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X-ray fluorescence

Fluorescence - absorption of radiation of a specific energy 

results in the re-emission of radiation of a different energy 

(generally lower).

ÅX-ray photons knock out inner orbital electrons

ÅOuter orbital electrons move into vacancy

ÅFluorescence emitted at element-specific wavelength



PXRF

Portable X-ray fluorescence environmental 

analyzer

Innov-X (Olympus) Delta Standard model

ÅGood sensitivity

ÅHighly recommended

ÅGood customer service

ÅNo software needed

ÅNeeded only with workstation



Element
Limit of 

Detection

Rb, Sr, Zr, Mo 1 ppm

As, Se, Br 1 to 3 ppm

Pb, Hg 2 to 4 ppm

Zn, Mn, Ga 3 to 5 ppm

Cu, Fe 5 to 7 ppm

Ag, Cd 6 to 8 ppm

Cr 5 to 10 ppm

Ti, V 7 to 15 ppm

Sn, Sb 12 to 15 ppm

Co, Ni, Ba 10 to 20 ppm

Ca 20 to 30 ppm

K 30 to 50 ppm

S 100 to 250 ppm

P 500 to 700 ppm

Innov-X Delta Standard Model



Radiation Safety

Maximum exposure

< 1uSv* (10-6) at the trigger ~ < 2mSv annually to the hand

(ICRP max to extremity = 50 mSv for gen. public)

100 uSv per dental X-ray

10 seconds exposure to beam = 550 mSv

*1 sievert = 100 rem = 5.5% chance of developing 

cancer



Calibration/QA

ÅEnergy calibration check at least twice daily

ÅA blank (SiO2) is run every 20 samples

ÅCalibration verification with reference standards is run at 

least once daily

ÅNIST ref materials Ą high & med trace metal soils

ÅDifference between pXRF measurements and the 

reference soils should < 20% 



Sources of error

ÅNon-homogenous sample

ÅSieve sample

ÅMortar & pestle (EPA method 6200)

ÅSoil moisture - dilution effect

ÅAir dry sample



Workstation
ÅOffice setup

ÅEmissions contained in chamber

ÅNeed additional software



Onsite screening method

Å Grid pattern to cover area of 

interest

Å Auger sample at 2 depths



Interpretation

ÅNew York State Department of 

Environmental Conservation

ÅSoil Cleanup Objectives -

Residential Use

ÅNJDEP Soil Remediation Standards

NJDEP Soil 

Remediation 

Standards

NYS DEC, 

Soil Cleanup 

Objectives

Chromium 36

Manganese 11000 2000

Cobalt 1600

Nickel 1600 140

Copper 3100 270

Zinc 23000 2200

Arsenic 19 16

Selenium 390 36

Silver 390 36

Cadmium 78 2.5

Barium 16000 350

Lead 400 400

ppm



Recommendations



New Brunswick, NJ
Community Garden - raised beds



Pb content 200 - 400ppm

in some raised beds



Elevated Pb

content 

associated with 

construction 

dust/debris



Camden, NJ
Community Garden ðin ground


