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¾ Crocker Nuclear Laboratory 
Å76-inch isochronous cyclotron

ÅPIXE  (ended in 2001) and PESA of IMPROVE samples

Åvarious other research applications 

¾Two Energy Dispersive XRF systems; 

ÅDirect excitation of sample at 35 o angle

Å(Si)Li detection at 55 o angle

ÅCu anode, in Vacuum
¶Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe

ÅMo Anode, in Air
¶Ni, Cu, Zn, As, Se, Br, Rb, Sr, Zr, Pb
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¾ Reference ISO guide #30,1992: RMs and CRMs

¾ Ideal Reference Materials (RMs) or standards in XRF should be the 

same as samples:

ÅSame matrix

ÅSame substrate

ÅSame mass range

ÅHomogenous and stable deposit

¾ Commercial standards used in the XRF ðPM community

ÅNot made of particulate matter (metals, CuSx, CsBr)

ÅVacuum-deposited on Nuclepore or Mylar substrates 

ÅHigher mass than in IMPROVE samples

ÅAnalyzed at lower current and decreased time

ÅUnsuitable for  complementary analysis, i.e. Ion 

Chromatography (IC) 



¾Create òstandardsó Č ideal RMs with deposits that 

mimic IMPROVE type samples

ÅBuilt a system to generate pure, stoichiometric 

particulate matter deposits of known composition 

Åwith mass range of IMPROVE network samples

Åon IMPROVE Teflon filters 

Åusing an IMPROVE sampler

¾ Short term goal and projects : 
Åcharacterize IMPROVE XRF measurement for sulfur, 

Åstudy XRF interference between sulfur and silicon peaks

¾ Long term goal :  Produce XRF standards that improve 

the precision of calibration and accuracy of elemental 

measurements



Generation System Mixing Chamber IMPROVE PM2.5 Sampler



¾ Created Reference Materials 0.7 ð224 ɛg/cm 2 S
Å (NH4)2SO4 (AS) 99.999% purity in ultrapure water

ÅK2SO4 (KS) 99.95% purity in ultrapure water 

ÅRelative humidity monitoring 

¾ Sulfur mass determination by a primary method; 
Gravimetric analysis
ÅWeigh filter before and after preparation

ÅVerified independently by IC (Ion Chromatography)

ÅPrecision and stability analysis
¶Balance uncertainty

¶Environmental or handling effects

¾ Negligible contamination
ÅFTIR analysis

ÅClean system blanks

¾ XRF measurements by IMPROVE Cu system and 
Commercial XRF system. 



0

100

200

300

400

500

600

0 1 2 3 4 5 6 7 8 9 10

C
o

u
n

ts
 ½

Energy (keV)

S

Ar

Pile up region

S sum 

peak

Cu 

Compton 

and 

Rayleigh 

scattering 

peaks
Shoulder

Shelf

Fe

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10

C
o

u
n

ts
 ½

Energy (KeV)

S Cl
K

Ca

Ti Mn

Fe (Ka)

Fe 

(Kb)
Si

AlNa

Mg

Ammonium sulfate (AS) 

RMs spectra from 

IMPROVE Cu-Vacuum 

XRF system

Typical PM2.5 

sample spectrum 

from research site in 

Davis CA (with main 

PM source soil)




