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1. Introduction  

The University of California Davis (UCD) Air Quality Group reviews quality assurance (QA) 

activities semiannually in this report series as a contract deliverable for the Interagency 

Monitoring of Protected Visual Environments (IMPROVE) program (contract #P15PC00384). 

The primary objectives of the series are to:  

1. Provide the National Park Service (NPS) with graphics illustrating some of the 

comparisons used to evaluate the quality and consistency of measurements within the 

network.  

2. Highlight observations that may give early indications of emerging trends, whether in 

atmospheric composition or measurement quality.  

3. Serve as a record and tool for ongoing UCD QA efforts.  

The graphics shown in this report are a small subset of the many QA evaluations that UCD 

performs on a routine basis. More finished analyses such as those available in data advisories are 

outside the scope of this report, which provides a snapshot of the networkôs internal consistency 

and recent trends.    

Each network site has a sampler for collection of particulate matter on polytetrafluoroethylene 

(PTFE), nylon, and quartz filters. The IMPROVE sampler has four sampling modules: 

¶ Module-A: Collection of fine particles with aerodynamic diameter less than 2.5 µm 

(PM2.5) on polytetrafluoroethylene (PTFE) filters for gravimetric, x-ray fluorescence 

(XRF), and optical absorption by hybrid integrating plate/sphere (HIPS) analysis at 

UCD.  

¶ Module-B: Collection of PM2.5 on nylon filters for ion chromatography (IC) analysis at 

Research Triangle Institute (RTI) International.  

¶ Module-C: Collection of PM2.5 on quartz filters for thermal optical analysis (TOA) at 

Desert Research Institute (DRI).  

¶ Module-D: Collection of particles with aerodynamic diameter less than 10 µm (PM10) on 

PTFE filters for gravimetric analysis at UCD.  

Additional information and detail regarding analytical and validation procedures can be found in 

the standard operation procedure (SOP) documents and Quality Assurance Project Plan (QAPP) 

available at the Colorado State University (CSU) Cooperative Institute for Research in the 

Atmosphere (CIRA) IMPROVE site: http://vista.cira.colostate.edu/Improve/ 

Unless otherwise noted, data evaluated in this report cover sampling dates from January 2016 

through December 2016. 



2. Concentration-Level QC Checks 

2.1 Comparison Across Years 

Time series plots of network-scale statistics can reveal possible effects associated with changes 

in procedures, instrumentation, or sampling media in the analytical laboratories at DRI, RTI, and 

UCD.  Interpretation of these plots is complicated by the real atmospheric trends whose presence 

IMPROVE is intended to detect; these arise from intentional or adventitious changes in 

emissions, as well as inter-annual fluctuations in synoptic weather patterns. Figures 1 ï 3 use 

selenium, a trace element often associated with coal combustion, to illustrate some of the 

considerations that arise. 

Figure 1 shows 90th percentile, median (50th percentile), and 10th percentile concentrations of 

selenium, with five years of historical network data (2011-2015) providing context for the year 

currently under review (2016). Selenium concentrations were noticeably lower in 2016 than in 

previous years, particularly during the summer months. Figure 2 shows a similar 2016 drop for 

sulfur, a major element emitted during coal combustion. The sulfur/selenium ratios in Figure 3 

show substantial variation between samples, but support a consistent pattern in the relationship 

between these elements over the years. Together, Figures 1 ï 3 suggest that the 2016 selenium 

decline reflected a real change in atmospheric composition, likely driven by changes in the mix 

of fuels used in electric power generation. 

  
  



Figure 1: Multi -year time series, selenium (Se). 

 

 
 

  



Figure 2: Multi -year time series, sulfur (S). 

 

 

 

 

 

 

 

 

 

 

 



Figure 3: Multi-year time series of sulfur/selenium (S/Se) ratio.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Nitrate concentrations were low during the first six months of 2016 at the median and 90th 

percentile. However, during the latter half of 2016, concentrations at the 10th percentile, median, 

and 90th percentile were generally similar to past years.  

Figure 4: Multi -year time series, nitrate. 

