and Technology (NIST) traceable. 
Reference samples are analyzed at the beginning and end of each analytical batch to verify the 
accuracy and stability of the calibration curve. The target value of the CVS solution is set to 
the midrange of the calibration curve. The CVS in 2005 were analyzed every tenth sample to 
verify no drift in the calibration curve. Table 5-4 presents the percent recoveries and standard 
deviations for reference samples and CVS relative to target concentrations. The table shows 
that the DQI goals (see Table 5-1) were met in 2005. Table 5-4 also lists the precision results 
that were shown in Figure 5-3. 
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Table 5-4 Filter Pack QC Summary for 2005 
 

Reference 
Sample1 Recovery (%R) 

Continuing Verification 
Samples (%R) 

In-Run Replicate2 
(RPD) 

  F
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  C
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Teflon® SO2-
4  100.08 2.07 171 99.57 1.04 879 0.55 0.86 303 

 NO- 
3 102.45 1.02 171 99.01 1.19 879 2.16 2.50 303 

 NH+ 
4  98.83 2.53 180 100.70 2.48 838 0.62 0.62 193 

 Ca2+
  103.27 2.19 201 100.65 0.99 768 1.95 3.28 316 

 Mg2+
  101.40 1.31 201 100.10 0.77 768 2.01 2.47 316 

 Na+ 
  94.58 1.05 201 100.04 0.88 768 1.45 1.79 316 

 K+ 
  103.14 2.28 201 100.34 0.88 768 2.87 2.92 316 

 Cl- 101.78 1.63 171 99.28 1.31 875 1.69 2.92 303 

Nylon SO2-
4  101.16 2.39 142 99.41 1.79 690 2.13 3.00 283 

 NO- 
3 101.68 1.06 147 99.04 1.46 697 1.18 1.57 285 

Cellulose SO2-
4  101.38 0.70 180 99.12 0.70 696 4.12 6.60 253 

 
Note:  % R  =  percent recovery 
 RPD =  relative percent difference 
 
 1  Results of reference sample analyses provide accuracy estimates 
 2 Results of replicate analyses provide precision estimates 
 3 Number of QC Samples 
 

 

Continuous Measurements 
Table 5-5 presents field accuracy results for 2005 based on instrument challenges performed 
using independent reference standards during site calibration visits. CASTNET sites were 
calibrated every six months with NIST-traceable standards.  Each parameter was within its 
criterion with at least 90 percent frequency with the exception of high (> 85%) relative humidity 
at 80.3 percent and solar radiation at 86.6 percent. However, these results did not adversely 
affect data collection because data are not considered invalid unless criteria are exceeded by 
more than two times the criterion. Using the two times standard, relative humidity passed with 
95 percent frequency and solar radiation passed with 97 percent frequency. During 2006, a 
portable relative humidity chamber will be used as the calibration transfer for testing the 
accuracy of the relative humidity sensors. Using a humidity chamber instead of transfer salts will 
provide a better gauge of the relative humidity sensor performance. 
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Table 5-5 Accuracy Results for 2005 Field Measurements 
 
     Parameter Percent Within Criterion 

Temperature (0°C)  95 percent 
Temperature (ambient) 97 percent 
Delta Temperature (0°C) 96 percent 
Delta Temperature (ambient) 95 percent 
*Relative Humidity > 85% 80 percent 
Relative Humidity ≤ 50% 98 percent 
*Solar Radiation 87 percent 
Wind Direction North 92 percent 
Wind Direction South 94 percent 
Wind Speed < 5 m/s 99 percent 
Wind Speed ≥ 5 m/s 98 percent 
Precipitation 100 percent 
Wetness (w/in 0.5 volts) 99 percent 
Ozone Slope 97 percent 
Ozone Intercept 99 percent 
Flow Rate 94 percent 

 
Note:       °C    =      degrees Celsius. 
                m/s   =      meters per second. 
                *      =      Per CASTNET project protocols, data are flagged as “suspect” (S) but still considered valid if the calibration criterion is not 

exceeded by more than its magnitude (i.e., if within 2x the criterion). The percent within 2x criterion for relative humidity 
> 85 percent was 95.1 percent. The percent within 2x criterion for solar radiation was 96.6 percent. 

