
 
 
 

Colorado Department of Public Health and 
Environment Technical Note 

 
 

Summary of Chemical Speciation Results from 
Select Garfield County PM10 Particulate Samples, 

July 2005 and January 2006 
 
 

 
 
 
 
 

 

 
 
 
 
 

Air Pollution Control Division 
 

Technical Services Program 
 

August 2006



 

 



 

ii 

 
Table of Contents 
 
1.0 INTRODUCTION .............................................................................................................................. 5 
2.0 ANALYTICAL METHODS .............................................................................................................. 7 

2.1 Storage and Shipping .......................................................................................................................................... 7 
2.2 Gravimetric Analyses.......................................................................................................................................... 7 

2.2.1 Hi-Vol PM10 and TSP Gravimetric Analysis ...................................................................................................... 7 
2.3 OC/EC Analysis.................................................................................................................................................. 7 
2.4 XRF Analysis...................................................................................................................................................... 8 
2.5 Anions Analysis (IC) .......................................................................................................................................... 8 
2.6 Cations Analysis (ICP) ....................................................................................................................................... 8 

3.0 DATA ANALYSIS METHOD ........................................................................................................ 10 
4.0 RESULTS......................................................................................................................................... 15 

4.1 Garfield County – 7/18/2005 ............................................................................................................................ 18 
4.2 Garfield County – 1/11/2006 ............................................................................................................................ 20 

5.0 DATA ANALYSIS .......................................................................................................................... 22 
5.1 Total Mass ........................................................................................................................................................ 22 
5.2 Geologic Component (Soil) .............................................................................................................................. 23 
5.3 Secondary Particulates (Nitrate and Sulfate) .................................................................................................... 24 
5.4 Carbon Component (Biomass vs Fossil Fuel)................................................................................................... 25 

6.0 SUMMARY...................................................................................................................................... 29 
7.0 REFERENCES ................................................................................................................................. 30 
APPENDIX   A....................................................................................................................................... 32 
APPENDIX   B....................................................................................................................................... 35 
APPENDIX   C....................................................................................................................................... 36 
 
 
Tables 
 
TABLE 1.1 - CHESTER LABNET CHEMICAL SPECIATION SUMMARY...................................................................... 6 
TABLE 3.1 - TYPICAL CHEMICAL ABUNDANCE IN PM10 SOURCE EMISSION ...................................................... 14 
TABLE 4.0.1 – RIFLE AIRPORT (KRIL) METEOROLOGICAL DATA FOR 7/18/2005................................................. 16 
TABLE 4.0.2 – RIFLE AIRPORT (KRIL) METEOROLOGICAL DATA FOR 1/11/2006................................................. 17 
TABLE 4.1.1 - 24 HR CONCENTRATION SUMMARY FOR GARFIELD COUNTY 7/18/2005 SAMPLES ................. 18 
TABLE 4.2.1 - 24 HR CONCENTRATION SUMMARY FOR GARFIELD COUNTY 1/11/2006 SAMPLES ................. 20 
TABLE 5.2.1 – GEOLOGIC COMPONENT ........................................................................................................................ 23 
TABLE 5.2.2 - SOIL COMPONENT – RMC/OM RATIO................................................................................................... 24 
TABLE 5.3.1 – SECONDARY COMPONENT .................................................................................................................... 25 
TABLE 5.4.1 CARBON COMPONENT – OC/GMC RATIO.............................................................................................. 26 
TABLE 5.4.2 CARBON COMPONENT – K+/K RATIO ..................................................................................................... 26 
TABLE 5.4.3 CARBON COMPONENT – OC/TC RATIO.................................................................................................. 27 
 
 



 

iii 

 
Figures 
 
FIGURE 4.1.1  GARFIELD COUNTY 7/18/2005 – MASS RECONSTRUCTION PROFILES ......................................... 19 
FIGURE 4.2.1  GARFIELD COUNTY 1/11/2006 – MASS RECONSTRUCTION PROFILES ......................................... 21 
FIGURE 5.1.1  TOTAL GRAVIMETRIC MASS CONCENTRATION .............................................................................. 22 
FIGURE 5.4.4  EXAMPLES OF SMOKE AND GEOLOGIC IMPACTED SAMPLES...................................................... 28 
 
 



 4 

 



 

5 

1.0 INTRODUCTION 
 
      The Colorado Department of Public Health and Environment (CDPHE) Air Pollution Control 
Division (APCD) annually identifies particulate sample filters for chemical speciation.  PM10 quartz 
filters, TSP glass-impregnated filters and PM2.5 and PM10 Teflon filters are all viable candidates for 
chemical speciation.  Typically, the filter selection process begins in April and includes filters dating 
back one year to the terminating bookend date of the previous year’s filter selection.  The filters are 
identified and shipped to a contract lab for speciation analysis during April and May 2006with 
deliverables received by no later than June 30th 2006. 
 
     On behalf of Garfield County, a select number of PM10 filters from the Garfield County Special 
Study were included with a shipment of APCD filters that were shipped to Chester LabNet for 
chemical speciation analysis.  APCD worked closely with Garfield County Special Study personnel in 
the identification and selection of these PM10 filters.  Samples collected on 7/18/2005 and 1/11/2006 
and one blank sample were selected for chemical speciation analysis.  These sample dates were 
selected because of their elevated gravimetric mass concentrations and their depiction of summer and 
winter climates.  For each date, samples from each PM10 site within the Garfield County Special Study 
was selected to determine the spatial extent of the particulate matter event. 
 
     On May 17, 2006, APCD shipped 15 Garfield County Special Study PM10 filters to Chester 
LabNet.  A summary of the selected samples and requested analyses are listed below in Table 1.1.  
Chester LabNet finalized the deliverables and submitted them to APCD on June 7, 2006. The 
deliverables included a hard copy report and Excel formatted electronic files. 
 
     The purpose of this document is to provide a summary of the PM10 filter chemical speciation results 
and present those results in a way that can provide rudimentary information regarding the chemical 
makeup of particulate matter samples. One of the preliminary steps in the development of a receptor 
model study is the creation of a conceptual model that provides insight into the types and 
concentrations of particulate matter that will be encountered in the study.  This document utilizes the 
creation of mass/material balance profiles (Watson et al., 2002), as a component of a conceptual 
model, to track and evaluate the chemical makeup of particulate matter at select sites.  The information 
in this document is qualitative and caution must be invoked in drawing any quantitative conclusions.  
Any conclusion drawn from the information contained in this document should only be done with the 
full understanding of the assumptions and methods utilized in the creation of mass/material balance 
profiles.  
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Table 1.1 - Chester LabNet Chemical Speciation Summary 
 

Filter 
Number Site Sample Date

Sample 
Type 

Conc. Std. 
Cond. 

(μg/m3) 
Analysis 
OC/EC 

Analysis 
XRF 

(Protocol #4)
Analysis Anion 

(IC) 
Analysis 

Cations (ICP)

800071 Glenwood Springs 7/18/05 PM-10 21 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800516 Glenwood Springs 1/11/06 PM-10 27 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800063 New Castle 7/18/05 PM-10 28 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800518 New Castle 1/11/06 PM-10 43 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800028 Parachute 7/18/05 PM-10 36 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

604170 Parachute 1/11/06 PM-10 61 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800069 Rifle. 7/18/05 PM-10 32 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800512 Rifle 1/11/06 PM-10 52 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800065 Silt – Bell Ranch 7/18/05 PM-10 18 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800514 Silt – Bell Ranch 1/11/06 PM-10 13 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800067 Silt – Cox Ranch 7/18/05 PM-10 25 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800520 Silt – Cox Ranch 1/11/06 PM-10 15 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800031 Silt – Daley Ranch 7/18/05 PM-10 17 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

800510 Silt – Daley Ranch 1/11/06 PM-10 9 Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 

608892 Blank na PM-10 na Yes Yes Cl, NO3, SO4 
K, Na, Mg, 

NH4 
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2.0 ANALYTICAL METHODS 
 
2.1 Storage and Shipping 
     Prior to shipping to the contract lab for analysis, hi-vol PM10 samples resulting in concentrations in 
excess of 120 μg/m3 STP (standard temperature and pressure) are identified immediately after 
weighing and stored in a refrigerator at 4 oC; samples below 120 μg/m3 STP are stored at room 
temperature.  When shipped, all hi-vol PM10 samples are shipped at ambient temperature via 2nd day 
mail.   
 