 

 

 

 

 

 

 



Concentrations of lead and PM2.5 were generally lower in 2016 relative to previous years, as 

shown in Figures 5 and 6, respectively. 

Figure 5: Multi -year time series, lead (Pb). 

 

 

 

 

 

 

 

 

 



Figure 6: Multi -year time series, PM2.5. 

 

 

Despite the observed 2016 decreases in sulfur, selenium, nitrate, lead, and PM2.5, the soil 

composite variable, derived from chemical measurements and calculated as shown below, is 

similar to past years (Figure 7).  

Soil = 2.2 × Aluminum + 2.49 × Silicon + 1.63 × Calcium + 2.42 × Iron + 1.94 × Titanium 

 

 

 

 

 



Figure 7: Multi -year time series, soil composite variable.  

 

2.2   Carbon Redelivery Comparison 

The previous QA report (August 2017; http://vista.cira.colostate.edu/Improve/quality-assurance/) 

called attention to a 2016 drop in EC, both in terms of median concentrations and relative to the 

HIPS Fabs measurement. This drop coincided with DRIôs introduction of their new Model 2015 

Carbon Analyzer for TOR analysis of quartz filters from January 2016 onward.  DRI 

subsequently determined that the integration threshold used for the Model 2015 analyzer carbon 

signal was inappropriate.  

In February 2018, UCD received reprocessed carbon data from DRI for January 2016 through 

February 2017. The difference between the original and reprocessed data for elemental carbon 

(EC) and organic carbon (OC) is shown in Figures 8 and 9, respectively.  

 

 



Figure 8: Multi -year time series, elemental carbon (EC). 2016 carbon data prior to reprocessing shown as the red 

dotted line.  

 

 

 

 

 

 

 

 

 



Figure 9: Multi -year time series, organic carbon (OC). 2016 carbon data prior to reprocessing shown as the red 

dotted line.  

 

Scatter plots for carbon fractions of the original/reprocessed ratio and original mass loadings 

versus reprocessed mass loadings are shown in Figures 10 and 11, respectively. Total carbon 

(TCTC) shows relatively good agreement; however, reprocessed data for the elemental carbon 

fractions ï and to a lesser extent organic carbon fractions ï have higher mass loadings, 

particularly at lower concentrations. The EC2 fraction has the most distinct deviation between 

original and reprocessed data (Figure 12). 

 

 

 

 



Figure 10: Log scale scatter plot for carbon fractions showing ratio of orginal/reprocessed mass loading versus 

reprocessed mass loading, January 2016 through December 2016. Where EC1-3 are elemental carbon fractions, 

ECTR is total elemental carbon by reflectance, ECTT is elemental carbon by transmittance, OC1-4 are organic 

carbon fractions, OCTR is organic carbon by reflectance, OCTT is organic carbon by transmittance, OPTR is 

organic pyrolized carbon by reflectance, OPTT is organic pyrolized carbon by transmittance, and TCTC is total 

carbon. The lower limit of y-axis (mass loading ratio) is fixed at 0.01. Plot omits data for EVER1 (4/12/2016) and 

EVER1 (4/15/2016) samples, which had exceptionally high OC and EC mass loadings. 

 



Figure 11: Log scale scatter plot for carbon fractions showing original mass loading versus reprocessed mass 

loading, January 2016 through December 2016. Where EC1-3 are elemental carbon fractions, ECTR is total 

elemental carbon by reflectance, ECTT is elemental carbon by transmittance, OC1-4 are organic carbon fractions, 

OCTR is organic carbon by reflectance, OCTT is organic carbon by transmittance, OPTR is organic pyrolized 

carbon by reflectance, OPTT is organic pyrolized carbon by transmittance, and TCTC is total carbon. The solid 

black line is the 1:1 line. Plot omits data for EVER1 (4/12/2016) and EVER1 (4/15/2016) samples, which had 

exceptionally high OC and EC mass loadings. 

