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1. Introduction

The University of California Davis (UCD) Air Qualit@roupreviewsquality assuranc@A)
activitiessemiannuallyn this reportseriesas a contract deliverable for the Interagency
Monitoring of Protected Visual Environments (IMPROVE) program (con#B&65PC00384).
The primaryobjectivesof the seriesreto:

1. Provide the National Park Service (NPS) wgthphicsllustrating some of the
comparisonsised to evaluate the quality and consistenaeyp@dsureentswithin the
network.

2. Highlight observabnsthat maygive 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 reparea small subset of the many QA evaluations that UCD

performs on a routine basiore finished analysesuch aghose available in data advisories are

outside the scope of thisport which provides s napshot of the networ k?d
and recent trends

Each network site has a samplerdoliection of particulate matter on polytafluoroethylene
(PTFE) nylon, and quartz filtersThe IMPROVE sampler has four sampling modules:

1 Module-A: Collection of fine particlesvith aerodynamic diameter less tHas um
(PMz25) onpolytetrafluoroethylene (PTFHiters for gravimeric, x-ray fluorescence
(XRF), and optical absorption by hybrid integrating plate/sphere (HiR&8ysisat
UCD.

1 ModuleB: Collection of PM . on nylon filters for ion chromatography (IC) analyais
Research Triangle Institute (RTI) Internatianal

1 Module-C: Collection of PMson quartz filters for thermal optical analysis (TCs)
Desert Research Institute (DRI)

1 Module-D: Collection of particles witlaerodynamic diameter less thEh pum (PMo) on
PTFE filters for gravimetric analys& UCD.

Additional information and detail regarding analytical and validation procedures can be found in
thestandard operation procedure (SOP) documents and Quality Assurance Project Plan (QAPP)
available at th€olorado State University (CSU) Cooperative Institute for Research in the
Atmosphere (CIRA)JMPROVE site:http://vista.cira.colostate.edu/Improve/

Unless otherwise noted, daaaluatedn this report covesamping datefrom January 2016
through Decembe2016



2. Concentration-Level QC Checks
2.1 Comparison Across Years

Time series plot®f networkscale statisticean reveapossible effects associated wihanges

in procedures, instrumentation, or sampling madihe analytical laboratories at DRI, RTI, and
UCD. Interpretation of these plotscomplicated by theeal atmospheric trends whose presence
IMPROVE is intended to detedhese arise from intentional or adventitious changes in
emissions, as well aster-annual fluctuations in synoptic weathertpats Figures1i 3 use
selenium, a trace element often associated with coal combustithnsti@ate some of the
considerationghat arise.

Figure 1 show80" percentile median(50" percentile) and10" percentileconcentrations of
selenium with five years of historical network data (202015 providing context forthe year
currentlyunder review(2016).Selenium concentrationsere noticeablylower in 2016 than in
previous yeargparticularly during the summer months. Figure 2 shows a sigtitt8drop for

sulfur, a major element emitted during coal combustidre sulfur/selenium ratios in Figure 3
showsubstantial variation between samples,dugport a consistepittern in the relationship
between these elememtger the yearsTogetherFigures 11 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.
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Figure 1: Multi-year time series, selenium (Se).
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Figure 2: Multi-year time series, sulfur (S).
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S/Se

Figure 3: Multi-year time series of sulfigélenium (S/Se) ratio.
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Nitrate concentrations were low during the first six months of 2016 at the median'and 90
percentile However, during the latter laf 2016, concentrations at the'lpercentile, median,

and 90" percentile were generalgimilar topast years.

Figure 4: Multi-year time series, nitrate.
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Pb, ng/m3

Concentrations of lead and PM2veregenerallylower in 2016relative to previous yearas

shown inFigures 5 and 6, respectively.

Figure 5: Multi-year time series, lead (Pb).
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Figure 6: Multi-year time series, PM2.5.

15000

5, ng/m3

PM2

75004

5000 4

5, ng/m3
B
8
o

PM2

2000 1

n
=1
=]
=1

PM2.5, ng/im3

=]
S
=3

Despite the observed 2016 decreasesllfur, seleniumnitrate, lead, and PM2.%e soil
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composite variable, derived from chemical measurements and calculated as showis below,
similar topast years (Figure 7).