2.2 Gravimetric Analyses 
 
2.2.1 Hi-vol PM10 and TSP Gravimetric Analysis 
     All hi-vol PM10 and TSP filters were gravimetrically analyzed at Inter-Mountain Laboratories 
(IML) in accordance with the Environmental Protection Agency’s (EPA) “Quality Assurance 
Handbook for Air Pollution Measurement Systems” EPA-454/R-98-004, August, 1998, EPA’s 
“Quality Assurance Guidance Document 2.11”, and CDPHE’s  “Quality Assurance Project Plan, 
August 31, 2001” (QAPP).  
 
Summary of Method:  New hi-vol PM10 and TSP filters are received by CDPHE from EPA annually.  
These filters are then shipped to the contract gravimetric laboratory on an as needed basis.  In a 
sequential manner, filters are equilibrated (24 hrs at 20-25 oC and 30-40% relative humidity) and tare-
weighed prior to shipment to the field for sampling.  Filters are shipped to field operators in cardboard 
shipping packets at ambient temperatures.  Upon completion of sampling, field operators ship the 
samples back to the lab in manila shipping envelopes at ambient temperatures.  Upon return, the filters 
are equilibrated (24 hrs at 20-25 oC and 30-40% relative humidity) then gross weighed.  Pre- and post- 
mass measurements are combined with corresponding flow data to determine ambient concentrations 
at local (LTP) and standard (STP) conditions.  If the resultant concentration is in excess of 120 μg/m3 
(STP) then the filter is separated from the bulk archive samples and stored in a refrigerated 
environment at 0-4 oC.  Otherwise the filter is archived and stored at room temperature.   All PM10 and 
TSP gravimetric concentration values are reported to EPA at both local and standard conditions. 
 
 
2.3 OC/EC Analysis 
     Chester LabNet performed all organic carbon and elemental carbon (OC/EC) filter analyses in 
accordance with a modified NIOSH 5040 method that utilizes Thermal Optical Reflectance (TOR).  
This method has been modified to match specifications used by EPA in the development of their 
chemical mass balance (CMB) source profile library. 
 
Summary of Method:  Size selected aerosol samples are collected on either quartz or glass fiber filters.  
Due to the high temperatures used in this method, quartz or glass filters are a requisite.  Teflon filters 
cannot be used in this method because they are carbon based and would yield a positive interfere.  The 
filter is heated in a stepwise fashion from ambient to ~550 oC in a pure helium environment to induce 
the volatilization of lighter weight organic compounds.  The sample chamber is then switched from a 
pure (100%) helium environment to a 2% oxygen, 98% helium environment.  Once the mixture is 
achieved, the temperature is ramped from ~550 C to 800 C in a step-wise fashion.  In each step 
volatilized carbon is reduced via a methanator and quantified by a flame ionization detector.  
Throughout the temperature ramping steps, optical reflectance is used to correct for pyrolized organic 
carbon and in the determination of the organic carbon to elemental carbon split.  The split between 
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organic carbon and elemental carbon is operationally defined by the filters reflectance (632.8 nm) 
between the low temperature steps and the high temperature steps. 
 
2.4 XRF Analysis 
     Chester LabNet performed all photon-induced x-ray fluorescence (XRF) analyses under the 
guidance of EPA’s “Inorganic Compendium” Method IO-3.3.  Because of Chester LabNet’s extensive 
history with XRF analyses prior to the advent of EPA’s “Inorganic Compendium”, Chester LabNet 
employs additional procedures that are not covered in Method IO-3.3.  A summary of analytes and 
their abbreviations for this analysis are given in Appendix A 
 
Summary of Method:  Size selected aerosol samples are collected on Teflon, quartz and/or glass fiber-
impregnated filters.  Teflon filters are preferred because accurate silicon (Si), sodium (Na) and 
magnesium (Mg) quantities are not possible from quartz and glass fiber filters because of their silica 
matrix.  The filter is irradiated with high energy x-rays which forces lower valence electrons into 
higher orbital shells.  Upon termination of x-ray bombardment, the excited electrons in the higher 
orbital shells will relax and return to their lower valence.  During this relaxation to the lower orbitals a 
fluorescent x-ray photon is released.  The energy and number of these photons are unique to individual 
elements.  Elemental concentrations are determined by comparison to thin film standards via standard 
calibration curves. 
 
2.5 Anion Analysis (IC) 
     Chester LabNet performed all anion filter analyses in accordance with a modified EPA Method 
300.0 and EPA Method 300.7.  These water analysis methods have been modified for air filters.  The 
modified method includes the particulate matter filters being extracted with de-ionized water and the 
extract subsequently filtrated prior to analysis. 
 
Summary of Method:  Size selected aerosol samples are collected on filters that have hydrophobic 
properties.  Teflon, quartz and glass fiber filters are all viable candidates for ion analyses.  The 
particulate matter on the filters is extracted using distilled de-ionized water with either sonication or 
shaking.   After extraction the extract is filtered to remove suspended insoluble particles prior to 
analysis.  The extract is directly injected onto an ion chromatograph where various anions or cations 
are separated and quantitatively identified by suppressed conductivity detection.  Differing charges 
between cations and anions require the use of two different chromatographic columns, and typically, 
two different injections.  Concentrations are determined using calibration curves derived from solution 
standards. 
 
2.6 Cation Analysis (ICP) 
 
     Chester LabNet performed all Inductively Coupled Plasma (ICP) Spectrometry analyses under the 
guidance of EPA’s “Inorganic Compendium” Method IO-3.4.  A summary of analytes and their 
abbreviations for this analysis are given in Appendix A 
 
Summary of Method:  The analytical system is an inductively coupled plasma atomic emission 
spectrometer, as illustrated in Figure 1. The plasma is produced by a radio frequency generator. The 
current from the generator is fed to a coil placed around a quartz tube through which argon flows. The 
oscillatory current flowing in the coil produces an oscillating magnetic field with the lines of force 
aligned axially along the tube. The argon is seeded with electrons by momentarily connecting a Tesla 
coil to the tube where the plasma forms inside. The ions in the gas tend to flow in a circular path 
around the lines of force of the oscillatory magnetic field and the resistance to their flow produces the 
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heat. To avoid melting the silica tube, a flow of argon is introduced tangentially in the tube, which 
centers the plasma away from the walls of the tube. The plasma is formed in the shape of a toroid or 
doughnut, and the sample is introduced as an aerosol through the middle of the toroid.  The hottest part 
of the plasma is in the ring around the center of the toroid, where temperatures of about 10,000 K are 
achieved. Through the center of the toroid where the sample is introduced, the temperature is 
somewhat lower, and the sample is subjected to temperatures of about 7,000 K. From the very hot 
region in the plasma and just above it, a continuum is radiated because of the high electron density. 
Above this region, the continuum emission is reduced as the temperature falls and the spectral lines of 
the elements in the sample may be observed. Since this plasma is generated in an inert atmosphere, few 
chemical interferences exist. 
 
The spectrum is resolved in a spectrometer. The relative intensities and concentrations of the elements 
are calculated by a small computer or processor. Samples containing up to 61 pre-selected elements 
can be analyzed by ICP simultaneous analysis at a rate of one sample per minute. The ICP technique 
can analyze a large range of concentrations.  A single calibration curve can accommodate changes in 
concentration of five orders of magnitude. 
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3.0 DATA ANALYSIS METHOD 
 

One of the preliminary steps in the development of a receptor model study is the creation of a 
conceptual model that provides insight into the types and concentrations of particles that will be 
encountered in the study.  This conceptual model is then subsequently used in the development of 
ambient and source sampling strategies.  Recent studies have used mass/material balance profiles as 
the basis for a conceptual model (Watson et al., 2002, Zhang et al., 1998, Sisler et al., 1993, 1996).  
These profiles can be created from particulate matter samples collected from compliance network 
samplers or from special purpose samplers.  Particulate matter samples are analyzed for elements, ions, 
organic carbon and elemental carbon.  Molar correction factors are applied to mass values of chemical 
surrogates to acquire estimates of geologic material, organic material (OM), elemental carbon (EC), 
sulfate and nitrate. 

 
This mass balance concept is also employed in data analysis techniques for particulate data 

collected within the Interagency Monitoring of Protected Visual Environments (IMPROVE) sampling 
network (CIRA, 2002; Eldred et al., 1997).  IMPROVE reporting refers to this procedure as 
developing a mass budget.  In this procedure, estimates of sulfate, nitrate, light absorbing carbon 
(LAC), organic carbon mass (OCM) and soil are combined to create a total reconstructed fine mass 
(RCFM).  

 
The development of molar correction factors is very straightforward and is done by linking the 

particulate mass type being estimated to one or more surrogates within the particulate matter (for an 
example see Geologic Fraction below).  Depending upon what is used as the surrogate in the 
estimation process, great variance between molar correction factors can and does occur.  The concept 
is very simplistic, however, the natural composition of particulate matter is not.  The interdependency 
of a selected surrogate to different types of particulate matter adds an unknown error to the mass 
reconstruction process.  Because the amount of error is unknown and varies from sample to sample, 
the mass reconstructive process is considered a qualitative analysis and caution must be invoked in 
drawing any quantitative conclusions.   

