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1. Executive Summary
1.1 Introduction

The University of California Davis (UDavis) Air Quality Group summarizes qualigsurance
(QA) annually in this report as a contract deliverable for the Chemical Speciation Network
(CSN) program (contract #EP-15-020). The primary objectives of this report are:

1. Provide the U.S. Environmental Protection Agency (EPA) and other paitesérs with
graphicaland tabular illustrations afuality control (QCYor species measured within the
network.

2. ldentify and highlight observations of interest that may have sbiolbngterm impact
ondata qualityacross the network or at particutates.

3. Serve as a record and tool for ongoing D&Vis QA efforts.

Each network site includes two samplers: (1) UBOBON carborsampler (URG Corporation;
Chapel Hill, NC) for collection of particulate matter on quartz filters; and (2) Met One SASS or
SuperSASS (Met One Instruments, Inc; Grants Pass, OR) for collection of particulate matter on
polytetrafluoroethylene (PTFE) filters and nylon filters. The following analyses are performed:

1 PTFE filters: Analyzed at UDavisusingenergy dispersive-ray fluorescence
(EDXRF) for a suite of 33 elements.

1 Nylon filters: Analyzed athe Desert Research Institute (DRI) using ion chromatography
(IC) for a suite of six ions.

1 Quartz filters: Analyzed at the Desert Research Institute (DRI) for organic and elemental
carbon, including carbon fractions, using Thermal Optical Analysis (TOA).

Unless otherwise noted, data included in this report csarmples collected durirthe time
period NovembeR0, 2015 through Decemb@i., 2016. CSN filtercollectedprior to Novenber
20,2015 were analyzed, and their data validated and detlyby the previous contractor,
Research Triangle Institute (RTI).

1.2 Data Quality Overview and Issues

Section 4of this report provides laboratory performance details for each of theiaahly
measurema techniques. The laboratorie®t the QC criteria as detailed in Section 4.1 (DRI lon
Analysis Laboratory), Section 4.2 (UC DavisRay Fluorescence Laboratory), and Section 4.3
(DRI Thermal/Optical Analysis Laboratory).

Across the netwdt, completenesi determined by the total number of valid samples relative to
the total number adcheduledsamples was94.8% for PTFEfilters, 94.4% for nylon filtersand
91.2% for quartz filters. As detailed in Section 3.1.1, there were nine sitedesg than 75%
completeness.

No Technical Systems Audit (TSA) of UC Dawssperformed by the EPA in 2016.
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2. Summary of Laboratory Operation Issues
2.1 DRI lon Analysis Laboratory

2.1.1 Analysis Delays

Deliveries ofanalysis data from DRI to UC Dawgere delayed, contributing teoncompliance
with 120 daysequirement for delivery of data to AQS followingceipt of filters by analytical
laboratories.

2.2  UC Davis X-Ray Fluorescence Laboratory

2.2.1 Vanadium

During this reporting period XRF anafsof vanadium wereoverestimated bgbout30%.
Results from an intdaboratory comparison, confirmed by further comparison withNC3?
analysis, revealed that vanadium calibrations based on commercial standards for samples
collectedfrom November 201%rough October 2017 resulted in erroneously high
measurements.

For furtherdetail and corrective actiosge Section 3.2.1.1.
2.2.2 Lead

Correspondingvith the November 2015 contract transition from RTI to UC Dauvis,

measurements of lead on PTFE filtatshe median and %(ercentilearehigher than in

previous years. Additionally, with thlnuary 2016ansition to reporting negative values10
percentile lead concentrations are negative, whereas in previous years they were reported as 0.0.