 

Completeness 
Completeness is defined as the percentage of valid data points obtained from a measurement 
system relative to total possible data points expected to be obtained. The CASTNET 
measurement criterion for completeness requires a minimum completeness of 90 percent for 
every measurement for each quarter. In addition, data aggregation procedures require 
approximately 70 percent completeness for hourly fluxes and weekly concentrations/fluxes. 
Figure 5-5 presents historical and 2005 completeness data for all sites for measured filter 
concentrations, continuous measurements, and calculated parameters. The figure shows that the 
2005 direct measurements met the 90 percent goal. The 2005 results show that data completeness 
exceeded 95 percent for six parameters, including filter pack flow. The four parameters derived 
from model results exceeded 75 percent completeness for 2005. Historical results are better for 
atmospheric concentrations, wind speed, temperature, ozone, and annual mean atmospheric 
concentrations. 
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Figure 5-5  Historical* and 2005 Percent Completeness of Measurements and Modeled 
Estimates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: 

     *  Black bars represent 1990-2004 data 

 

Laboratory Intercomparison Studies 

MACTEC participates in the U.S. Geological Survey (USGS) interlaboratory comparison 
program. Overall, eight laboratories participate in the program, receiving four samples for 
chemical analysis from USGS every two weeks. The samples are a mix of synthetically 
prepared samples, deionized water, and natural wet deposition samples. MACTEC 
reported the eight parameters of interest for CASTNET for 104 USGS samples during 
2005. MACTEC 2005 median values for all of the parameters analyzed were within 
10 percent of the target values. 
  
MACTEC generally participates in two studies by the National Water Research Institute 
(NWRI) of Canada’s Proficiency Testing QA Program each year in addition to 
interlaboratory comparison studies for the USGS. During the 2005 studies, MACTEC’s 
laboratory achieved the “Ideal” rating (i.e., results were within two standard deviations of 
the study’s assigned value) for seven of the eight CASTNET parameters tested with one 
sample result for sulfate listed between two and three standard deviations. The 
performance of the laboratory was rated as being free of systematic bias for all eight 
parameters. MACTEC was ranked number 5 out of 39 participating laboratories as of the 
end of 2005. 
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Conclusion 
DQI results demonstrate that field and laboratory processes were adequately monitored through 
QA/QC procedures and generally free of systematic bias during 2005. Accuracy data met the 
established criteria for field and laboratory parameters with the exception of relative humidity 
> 85 percent and solar radiation. However, since the criterion was exceeded by a value less than 
its own magnitude, the associated continuous data collected are considered valid.  
 
Precision data for sulfur constituents and ammonium are considered acceptable. Precision data 
for nitrate analyses of collocated field samples have not met the established criterion due, most 
likely, to the low concentrations generally measured and the unpredictable nature of the 
gas-particle equilibrium of the nitrate species. Completeness criteria were met for all parameters 
in 2005.  
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Significant Events During 2005 

January  

Ozone monitoring was discontinued at NPS-sponsored site EVE419, FL beginning January 1, 2005. 

February  

NPS-sponsored site SEK402, CA temporarily stopped sampling on February 24, 2005, when the site was dismantled 
and relocated. 

NPS-sponsored site OLY421, WA stopped all sampling at the end of February 2005. 

April  

NPS-sponsored site SEK402, CA was moved to another location in Sequoia National Park and resumed sampling on 
April 7, 2005 with the new designation of SEK430. 

June  

Low-power ozone analyzers were installed at the solar-powered sites, LYE145, VT and CAT175, NY. 
The first two Monitoring Instruments for Aerosols and Gases (MARGA) were installed at the BEL116, MD site. 

July  

An independent audit of the CASTNET field operations center in Gainesville, FL was conducted by Environmental 
Forward Observer, LLC. CASTNET operations were judged as satisfactory.  

Preliminary, screened data became available within 48 hours of collection on the CASTNET web page: 
www.epa.gov/castnet 

August  

The annual “floor-to-ceiling audit of CASTNET property was conducted by EPA and the Defense Contract 
Management Agency at MACTEC’s Gainesville, FL location. The property management system was approved 
by the audit. 

Hurricane Katrina damaged a CASTNET site in Mississippi (CVL151).  