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



Figure 7: Multi-year time series, soil composite variable.
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2.2 Carbon Redelivery Comparison
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The previouA report(August 2017 http://vista.cira.colostate.edu/Improve/qualitysurance/

called attention ta 2016dropin EC, both interms of median concentrations and relative to the
nci

HI'PS Fabs measurement. This drop coi

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

subsequently determined thheintegration threshold used ftre Model 2015 analyzer carbon

signalwas inappropriate.

In February 2018, UCD received reprocessed carborfrdataDRI for January 2016 through

February 2017The 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 reprocessingstimwed
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Figure 9: Multi-year time series, organic carbon (OC). 2016 carbon data prior to reprocessing shown as the red
dotted line.
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Scatter plots for carbon fractions of the original/reprocessmland original mass loadings
versus reprocessed mass loadiagsshown in Figures 10 and 11, respectively. Total carbon
(TCTC) shows relatively good agreement; howekegsrocessed data for tbeemental carbon
fractionsi and to a lesser extent organic carbon fractionavehigher mass loadings,

particularly at lower concentrations. The EC2 fraction has the most distinct deviation between
original ard reprocessed data (Figure 12).
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Figure 10: Log scale scatter plot for carbon fractions showing ratio of orginal/reprocesselioading versus
reprocessed mass loading, January 2016 through DecembeV20d@ EC13 are elemental carbon fractions,
ECTR is total elemental carbon by reflectance, ECTT is elemental carbon by transmittangea@e@tganic

carbon fractions, OCTK 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 yaxis (mass loading ratio) is figeat 0.01Plot omits datdor EVER1 (4/12/2016) and
EVERL1 (4/15/2016) samplewhich hadexceptionallyhigh OC and EC mass loadings
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Figure 11: Log scale scatter plot for carbon fractions showing original neasingversus reprocessed mass
loading,Janary 2016 through December 2016. Where ECdre elemental carbon fractions, ECTR is total
elemental carbon by reflectance, ECTT is elemental carbon by transmittancd, &@€brganic carbon fractions,
OCTR is organic carbon by reflectance, OCTT isapig carbon by transmittance, OPTR is organic pyrolized
carbon by reflectance, OPTT is organic pyrolized carbon by transmittance, and TCTC is totaldaetsmiid
black line is the 1:1 lineRlot omits data for EVER1 (4/12/2016) and EVER1 (4/15/201@)p$s, which had

exceptionally high OC and EC mass loadings.
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Figure 12: Linear scale scatter plot for EC2 carbon fraction showing original mass laoding versus reprocessed mass
loading, January 2016 through December 201@ solid black line is the 1:1Ink. The solid red line is the linear
regression line, with its equation and correlation coefficient displayed alongsidemits data for EVER1

(4/12/2016) and EVERL1 (4/15/2016) samples, which had exceptionally high OC and EC mass loadings.
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2.3 Comparisons Between Modules

The following graphs compare two independent measures of aerosol properties that are expected
to correlateGraphs presented in this sectierplore variations in the correlatignghich can
result from real atmospheric and anthropogenic events or analytical and sampling issues.

2.3.1 Sulfur vs. Sulfate

PTFE flters collected from the AModule are analyzed for elemental sulfur using XRfe a
nylonfilters collected from the B/odule are analyzed for sulfate (§@sing IC.The molecular
weight of SQ (96 g/mol)is three times the atomic weight of S (32 g/msedthe concentration
ratio (3xS)/SQ@shouldbe onef all particulate sulfur is present agatersolublesulfate In
practice, real measurements routinglield aratio greater than one (Figut8), suggestinghe
presence asomesufur in a nonwater soluble form of sulfate or axchemical compoundther
than sulfate
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Figure 13: Multi-year time series BxS)/SQ.
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2.3.2 PM2.5 vs.Reconstructed Mass (RCMN)

PTFE flters from the AModule are analyzegravimetrically(i.e., weighed before and after
sample collectionjo determind®M. s mass Gravimetric datarecompared tgecmstructed
mass (RCMN), Were theRCMN composite variables estimatedrom chemicalspeciation
measureents.The formulas used to estimate thass contributions from various chemical
species are taken frobhCD IMPROVESOP 351, Data Processing and Validatitmthe simple
case where valid measurements are available foealledvariables, reconstructedhass is the
following sum:

RCMN = (4.125x S) + (1.29 xNOsE) + (1.8 x OC) + (EC) +
(2.2 x Al + 2.49% Si + 163 x Ca + 2.42 x Fe + 1.94 x)Fi (1.8 x chloride

The parenthesized components represent the mass contributions from, in order, ammonium
sulfate,ammonium nitrategrganic compounds, elemental carbon, soil, and sea salt.