 
Within this report, the application of the mass budget concept will be used to evaluate particulate 

material on a number of particulate matter filters collected from May 2005 to April 2006.  Chemical 
speciation data from each filter are used to estimate five categories of particulate matter mass that are 
expected to account for the majority of particle mass on the filters.  These five mass categories are: 
geologic material, sulfate, nitrate, organic material (OM) and elemental carbon (EC).  In addition to 
these mass categories, total gravimetric mass is reported.  For convenience, gravimetric concentration 
values will be reported in both standard and local conditions.  This allows for the direct comparison of 
PM10 and PM2.5 samples, which are typically reported at different conditions. 

 
Geologic Fraction 

Several methods for estimating the geologic fraction of particulate matter have been applied in 
several different studies (Watson et al., 2002, Zhang et al., 1998, Sisler et al., 1993, 1996).  The filter 
media and particle size fraction determine the applicability of each method. The IMPROVE mass 
reconstruction method utilizes five surrogates in the estimation of fine soil mass.  In the fine soil 
reconstruction process, it is assumed that the soil material is almost entirely comprised of the minerals 
Al2O3, SiO2, CaO, K2O, FeO, Fe2O3, and TiO2.  Based upon the aforementioned assumption, the 
following molar correction factor is developed:  Soil = 1.89[Al]  + 2.14[Si] + 1.4[Ca] +1.43[Fe] + 
1.66[Ti].  Molar correction factors are determined by dividing the total molecular weight of the 
mineral by the molecular weight of the surrogate.  For example, using Al as a surrogate, the Al2O3 
molar correction factor is estimated as follows: ((26.98*2)+(16*3))/(26.98*2)= 1.89.  An example of 
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an application of this molar correction factor is used in the Northern Front Range Air Quality Study 
(NFRAQS) final report to estimate PM2.5 mass composition at Welby, Colorado, a site north of Denver 
(Watson et al., 1998).  The NFRAQS study exclusively focused on PM2.5 mass, therefore no examples 
of PM10 or TSP geologic correction factors are available from the NFRAQS study. 

 
To account for other compounds (MgO, Na2O, H2O, and CO2), a non-soil component of K, and 

several isomers of Fe oxide, the IMPROVE mass reconstruction process utilizes the following molar 
correction factor in their mass reconstruction procedures:  Soil = 2.20[Al]  + 2.49[Si] + 1.63[Ca] 
+2.42[Fe] + 1.94[Ti].  An example of its application and derivation can be observed in IMPROVE 
reports (Malm 2002, Sisler 1996, Sisler 1993). 

 
In a fugitive dust study of China’s desert regions, a multiplicative correction factor of 20 was 

applied to all iron (Fe) measurements to derive quantitative estimates of geologic material (Zhang et.al, 
1998).  Geologic source profiles are utilized in the development of this correction factor and is 
calculated by taking the inverse (1/x) of the iron contribution in a geologic CMB source profile. All 
reported chemical species listed in source profiles are normalized to 1.  A correction factor of 20 
equates to 5% of total geologic mass on a particulate filter residing as iron.  Therefore, multiplying a 
particulate matter sample’s iron mass (or concentration) by 20 results is an estimate of the total 
geologic material mass (or concentration).  Correction factors developed from locally derived CMB 
geologic source profiles greatly increases the accuracy of geologic material estimates.  The 
development of APCD’s geologic correction factor is shown in Appendix B.  This is accomplished by 
the averaging of 29 iron measurements from 29 CMB geologic source profiles originating from 
APCD’s source profile library.  This allows for a correction factor that is unique to Colorado’s 
geology.  All geologic material estimates developed in the document will be based on an iron surrogate 
correction factor of 22.63. 

 
For the purpose of this document, estimates of geologic material from filters where accurate 

measurements of Si and Al cannot be made, iron will be used as a surrogate (PM10 and TSP filters).  
For samples where the filter media will allow for reliable Si and Al measurements, the more 
comprehensive IMPROVE method will be applied (PM2.5). 

 
Sulfate Fraction 

Sulfate aerosols are formed by the reaction of sulfuric acid (H2SO4) with ammonia (NH3).  Sulfuric 
acid is created by the oxidation of sulfur dioxide in a humid environment.  In the presence of ammonia, 
the sulfuric acid can be partially neutralized via the acid base reaction to ammonium bisulfate, 
(NH4)HSO4, or fully neutralized to ammonium sulfate, (NH4)2SO4.  The extent to which this reaction 
results in the fully neutralized ammonium sulfate,  is dependent on the availability of ambient 
ammonia. 

 
Depending upon the amount of information that is derived from the aerosol sample, several 

methods for reconstructing sulfate mass are possible.  For samples collected in the western United 
States, the IMPROVE mass reconstruction process assumes that all sulfate measured exists as 
ammonium sulfate.  This assumption does not hold true for acidic samples (Malm et al., 1991). Acidic 
aerosol samples are most commonly identified in the eastern United States.   

 
IMPROVE procedures identify three methods that use surrogates to estimate the total sulfate mass.  

The derivation of molar correction factors are described in the above geologic fraction portion of this 
document. 
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1.   [Sulfate] = (0.932)[NH4

+]+(1.02)[SO4
2-] 

2.   [Sulfate] = (1.37)[SO4
2-] 

3. [Sulfate] = (4.125)[S] 
 
In the above listed methods, [Sulfate] refers to the sulfate aerosol concentration and is assumed to be 
ammonium sulfate.  The actual concentration of the sulfate ion is represented as [SO4

2-]. Method 1 is 
the most comprehensive estimate of sulfate aerosols because it incorporates both the sulfate ion 
measurement and the ammonium ion measurement.  This method cannot be utilized in this document’s 
data analysis because the ammonium ion (NH4

+) was not selected as an analyte in the ion analyses.  
Additionally, if ammonium was measured, the sampling method inhibits the ability to differentiate 
between ammonium associated with ammonium sulfate and ammonium nitrate. Method 3 is the least 
comprehensive estimate of sulfate aerosols because it only uses elemental sulfur as a surrogate to 
estimate [Sulfate]. The assumption that all sulfur is comprised in ammonium sulfate might be 
somewhat valid in fine aerosol mass, but not so in coarse aerosol mass.  That assumption does not hold 
because coarse aerosol mass is made up of primarily geologic material, and sulfur can be a significant 
component in geologic material.  Method 2 is more comprehensive than Method 3 and assumes that all 
sulfate ions (SO4

2-) are comprised in ammonium sulfate. All particulate samples reported in this 
document were analyzed for the sulfate ion and is the preferred molar correction factor for this 
application. 

 
Nitrate Fraction 

Nitrate aerosols are formed by the reaction of nitric acid (HNO3) and ammonia (NH3).  Nitric acid 
is created by the oxidation of NO2 in a humid environment.  In the presence of ammonia and water, the 
nitric acid can be neutralized via an acid base reaction to form the salt, ammonium nitrate, (NH4)NO3.  
At a temperature 25oC and humidity greater than 62%, ammonium nitrate transitions from a solid to a 
liquid.  Unlike ammonium sulfate, ammonium nitrate is subject to volatilization in both the solid and 
liquid form.   

IMPROVE procedures identify one method that uses surrogates to estimate the total nitrate aerosol 
mass.  The derivation of molar correction factors are described in the above geologic fraction portion 
of this document. 

  
1.   [Nitrate] = (1.29)[NO3] 

 
In the above method, [Nitrate] refers to the nitrate aerosol concentration and is assumed to be 
ammonium nitrate.  The actual concentration of the nitrate ion is represented as [NO3].  The molar 
correction factor listed in the above method assumes that all nitrate ions measured on the particulate 
matter filter are comprised of ammonium nitrate aerosols.  Recent studies have estimated that up to 
75% of the ammonium nitrate aerosol is lost through volatilization during sampling (Zhang, X.Q. et. 
al., 1992).  Additionally, sample preservation is of critical importance to reduce the volatilization 
during transport and archiving.  All samples must be refrigerated and kept at a low humidity.  This 
criterion has not been met for many of the samples described in this document.  These samples are 
appropriately flagged in tables within the results portion of this document.  Ultimately, because of 
these practices, nitrate aerosol reconstructed mass numbers carry very low certainty and are expected 
to be low and unreliable. 
 