September  

Hurricane Rita damaged a CASTNET site in Texas (ALC188). 
KVA428, AK stopped all sampling at the end of September 2005. 

October  

External audits of EPA- and NPS-sponsored CASTNET sites began. 
Hurricane Wilma damaged  CASTNET sites in Florida (EVE419 and IRL141). 

December  

After testing and evaluation, a new laboratory information management system (LIMS) was approved for use with 
CASTNET data. 
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Table B-1. Locational and Operational Characteristics of CASTNET Sites 
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Alabama             
SND152 Sand Mountain 12/27/88 34.2894 85.9704 352 • •  Agri. Rolling Y EPA 
             
Alaska             
DEN417 Denali National Park 10/06/98 63.7258 148.9633 661 • •  Forested Complex N NPS 
             
Arizona             
CHA467 Chiricahua National Monument 04/25/89 32.0092 109.3892 1570 • • ◊ Range Complex N NPS 
GRC474 Grand Canyon National Park 05/16/89 36.0597 112.1822 2073 • •  Forested Complex M NPS 
PET427 Petrified Forest National Park 09/24/02 34.8225 109.8919 1723 • •  Desert Flat Y NPS 
             
Arkansas             
CAD150 Caddo Valley 10/04/88 34.1792 93.0989 71 • •  Forested Rolling N EPA 
             
California             
CON186 Converse Station 06/17/03 34.1941 116.9130 1837 • •  Agri./Forested Complex N EPA 
DEV412 Death Valley National Monument 02/21/95 36.5092 116.8481 125 • •  Desert Complex Y NPS 
JOT403 Joshua Tree National Monument 02/16/95 34.0714 116.3906 1244 • •  Desert Complex M NPS 
LAV410 Lassen Volcanic National Park 07/25/95 40.5403 121.5764 1756 • •  Forested Complex M NPS 
PIN414 Pinnacles National Monument 05/16/95 36.4850 121.1556 335 • •  Forested Complex M NPS 
SEK430 Sequoia National Park 04/07/05 36.4894 118.8269 457 • •  Forested Mountaintop N NPS 
YOS404 Yosemite National Park 09/25/95 37.7133 119.7061 1605 • •  Forested Complex N NPS 
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Table B-1. Locational and Operational Characteristics of CASTNET Sites 
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Colorado             
GTH161 Gothic 05/16/89 38.9573 106.9854 2926 • • ◊ Range Complex N EPA 
MEV405 Mesa Verde National Park 01/10/95 37.1983 108.4903 2165 • •  Forested Complex M NPS 
ROM206 Rocky Mountain National Park 07/03/01 40.2778 105.5453 2743 • •  Forested Complex M EPA 
ROM406 Rocky Mountain National Park 12/20/94 40.2778 105.5453 2743 • •  Forested Complex M NPS 
             
Connecticut            
ABT147 Abington 12/28/93 41.8402 72.0111 209 • • ◊ Urban-Agri. Rolling M EPA 
             
Florida             
EVE419 Everglades National Park 10/06/98 25.3911 80.6806 2 • •4  Swamp Flat Y NPS 
IRL141 Indian River Lagoon 07/09/01 30.1065 80.4554 2 • •  Beach Flat Y SJRWMD 
SUM156 Sumatra 12/28/88 30.1065 84.9938 14 • • ◊ Forested Flat Y EPA 
             
Georgia             
GAS153 Georgia Station 06/28/88 33.1812 84.4100 270 • •  Agri. Rolling M EPA 
             
Illinois             
ALH157 Alhambra 06/28/88 38.8690 89.6229 164 • • ◊ Agri. Flat Y EPA 
BVL130 Bondville 02/09/88 40.0520 88.3725 212 • •  Agri. Flat Y EPA 
STK138 Stockton 12/28/93 42.2872 89.9998 274 • •  Agri. Rolling M EPA 
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Site ID Site Name St
ar

t d
at

e 

L
at

itu
de

 (°
N

) 

L
on

gi
tu

de
 (°

W
) 

E
le

va
tio

n 
(m

) 

D
ep

os
iti

on
 F

ilt
er

 
Pa

ck
1 

O
zo

ne
 a

nd
 

M
et

eo
ro

lo
gy

2 

W
et

 D
ep

os
iti

on
 

Pr
im

ar
y 

L
an

d 
U

se
 

T
er

ra
in

 

