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What’s Covered: 

• History of Air Quality Regulation and pollution 

• EPA Criteria Pollutants and National Ambient Air Quality Standards 

(NAAQS) 

• Ambient Air Monitoring and Maryland’s Air Monitoring Network 

• Monitoring Methods and Instrumentation 



EPA documented conditions at its 

founding 

https://catalog.archives.gov 

https://catalog.archives.gov/


History of Federal 

Environmental [air] Regulation 

• 1955 – Air Pollution Control Act 

• 1963 – Clean Air Act 

• 1967 – Air Quality Act 

• 1970 – Clean Air Act (Created federal government 
oversight of regulations) 

– First legislation with federally focused control 

– State level monitoring started to be required 

• 1990 – Clean Air Act [Targeted acid rain causes but 
applied to other pollutants as well] 



EPA Criteria Pollutants 

• Defined by the Clean Air Act (CAA) as: Ground-level Ozone (O3), Carbon 

Monoxide (CO), Sulfur Dioxide (SO2), Particulate Matter (PM), Lead (Pb) and 

Nitrogen Dioxide (NO2).  

• These are the most common air pollutants and are found throughout the world. 

• Considered harmful to public health and the environment , and cause property 

damage. 

• CAA requires EPA to set National Ambient Air Quality Standards (NAAQS)  for 

these six principal pollutants. 

 

Clean day 10/10/16 Hazy day 1/6/16 



NAAQS 

• EPA sets, reviews and revises the NAAQS. 

• First established in 1971 for O3, CO, SO2, PM and NO2.  

Pb in 1978. 

• Statutory review required every 5 years. May be revised 

dependent on the latest health science. 

• Two types of NAAQS: Primary and Secondary 

 Primary-designed to protect human health with an 

adequate margin of safety 

 Secondary-designed to protect welfare, including 

effects on soils, water, crops, vegetation, man-made 

materials, wildlife, visibility and climate, among 

other potential effects. 



NAAQS 

• NAAQS have four elements: the indicator, the averaging time, 

the level and the form. 

 Indicator- the pollutant, chemical species or mixture to be 

measured. 

 Averaging Time- period of time over which the measurement is 

averaged (e.g. annually, 1 hour, 8 hours, 24 hours). 

 Level- concentration or mixing ratio of the NAAQS for a 

particular pollutant (e.g. ug/m3, ppm, ppb). 

 Form- metric used to determine whether the NAAQS is attained 

(e.g. annual mean averaged over 3 years, 98th percentile 

averaged over 3 years). 

 



Current NAAQS 
Pollutant 

(Indicator) 

Primary/ 

Secondary 
Averaging Time Level Form 

Carbon Monoxide (CO) primary 
8 hours 9 ppm 

Not to be exceeded more than once per year 
1 hour 35 ppm 

Lead (Pb) 
primary and 

secondary 

Rolling 3 month 

average 

0.15 μg/m3

  
Not to be exceeded 

Nitrogen Dioxide (NO2) 

primary 1 hour 100 ppb 
98th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years 

primary and 

secondary 
1 year 53 ppb  Annual Mean 

Ozone (O3) 
primary and 

secondary 
8 hours 0.070 ppm  

Annual fourth-highest daily maximum 8-hour 

concentration, averaged over 3 years 

Particle Pollution 

(PM) 

PM2.5 

primary 1 year 12.0 μg/m3 annual mean, averaged over 3 years 

secondary 1 year 15.0 μg/m3 annual mean, averaged over 3 years 

primary and 

secondary 
24 hours 35 μg/m3 98th percentile, averaged over 3 years 

PM10 
primary and 

secondary 
24 hours 150 μg/m3 

Not to be exceeded more than once per year on 

average over 3 years 

Sulfur Dioxide (SO2) 
primary 1 hour 75 ppb  

99th percentile of 1-hour daily maximum 

concentrations, averaged over 3 years 

secondary 3 hours 0.5 ppm Not to be exceeded more than once per year 

< 0.5 ppm 

Current typical values 

< MDL 

< 40 ppb 

(HCNR) 

75 ppb 

11.5 µg/m3 

99% of all obs <20 µg/m3! 

3 in last 6 years 

10 µg/m3 

<5 ppb 209 ppb 



The States’ Role 

• State Implementation Plans (SIPs) document a state’s approach to 

complying with federal requirements. 

