


40 Years of Portable X-Ray Fluorescence (XRF) History
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15t commercial field 1 portaple )_(RF W!th dgdlcated 15 portable XRF with energy dispersive
portable XRF; used non- application calibrations

gas-filled proportional counter detectors;
stored (externally created) calibrations;
used early microprocessors

y

dispersive scintillation for alloy analysis; non-dispersive
detectors with x-ray filters detectors; x-ray filters

e

A,

1984:Outokumpu X-MET 880

15t portable XRF with data storage 1994:NITON XL-309 2002:NITON XLt 2002: Innov-X
and internally generated calibration 1%t one piece, handheld 1%t handheld with x-ray Alpha
curves; used better microprocessors XRF with real-time digital tube source 1%t handheld with x-ray
and limited electronic memory signal processing and tube source

silicon PIN diode detectors
Both claim to be first. Let’s call it a dead-heat.
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MARS PATHFINDER ROVER

ieha Proten X-May §pecirmmater

Detectors are the main
component that impact XRF
performance

Si PIN-diode oo

 Very good resolution

« Excellent reliability and
stability

 Long service life
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QCT Quality Assurance Program

Two soll / sediment / dust samples sent per month.
JBS participation 1996 to 2000 using NITON XL (brick)

Results compared to other laboratories using wet
chemistry methods.

Element Correlation Slope & Intercept Range ppm
Cu 2 0.9701 y=0.9649x + 5.28 5 to 5000

Zn 2 0.9769 y=1.0831x - 37.99 20 to 25000
Pb 2 0.9863 y=1.0057x - 16.99 20 to 15000
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Strategies for the investigation of Contaminated Sites (CSIRO, 1999)

Soil preparation
- drying
- homogenisation
- 250um sieved fraction

ex-situ XRF

in-situ XRF USEPA
6200




Strategies for the investigation of Contaminated Sites (CSIRO, 1999)
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Strategies for the investigation of Contaminated Sites (CSIRO, 1999)

N

FP-XRF As profile
(in situ analysis)

FP-XRF As profile
(ex situ analysis)

5m

100 mg kg ! threshold limit
applied
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Broken Hill Baseline Solil Survey (Perilya, 2002)




Broken Hill Baseline Soil Survey (Perilya




Broken Hill Baseline Solil Survey (Perilya, 2002)

NATA Pb and FPXRFPb (In transformed)

y =1.1285x - 0.6859

10 - R? = 0.9409
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2 4 5 6 7 8 9 10
FPXRF Pb In
Parameter FPXRF Pb HNO,/H,O, | HNO,HF
(mg/kg) Pb (mg/kg) | Pb (mg/kg)
Geometric Mean 207 191 275
Median 162 170 228
Standard Error 4.08 5.45 3.98
Coefficient of Variation 1.24 1.33 1.25
J
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JBS XRF Published Papers and Articles

T. Houlahan, S. Ramsay, D. Povey Use of Field Portable XRF Analyzers for
Grade Control — A Presentation Of Case Studies 51" International Mining
Geology Conference, November 2003

Bawden-Smith J. Reducing Contaminated Soil Rehabilitation Costs —
Review of Portable XRF Performance On Australian Soils. Journal of the
Australian Institute Of Mining and Metallurgy 6:17-19, 2001

Bawden-Smith J. Managing Metal Contaminated Soils. What’s New in
Waste Management 62:44-46, 2000

Davis, J., Bawden-Smith, J. Management of lead contaminated soill
from 67 Residential Properties using field portable XRF. Proceedings of
the Australian and New Zealand Institute of Waste Management
Annual Conference. 2000.

Ridings M, Shorter AJ, Bawden-Smith J. Strategies for the Investigation
of Contaminated Sites Using Field Potable X-Ray Fluorescence
Technigues. Commun. Soil Sci. Plant Anal, 31:11-14, 2000.
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Summary of Overall Findings

Sample Issues Greatly Influence Data
Soil type, particle size, heterogeneity, mineral dissemination and moisture
Allows for semi-quantitative data and trends if samples not homogenised.

Detection Limits Higher Than Lab

Good results for base metals

DL’s too high for precious metals and some path finders( Hg, Sb, Te, Tl etc)
Light (whole rock) elements not possible (New SDD changes this)

Elemental Overlap in Some matrices
E.g. Fe/Co overlap gave erroneous Co data, requires matrix matched
calibrations

Like all with all geochemistry programs you require good QA/QC
procedures to achieve reliable data

Non- trained and in-experienced users = Poor Data
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Evolution of Handheld XRF Technology
Decade Weight Source |Count Rate & Resolution| Lightest
Element
1980s 13 kg Isotope 1000 eV Ti
1000 cps
1990s 7 kg Isotope 500 eV Ti
1000 cps
2000/8 1.2 - Isotope 200 eV Mg 3%
2.2 kg & Tube 2000 to 10,000 CPS
Today <1l.2kg Tube 140 eV Mg 0.5%
50,000 to now...
200,000 CPS
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Key Advancements in SDD

Better Resolution

Silicon Drift Detectors operate at <150eV resolution allowing better
separation of difficult elements/peaks.

Higher Count Rates

SDD can sustain up to 100,000 cps without loss of resolution compared to
10-15,000 cps for SIPIN improving LOD’s and analyzing Light Elements

Better Peak-to-Background

Less background noise to mask elements/peaks improving analysis of
complex matrices and applications requiring the highest levels of precision
and analytical confidence.
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SI-PIN vs. SDD For INNOV-X AND NITON
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SDD Improves Light Elements

erior In-Air LOD’s with NEW High Performance S D’WW
VIB vIIB | g::p
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High End vs. Low End Models

Innov-X

High Performance (SDD)

Omega Xpress

. 4

Mid Level (Si PIN)

Lower End (Si PIN)

Alpha

XL2

UUUUU



Key Purchasing Parameters For End-Users

Detector

SDD performance outweighs price
differential when compared to Si-PIN.

Features

End user specific. Live streaming of data
Important for soil geochem and data
management.

Price

Get quotes from 3 suppliers with
comparable specs (especially detector).

Service and support

Local service centres, geologists on staff,
back-up XRF’s, etc.
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Innov-X Xpress NITON GOLDD Oxford 5100

Bruker S1 Turbo Sky Ray (SILBPLNJw