If the RCMN completely captures and accurately estimates the different mass cotapitee
RCMN/PMsratio is expeadto be near onéhegravimetric 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 oenltiggeatylon filter may
volatilize from the inert PTFE filter during and after sampling.

The RCMN/PM sratio exhibits seasonal variability, with the lowest ratios during the summer
months(Figures 14 and B). Prior to reprocessing the carbon data, the 2@fiéswerenotably
lowerrelative to previous yea(§igure ¥). Using reprocessed carbon data to calculate the
RCMN, the 2016 RCMN/PMIs ratios are in better agreemaevith previous yeargFigure B).


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

RCMN /PM2.5

Figure 14: Multi-year time series of RCMN/PM2.®%ith RCMN calculated using original carbon data
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Figure 15: Multi-year time series of RCMN/PM2.5, with RCMN calculated using reprocessed carbon data.
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2.4 Comparisons Between Collocated Samples

SelectMPROVE networksiteshavecollocatedmodules whereduplicatesamples are collected

and analyzedsingthe samanalyticalprotocols.Differences between the resulting data provide

a measure of the total uncertainty associated with filter substratedingpamu 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 N&2 when
betweerthese limits at concentrationkse to the detection limithey generally decrease with
increasing concentration and are expected to converge to a distribution representative of
multiplicative measurement error when the concentration is well abovettdetiole limit

(Figure B, elements; Figure7l mass; Figure§, ions; Figure 9, carbon)Note that this

convergence is not observed for elements and carbon fractions thetedyeneasured above the
MDL. The BYIS collocated and routine modules use diifi 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 BY18d @éhe 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 su{and potassiumineasurements at BYJ8ompared to the

other identical ollocated modulesstands out in Figure 16.



Scaled Relative Difference

Figure 16: Scaled relative difference fetementmeasurements attes withcollocatedmodulesacross the
IMPROVE network(2016) Dotted vertical lines indicate the detection limits.
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Figure 17: Scaled relative difference for PM10 and PM2.Si&s with collocated modules across the IMPROVE

network @016).
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Figure 18: Scaled relative difference for ions measurements at sites with collocated modules across the IMPROVE

network (2016).
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Scaled Relative Difference

Figure 19: Scaled relative difference for carbon measurements at sites with collocated modules across the
IMPROVE network (2016).
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collocated precisiarCollocated precision for the 2016 IMPROVE dataatculatedusing2005
2013collocated measurements, as reported in the previous Semiannual Quality Assurance
Repot, August 2017Collocated 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
3.1Blanks

Lab blanks and field blankse 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
aaoss the network by exposing filters to the same conditions and handling that a sampled filter
experiences but without pulling air through the filtéonsidering that field blanks capture

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

will be generally higher thalab 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. Artifagtsires
contamination in the filter material or handling and analysis.

Nylon filters are receiveffom the manufacturen lotsthat typically last one yeaAcceptance
criteriaare establishetb evaluate background concentratiémseach new lot of filters,
however, therean besubstantial variability in ion species across different(lBigures20-23).
Transition to new lotsccurs over a period of weekbus theshift in field blank concentrations
gradualy manifestover timerather tharabruptly.
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Figure 20: Time series of chloride measured nylon filter field(FB) and lab(LB) blanks.
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Figure 21: Time series of nitrate measured on nylon filter field (FB) and lab (LB) blanks.
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Figure 22: Time series ofitrite measured on nylon filter field (FB) and lab (LB) blanks.
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Figure 23: Time series of sulfate measured on nylon filter field (FB) and lab (LB) blanks.

Quiartz filters are préired by DRI.Quartz filter field blank$iavelow concentrationsf EC,
typically below 0.5 pdilter, with noseasonagpattern(Figures 2). Converselyhigherfield
blankconcentrations are observed @€, with the highest values during summer months often
over 5ugffilter (Figures ). However, the reprocess& field blank concentrations are high,
relative to the original values (Figurd)2The reprocessed organic carbon field blank
concentrations show little to no difference relative to the original values (F2gure