For further detail see Section 6.4.1.1.
2.2.3 Copper and Zinc

For analyses performedarch 2, 2016 to March 23, 2016 copper and zinc contamination was
observedluring QC checks of laboratory blanks run daily on the EDXRF instruments. It was
determined that tle& contaminants were caused by faulty p@psiner)on the instruments. The

parts were replaced and new laboratory blanks showed copper and zinc backgrounds returned to
normal levels. Samples analyzed during this period were checked for unusuallygpgh aod

zinc mass loadings compared to site specificratdork wide historical valueSamples with

unusual mass loadings were reamaty and if it was determined that the original result had
contamination the reanalysis results were reported

For further detail see Section 4.2.2.1.
2.2.4 Zinc

For analyses performed during June and July 2016, perimgdicantamination was observed on
the dailyQC laboratory blank and daily QC muétiemental reference sample BBXRF
instrumentXRF-4. The cause ohts contamination was determined to be the sample changing
arm on the instrument. Once the saenghhanging arm was replaced #econtaminatiorirom

this componenivas no longer observe8amples analyzed during this period were checked for
unusually higlzinc mass loadings compared to site specific and network wide historical values.
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Samples with unusu@n mass loadings were reanalyzed and if it was determined that the
original result had contamination the reanalysis results were reported.

For further d&il see Section8.2.1.34.2.2.1 and 4.2.2.2.
2.2.5 Calcium

During the November 2015 through December 2016 time period, bothnsR&Ementshowed

gradual increase icalcium mass loadings of their daily analyzed laboratory blank QC. Calcium

blank le\els returredto normal when the blankasreplaced with a new on&he calcium

buildupwas likely caused by atmospheric deposition or instrument wear on these filters which

are analyzedailyand remain in the instrumesgrasual sampl e
buildup of calcium is not expected on actual samples which are loaded and analyzed once.
However, samples are monitored for unusually high calcium values and reanalyzed as necessary.

For further detail s=Section 4.2.2.1
2.3 DRI Thermal/Optical Analysis Laboratory

2.3.1 Analysis Delays

Deliveries of analysis data from DRI to UC Davis were delayed, contributing to noncompliance
with 120 days requirement for delivery of data to AQS following receipt of filters by analytical
laboratories.

2.3.2 Carbon Analyzer Calibrations

Multi-point calibrations were performed for the DRI Model 2001 analyzers per the schedule
listed in Table 4.2a. For analyzer 9 more than six months passed between calibrations.

For further detail see Section 3.23and Setion 4.3.2.1.

2.33 Carbon Fractions

Corresponding with the transition from DRI Model 2001 to DRI Model 2015 analyzers
(beginning with samples from January 2QX6gasurements of OC on quartz filters at the
median and 1'Opercentile are lower than in pieus years. The 20I®easurements &C at the
10" percentileare also lower than in previous years

For further detail see Secti@?2.32 and Sectior5.4.1.1.

3. Quality Issues and Corrective Actions
3.1 Data Quality

3.1.1 Completeness

Completemrss is evaluated network wide by filter type, and determined by the total number of
valid samples relative to the total number of colleeted scheduledamples (Table 3-1). The
completeness is comparable for PTFE and nylon filters which are bothtedlcthe Met One

SASS / Super SASS sampler; however, the number of invalid samples is higher for quartz filters,
which are collected by the URG sampler.
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Table 3.1-1: Network sample completeness by filter type, November 2015 through December 2016allhe to
number of scheduled samples is calculated from the sampling schedule (does not include field blanks). The total
number of collected samples is the actual number of samples collected in the field.

Filter Total Number | Total Number Numbgr Numbgr % Yalid %-Valid
Type of Scheduled of Collected of Valid | of Invalid (relative to # (relative to # of
Samples Samples Samples | Samples | collected samples) | scheduled samples
PTFE 14,478 14,291 13,680 611 95.7 94.5
Nylon 14,478 14,288 13,671 617 95.7 94.4
Quartz 14,478 14,242 13,211 1,031 92.8 91.2

Across the network there were nine sites with sample completeness less than 75% for at least one
filter type (Table 3.42). Seven of the nine cases had low completeness resulting from invalid
guartz filters.