 



Figure 12: Linear scale scatter plot for EC2 carbon fraction showing original mass laoding versus reprocessed mass 

loading, January 2016 through December 2016. The solid black line is the 1:1 line. The solid red line is the linear 

regression line, with its equation and correlation coefficient displayed alongside. Plot omits data for EVER1 

(4/12/2016) and EVER1 (4/15/2016) samples, which had exceptionally high OC and EC mass loadings. 

 

2.3  Comparisons Between Modules 

The following graphs compare two independent measures of aerosol properties that are expected 

to correlate. Graphs presented in this section  explore variations in the correlations, which can 

result from real atmospheric and anthropogenic events or analytical and sampling issues.  

2.3.1 Sulfur vs. Sulfate  

PTFE filters collected from the A-Module are analyzed for elemental sulfur using XRF, and 

nylon filters collected from the B-Module are analyzed for sulfate (SO4) using IC. The molecular 

weight of SO4 (96 g/mol) is three times the atomic weight of S (32 g/mol), so the concentration 

ratio (3×S)/SO4 should be one if all particulate sulfur is present as water-soluble sulfate. In 

practice, real measurements routinely yield a ratio greater than one (Figure 13), suggesting the 

presence of some sulfur in a non-water soluble form of sulfate or in a chemical compound other 

than sulfate.  

 

 



Figure 13: Multi -year time series of (3×S)/SO4.  

 

2.3.2 PM2.5 vs. Reconstructed Mass (RCMN) 

PTFE filters from the A-Module are analyzed gravimetrically (i.e., weighed before and after 

sample collection) to determine PM2.5 mass. Gravimetric data are compared to reconstructed 

mass (RCMN), where the RCMN composite variable is estimated from chemical speciation 

measurements. The formulas used to estimate the mass contributions from various chemical 

species are taken from UCD IMPROVE SOP 351, Data Processing and Validation. In the simple 

case where valid measurements are available for all needed variables, reconstructed mass is the 

following sum:  

RCMN = (4.125 × S) + (1.29 × NO3Ė ) + (1.8 × OC) + (EC) +  

(2.2 × Al + 2.49 × Si + 1.63 × Ca + 2.42 × Fe + 1.94 × Ti) + (1.8 × chloride)  

The parenthesized components represent the mass contributions from, in order, ammonium 

sulfate, ammonium nitrate, organic compounds, elemental carbon, soil, and sea salt.   

If the RCMN completely captures and accurately estimates the different mass components, the 

RCMN/PM2.5 ratio is expected to be near one. The gravimetric mass likely includes some water 

associated with hygroscopic species, which is not accounted for by any of the chemical 

measurements. Conversely, some ammonium nitrate measured on the retentive nylon filter may 

volatilize from the inert PTFE filter during and after sampling.  

The RCMN/PM2.5 ratio exhibits seasonal variability, with the lowest ratios during the summer 

months (Figures 14 and 15). Prior to reprocessing the carbon data, the 2016 ratios were notably 

lower relative to previous years (Figure 14). Using reprocessed carbon data to calculate the 

RCMN, the 2016 RCMN/PM2.5 ratios are in better agreement with previous years (Figure 15).  

http://vista.cira.colostate.edu/Improve/wp-content/uploads/2016/06/IMPROVE-SOP-351_2015_temptoweb-3.pdf


Figure 14: Multi -year time series of RCMN/PM2.5, with RCMN calculated using original carbon data. 

 

Figure 15: Multi -year time series of RCMN/PM2.5, with RCMN calculated using reprocessed carbon data. 

 

2.4    Comparisons Between Collocated Samples  

Select IMPROVE network sites have collocated modules, where duplicate samples are collected 

and analyzed using the same analytical protocols. Differences between the resulting data provide 

a measure of the total uncertainty associated with filter substrates, sampling and handling in the 

field, and laboratory analysis. This uncertainty is conventionally reported as collocated precision. 

