
PM2.5 Speciation Data 
Analysis

Louisville Metro
Air Pollution Control District



National Ambient Air Quality 
Standards for PM2.5

The annual PM2.5 standard is met when the 
annual standard design value is less than or 
equal to 15 µg/m3.
The 24-hour PM2.5 standard is met when the 
24-hour design value at each monitoring site 
is less than or equal to 35 µg/m3.



Louisville Metro Annual 
Design Values

15.015.315.2Barret

15.415.615.9Southwick

Annual 
Design 
Value 

2004-2006

Annual 
Design 
Value 

2003-2005

Annual 
Design 
Value 

2002-2004

Sites



Louisville Metro 24-hour 
Design Values

3636.743.228.8Barret

3736.042.930.6Southwick

3-year 
design 
value

2006 98th

percentile 
value

2005 98th

percentile 
value

2004 98th

percentile 
value

Sites



Physical and Chemical Speciation 
Data Provide Information for:

Helping implement the PM2.5 standard by providing data 
as input into air quality modeling analysis.
Determining the effectiveness of implementation control 
strategies.
Assessing trends in mass component concentrations 
and related emissions, including specific source 
categories.
Aiding in interpreting health studies. 
Characterizing annual and seasonal variation of 
aerosols.
Understanding the effects of atmospheric constituents on 
visibility impairment.
Aiding in monitoring network design and siting
adjustment.



Characteristics of PM2.5

Composition
Sulfate
Nitrate
Ammonium
Elemental Carbon
Organic Compounds
Metals (Pb, Cd, V, Ni, Cu, Zn, Mn, Fe, etc.)



Characteristics of PM2.5

Largely soluble, hygroscopic
Atmospheric lifetime may be days to weeks
Travel distance may be 100s to 1000s of km



Federal Reference Method

Regulatory method used for determining 
attainment status with National Ambient Air 
Quality Standards for PM2.5  

Measures only the total mass of the sample 
via gravimetric method
Sampling Schedules may be daily, 1 in 3 day 
or 1 in 6 day. 



Speciation Sampling
Not a Federal Reference Method (FRM) for PM2.5

Mass Measurements May not Agree with FRM sampling
Uses multiple types of sample media
Requires different analytical techniques and the use 
of contract laboratories

Techniques may include Ion Chromatography, XRF, 
Gravimetric, Thermal Optical Analysis, GC/MS

Expensive
Not all FRM Sites have samplers
Sampling schedule is typically limited to 1/6 day



16.615.517.316.02003

15.416.416.717.22002

15.013.714.514.52004

19.716.818.816.72005

Site discontinued in 200614.014.615.02006

Speciation 
Barret  

FRM BarretSpeciation 
Southwick

FRM
Southwick

Year

FRM Measurement vs Speciation Measurement

Annual Averages
Concentration µg/m3



Target Compounds for 
Speciation

Nitrate
Sulfate
Ammonium
Organic Carbon
Elemental Carbon
Crustal Component (trace elements, fine soil)
Other (PM2.5 mass unaccounted for by 
analytical methods)



Speciation Data
4 year average 2002-2005

APCD (Barret)
AIRS Code 211110048 POC 5 (ROUTINE)

Date(s):  1/14/2002 - 12/30/2005
Average Concentration (µg/m³)

Nitrate
11%

Sulfate
30%

Ammonium
12%

Organic carbon
25%

Elemental carbon
4%

Crustal component
4%

Other
14%

Southwick Community Center
AIRS Code 211110043 POC 5 (ROUTINE)

Date(s):  1/14/2002 - 12/30/2005
Average Concentration (µg/m³)