Carbon Fraction 
     For the purpose of this document, carbon is used as a surrogate to derive estimates of organic matter 
and elemental carbon on particulate matter filters.   In addition to using carbon as a surrogate, the 
IMPROVE program also uses hydrogen and sulfur as surrogates in an independent method to estimate 
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organic matter.  Carbon analyses are performed via a modified NIOSH 5040 method that EPA 
employed in the construction of a nationwide source profile library that characterizes the possible 
sources of carbon emissions based on the percentage of organic carbon vs. elemental carbon.  NIOSH 
5040 is a method that utilizes Thermal Optical Reflectance (TOR) during the combustion of the sample 
and returns a measurement value for organic carbon (OC) and for elemental carbon (EC).  The 
summation of OC and EC results in total carbon (TC). Throughout the TOR analysis, reflectance of a 
laser directed at the sample is continuously measured.  Typically the reflectance decreases through the 
initial temperature ramps and increase in the oxidative temperature ramps.  The split between OC and 
EC is determined operationally and is defined as the point where the reflectance re-attains its original 
reflectance value that was established at the beginning of the analysis.  Because of the extreme 
temperatures used in this analysis, only quartz and glass fiber filters can be used. Teflon filters cannot 
be used in this method because they are carbon based and would yield a positive interfere. Hence, the 
analysis of Teflon PM2.5 Federal Reference Method (FRM) filters is not possible. 

 
Organic Matter Fraction 
     IMPROVE uses two separate methods to reconstruct organic matter.  The first and most 
predominate method uses organic carbon mass as a surrogate and the other uses hydrogen and sulfur 
masses as surrogates.  The first method uses organic carbon as a surrogate for Organic Mass via 
Carbon (OMC) through the following method: 
 
  1.   [OMC] = (1.4)[OC] 
 
In the above method, [OMC] refers to the total organic mass that is present in the aerosol sample as 
determined through carbon. This is derived from the analytical measurement of organic carbon, [OC].  
The correction factor ratios of carbon to organic matter range from 1.2 to 1.8 (Watson 1988, 
IMPROVE Data Guide 1995), with 1.4 as the choice for data analysis.  A correction factor of 1.4 
means that 70% of organic matter is comprised of organic carbon, with the difference being made up 
of functional groups such as hydrogen, oxygen, nitrogen, sulfur, etc. 
 
     The second method utilized by the IMPROVE program is used as a validation method for the 
carbon surrogate method described above.  This method uses hydrogen to estimate total organic mass. 
Sources of hydrogen that are not associated with organic matter are backed out of the total hydrogen 
concentration and the resultant hydrogen is assumed to be associated with organic matter.  Additional 
hydrogen not associated with organic matter is assumed to reside in ammonium sulfate; it is also 
assumed that the only contributor of sulfur in the aerosol sample is ammonium sulfate.  This method 
utilizes Teflon filters as a sample media and uses Proton Elastic Scattering Analysis (PESA) to 
determine hydrogen concentrations and Particle Induced X-ray Emissions (PIXIE) to determine sulfur 
concentrations.  This method is as follows: 
 
  2.   [OMH] = 11([H] – 0.250 [S]) 
 
In the above method, [OMH] refers to the total organic mass that is present in the aerosol sample as 
determined through hydrogen.  [H] and [S] are the corresponding hydrogen and sulfur concentrations 
as determined through PESA and PIXIE analyses, respectively.  The correction factor of 11 represents 
the H to organic matter ratio, and is determined operationally by forcing [OMH] to equal [OMC], as 
determined in the first method.  The method utilizing hydrogen is extremely beneficial when no carbon 
measurements can be made (e.g. PM2.5 Teflon filters). 
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     For the purpose of this document, the carbon surrogate method (Method 1) will be used in all mass 
reconstruction calculations.  For brevity, all reconstructed mass numbers using this method will be 
labeled as OM. 

 
 

Elemental Carbon Fraction 
     Elemental carbon (EC) mass is defined as the summation of the last three temperature regimes 
minus pyrolized carbon, as determined by reflectance in the Thermal Optical Reflectance (TOR) 
combustion method.  IMPROVE refers to this mass as Light Absorbing Carbon (LAC) and is 
expressed in the following way: 
   
  [LAC] = [EC] 
 
For the purpose of this document, this method will be used in all mass reconstruction calculations.  For 
brevity, all reconstructed mass numbers using this method will be labeled as EC. 
 
 
Additional Raw Data Analysis  
 
     There are numerous approaches in which an analyst can qualitatively analyze and interpret raw 
chemical speciation data.  In all these approaches the analyst must also include the integration of local 
environmental knowledge.  This local environmental knowledge should include, but is not limited to, 
the location and types of emission sources, topography, geology, meteorology, temporal tends and 
spatial trends.   Utilizing local environmental knowledge, the elucidation of possible source types and 
contributions can be inferred by referencing common chemicals found in Chemical Mass Balance 
source profiles.  Table 3.1 lists several types of PM10 sources and a brief description of their chemical 
abundances. 
 

Table 3.1 - Typical Chemical Abundance in PM10 Source Emission 

Source Type Dominate 
Particle Size Chemical Abundance 

Geologic Material Coarse > 10%      :Si 
1-10%      :OC, EC, AL, K, Ca, Fe 
0.1-1.0%  :Cl-, NO3

-, SO4
=, NH4

+, P, S, Cl, Ti, Mn, Ba, La 
Motor Vehicle Fine > 10%      :OC, EC 

1-10%      :S, Cl-, NO3
-, SO4

=, NH4
+ 

0.1-1.0%  :NH4
+, Si, Cl, Al, P, Ca, Mn, Fe, Zn, Br, Pb 

Vegetative Burning Fine > 10%      :OC, EC 
1-10%      :K+, K, Cl, Cl- 
0.1-1.0%  : NO3

-, SO4
=, NH4

+, Na+ 

Residual Oil Combustion Fine > 10%      :S, SO4
= 

1-10%      :Ni, OC, EC, V 
0.1-1.0%  :Na+, NH4

+, Zn, Fe, Si 
Incinerator Fine > 10%      :SO4

=, NH4
+,OC, Cl 

1-10%      :NO3
-, Na+, Ec, Si, S, Ca, Fe, Br, La, Pb 

0.1-1.0%  :K+, Al, Ti, Zn, Hg 
Coal Fired Power Plant Fine > 10%      :Si 

1-10%      :SO4
=, OC, EC, Al, S, Ca, Fe 

0.1-1.0%  :NH4
+, P, K, Ti, V, Ni, Zn, Sr, Ba, Pb 
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4.0 RESULTS 
 

The purpose of this document is to summarize chemical speciation results from select particulate 
matter filters and present those results in a way that can provide rudimentary information regarding the 
chemical makeup of those particulate matter samples.  Filters are initially identified for chemical 
speciation based upon mass concentration.  Once a filter is identified, the appropriate databases are 
reviewed again to identify additional samples that could provide insight into the type of event that 
resulted in the high particulate matter episode.  Within this section of the report, general filter 
information and chemical speciation data are grouped by site and summarized in subsequent tables and 
figures.  Common figures displayed throughout this section are mass reconstruction profiles.  Within 
each of these figures there is a pie chart and a bar chart.  The pie chart represents reconstructed mass 
values that are normalized to total reconstructed mass (%).  The bar chart to the right of the pie chart 
compares the actual gravimetric measurement to the summation of all reconstructed mass type 
fractions.  Combined together, these charts and graphs provide a graphical representation of the most 
common building blocks comprising particulate matter.  Tabular summaries of all the chemical species 
for all samples are displayed in Appendix C. 