R
ep

re
se

nt
at

iv
e 

to
 

th
e 

M
L

M
3 

Sp
on

so
r 

             
Indiana             
SAL133 Salamonie Reservoir 06/28/88 40.8164 85.6608 250 • •  Agri. Flat Y EPA 
VIN140 Vincennes 08/04/87 38.7406 87.4844 134 • •  Agri. Rolling M EPA 
             
Kansas             
KNZ184 Konza Prairie 03/26/02 39.1021 96.6096 348 • •  Prairie Flat Y EPA 
             
Kentucky             
CDZ171 Cadiz 10/01/93 36.7841 87.8500 189 • •  Agri. Rolling M EPA 
CKT136 Crockett 08/24/93 37.9211 83.0658 455 • •  Agri. Rolling Y EPA 
MAC426 Mammoth Cave National Park 07/24/02 37.1319 86.1478 243 • •  Agri./Forested Rolling M NPS 
MCK131 Mackville 07/31/90 37.7044 85.0483 353 • •  Agri. Rolling M EPA 
             
Maine             
ACA416 Acadia National Park 12/01/98 44.3769 68.2608 158 • •  Forested Complex M NPS 
ASH135 Ashland 12/20/88 46.6039 68.4142 235 • •  Agri. Flat Y EPA 
HOW132 Howland 11/24/92 45.2158 68.7085 69 • •  Forested Rolling Y EPA 
             
Maryland             
BEL116 Beltsville 11/01/88 39.0283 76.8175 46 • •  Urban-Agri. Flat N EPA 
BWR139 Blackwater National Wildlife Refuge 07/04/95 38.4448 76.1115 4 • •  Forest-Marsh Coastal M EPA 
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Table B-1. Locational and Operational Characteristics of CASTNET Sites 
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Michigan             
ANA115 Ann Arbor 06/28/88 42.4164 83.9019 267 • • ◊ Forested Flat M EPA 
HOX148 Hoxeyville 10/31/00 44.1809 85.7390 298 • •  Forested Flat Y EPA 
UVL124 Unionville 06/28/88 43.6139 83.3597 201 • • ◊ Agri. Flat Y EPA 
             
Minnesota            
VOY413 Voyageurs National Park 06/13/96 48.4128 92.8292 429 • •  Forested Rolling M NPS 
             
Mississippi            
CVL151 Coffeeville 12/27/88 34.0028 89.7989 134 • •  Forested Rolling M EPA 
             
Montana             
GLR468 Glacier National Park 12/27/88 48.5103 113.9956 976 • •  Forested Complex N NPS 
             
Nevada             
GRB411 Great Basin National Park 05/16/95 39.0053 114.2158 2060 • •  Forested Complex M NPS 
             
New Hampshire            
WST109 Woodstock 12/27/88 43.9446 71.7008 258 • •  Forested Complex N EPA 
             
New Jersey            
WSP144 Washington’s Crossing 12/27/88 40.3133 74.8726 61 • •  Urban-Agri. Rolling M EPA 
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New York             
CAT175 Claryville 05/10/94 41.9423 74.5519 765 • •5  Forested Complex N EPA 
CTH110 Connecticut Hill 09/28/87 42.4010 76.6535 515 • • ◊ Forested Rolling N EPA 
HWF187 Huntington Wildlife Forest 05/28/02 43.9732 74.2232 502 • •  Forested Complex N EPA 
             
North Carolina            
BFT142 Beaufort 12/28/93 34.8843 76.6213 2 • • ◊ Agri. Flat Y EPA 
CND125 Candor 09/25/90 35.2643 79.8382 198 • • ◊ Forested Rolling M EPA 
COW137 Coweeta 11/04/87 35.0605 83.4302 686 • •  Forested Complex N EPA 
PNF126 Cranberry 12/27/88 36.1040 82.0448 1250 • • ◊ Forested Mountaintop M EPA 
             
North Dakota            
THR422 Theodore Roosevelt National Park  10/06/98 46.8947 103.3778 850 • •  Range Rolling Y NPS 
             