Nitrate
10%

Sulfate
30%

Ammonium
12%

Organic carbon
27%

Elemental carbon
4%

Crustal component
4%

Other
13%



Kentucky and Indianapolis 
Indiana

Kentucky 2004-2006 Averages

Nitrate
9%

Sulfate
29%

Ammonium
11%

Organic carbon
24%

Elemental carbon
4%

Crustal component
3%

Other
20%

Indianapolis 2004-2006

Nitrate
15%

Sulfate
29%

Ammonium
13%

Organic carbon
24%

Elemental carbon
4%

Crustal component
12%

Other
3%



Annual Averages 2004-2006 Southwick Site

2004

Nitrate
10%

Sulfate
29%

Ammonium
11%

Organic carbon
25%

Elemental carbon
4%

Crustal component
4%

Other
17%

2005

Nitrate
10%

Sulfate
30%

Ammonium
13%

Organic carbon
24%

Elemental carbon
4%

Crustal component
3%

Other
16%

2006

Nitrate
9%

Sulfate
29%

Ammonium
11%

Organic carbon
27%

Elemental carbon
4%

Crustal component
5%

Other
15%



Annual Averages 2003-2005 Barret Avenue Site

2004

Nitrate
11%

Sulfate
26%

Ammonium
11%

Organic carbon
25%

Elemental carbon
4%

Crustal component
5%

Other
18%

2005

Nitrate
10%

Sulfate
28%

Ammonium
12%

Organic carbon
23%

Elemental carbon
4%

Crustal component
3%

Other
20%

2003

Nitrate
11%

Sulfate
31%

Ammonium
12%

Organic carbon
26%

Elemental carbon
4%

Crustal component
4%

Other
12%



Southwick Community Center
2004 Quarterly Averages
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Southwick Community Center
2004 Quarterly Averages
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Other 0.903819019 2.150168891 3.023331781 1.186110931
Crustal component 0.492973384 0.9171772 0.854713217 0.395164
Elemental carbon 0.543456182 0.522508142 0.700937393 0.820189801
Organic carbon 3.363401697 3.750490457 4.578971742 4.385698154
Ammonium 1.887752945 1.536279555 2.095926334 1.291843367
Sulfate 3.224778929 4.13993042 6.546993109 2.970023587
Nitrate 3.199363643 1.064044293 0.651420772 1.691401632

1st qtr 2nd qtr 3rd qtr 4th qtr



Southwick  Community Center
2005 Quarterly Averages
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Southwick  Community Center
2005 Quarterly Averages
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Other 1.541225765 2.465289561 3.164994237 1.543451248

Crustal component 0.394446308 0.571871894 0.958451801 0.654758941

Elemental carbon 0.731140001 0.740500169 0.79059144 0.968842396
Organic carbon 3.701285829 4.88036536 4.996639931 5.648540348

Ammonium 2.543396855 2.403621237 3.138028591 2.128449935

Sulfate 4.382457803 6.326749805 9.37131995 4.458263986

Nitrate 3.922706831 1.093178449 0.746154044 2.130730252

1st qtr 2nd qtr 3rd qtr 4th qtr



Southwick Community Center
2006 Quarterly Averages
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Southwick Community Center
2006 Quarterly Averages
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Other 1.230749292 2.867613613 3.973062527 0.889953692

Crustal component 0.527356115 0.787451636 1.292203253 0.505055302

Elemental carbon 0.650529374 0.569168314 0.574076285 0.733580243

Organic carbon 3.76013018 4.447367484 4.174948421 3.561925689

Ammonium 1.798626197 1.632820544 1.766457001 1.484652931

Sulfate 3.135208789 4.474452606 5.501957522 2.897179151

Nitrate 2.649848584 0.781660602 0.559673189 1.935053805

1st qtr 2nd qtr 3rd qtr 4th qtr



Southwick Community Center 
Monthly Averages 2004
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Southwick Community Center 
Monthly Averages 2004
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Other
Crustal component
Elemental carbon
Organic carbon
Ammonium
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Other 1.3551 0.707 0.61 0.5007 2.3728 3.577 3.6377 2.5905 2.9285 0.6301 1.4001 1.5281

Crustal component 0.5032 0.3497 0.5974 0.8528 0.9446 0.9542 0.9649 0.9324 0.6512 0.3955 0.4094 0.3806

Elemental carbon 0.3931 0.5348 0.7007 0.6427 0.4883 0.4365 0.6119 0.6115 0.8973 0.9501 0.8046 0.7059