 
If it is the intent of the reader to inquire about a possible air pollution event induced by 

meteorological conditions, Table 4.0.1 and 4.0.2 displays hourly observed meteorological conditions at 
the Rifle airport for both the 7/18/2005 and the 1/11/2006 sample days.   
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Table 4.0.1 – Rifle Airport (KRIL) Meteorological Data for 7/18/2005 

 
7/18/2005 Rifle Airport (KRIL) Meteorological Data 

Time 
MDT 

Temperature 
(F) 

Dew Point 
(F) 

Humidity Sea Level  
Pressure 
(in Hg) 

Visibility 
(MPH) 

Wind 
Direction 

Wind 
Speed 
(MPH) 

Gust 
Speed 
(MPH) 

Precipitation
(in) 

Events Conditions 

12:53 AM 71.1 23.0 16 29.82 10.0 WNW 3.5 - N/A  Clear 
1:53 AM 59.0 25.0 27 29.85 10.0 Calm Calm - N/A  Clear 
2:53 AM 57.9 28.0 32 29.86 10.0 Calm Calm - N/A  Clear 
3:53 AM 55.0 27.0 34 29.88 10.0 Calm Calm - N/A  Clear 
4:53 AM 52.0 28.0 40 29.89 10.0 NNE 4.6 - N/A  Clear 
5:53 AM 52.0 28.0 40 29.91 10.0 Calm Calm - N/A  Clear 
6:53 AM 53.1 30.9 43 29.94 10.0 Calm Calm - N/A  Clear 
7:53 AM 60.1 33.1 36 29.94 10.0 North 3.5 - N/A  Clear 
8:53 AM 66.9 35.1 31 29.94 10.0 Calm Calm - N/A  Clear 
9:53 AM 73.9 34.0 23 29.91 10.0 NNE 3.5 - N/A  Clear 
10:53 AM 78.1 30.9 18 29.90 10.0 North 4.6 - N/A  Clear 
11:53 AM 82.0 30.9 16 29.90 10.0 Variable 4.6 - N/A  Clear 
12:53 PM 87.1 21.9 9 29.86 10.0 NE 5.8 - N/A  Clear 
2:53 PM 91.0 30.0 11 29.84 10.0 Variable 5.8 - N/A  Clear 
3:53 PM 93.9 30.0 10 29.82 10.0 WNW 13.8 19.6 N/A  Clear 
4:53 PM 93.0 30.0 11 29.81 10.0 Calm Calm - N/A  Clear 
5:53 PM 93.9 33.1 12 29.80 10.0 West 10.4 - N/A  Clear 
6:53 PM 91.9 35.1 13 29.79 10.0 Calm Calm - N/A  Clear 
7:53 PM 89.1 37.0 16 29.78 10.0 West 5.8 - N/A  Clear 
8:53 PM 81.0 39.9 23 29.80 10.0 West 6.9 - N/A  Clear 
9:53 PM 75.0 30.0 19 29.83 10.0 West 3.5 - N/A  Clear 
10:53 PM 68.0 33.1 27 29.85 10.0 South 3.5 - N/A  Clear 
11:53 PM 66.0 39.0 37 29.86 10.0 Calm Calm - N/A  Clear 
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Table 4.0.2 – Rifle Airport (KRIL) Meteorological Data for 1/11/2006 
 

1/11/06 Rifle Airport (KRIL) Meteorological Data 
Time 
MDT 

Temperature 
(F) 

Dew 
Point 
(F) 

Humidity Sea Level  
Pressure 
(in Hg) 

Visibility 
(MPH) 

Wind 
Direction 

Wind Speed 
(MPH) 

Gust 
Speed 
(MPH) 

Precipitation 
(in) 

Event
s 

Conditions 

12:53 AM 18.0 10.9 74 30.33 10.0 Calm Calm - N/A  Clear 
1:53 AM 17.1 10.9 77 30.32 10.0 South 4.6 - N/A  Clear 
2:53 AM 17.1 10.9 77 30.30 10.0 South 6.9 - N/A  Clear 
3:53 AM 17.1 10.9 77 30.28 10.0 Calm Calm - N/A  Clear 
4:53 AM 16.0 10.9 81 30.30 10.0 SSW 4.6 - N/A  Clear 
5:53 AM 15.1 10.0 80 30.32 10.0 Calm Calm - N/A  Clear 
6:53 AM 14.0 9.0 80 30.32 10.0 Calm Calm - N/A  Clear 
7:53 AM 14.0 9.0 80 30.31 10.0 Calm Calm - N/A  Clear 
8:53 AM 19.0 12.0 74 30.32 10.0 Calm Calm - N/A  Clear 
9:53 AM 24.1 12.9 62 30.29 10.0 Variable 3.5 - N/A  Mostly Cloudy 
10:53 AM 25.0 12.9 60 30.27 10.0 Calm Calm - N/A  Overcast 
11:53 AM 28.0 12.0 51 30.21 10.0 Calm Calm - N/A  Overcast 
12:53 PM 32.0 12.0 44 30.16 10.0 NNE 4.6 - N/A  Overcast 
1:53 PM 35.1 10.9 37 30.11 10.0 Calm Calm - N/A  Overcast 
2:53 PM 37.9 12.0 35 30.06 10.0 Variable 3.5 - N/A  Overcast 
3:53 PM 37.0 12.0 36 30.06 10.0 Calm Calm - N/A  Overcast 
4:53 PM 35.1 14.0 42 30.04 10.0 Calm Calm - N/A  Mostly Cloudy 
5:53 PM 30.0 18.0 61 30.03 10.0 Calm Calm - N/A  Clear 
6:53 PM 30.9 19.9 64 30.01 10.0 Calm Calm - N/A  Mostly Cloudy 
7:53 PM 30.0 19.0 64 30.01 10.0 West 3.5 - N/A  Scattered Clouds 
8:53 PM 28.9 21.0 72 29.97 10.0 Calm Calm - N/A  Partly Cloudy 
9:53 PM 28.9 21.0 72 29.94 10.0 Calm Calm - N/A  Overcast 
10:53 PM 28.9 23.0 78 29.95 10.0 Calm Calm - N/A  Overcast 
11:53 PM 28.9 21.9 75 29.97 10.0 North 5.8 - N/A  Overcast 
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4.1 Garfield County - 7/18/2005 
 

On Monday July 18th, 2005 the Glenwood Springs, New Castle, Silt – Cox Ranch, Silt – Bell 
Ranch, Silt – Daley Ranch, Rifle and Parachute sites reported 24-hour PM10 concentrations of 21, 28, 
25, 18, 17, 32, and 36 μg/m3 at STP, respectively.  These samples were selected for chemical 
speciation because, on average, these sample’s 24-hour mass concentrations were among the highest 
for the 2005 summer months.  Because the overall air quality within Garfield County is of primary 
concern, the selection of samples was based upon a single high event that uniformly affected the entire 
sampling network.  The selection of samples based upon the highest concentration at a particular site, 
independent of the concentrations at neighboring sites was not used.  A single site that anomalously 
reports a high concentration is most likely impacted by immediate local sources such as agricultural 
burning, structure fires or tilling operations.  Unless these sources are thoroughly documented, the 
elucidation of such temporal sources is difficult to identify from chemical speciation data and its 
impact may not be entirely representative of the local area.   

 
All samples that exceed a 120 μg/m3 STP threshold were stored in a refrigerated environment after 

post gravimetric weighing.  Samples below the 120 μg/m3 STP threshold were not stored in a 
refrigerated environment after post-gravimetric weighing.  Therefore, measurement values of these 
samples for volatile and secondary particles are questionable, knowing that some volatilization of these 
particles has probably occurred.  Table 4.1.1 lists the filter number and mass concentration for all 
Garfield County samples collected on 7/18/2005. 
 

Table 4.1.1 - 24 Hr Concentration Summary for Garfield County 7/18/2005 Samples 
 

                     Site     Filter Number PM10 μg/m3 @ STP  (LTP) 
Glenwood Springs   - 7/18/2005           800071                        21  ( 17 )* 
New Castle               - 7/18/2005           800063                        28  ( 24)* 
Silt – Cox Ranch      - 7/18/2005           800067                        25  ( 21 )* 
Silt – Bell Ranch      - 7/18/2005           800065                        18  ( 15 )* 
Silt – Daley Ranch   - 7/18/2005           800031                        17  ( 14 )* 
Rifle                          - 7/18/2005           800069                        32  ( 27 )* 
Parachute                 - 7/18/2005           800028                        36  ( 30 )* 
 
Note:  * Indicates the filter was not stored at 0-4 ˚C prior to chemical speciation.  Secondary and volatile components questionable. 
Note:  STP = Standard Temperature and Pressure (25 ˚C & 1 atm) 
Note:  LTP = Local Temperature and Pressure  

 
  

      Mass reconstruction profiles based upon chemical speciation results are portrayed in Figure 4.1.1.  
Compared to their corresponding gravimetric measurements, the mass reconstruction technique over-
estimated the mass by an average of 10% (2.5 μg/m3 STP). A low percent difference is favorable and 
indicates that the mass construction technique performed well estimating reconstructed mass.  A 
tabular summary of all the chemical species for these samples is available upon request. 
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Figure 4.1.1  Garfield County 7/18/2005 – Mass Reconstruction Profiles 
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4.2 Garfield County – 1/11/2006 
 

On Wednesday January 11th, 2006 the Glenwood Springs, New Castle, Silt – Cox Ranch, Silt – 
Bell Ranch, Silt – Daley Ranch, Rifle and Parachute sites reported 24-hour PM10 concentrations of 27, 
43, 15, 13, 9, 52, and 61 μg/m3 at STP, respectively.  These samples were selected for chemical 
speciation because on average, these samples’ 24-hour mass concentrations were among the highest for 
the 2005-2006 winter months.  The selection of samples based upon the highest value at a particular 
site, independent of the concentrations at neighboring sites, was not used.  A single site that 
anomalously reports a high concentration is most likely impacted by immediate local sources such as 
agricultural burning, structure fire or tilling operations.  Unless these sources are thoroughly 
documented, the elucidation of such temporal sources is difficult to identify from chemical speciation 
data and its impact may not be entirely representative of the local area.   