Table 31-2: Network sites with less than 75% sample completeness (relative to the number of collected samples)
for at least one filter type, November 2015 through December 2016. For each filter type, the percentage of different

null codes is listed relative toehotal number of null codes per site. For null code definitions, see Tak3e 3.1

) Completeness (%) Null Codes
AQS ID # Location
PTFE | Nylon | Quartz PTFE Nylon Quartz
AF (50%) AF (50%) AF (56%)
06-029-00146 Bakersfield, CA 93 93 32 AN (25%) AN (25%) AN (24%)
AU (25%) AU (25%) | Other (20%)
BA (65%) BA (65%) AN (86%)
4811300695 Hinton, TX 85 85 33 AH (18%) AH (18%) | Gt 1 4"%
Other (17%) | Other (17%) °
AN (63%)
0, 0
2804900205 Jackson, MS o8 | 98 51 | AB(S0%) | AB(S0%) | A (3106)
AN (50%) AN (50%) Other (6%)
AF (40%) AF (40%) AN (72%)
20-209-00215 Kansas City, KS 91 91 58 AB (20%) AN (20%) Other (2800/)
Other (40%) | Other (40%) 0
e ) AL (40%) AL (33%) AN (86%)
37-067-00225 WinstonSalem, NC 92 91 67 Other (60% | Other (67%) | Other (14%)
AN (50%)
0, 0,
4507900075 Parklane, SC 87 | 87 67 | AS(BL%) | AS(61%) | xg o504
Other (39%) | Other (39%) Other (25%)
AN (60%)
47-09310205 Knoxville, TN 98 98 70 AV (100%) | AV (100%) | AS (25%)
Other (15%)
AB (50%)
, . AN (80%) AN (75%) o
50-007-00125 Zampieri State, VT 73 79 96 Other (20%) | Other (25%) Q\N/ 820//:3
AB (33%)
. AN (75%) AN (80%) .
06-07310225 El Cajon, CA 74 76 90 Other (25%) | Other (20%) OAtr’:Ie(rs(?éfg/o)
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Samples can be invalidated for a variety of reasons, as detailedd€IM€E€SN Tl 801C, CSN
Data Validation and theData Valdation for the Chemical Speciation Netwgikide. Null codes

indicatethereasons for invalidation (Table 33).

Table 3.1-3: Numberand typeof null codes applietb SASS and URG samples frawovember 2015 through

December 2018Codes are ordered by frggncy of occurrence.

UL SASS SASS URG Null Code Description
Code PTFE Nylon Quartz
S} 0 0 0 Sample Volume Out of Limits
AP 0 0 2 Vandalism
BK 0 0 10 Site computer/data logger down
AU 2 2 2 Monitoring Waived
AW 1 0 0 Wildlife Damage
Al 1 2 4 Insufficient Data (cannot calculate)
DA 5 5 3 Aberrant Data (Corrupt Files, Aperrant
Chromatography, Spikes, Shifts)
Bl 5 4 3 Lost or damaged in transit
BB 6 5 8 Unable to Reach Site
AK 6 4 6 Filter Leak
AM 21 2 4 Miscellaneous Void
AL 7 7 21 Voided by Orator
Al 4 6 Filter Damage
SA 3 3 5 Storm Approaching
AQ 13 13 7 Collection Error
BE 10 10 14 Building/Site Repair
AR 19 19 17 Lab Error
BA 20 20 23 Maintenance/Routine Repairs
AG 14 16 23 Sample Time out of Limits
AS 23 23 26 Poor Quality Asswance Results
AH 32 36 83 Sample Flow Rate dflow CV out of Limits
AC 14 13 13 Construction/Repairs in Area
AB 43 41 50 Technician Unavailable
AO 20 17 15 Bad Weather
AV 53 51 54 Power Failure
AF* 54 53 64 Scheduled but not Collected
BJ 64 57 49 Opeaator Error
ANA 171 213 519 Machine Malfunction