• SIPs are composed of adopted laws, regulations, policies, emissions 

inventories and modeling demonstrations. 

• SIP provisions are enforceable under federal and state law 

• SIPs are living documents that are periodically revised in response 

to: 
– Need to protect public health and the natural environment 

– New scientific findings 

– Changes in federal law 
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2000-2016 Control Programs 

• NOx SIP Call (2002-2003) 
– NOx Cap and Trade program mandated for states east of 

Mississippi 

• Power Plants 
– The Maryland Healthy Air Act of 2006  

• Cars and Small Trucks 
– The Maryland Clean Cars Act of 2007 

•  Diesel Trucks 
– Multiple Maryland initiatives 

• Climate Change 
– The Greenhouse Gas Emission Reduction Acts of 2009 

and 2015 
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Progress 
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Maryland HAA ? 



0

20

40

60

80

100

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016*

N
u

m
b

e
r 

o
f 

D
ay

s 

70ppb 75ppb 85ppb

0

20

40

60

80

100

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

N
u

m
b

e
r 

o
f 

D
ay

s 

70ppb 75ppb 85ppb

Maryland Exceedance Days are Decreasing 
Number of days annually when any MD monitor exceeds NAAQS 
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Avg days > 70ppb: 
77 41 Tier II Vehicle 

NOx reductions 

~80% 
reduction 
in bad air 

days  

2016-2019 Avg days > 70ppb:  17 

NOx SIP Call 

Implemented 



The History of Maryland Exceedances 

Tremendous number of exceedances over the history of air monitoring; 

bad for health, good for research 
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NARR 1000m Trajectory 

Density for all Baltimore NAA 

Exceedance Days (1980-2014) 

April – October 

1589 Trajectories 
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Ozone – Beltsville, MD 

July 7, 2012 (6:30 AM EDT) 

Ozone at surface 

~ 20 ppb 

Ozone in residual 

layer ~ 80 ppb 
Good 

Mod 

USG 

Unh 



y = -0.0639x2 + 253.37x - 251146 
R² = 0.7186 
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Correlation of Maryland Annual Ozone 
Exceedance Days (detrended) to Climate 

Division Cooling Degree Days 

R² = 0.0036 
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The highest correlation between cooling degree days and Maryland ozone exceedance days is found in the Mid-West (red areas).  This suggests that when these states experience a hot summer Maryland is more likely to 

have a greater than average number of ozone exceedance days.  By extension, the cooling degree day (CDD), a proxy for electrical demand, is closely connected to Maryland exceedance day annual variability (as is the area 

near Baltimore itself).  This correlation is likely due to the position of the continental ridge which is stronger in some years than others.  This analysis CAN NOT be directly interpreted as showing a higher correlation 

causing the poor air quality (e.g., contains the actual emissions sources).   

July 2015: 

Only 1 MD 

Exceedance 
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*2018 is Preliminary: Updated through Oct 2018 

Air Quality Progress in Maryland 

-Design Values- 
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Ambient Air Monitoring 

• EPA ambient air monitoring regulations, contained in the Code of Federal 

Regulations, provide prescriptive requirements for States’ ambient air 

monitoring networks to meet. 

• These requirements include: 

 Specific measurement methods for each criteria pollutant (Federal 

Reference or Equivalent Methods). 

 Minimum number of monitors for each criteria pollutant (based on 

population and pollutant concentrations) 



Ambient Air Monitoring 

• Network Design Objectives 

Provide data to public in timely manner 

Support compliance with NAAQS and emissions 

strategy development 

Support air pollution research studies 

 

 DISCOVER-AQ 



Ambient Air Monitoring 

• Network Design Site Types 

 Highest expected concentrations in the 

network area 

 In high population areas 

 Impact of significant sources or source 

categories 

 General background concentration levels 

 Extent of regional pollutant transport 

among populated areas 

 Impacts on visibility, vegetation damage, 

or other welfare-based impacts 



Ambient Air Monitoring 

•Network Design Spatial Scales 

 Microscale:  1 – 100 meters 

 Middle:  100 – 500 meters 

 Neighborhood:  0.5 – 4.0 km 

 Urban:  city-like dimensions,   
4 – 50 km 

 Regional:  rural homogeneous 
area 10’s – 100’s km 

 National & Global:  
characterize nations or the 
globe 

 

Ambient how? 



