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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).

hv . -
%1"\ . R —.—‘J‘P”hv.

—&- —'—}

& -

« X-ray photons knock out inner orbital electrons
« Quter orbital electrons move into vacancy
* Fluorescence emitted at element-specific wavelength
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PXRF

Portable X-ray fluorescence environmental
analyzer

Innov-X (Olympus) Delta Standard model
« Good sensitivity :
« Highly recommended
« Good customer service
* No software needed
* Needed only with workstation
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Innov-X Delta Standard Model

Limit of
Element .
Detection
Rb, Sr, Zr, Mo 1 ppm
As, Se, Br 1 to 3 ppm
Pb, Hg 2 t0 4 ppm
Zn, Mn, Ga 3to 5 ppm
Cu, Fe S5to 7 ppm
Ag, Cd 6 to 8 ppm
Cr 5 to 10 ppm
T, 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

Limits of Detection

Low-Density Sample Types - (soils, powders, liquids)
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Radiation Safety

Maximum exposure
< 1uSv* (10%) 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
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Calibration/QA

« Energy calibration check at least twice daily
* Ablank (SIO,) is run every 20 samples

o Calibration verification with reference standards Is run at
least once daily

* NIST ref materials - high & med trace metal soils

« Difference between pXRF measurements and the
reference soils should < 20%
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Sources of error

 Non-homogenous sample
e Sieve sample
« Mortar & pestle (EPA method 6200)

* Soil moisture - dilution effect
« Air dry sample
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« Office setup

« Emissions contained in chamber
 Need additional software




« Grid pattern to cover area of
Interest

« Auger sample at 2 depths
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Interpretation

 New York State Department of
Environmental Conservation NJDEP Soil NYS DEC,

Remediation Soil Cleanup
Standards __Objectives

» Soil Cleanup Objectives -
Residential Use 140

23000 2200

« NJDEP Soil Remediation Standards

Lead 400 400
ppm
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Recommendations
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Lead in Garden Soils
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Lead Contaminated Soil: Minimizing
Health Risks
Fact Sheet FS336

Cooperative Extension
Stephaniz Hamel, Ph.D.. Former Post-doctoral Research Associate
Josepis Heckman, Ph.Dy, Extension Specialist in Soil Fertility
‘Scephanie Murphy, Ph.D:, Director, Soil Testing Laborstory
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Healthy Soils, Healthy Communities
Metals in Urban Garden Soils
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New Brunswick, NJ
Community Garden - raised beds




Pb content 200 - 400ppm
In some raised beds
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Elevated Pb
content
associated with
construction

dust/debris
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Camden, NJ

Community Garden — in ground
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* Pb content 400 to 939 ppm
* 6-12" depth
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High Pb
associated with
artifactual fill
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Gloucester County, NJ

Municipal Leaves Additions & Soil Trace
Metal Contents

Conventional farming

Idle field
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Conventional vs Organic Agriculture
Lead Distributioin in Soil Surface

Conventional Agriculture
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St Mary’s Church, Harlem
Community Garden - raised beds Paterson, NJ

Community Garden — In ground
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Far Rockaway, NY
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Newark, NJ

Clifton, NJ
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Other Applications

Soil Survey
* Serpentine soils
* Artifacts and trace metals
Research Projects
* Urbanization & adaptation in white-footed mice
Stephen Harris, CUNY PhD candidate

Evolution Right Under Our Noses, NY Times, 7 /25 /11

* Evaluation of some NYC Parks restoration efforts

Lea Johnson, Rutgers PhD candidate

* Trace Metal Content and Electro Magnetic Inductance (Magnetic

Properties) of Some Pennsylvania Soils
Jim Doolittle, Research Soil Scientist, USDA-NRCS
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otals and locations

Community gardens 114

Sampling points 3716
Points exceeding Pb  8.3%
Points exceeding As  7.7%
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bXRF
* Not cheap ~$30,000

Easy to operate & maintain

Applications
— environmental quality & health (community gardens)
— soil survey & characterization
— soils-based research

|deal for assessing spatial variability
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Conclusions

« Health & safety issue that we can address

« More thorough, affordable vs lab testing

 Provide services to underserved customer
base unfamiliar with our agency

 Rewarding service
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Contact information

Richard K. Shaw, Ph.D.
richard.shaw@nj.usda.gov

Edwin Muniz

edwin.muniz@nj.usda.qgov
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