* Filters that receive this flag were intended for sampling and shipped to the site, but were not sampled.
ABeginning with data from August 2016 the AH null code definition was updated to include flowt@y lomits,
and use of the AN null code was discontinued for cases with flow CV out of limits. See Section 3.4.2.1.
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Mass Loading (ug per filter): duplicate analysis

3.1.2 Comparability and Analytical Precision

Analytical precision is evaluated by comparing data fduplicateanalyses, where two alyses

are performed on the same sample. Reliable laboratory measurements shepéhtable with

good precision. Analytical precision includes only the uncertainties associated with the
laboratory handling and analysis, whereas collocated precisiotiofs6c®) also includes all the
uncertainties associated with sample preparation, field handling, and sample collection. As such,
collocated precision (Table 615 elements; Table 65, ions; Table 6.8, carbon) is reported,
whereas analytical precisiamused internally as a QC tool.

Comparisons ofluplicateion mass loadingon nylon filters analyzed by IC show gen&rajood
agreementKigure 3.11). For ions, the first and second analyses arfopeaed on the same
instrument. Chloride is excludedfn this analysis, as it was not reportedQSduring the
time period covered by this report (see Section 3.2.2.1).

Figure 3.1-1: Duplicateion analysis resultsRed points designate 2015 data, blue points designate 2016 data.
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Mass Loading (ug per filter): routine analysis

Comparison otluplicatecabon mass loadings on quartz filters analyzed by TOA g#yera
show agreement(gure 3.12). For carbon, the second analysis is performed on a randomly
selected instrument, which typically means a different instrument than the first analysis.
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Figure 3.1-2: Duplicatecarbon analyis results Red points designate 2015 data, blue points designate 2016 data.
Elemental arbon(EC) fractions aréndicated as (1) through (3), organ&rbon(OC) fractions are indicated as (1)
through (4), TR indicates measurembnptreflectance, and TT indicates measurement by transmittance.
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DuplicateXRF analyses are not performed on the routine CSN samples. Rather, reanalysis
performedonthe sameset of filters on a monthly badis assess both the shaanhd longterm

stebility of the XRF measurements as describe@8N SOP 302, XRF Analys&ee Section
4.2.2.4,

Page p



Mass Loading pg/filter

3.1.3 Blanks

Field blanks are an integral part of the QC processfialaddblankanalysis results allow for
artifact correction of the sampled filters as mdrthe concentration calculation. Artifactan
result frominitial contamination in the filter materjatontamination duringandling and

analysis and adsorption of gases during sampling and handling

There is some variability in field blank mass loagl by species and month, as shown in Figure
3.1-3 for ions measured from nylon filtersnd Figure 3.4 for organic carbon measured from

guartz filters (elemental carbon and organic pyrolyzed carbon are rarely above zero and are not
shown). Considering #t field blanks capture artifacts from both field and laboratory processes,

it is expected that field blank mass loadings are generally higher than lab blanks which have only
been handled in a laboratory environment and kessopportunity for mishandlig and

contamination.

Figure 3.1-3: Nylon filter field blank mass loadindsy month 2016.The months of January and April are excluded
because no nylon filter field blanks were collectddmbers shown on plot indicate count of samples with mass

loading >0. The black horizontal lines indicate median, and the upper and lower limits of the boxes repf&sent 75
and 2% percentile, respectively. The whiskers extend to the most extreme data point which is no more than 1.5x the
length of the box away from thHmox. The dots are all of the points that lay outside the whiskers.
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Mass Loading pg/filter
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Figure 3.1-4: QuartZfilter field blank mass loading®r organic carbotry month 2016.0rganic @rbon(OC)

fractions are indicated as (1) through (4), TR indicates measuremetiiiloyarece, and TT indicates measurement

by transmittanceNumbers shown on plot indicate count of samples with mass loadinghreMlack horizontal

lines indicate median, and the upper and lower limits of the boxes repre$emd’3%' percentile, regsectively.