Ohio             
DCP114 Deer Creek State Park 09/28/88 39.6358 83.2600 267 • • ◊ Agri. Rolling Y EPA 
LYK123 Lykens 01/10/89 40.9169 82.9981 303 • • ◊ Agri. Flat M EPA 
OXF122 Oxford 08/18/87 39.5314 84.7231 284 • •  Agri. Rolling N EPA 
QAK172 Quaker City 09/28/93 39.9431 81.3378 372 • •  Agri. Rolling M EPA 
             
Oklahoma            
CHE185 Cherokee Nation 04/02/02 35.7507 94.6700 299 • •  Agri. Rolling Y EPA 
             
Ontario             
EGB181 Egbert, Ontario 12/27/94 44.2317 79.7840 251 •6 •4  Agri. Rolling Y EPA 
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Pennsylvania            
ARE128 Arendtsville 06/28/88 39.9231 77.3078 269 • • ◊ Agri. Rolling M EPA 
KEF112 Kane Experimental Forest 01/03/89 41.5981 78.7683 622 • •  Forested Rolling Y EPA 
LRL117 Laurel Hill State Park 12/15/87 39.9883 79.2522 615 • •  Forested Complex N EPA 
MKG113 M.K. Goddard State Park 01/12/88 41.4250 80.1447 384 • •  Forested Rolling N EPA 
PSU106 Penn. State University 01/06/87 40.7209 77.9316 376 • •  Agri. Rolling M EPA 
             
South Dakota            
WNC429 Wind Cave National Park 11/18/03 43.5578 103.4839 1292 • •  Prairie Rolling M NPS 
             
Tennessee             
ESP127 Edgar Evins State Park 03/22/88 36.0389 85.7330 302 • •  Forested Rolling N EPA 
GRS420 Great Smoky Mountains National Park 10/06/98 35.6331 83.9422 793 • •  Forested Complex N NPS 
SPD111 Speedwell 06/12/89 36.4698 83.8265 361 • • ◊ Agri. Rolling Y EPA 
             
Texas             
ALC188 Alabama-Coushatta 04/02/04 30.4210 94.4045 101 • •  Forested Rolling Y EPA 
BBE401 Big Bend National Park 07/18/95 29.3022 103.1772 1052 • •  Forested Complex M NPS 
             
Utah             
CAN407 Canyonlands National Park 01/24/95 38.4586 109.8211 1809 • •  Desert Complex M NPS 
             
Vermont             
LYE145 Lye Brook 03/30/94 43.0510 73.0613 730 • •5 ◊ Forested Mountaintop N EPA 
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Table B-1. Locational and Operational Characteristics of CASTNET Sites 
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Virginia             
PED108 Prince Edward 11/03/87 37.1653 78.3070 150 • • ◊ Forested Rolling M EPA 
SHN418 Shenandoah National Park 06/28/88 38.5231 78.4347 1073 • •  Forested Mountaintop M NPS 
VPI120 Horton Station 06/02/87 37.3300 80.5573 920 • •  Forested Mountaintop N EPA 
             
Washington            
MOR409 Mount Rainier National Park 08/29/95 46.7583 122.1244 415 • •  Forested Complex N NPS 
NCS415 North Cascades National Park 02/14/96 48.5397 121.4472 109 • •  Forested Complex M NPS 
             
West Virginia            
CDR119 Cedar Creek State Park 11/10/87 38.8794 80.8478 234 • • ◊ Forested Complex N EPA 
PAR107 Parsons 01/19/88 39.0906 79.6614 510 • •  Forested Complex N EPA 
             
Wisconsin             
PRK134 Perkinstown 09/27/88 45.2066 90.5972 472 • • ◊ Agri. Rolling M EPA 
             
Wyoming             
CNT169 Centennial 08/19/91 41.3722 106.2422 3178 • •  Range Complex M EPA 
PND165 Pinedale 12/27/88 42.9214 109.7900 2388 • •  Range Rolling M EPA 
YEL408 Yellowstone National Park 06/26/96 44.5597 110.4006 2400 • •  Forested Rolling N NPS 
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1. The dry deposition filters are analyzed for the following constituents: 

Teflon® = SO2-
4, NO- 

3, NH+ 
4, Cl -, K +, Na +, Mg2+

  , Ca2+
   

Nylon = SO2-
4, NO- 

3 (reported as HNO  
3) 

Cellulose = SO2-
4 (reported as SO  

2) 
 

2. Meteorological sensors: temperature, delta temperature, relative humidity, solar radiation, 
vector wind speed, scalar wind speed, wind direction, sigma theta, surface wetness, and 
precipitation via tipping bucket rain gauge. 
 