Ambient Air Monitoring 

• Other Considerations 

 Minimal interference and perturbation of wind flow by buildings, the tree 
canopy, or other obstacles 

 Availability of electrical power and telephone line 

 Cost of site lease, relocation or new deployment, site improvements such as 
road and fence 

 Safety, Security, and Accessibility (access to locked facilities) 

 Finite Resources – Funding, Staff 

 Longevity of site 

 Clear of immediate influence of sources (point, area, mobile) or within 
influence depending on site type 

 Who will let us put it there?!? 

 

 

 



2018 Maryland Air Monitoring 
Network - 27 sites 
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MAIN POLLUTANTS MEASURED* 
 Ozone (O3) 
 Particulate Matter (PM) 
 Sulfur Dioxide (SO2) 
 Nitrogen Dioxide (NO2) 
 Carbon Monoxide (CO) 
 Volatile Organic Compounds (VOCs) 
 Hazardous Air Pollutants (HAPs) *Not all monitors measure all pollutants.  



2016 Maryland Network-26 sites 



PM2.5 Network-16 sites 



PM10 Network-4 sites 



Lead Network-1 site 



Ozone Network-20 sites 



    Non-Criteria Pollutant Monitoring 

• Air Toxics- 188 Hazardous Air Pollutants (HAPs) 

listed in the Clean Air Act 

• Photochemical Assessment Monitoring (PAMS)- 56 

volatile organic compounds that are ozone precursors 

• PM-2.5 Chemical Speciation- nitrate, sulfate, metals, 

organic and elemental carbon 

All these done right 

here at HU-Beltsville!! 



Monitoring Methods & Instrumentation 

• Federal Reference Methods (FRMs) & Federal 

Equivalent Methods (FEMs) 

FRMs 

FEMs 

Link to complete list of FRMs & FEMs: 
https://www.epa.gov/sites/production/files/2019-

08/documents/designated_reference_and-equivalent_methods.pdf 

https://www.epa.gov/sites/production/files/2019-08/documents/designated_reference_and-equivalent_methods.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/designated_reference_and-equivalent_methods.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/designated_reference_and-equivalent_methods.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/designated_reference_and-equivalent_methods.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/designated_reference_and-equivalent_methods.pdf


Monitoring Methods & Instrumentation 

• Carbon Monoxide - Non-dispersive infrared photometry  / 

Gas Filter Correlation (Beer’s Law) 

• Ozone - UV photometry 

• Nitrogen Dioxide - chemiluminescence, UV photolytic, 

cavity attenuated phase shift spectroscopy (CAPS) 

• Sulfur dioxide - fluorescence 

• PM-gravimetric, beta attenuation, light scattering 

• Toxics – TO-11, TO-15, PAMS 



SO2 Method – Pulsed Fluorescence 



NOx Method – Chemiluminescence 

Light leaks can 
impact measurement 
 
PMTs are sensitive 
and can be damaged 
by light 

Sample 
gas w/NO O3 



NOx Analyzer – Internal Components   



Ozone Analyzer – Internal Components 



Ozone Analyzer Flow Path 



SO2 Analyzer Flow Path 



Central Data Logging System 



Parameter Data Network Wide 

Particulate 

Matter 

Ozone 



Daily Log Notes 

• Provides 

timestamp of QC 

checks / 

Maintenance  

that occurs at the 

site 

• Also tracks ‘non-

monitoring 

activities’ around 

the site 

 



DATA QAQC Procedures 

• Daily 1 min, 5 min and 60 min 
data reviews looking for 
missing data, outliers, etc. 

• PC’s, Calibrations, Audits 

• Zero / Span checks 

• Multi-site and Historical 
comparisons 

• Station data – manifold flows,  
shelter temperatures, log notes 

• EPA Data Validation templates 



QA Validation Criteria 

• Critical criteria are needed to maintain the integrity of a 
sample or a group of samples. Observations not meeting each 
and every criterion should be invalidated unless there are 
compelling reasons and justifications for not doing so.  

• Operational criteria are important for maintaining and 
evaluating the quality of data collection system. Violation of 
one of these criteria may or may not be used for invalidating 
data (this is a decision call of the QA staff). 

• Systematic criteria are important for the correct interpretation 
of the data but do not usually impact the validity of a sample 
or group of samples. These include data quality objectives. 

 



QA Validation Templates  



QA Validation Templates 



QA Validation Templates 


