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Elemental Analysis for PM,, . Long-Term Trends

* Speciation of PM, . includes detection of elements, ions, and
carbon species

 UC Davis has been developing methods for elemental analysis of
PM samples since the late 1970s

* The Chemical Speciation Network (CSN) has exclusively used
energy dispersive X-ray fluorescence (XRF) for elemental analysis
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Timeline of CSN Elemental Analyses

RTI - Thermo Fisher XRF UCD - PANalytical E5

January 2000 November 2015 ~2027
CSN Initiated Contract Transition Instrument
End-of-service
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Paths of Exploration

Commercial Explore ICP-MS Update Existing lon Beam Analysis
Instrument (next presentation) Instruments (PIXE/PESA/RBS)
(this presentation)
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Replacement Instrument Selection Criteria

* Primary Considerations
 Sample throughput
* Detector resolution/background
* Costs (per unit and operational)
* Analytical Geometry (Cartesian or direct excitation)

* Secondary
* Instrument components, e.g., temperature (electronic vs. nitrogen cool)
 Customer support/service contracts
* Reported user experiences
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Instrument Comparison: E5S and S2

_ PANalytical E5 (current) Bruker S2 (evaluated)

Principle EDXRF EDXRF

Source Sc/W anode X-ray tube Ag anode X-ray tube

Detector High-resolution PAN-32 solid HighSense ™ XP (C — Am): Peltier
state Ge detector cooled silicon drift detector

Atmosphere Light Vacuum Light Vacuum

Sample capacity 52 20

~Analysis Time, min 65 35
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Determining Data Quality and Suitability

Comparison of:
Were the elements detected? - Sensitivity

* Method detection limits (MDL) by field blanks (and reference
NEIGCHELS))

Are the measured data reliable? - Precision, Repeatability
* Real world samples (N=1273, Feb - May 2023)
* Inter-elemental comparison
* XRF-IC comparison
* Collocated comparison

Other factors considered but not presented:
* Safety, power consumption, staff logistics, maintainability
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Comparison of Sensitivity
Median MDL determined by field blanks
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Data from 1273 CSN samples
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* 82 presented higher detection rates

X Fe+
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X BrH

for Cr, Cu, Zn, Br, and Sr % ]

* ZrA

Cd+
In+
Sn -
SbA

Most elements routinely measured o]

* Ba-

iIn CSN (> 50 %) still detectable * Cef

0 25 50 75 100
Percent of Samples Above MDL, %

Model E5 S2

|9[@f).\"/ E5: PANalytical Epsilon 5 (current)

Air Quality Research Center S2: Bruker Puma S2 (evaluated)




Statistical Agreement Between Instruments
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Evaluating Accuracy

CSN-IMPROVE Collocated Comparisons

XRF vs. IC Comparisons (Navs. Na*, Kvs. K*, Svs. Sulfate,
Clvs. Cl)

Inter-element Comparisons
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Bruker S2 presented slightly tighter or comparable correlations for lower-Z elements

Collocated XRF vs. IC
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Success in Progress: Sulfur
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XRF vs. IC
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Consequences of Instrument Design

A Cu Zn
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Current Findings

v Bruker Puma S2 presents better comparitive results than the
PANalytical Epsilon 5 on several lighter elements (e.g., Na, Mg, and Al)

~> MDLs and detection rates are comparable between E5 and S2
instruments when using custom software for processing raw data

X Duetothe manufacturing design, Bruker S2 presents high
backgrounds for important CSN elements Cu, Zn (brass) and Fe, Cr, Ni
(stainless steel)

Additional testing is in progress to address shortcomings
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Thank you for your time
To be continued. ..

‘ ' rv '

Upgrade the PANalytical E5? lon Beam Analysis?
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Bruker S2, ng/m3

Bruker S2 vs. PANalytical ES

Dashed line is 1:1 ratio; dotted lines are median MDLs
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Scaled Relative Differences

Scaled Relative Differences (SRD) vs. Average Conc of S2 and E5 (y axis limited -3 ~ 3)

* Dashed lines are the median MDLs

* SAD = (S2-E5) / sqrt(2)
* Average Conc. = (S2 + E5) /2
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Co-located Comparison (lighter elements

CSN Concentration, ng/m3
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Co-located Comparison (heavier elements
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MDL Comparison —
Bruker and E5 software report O for several elements

Zero list:
* Brukerfitting: Na, P, S, K, Ca, Ti, V, Cr, Cu, Zn Se Br Zr Ag Cs Ba Ce;

* PyMcafitting: None
Median MDL determined by field blanks (>=75% completeness)

I (977
(e} o
! !

Concentration, ng!n‘?
(]
o

NaMg Al Si P S Cl K Ca Ti V Cr Mn Fe Co Ni Cu Zn As Se Br Rb Sr Zr Ag Cd In Sn Sh Cs Ba Ce Pb
* * * * * * * * * * *x * * * * * * * *

Instrument/Software E5 S2-Bruker S2-PyMca

UCDAVIS E5: PANalytical Epsilon 5 (current)

Air Quality Research Center S2: Bruker Puma S2 (evaluated)




Lead/Tin Comparison Between Instruments
The black, dashed line represents the upper continental crustal ratio. The gray points are from the Deer Park
NATTS 2018 data set measured by ICP-MS. The gray line corresponds to the weak Deer Park trend (R2 = 0.007).
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