 
All samples that exceed a 120 μg/m3 STP threshold were stored in a refrigerated environment after 

post gravimetric weighing.  Samples below the 120 μg/m3 STP threshold were not stored in a 
refrigerated environment after post-gravimetric weighing.  Therefore, measurement values of these 
samples for volatile and secondary particles are questionable, knowing that some volatilization of these 
particles has probably occurred.  Table 4.2.1 lists the filter number and mass concentration for all 
Garfield County samples collected on 1/11/2006. 
 

Table 4.2.1 - 24 Hr Concentration Summary for Garfield County 1/11/2006 Samples 
 

                     Site     Filter Number PM10 μg/m3 @ STP  (LTP) 
Glenwood Springs  - 1/11/06           800516                        27  ( 24 )* 
New Castle               - 1/11/06           800518                        43  ( 40)* 
Silt – Cox Ranch     - 1/11/06           800520                        15  ( 13 )* 
Silt – Bell Ranch     - 1/11/06           800514                        13  ( 12 )* 
Silt – Daley Ranch  - 1/11/06           800510                        9  ( 8 )* 
Rifle                         - 1/11/06           800512                        52  ( 47 )* 
Parachute                - 1/11/06           604170                        61  ( 56 )* 
 
Note:  * indicates the filter was not stored at 0-4 ˚C prior to chemical speciation.  Secondary and volatile components questionable. 
Note:  STP = Standard Temperature and Pressure (25 ˚C & 1 atm) 
Note:  LTP = Local Temperature and Pressure  

 
 
       A mass reconstruction profile based upon chemical speciation results is portrayed in Figure 4.2.1.  
The mass reconstruction technique over-estimated the mass by 15% (3 μg/m3 STP).  A low percent 
difference is favorable and indicates that the mass construction technique performed well estimating 
reconstructed mass.  A tabular summary of all the chemical species for these samples are available 
upon request. 
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Figure 4.2.1  Garfield County 1/11/2006 – Mass Reconstruction Profiles 
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5.0 DATA ANALYSIS 
 
Particulate matter in ambient air collected on filters may be comprised of many different components.  
The most common of these are the geologic component, the secondary formation component, and the 
organic and elemental carbon component.  Depending upon the aerodynamic diameter of the particles 
and local sources, the prominence of each of these components will vary.  Particles with an 
aerodynamic diameter of between 2.5 and 10 μm tends to be comprised of geologic crustal material 
and organic matter from decomposing biomass, while particles with an aerodynamic diameter of less 
than 2.5 μm tend to be comprised of secondary particles and various carbon species derived from 
biomass and fossil fuel combustion.  However, because PM10 samples collect all particles with an 
aerodynamic diameter up to 10 μm, it is difficult to apportion chemical composition to particle size.  
The following subsections provide a brief summary for the total gravimetric mass and each component 
type. 
 
5.1 Total Mass  
 
The APCD routinely selects PM10 samples near or in exceedance of the 24-hour National Ambient Air 
Quality Standard (150 μg/m3) for chemical speciation.  The NAAQS is a health based standard and its 
development is derived to minimize adverse health effects to the general population.  Figure 5.1.1 
displays the total gravimetric mass concentrations of all the samples relative to 150 μg/m3. 
 

Figure 5.1.1 – Total Gravimetric Mass Concentration  
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All Garfield County samples for the 7/18/2005 and 1/11/2006 sampling dates have mass concentrations well below the 
National Ambient Air Quality Standard.  Based upon these concentrations, the relative health risk is minimal.  The APCD 
does not typically select samples for chemical speciation with such low mass concentrations.  However, if the chemical 
characterization of particulate matter is needed, then samples from special studies can be selected upon request.  These 
samples were selected upon request of Garfield County. 
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5.2 Geologic Component (Soil)  
 
In the arid west, it is expected that the typical PM10 sample will be comprised of between 70% and 
85% geologic material.  This geologic material is typically derived from re-suspended dust from roads, 
dirt lots and rural environments.  In addition to the geologic component, another important component 
of dust and soil is organic matter.  Organic matter is derived from the decomposition of biomass, and 
when mixed with geologic material it binds to form soil.  Based upon known high wind events where 
it is known that the sample is comprised almost entirely of re-suspended dust and soil, an approximate 
8:1 ratio of total reconstructed mass to organic matter exists (see high wind example Figure 5.4.4).  
Deviations from these percentages and ratio typically indicate the influence of other sources.  Table 
5.2.1 displays the amount geologic material as a percentage of reconstructed mass for all Garfield 
County samples.  Table  5.2.2 displays the ratio of reconstructed mass to organic material. 
 

Table 5.2.1 – Geologic Component  
 

Geologic Particulate Matter Component (Soil) 

Site 7/18/2005 
(Geologic as a % of RMC) 

1/11/2006 
(Geologic as a % of RMC) 

Glenwood Springs 62% 67% 
New Castle 71% 67% 
Silt – Bell Ranch 66% 52% 
Silt – Cox Ranch 59% 59% 
Silt – Daley Ranch 60% 58% 
Rifle 69% 65% 
Parachute 67% 73% 

Average 65% 63% 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon 
EC = Estimation of Elemental Carbon  
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration 
RMC = Reconstructed Mass Concentration 

 
The average percent contribution of geologic material to total reconstructed mass for the 7/18/2005 
and 1/11/2006 samples is 65% and 63%, respectively.  These values are only a little below the 
expected 70%-85% range observed in known high wind event PM10 samples that are dominated by 
geologic material.  The majority of these samples are comprised geologic material from re-suspended 
dust.  The remaining 35% and 37% of reconstructed mass is expected to be comprised of secondary 
particulates and carbon species. 
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Table 5.2.2 –Soil Component – RMC/OM Ratio 

 
Reconstructed Mass Concentration / Organic Carbon Ratio 

 (Soil) 

Site 7/18/2005 
(RMC/OM Ratio) 

1/11/2006 
(RMC/OM Ratio) 

Glenwood Springs 2.1 : 1 2.8 : 1 
New Castle 3.2 : 1 2.6 : 1 
Silt – Bell Ranch 2.4 : 1 1.3 : 1 
Silt – Cox Ranch 1.8 : 1 2.0 : 1 
Silt – Daley Ranch 1.9 : 1 1.9 : 1 
Rifle 2.9 : 1 2.3 : 1 
Parachute 2.4 : 1 3.6 : 1 

Average 2.4 :1 2.4 : 1 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon (analytically measured) 
EC = Elemental Carbon (analytically measured) 
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration (analytically measured) 
RMC = Reconstructed Mass Concentration 

 
The average ratio of total reconstructed mass to organic material for both the 7/18/05 and 1/11/06 
samples is 2.4:1.  This value is below the expected 8:1 ratio observed in known high wind PM10 
samples that are dominated by geologic material.  Because the Garfield County samples are below an 
8:1 ratio, this indicates an excess of organic material is present beyond what is expected in a typical 
high wind event.  Excess organic material beyond what is associated with dust and soil is expected to 
be derived from biomass and fossil fuel combustion. 
 
5.3 Secondary Component (Nitrate and Sulfate)  
 
The formation of particulate sulfate and nitrate in the ambient air occurs primarily through gas-to-
particle or particle-to-particle conversions. The emission of particulate sulfate from combustion 
sources is possible; however, the majority of particulate sulfate in the atmosphere comes about from 
the conversion process in which SO2 is oxidized to ammonium bisulfate or ammonium sulfate 
particles.  Particulate nitrate is produced by a reaction involving atmospheric nitric acid vapor.  Nitric 
acid is formed in the atmosphere as a further reaction product of NO2.  The aerodynamic diameters of 
secondary particles are typically less than 2.5 μm.  These particles are volatile due to the reaction 
pathways utilized in their formation (Nitrate > Sulfate).  Due to the large pressure drop across the 
high-volume PM10 filter during sampling and warm shipping temperatures, attaining quality 
quantitative concentrations of these secondary particles is not possible knowing that some of the 
particles have been volatilized.  However, a qualitative assessment can be done to gain information 
about the presence and the extent of a secondary particulate matter event.   
 