The whiskers extend to the most extreme data point which is no more than 1.5x the length of the box away from the
box. The dots are all of the points that lay outside the whiskers.

ocl oc2 oc3
. . | ' : - L] | |
; . : . . e A 10.0 1 . . 0 -
¢ . . . . . .
1 1.00 . H T 1 :
= %‘ ‘%%?
L]
. ——
46 |.0'% 51 %
45 S
o 45 47 4 ® a5 | B4 43
o.lo4 | 47 | 51 48 r B 4
3 49
24 40 22 0
9 42
4
9 9 13 5 11 0.014 45 49
oc4 OCTR oCcTT
L] L] L)
| .
. . . :
1 11 10.0 O I 10.01 R ! .o
iy ¢ t A .
| %% | | % .
| ? : $
Q 1 g 51 E
1.0 % 0
? 8 %50 4 4 1.0 5 48 4
i A 48 4 4 P 46 4
11 8 . 43 . 43
17 a i 47 47
16 8 3 0.1 49 0.1 e
I 2 3 4 5 6 7 8 9 1011 12 I 2 3 4 5 6 7 8 9 1011 12 Il 2 3 4 5 6 7 8 9 1011 12
Month
3.1.31 Blank Correction

Blank correction was implementeain sampling dat&ovember20, 2015 onward for carbon
measurements and frasampling datdanuary 1, 2016 onward for ions measurements. Blank
correction is performed using alling medianvalue from at leasi0 quartz and nylofield

blanks collectedh and closest to the sample month.

3.1.3.2

Method Detection Limits

Method detection limits (MDL) are calculated and delivered for each species every month. A
sufficient number of field and/or laboratory blanks must be available in order to calculate MDLs
representative of the network. Initially, the number of field blanks collected network wide per
month was highly variable, and the MDLs were calculated as follows:

T

Recalculated foeach new lot of PTFE filters.

1 Elements: Calculated for each species as 3x standard deviation of lab blanks.

lons and carbon: Calculated monthly for each species as 3% standard deviation of

field blanks, using 50 nylon (for ions) or quartz (for carbon) field blanks collected
in andclosest to the sampling month.
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MDLs for datafrom samples collecteMovember20, 2015 through December 31, 2Giré
shown in Table.1-4. The percent of values reported above the MDL varies greatly among
species.

Table 3.1-4: Average MDLs for all species, November 2015 through December 2016.

Species Average MDL, pg/nm? % Above MDL
Ag 0.019 1.4
Al 0.038 32.4
As 0.003 7.2
Ba 0.086 1.9
Br 0.005 17.7
Ca 0.027 65.1
Cd 0.024 0.7
Ce 0.116 0.9
Cl 0.005 42.9
Co 0.003 15
Cr 0.004 14.4
Cs 0.078 0.5
Cu 0.009 18.9
Fe 0.023 85.1
In 0.031 0.2
K 0.016 9538
Mg 0.055 9.0
Mn 0.007 7.2
Na 0.070 27.3
Ni 0.002 11.1
P 0.002 9.9
Pb 0.015 4.7
Rb 0.008 1.1
S 0.009 99.4
Sh 0.047 1.1
Se 0.006 1.3
Si 0.015 90.3
Sn 0.046 0.9
Sr 0.007 2.7
Ti 0.003 45.8
vV 0.002 5.5
Zn 0.004 78.0
Zr 0.037 0.9
Ammonium lon 0.015 80.7
Nitrate lon 0.095 89.7
Potassium lon 0.008 90.5
Sodium lon 0.043 53.2
Sulfate lon 0.144 96.1
Elemental Carbon (1) 0.011 99.5
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MDL pg;frh3

Species Average MDL, pg/m? % Above MDL
Elemental Carbon (2) 0.010 95.7
Elemental Carbon (3) 0.002 3.6