3. N = No; Y = Yes; M = Marginal; N/A = Not Applicable. 
 
4. O  

3 not measured. 
 
5. Solar-powered sites. 
 
6. Composite filter pack, day filter pack, and night filter pack. 
 
 
 
 

 
 

• Indicates current monitoring. 

◊ Indicates discontinued monitoring.  
 Measurements were discontinued at the various sites because of several reasons 

including:  
(1) rotate limited number of instruments;  
(2) redundant measurements (e.g., with IMPROVE and NADP/NTN); and  
(3) funding limitations. 

 
100 and 200 series = EPA – Operated Sites 
400 series  = NPS – Operated Sites 
141 site  = St. Johns River Water Management District (SJRWMD) 
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List of Acronyms and Abbreviations 
 
ARP Acid Rain Program 
°C degrees Celsius 
Ca2+

   particulate calcium ion 
CAAA Clean Air Act Amendments 
CAPMoN Canadian Air and Precipitation Monitoring Network 
CASTNET Clean Air Status and Trends Network 
Cl- particulate chloride ion 
CO carbon monoxide 
CVS continuing verification samples 
DQI data quality indicator 
EPA U.S. Environmental Protection Agency 
HNO  

3 nitric acid 
HQ EPA Headquarters 
ICP-AES inductively coupled plasma-atomic emission spectrometry 
IMPROVE Interagency Monitoring of Protected Visual Environments 
ITEC Inter-Tribal Environmental Council 
K+ 

  particulate potassium ion 
K  

2CO  
3 potassium carbonate 

kg/ha/yr kilograms per hectare per year 
km kilometer 
LAI leaf area index 
LIMS laboratory information management system 
MACT maximum available control technology 
MACTEC MACTEC Engineering and Consulting, Inc. 
MARGA monitoring instrument for aerosols and gases 
MARPD mean absolute relative percent difference 
MDN Mercury Deposition Network 
Mg2+

   particulate magnesium ion 
mg/L milligrams per liter 
MLM Multi-Layer Model 
mm millimeter 
N nitrogen 
Na+ 

  particulate sodium ion 
NAAQS National Ambient Air Quality Standards 
NADP/NTN National Atmospheric Deposition Program/National Trends Network
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List of Acronyms and Abbreviations (continued) 
 
NBP NOx Budget Trading Program 
NDDN National Dry Deposition Network 
NH3 ammonia 
NH +

4 particulate ammonium 
NH  

4NO  
3 ammonium nitrate 

(NH  
4)

  
2SO  

4 ammonium sulfate 
NIST National Institute of Standards and Technology 
nm nanometer 
NO -

3 particulate nitrate 
NO  

x nitrogen oxides 
NO  

y total reactive oxides of nitrogen 
NPS National Park Service 
NWRI National Water Research Institute 
O  

3 ozone 
OTC Ozone Transport Commission 
ppb parts per billion 
ppm parts per million 
QA quality assurance 
QAPP Quality Assurance Project Plan 
QC quality control 
RACT reasonably available control technology 
S sulfur 
SIP State Implementation Plan 
SLAMS State and Local Monitoring Stations 
SO  

2 sulfur dioxide 
SO2-

4 particulate sulfate 
total NO- 

3 gaseous nitric acid (HNO  
3) + particulate nitrate (NO- 

3) 
μg/m3 

  micrograms per cubic meter 
USGS U.S. Geological Survey 
V  

d deposition velocity 
VOC volatile organic compounds 
W/m2 

  watts per square meter



For More Information

U.S. Environmental Protection Agency
Office of Air and Radiation
Clean Air Markets Division

Washington, D.C.

On the Web:

CASTNET Home Page: Clean Air Markets EPA Home Page:

Division Home Page:

www.epa.gov/castnet www.epa.gov/airmarkets www.epa.gov