 



Collocated precision is calculated from the scaled relative differences (SRD) between the 

collocated sample pairs, 
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The scaled relative differences are Ñã2 when one of the two measurements is zero, and vary 

between these limits at concentrations close to the detection limit. They generally decrease with 

increasing concentration and are expected to converge to a distribution representative of 

multiplicative measurement error when the concentration is well above the detection limit 

(Figure 16, elements; Figure 17, mass; Figure 18, ions; Figure 19, carbon). Note that this 

convergence is not observed for elements and carbon fractions that are rarely measured above the 

MDL. The BYIS collocated and routine modules use different size filters, with one collecting 

samples on the normal 25mm PTFE and the other 37mm PTFE filters. The module with the 

37mm filters was installed to explore the cause of unusually high differences between the sulfur 

and sulfate measurements at BYIS, and the sulfur measurements on the 37mm filters compare 

much better to the sulfate measurements than do the 25mm filter sulfur measurements at BYIS.  

The disagreement between the sulfur (and potassium) measurements at BYIS, compared to the 

other identical collocated modules, stands out in Figure 16.     

 

 



Figure 16: Scaled relative difference for element measurements at sites with collocated modules across the 

IMPROVE network (2016). Dotted vertical lines indicate the detection limits.   

 

 

 

 



Figure 17: Scaled relative difference for PM10 and PM2.5 at sites with collocated modules across the IMPROVE 

network (2016).  

 

Figure 18: Scaled relative difference for ions measurements at sites with collocated modules across the IMPROVE 

network (2016).  

 



Figure 19: Scaled relative difference for carbon measurements at sites with collocated modules across the 

IMPROVE network (2016).  

 

UCD IMPROVE SOP 351, Data Processing and Validation documents the calculation of 

collocated precision. Collocated precision for the 2016 IMPROVE data is calculated using 2005-

2013 collocated measurements, as reported in the previous Semiannual Quality Assurance 

Report, August 2017. Collocated precision for the 2017 IMPROVE data will be calculated using 

the 2016 collocated measurements, and will be updated annually moving forward.   

 

 

 

http://vista.cira.colostate.edu/Improve/wp-content/uploads/2016/06/IMPROVE-SOP-351_2015_temptoweb-3.pdf


3. Analytical QC Checks 

3.1 Blanks 

Lab blanks and field blanks are handled and analyzed in the laboratory using the same process as 

sampled filters. Lab blanks are only handled in a laboratory environment and have the least 

opportunity for mishandling and contamination. Field blanks are collected at sampling sites 

across the network by exposing filters to the same conditions and handling that a sampled filter 

experiences but without pulling air through the filter. Considering that field blanks capture 

artifacts from both field and laboratory processes, it is expected that field blank mass loadings 

will be generally higher than lab blanks.  

Field blanks are an integral part of the QC process, and analysis results allow for artifact 

correction of the sampled filters as part of the concentration calculation. Artifacts result from 

contamination in the filter material or handling and analysis.  

Nylon filters are received from the manufacturer in lots that typically last one year. Acceptance 

criteria are established to evaluate background concentrations for each new lot of filters, 

however, there can be substantial variability in ion species across different lots (Figures 20-23). 

Transition to new lots occurs over a period of weeks; thus the shift in field blank concentrations 

gradually manifest over time rather than abruptly.   



Figure 20: Time series of chloride measured on nylon filter field (FB) and lab (LB) blanks. 

 

 

 

 

 

 

 

 

 

 



Figure 21: Time series of nitrate measured on nylon filter field (FB) and lab (LB) blanks. 

 

 

 

 

 

 

 

 

 

 



Figure 22: Time series of nitrite measured on nylon filter field (FB) and lab (LB) blanks. 

 

 

 

 

 

 

 

 

 



Figure 23: Time series of sulfate measured on nylon filter field (FB) and lab (LB) blanks. 

 

Quartz filters are pre-fired by DRI. Quartz filter field blanks have low concentrations of EC, 

typically below 0.5 µg/filter, with no seasonal pattern (Figures 24). Conversely, higher field 

blank concentrations are observed for OC, with the highest values during summer months often 

over 5 µg/filter (Figures 25). However, the reprocessed EC field blank concentrations are high, 

relative to the original values (Figure 24). The reprocessed organic carbon field blank 

concentrations  show little to no difference relative to the original values (Figure 25). 

 

 

 

 