Elemental Carbon (TR) 0.017 99.1
Elemental Carbn (TT) 0.014 98.6
Organic Carbon (1) 0.024 60.6
Organic Carbon (2) 0.050 98.9
Organic Carbon (3) 0.151 94.8
Organic Carbon (4) 0.031 99.3
Organic Carbon (TR) 0.213 98.9
Organic Carbon (TT) 0.216 99.0
Organic Pyrolyzed (TR) 0.010 79.2
OrganicPyrolyzed (TT) 0.013 95.8

The method used for calculating MDLs has evolved as availability of field blanks has increased.
Beginning in March 2017, field blank collection increased to one field itardach filter type

per site per month, allowing forraore robust MDL calculation method. Faata from samples
collectedrFebruary 2017 onward, the MDL calculation is harmonized for all analysis pathways,
calculated as 95percentile minus median of field blanks, using 50 field blanks collécted
closestio the sampling month for each respective filter tyyw MDLs are lower for most

elements, thoughigher in a few casg§igure 3.15). lon MDLs are lower (Figure 3.8), and

carbon MDLs have modest change (Figure@.Future reports will includ#DLs calculated

using thenewmethod.

Figure 3.1-5: Element MDL comparison using data from filters collected January 2Bi&W MDLs calculated as
95" percentile minus mean of field blanks. Old MDLs calculated as 3x standard deviation of lab Wtaidentd
bar indicates interquartile range (compressed because range is narrow), dots indicate outliers.
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Figure 3.1-6: lon MDL comparison using data from filters collected January 2017. New MDLs calculatedl as 95
percentile minus mean of field blanks. Old MPcalculated as 3x standard deviation of field blanks. Horizontal bar
indicates interquartile range (compressed because range is narrow), dots indicate outliers.
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Figure 3.1-7: Carbon MDL comparison using data from filters collected January 2017. Nelg l@iculated as
95" percentile minus mean of field blanks. Old MDLs calculated as 3x standard deviation of field blanks.
Horizontal bar indicates interquartile range (compressed because range is narrow), dots indicate outliers.
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3.2 Corrective Actions

To ensure ongoing quality work, UC Davis reaasgjuickly andasdecisivelyas possibl¢o
unacceptable changes in data quality. These reactions are usually in the iforestgations,
and, if necessarygorrective actions. The following subsections dieéscsignificant corrective
actions undertaken during 2016.

3.2.1 Elemental Analysis
3.2.1.1 Vanadium

Reported elemental concentrations rest on linear calibrations of the Pan&gtiah 5
instrumentssince their implementatioior EDXRF analyss at UC Davis The calibratiorfactors
are derived from observedstrumental responséo a variety of certified standards and
reference matials of known compositiotdC Daviscertifiesand calibratewith standards
created in their own laboratory, aerazimlg known materials and collecting them on PTFE
filters using IMPROVHE(Interagency Monitoring of PROtected Visual Environmesgshplers
and/or MetOne samplers utilizefibr CSN The resulting deposits better mimic actaalbient
samples than do the vagu-deposited thiffilm membranes traditionally obtained from
commercial vendors. Such-iouse standards have so far been certified6af theelements
reported for CSN. Calibrations for vanadialuring this reporting periodere based solely on
two conmercial standards in continuous use for samples coll®éztedmber 20% through
December 2016

An important component of QA is the exchange of reference materials with other laboratories for
comparative analyseBuring interlaboratory comparison studi@f novel multielement (ME)
reference materials (RM) under development, it was discovered that UC Davis XRF results for
vanadium (V) were higher than expected by abou5@® while results from other laboratories
(including XRF lab, PIXE and IGIMS) werewithin 20% of expected values (Figure 4.2

Figure 3.2-1: Inter-laboratory comparison of mulélement refeence materials for vanadiymhere the UC Davis
results are shown as filled red circles and results from other laboratories are shown aancirtiaagles
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