Based upon high wind dust events where it is known that the sample is comprised almost entirely of 
re-suspended dust and soil, a percent contribution of sulfate to total reconstructed mass of 2%-6% is 
expected, and a percent contribution of nitrate to total reconstructed mass of 1%-3% is expected (see 
high wind example Figure 5.4.4).  Deviations greater than these percentages indicate the possibility of 
a secondary particulate matter event.  Table 5.3.1 lists the amount of sulfate and nitrate as a percentage 
of reconstructed mass for all Garfield County samples. 
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Table 5.3.1 – Secondary Component 
 

Percent Sulfate & Nitrate Contribution to Total Reconstructed Mass  
(Secondary Particulates) 

Site 7/18/2005 
(% Sulfate to RMC) 

1/11/2006 
(% Sulfate to RMC) 

7/18/2005 
(% Nitrate to RMC) 

1/11/2006 
(% Nitrate to RMC) 

Glenwood Springs 5% 2% 1% 4% 
New Castle 3% 2% 1% 2% 
Silt – Bell Ranch 4% 3% 2% 4% 
Silt – Cox Ranch 5% 3% 2% 5% 
Silt – Daley Ranch 6% 4% 1% 5% 
Rifle 4% 2% 1% 2% 
Parachute 3% 2% 1% 2% 

Average 4% 3% 1% 3% 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon (analytically measured) 
EC = Elemental Carbon (analytically measured) 
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration (analytically measured) 
RMC = Reconstructed Mass Concentration 

 
The average percent contribution of sulfate to total reconstructed mass for the 7/18/2005 and 
1/11/2006 samples is 4% and 3%, respectively.  The individual sample values are consistent amongst 
the sample dates and their magnitude does not indicate the presence of a significant particulate sulfate 
event.  The average percent contribution of nitrate to total reconstructed mass for the 7/18/2005 and 
1/11/2006 samples is 1% and 3%, respectively.  The average 1/11/2006 nitrate value is 2% greater that 
the 7/18/2006 value, indicating the possibility of a small particulate nitrate event.  However, the 
magnitude of the average nitrate values on both sampling days does not indicate the presence of a 
significant particulate nitrate event. 
 
5.4 Carbon Component (Biomass vs Fossil Fuel)  
 
Particulate matter can be comprised of two different carbon species: organic carbon and elemental 
carbon.  Two major sources of particulate organic carbon are organic matter associated with geologic 
material in soil, and carbon derived from the combustion biomass and fossil fuels.  Particulate 
elemental carbon is primarily derived from the combustion of biomass and fossil fuels with only a 
minor contribution from geologic material and soil. 
 
Organic matter associated with soil can be estimated as a percent of geologic material. Based upon 
high wind events where it is known that the sample is comprised almost entirely of re-suspended dust 
and soil, an approximate 0.05 ratio of organic carbon to total gravimetric mass exists (see high wind 
example Figure 5.4.4).  Organic matter in excess of the 0.05 ratio can be attributed to the burning of 
biomass and fossil fuels.  Table 5.4.1 displays the organic carbon (OC) to total gravimetric mass 
(GMC) ratios for all Garfield County samples. 
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Table 5.4.1 –Carbon Particulate Matter Component – OC/GMC Ratio 

 
Organic Carbon to Gravimetric Mass Concentration Ratio 

 (Biomass Burning) 

Site 7/18/2005 
(OC/GMC Ratio) 

1/11/2006 
(OC/GMC Ratio) 

Glenwood Springs 0.35 0.27 
New Castle 0.32 0.30 
Silt – Bell Ranch 0.37 0.35 
Silt – Cox Ranch 0.28 0.46 
Silt – Daley Ranch 0.32 0.40 
Rifle 0.25 0.28 
Parachute 0.26 0.21 

Average 0.31 0.32 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon (analytically measured) 
EC = Elemental Carbon (analytically measured) 
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration (analytically measured) 
RMC = Reconstructed Mass Concentration 

 
The average OC:GMC ratios for the 7/18/2005 and 1/11/2006 samples are 0.31 and 0.32, respectively.  
The individual sample values are consistent amongst the sample dates and their magnitudes are in 
excess of the 0.06 ratio observed in known high wind event samples.  This excess indicates the 
possible presences of additional organic carbon derived from biomass and/or fossil fuel burning. 
 
To distinguish between organic carbon derived from biomass and organic carbon derived from fossil 
fuel burning, the ratio of ionic potassium to total potassium can be used.  Potassium is common in both 
biomass fuels, fossil fuels and in soil.  However, only ionic potassium is predominately found in living 
plants and animals.  Based upon known wildfire smoke events where it is known that a sample has 
been heavily impacted by smoke, a K+/K ratio > 0.15 indicates the strong presence of smoke from 
biomass burning (see smoke event example Figure 5.4.4).  Table 5.4.2 displays the ironic potassium to 
total potassium ratios for all Garfield County samples. 
 

Table 5.4.2 –Carbon Particulate Matter Component – K+/K Ratio 
 

Ionic to Total Potassium Ratio (Biomass Burning) 

Site 7/18/2005 
(K+/K Ratio) 

1/11/2006 
(K+/K Ratio) 

Glenwood Springs 0.11 0.05 
New Castle 0.10 0.06 
Silt – Bell Ranch 0.09 0.05 
Silt – Cox Ranch 0.12 0.08 
Silt – Daley Ranch 0.10 0.04 
Rifle 0.10 0.07 
Parachute 0.08 0.07 

Average 0.10 0.06 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon (analytically measured) 
EC = Elemental Carbon (analytically measured) 
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration (analytically measured) 
RMC = Reconstructed Mass Concentration 
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The average K+/K ratios for the 7/18/2005 and 1/11/2006 samples are 0.10 and 0.06, respectively.  
Individual sample ratios are consistent amongst sample dates and their magnitudes are below the 0.15 
ratio observed in samples from known high wind events.  Average values below 0.15 indicate that 
there is not a significant amount of smoke from the burning of biomass fuels, such residential 
woodstoves or forest fires.  
 
If the excess of organic carbon observed in the OC/GMC ratios is not derived from biomass burning 
(as determined by K+/K ratios), it is most likely contributed by the combustion of fossil fuels.  Further 
differentiation between the possible types of fossil fuel combustion can be accomplished by observing 
the OC/TC ratios.  The OC/TC ratio is the ratio of organic carbon to total carbon (total carbon = 
organic carbon + elemental carbon).  The smaller the ratio, the larger the contribution of elemental 
carbon.  The presence of elemental carbon in combustion effluents becomes more prevalent in the 
combustion of heavier unprocessed fuels.  For example, propane and natural gas is expected to have 
large OC/TC ratio(>0.90), and coal is expected to have a small OC/TC ratio (0.60-0.50).  Table 5.4.3 
displays OC/TC ratios for all Garfield County samples. 
 

Table 5.4.3 –Carbon Particulate Matter Component – OC/TC Ratio 
 

Organic Carbon to Total Carbon Ratio 
(Biomass Burning & Fossil Fuel Combustion) 

Site 7/18/2005 
(OC/TC Ratio) 

1/11/2006 
(OC/TC Ratio) 

Glenwood Springs 0.90 0.87 
New Castle 0.86 0.88 
Silt – Bell Ranch 0.97 0.88 
Silt – Cox Ranch 0.96 0.93 
Silt – Daley Ranch 0.96 0.90 
Rifle 0.89 0.86 
Parachute 0.94 0.82 

Average 0.93 0.88 
OM = Estimation of Organic Matter (proportional to organic carbon) 
OC = Organic Carbon (analytically measured) 
EC = Elemental Carbon (analytically measured) 
TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
GMC = Gravimetric Mass Concentration (analytically measured) 
RMC = Reconstructed Mass Concentration 

 
 
The average OC/TC ratios for the 7/18/2005 and 1/11/2006 samples are 0.93 and 0.88, respectively.  
Individual ratios for each sample are consistent amongst sample dates.  The magnitude of the average 
OC:TC ratios suggests that the excess of organic carbon observed in the OC/GMC ratios could be 
attributed to the combustion of lighter weight fossil fuels. 
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Figure 5.4.4  Examples of Smoke and Geologic Impacted Samples 

 
 
     Example: Hayman Smoke Events 
     Commerce City 6/9/02                                              Denver Visitor Center 6/19/02 
     K+/K ratio = 0.49                                                        K+/K ratio =  0.25 
     OC/TC ratio = 0.95                                                    OC/TC ratio = 0.93 
     OC/GMC ratio = 0.30                                                OC/GMC ratio = 0.35 

      
      
      Example: High Wind Dust Events 
        Lamar – Municipal Bldg.  4/15/03                           Alamosa - ASC  5/9/03 
      K+/K ratio = 0.08                                                        K+/K ratio =  0.07 
      OC/TC ratio = 0.93                                                   OC/TC ratio = 0.95 
      OC/GMC ratio = 0.06                                               OC/GMC ratio = 0.06 