Organic carbon 2.7187 3.3134 4.0481 3.5746 3.7532 3.9237 4.3776 4.4526 4.932 4.0014 4.4079 4.7478
Ammonium 1.4457 2.6369 1.7305 1.4874 1.4466 1.6749 2.1256 1.8471 2.3649 1.1291 1.4408 1.3057

Sulfate 2.107 4.4544 3.3589 2.9267 4.3294 5.1636 6.6509 5.8958 7.2245 3.3836 2.9635 2.563
Nitrate 2.9209 4.0773 2.7754 1.9495 0.6952 0.5475 0.6689 0.4592 0.8646 0.8605 2.1403 2.0734
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Southwick Community Center
Monthly Averages 2005
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Southwick Community Center
Monthly Averages 2005
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Other 1.8331 0.8953 1.8952 2.5636 2.0111 2.8211 2.7654 2.8248 4.0898 1.811 1.4576 1.2494

Crustal component 0.3195 0.4349 0.4289 0.6296 0.6387 0.4473 0.6854 1.1268 1.0893 0.883 0.567 0.4221

Elemental carbon 0.5762 0.7971 0.8201 0.9692 0.58 0.6723 0.5664 0.6134 1.2923 1.0975 0.9996 0.7374

Organic carbon 3.2127 4.0682 3.823 5.1511 4.2574 5.2325 4.8672 4.5071 5.7704 4.9947 6.8608 5.1139
Ammonium 1.8181 3.0172 2.7949 1.9325 2.2813 2.9971 2.7503 2.6969 4.1741 2.4874 1.5269 2.342

Sulfate 3.2691 5.5534 4.3248 4.6983 5.8891 8.3928 8.6617 7.5825 12.494 6.3315 3.1314 3.307
Nitrate 3.0637 3.9616 4.7428 1.3212 1.1246 0.8338 0.6529 0.6597 0.9708 1.2399 1.6154 4.1112
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Southwick Community Center
Monthly Averages 2006
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Southwick Community Center
Monthly Averages 2006
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Other 1.63656 1.86488 0.39879 1.87672 2.33253 4.39359 5.9358 4.6091 0.7246 0.60759 0.95907 1.1032
Crustal component 0.4761 0.67172 0.45287 0.86798 0.67794 0.81644 1.52294 1.79354 0.37711 0.48226 0.57496 0.4658
Elemental carbon 0.47082 0.77815 0.66667 0.61912 0.48642 0.60197 0.4918 0.73966 0.46995 0.8621 0.8932 0.44544
Organic carbon 2.79189 4.51511 3.77974 3.98645 3.98572 5.36993 5.06879 4.44336 2.72214 3.53978 4.77445 2.37155
Ammonium 1.30354 2.15013 1.8432 1.60505 1.40782 1.88559 1.73647 2.28876 1.15106 1.13826 1.92124 1.4095
Sulfate 2.4954 3.98146 2.80081 4.22212 3.93876 5.26248 5.86717 7.06516 3.09145 2.5692 3.8284 2.39448
Nitrate 1.69933 2.91915 3.14097 0.88233 0.83275 0.62991 0.55781 0.69306 0.39527 1.23454 2.21837 2.28272
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Analysis by Concentration Ranges
Southwick Site 2002-2006 Data

(Total 288)

<15 ug/m3
51%

15-30 ug/m3
40%

>30 ug/m3
9%



% Contribution When Concentrations are Below 
15 µg/m3

Nitrate
13%

Sulfate
27%

Ammonium
12%

Organic carbon
29%

Elemental carbon
5%

Crustal component
4%

Other
10%



% Contribution When Concentrations are Between 
15 and 30 µg/m3
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14%



% Contribution When Concentrations are Above 
30 µg/m3
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Southwick  5 highest days each year 2004-2006
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Southwick  5 highest days each year 2004-2006
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Southwick 5 lowest days each year 2004-2006
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Southwick 5 lowest days each year 2004-2006
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Other 0.266 0.111 0 0 1.594 0.468 0 0 0 0 0 0 0.704 0.957 0
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