 
       OM = Estimation of Organic Matter (proportional to organic carbon) 
       OC = Organic Carbon 
        EC = Estimation of Elemental Carbon  
        TC = Estimation of Total Carbon (Organic Carbon + Elemental Carbon) 
       GMC = Gravimetric Mass Concentration 
        Nitrate = Estimation of all Nitrate species (proportional to nitrate ion concentration) 
        Sulfate = Estimation of all Sulfate species (proportional to sulfate ion concentration) 
        Geologic Material = Estimation of  all Geologic Material (proportional to iron concentration) 
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Denver Visitor Center 6/19/02
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PM10 Mass Reconstruction 
Alamosa ASC 5/9/03

Geologic
85%

 Nitrate
1% Sulfate

5%

 EC
0%

 OM
9%

0

20

40

60

80

100

120

140

160

180

Grav.  RCM

ug
/m

3 
@

 S
TP

PM10 Mass Reconstruction 
Commerce City 6/9/02
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6.0 SUMMARY 
 
     A total of fourteen Garfield County samples from seven individual sites on two separate days were 
analyzed for chemical species.  A sampling day in the summer (7/18/2005) and a sampling day in the 
winter (1/11/2006) were selected to characterize different seasonal regimes.  Meteorological data from 
the Rifle airport on 7/18/2005 report clear skies, low winds and high temperatures in the 90s.  
Meteorological data from the Rifle airport on 1/11/2006 report clear skies becoming overcast, calm 
winds and high temperatures in the 30s.  The total gravimetric mass concentrations for all samples 
were well below the 150 μg/m3 National Ambient Air Quality Standard.  Based upon the mass 
concentrations of these samples, the estimated health risks are minimal.  Low concentration samples 
are typically not selected for chemical speciation.  However, upon a special request from Garfield 
County, these samples were selected to acquire additional knowledge about the chemical 
characterization of particulate matter within Garfield County area.  Reconstructed mass profiles 
between the two sampling dates are similar, with the exception of slightly elevated nitrate values in the 
winter samples (1/11/2006).  Meteorological data for the 1/11/2006 samples indicate stagnate and 
possible inversion type conditions which would allow for the formation of secondary nitrate 
particulates.  All samples had similar geologic, organic carbon, and elemental carbon components.  
Compared to the average geologic component of a typical sample collected in the arid west, these 
samples reported a slightly lower contribution of the geologic component and a slightly higher 
contribution of organic material.  Compared to the average K+/K ratio observed in known smoke 
events, these samples reported low ratios and do not indicate the significant presence of smoke from 
biomass burning.  If the slightly elevated levels of organic material are not contributed by smoke from 
biomass burning, it is then possibly attributable to smoke from the combustion of fossil fuels.  The 
high OC/TC ratio observed in the samples indicate a low contribution of elemental carbon relative to 
organic carbon.  The magnitude of the average OC/TC ratios suggest that the excess of organic carbon 
observed in the OC/GMC ratios could be attributed to the combustion of lighter weight fossil fuels. 
 
     The purpose of this document is to provide a summary of the PM10 filter chemical speciation results 
for Garfield County and present those results in a way that can provide rudimentary information 
regarding the chemical makeup of particulate matter samples. One of the preliminary steps in the 
development of a receptor model study is the creation of a conceptual model that provides insight into 
the types and concentrations of particulate matter that were encountered in the study.  This document 
utilizes the creation of mass/material balance profiles (Watson et al., 2002), as a component of a 
conceptual model, to track and evaluate the chemical makeup of particulate matter at select sites.  The 
information in this document is qualitative and caution must be invoked in drawing any quantitative 
conclusions.  Any conclusion drawn from the information contained in this document should only be 
done with the full understanding of the assumptions and methods utilized in the creation of 
mass/material balance profiles.  A more rigorous analysis resulting in the quantitative apportionment of 
sources requires the use of receptor models.  This type of analysis is beyond the scope of this 
document.  The raw data are available on request for those wishing to perform such an analysis.  
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Appendix A 
 

Summary of Analyte Abbreviations 

Abbreviation Name Molecular Weight 
XRF Analysis 
Na  * Sodium 23.0 
Mg  * Magnesium 24.3 
Al Aluminum 27.0 
Si Silicon 28.1 
P Phosphorus 31.0 
S Sulfur 32.1 
Cl Chlorine 35.4 
K Potassium 39.1 
Ca Calcium 40.1 
Sc  * Scandium 44.9 
Ti Titanium 47.9 
V Vanadium 50.9 
Cr Chromium 52.0 
Mn Manganese 54.1 
Fe Iron 55.8 
Co Cobalt 58.9 
Ni Nickel 58.7 
Cu Copper 63.5 
Zn Zinc 65.4 
Ga Gallium 69.7 
Ge Germanium 72.6 
As Arsenic 74.9 
Se Selenium 79.0 
Br Bromine 79.9 
Rb Rubidium 85.5 
Sr Strontium 87.6 
Y Yttrium 88.9 
Zr Zirconium 91.2 
Mo Molybdenum 95.6 
Ru  * Ruthenium 101.7 
Rh  * Rhodium 102.9 
Pd Palladium 106.4 
Ag Silver 107.9 
Cd Cadmium 112.4 
In Indium 114.8 
Sn Tin 118.7 
Sb Antimony 121.8 
I Iodine 126.9 
Te  * Tellurium 127.6 
Cs  * Cesium 132.9 
Ba Barium 137.3 
La Lanthanum 138.9 
W * Tungsten 183.9 
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Summary of Analyte Abbreviations 

Abbreviation Name Molecular Weight 
Au  *  Gold 197.0 
Hg Mercury 200.6 
Tl  * Thallium 204.4 
Pb Lead 207.2 
Th  * Thorium 232.4 
U  * Uranium 238.0 
*  Note:  available on special request 
Ions 
F- Fluorine 19.0 
Cl- Chlorine 35.5 
Br- Bromine 79.9 
NO2

- Nitrite 46.0 
NO3

- Nitrate 62.0 
SO4

- Sulfate 96.1 
PO4

- Phosphate 95.0 
Li+ Lithium 6.9 
Na+ Sodium 23.0 
NH4

+ Ammonium 18.0 
K+ Potassium 39.1 
Mg+ Magnesium 24.3 
Ca+ Calcium 40.1 
   
Carbon 
OC Organic Carbon na 
EC Elemental Carbon na 
TC Total Carbon na 
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Appendix B 

 
Derivation of the Iron Correction Factor 

        
Below is the data used in the development of a geologic material correction factor using iron 
as a sole surrogate.  Iron values from 29 geologic CMB source profiles are averaged together 

and a geologic material correction factor developed. 
        
        

Profile Type Profile Name Size Fraction  Iron (Normalized to 1) 
GEOLOGICAL SSOIL T 0.0368 
GEOLOGICAL WPAVED T 0.0340 
GEOLOGICAL APAVED T 0.0351 
GEOLOGICAL WSAND T 0.0375 
GEOLOGICAL ASAND T 0.0272 
GEOLOGICAL WUNPAVED T 0.0791 
GEOLOGICAL AUNPAVED T 0.0424 
GEOLOGICAL UNPAVED T 0.0607 
GEOLOGICAL AGSOIL T 0.0446 
GEOLOGICAL COLOSP-T T 0.0112 
GEOLOGICAL ASPEN-T T 0.0286 
GEOLOGICAL SBSAND T 0.0707 
GEOLOGICAL SBCINDER T 0.0679 
GEOLOGICAL SBUNPAVD T 0.0662 
GEOLOGICAL GPHWYC1 T 0.0457 
GEOLOGICAL GCYSTC3 T 0.0390 
GEOLOGICAL GHWYTC6 T 0.0479 
GEOLOGICAL GAGSLC2 T 0.0471 
GEOLOGICAL PAGROAD T 0.0451 
GEOLOGICAL PAGUNPV T 0.0497 
GEOLOGICAL ASPSAND T 0.0410 
GEOLOGICAL STMROAD T 0.0587 
GEOLOGICAL ASPROAD T 0.0384 
GEOLOGICAL STMSAND T 0.0605 
GEOLOGICAL S31ROAD T 0.0334 
GEOLOGICAL LAMFEED T 0.0277 
GEOLOGICAL PAGUNPVD T 0.0381 
GEOLOGICAL LAMFIELD T 0.0347 
GEOLOGICAL LAPSAND T 0.0328 

        
  AVERAGE  0.0442 
  STANDARD DEV.  0.0151 
        

Correction Factor = 1 / 0.0442  =22.627   
CF - (Standard Dev.)= 1 / 0.0291 =34.395   
CF + (Standard Dev)= 1 / 0.0593=16.859   
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APPENDIX C 
 

ANALYTICAL DATA  
 

(Available Upon Request) 
 

 


