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Introduction

• Inorganic arsenic is a class-one, carcinogen whose 
predominant dietry exposure route to humans is through rice. 

• Paddy soil geochemistry readily mobilises inorganic arsenic 
from natural soil stores, & rice is efficient at capturing this 
mobilised arsenic

• Regions with more rice in diet are at higher risk
• Children especially susceptible in relation to 3-times higher 

food consumption rates on a body mass basis
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• A full scan of elements  (25+) 

analysed
• Pb Isotope analysis
• As species analysis

Full elemental scan

• Nitric acid/Hydrogen Peroxide digestion - Microwave assisted 95oC
• Rhodium as internal standard
• KED (He in collision cell mode) for most elements
• Eight point standard curve for each element [0-100ppb]
• Sub ppb sensitivity for most elements

As species analysis

• Nitric acid extraction- Microwave assisted 95oC
• Ion Chromatography
• KED (He in collision cell mode)
• Five point standard curve [0-5ppb]



Arsenic species
• Arsenobetaine, AB- mainly found in aquatic sources
• Dimethylarsinic acid, DMA- herbicide
• Monomethylarsenic acid MMA- herbicide
• Inorganic arsenic, AsIII and AsV
• Others include Tetra, TMAO, Roxarsone

Global Survey: 

• Many rice growing regions around 
the world

• USA
• Europe
• ASIA
• Australia
• Africa
• South America
• Antarctica (not)

• 1643 samples so far
• Multi analytical approach

• 1100+ Full elemental scans by ICP/MS
• 1643 As speciation analyses
• 1643 Full elemental scans by XRF

EU limit: 0.1mg/Kg
iAs in white rice: global distribution

Re-thinking rice cooking:

"percolation technology"

Picture of rice in percolator

Other As removal techniques

• Pre-soaking
• Parboiling
• Large cooking water volume
• Greater loss of iAs (up to 80% loss)
• Minor loss of other elements



iAs in Children’s/Baby foods
Published in Food Chemistry

EU limit: 0.1mg/Kg

XRF:
X-Ray Flourescence:

Rigaku NEX CG

A full scan of elements (30) analysed

• Matrix matched CRM very 
important
– Recovery 
– Reproducibility
– Correction?

XRF as a rapid analytical tool:
Quality control

XRF- certified reference materials essential 
• Number of different food 

and plant matrices
• Rice
• Wheat
• Soil
• Cabbage
• Seaweed
• Herbs

• Across multiple orders of 
concentration

Quality control Quality control: Rice CRM

certifed 2.35 7.42 1282 559 19.2 1530 19.42
ppm Cu Fe K Mg Mn P Zn

 Rice- NIST 1568b ppm ppm ppm ppm ppm ppm ppm
cv 18.7% 26.2% 13.1% 21.1% 18.8% 9.9% 12.0%
recovery 214.3% 197.0% 82.9% 240.1% 109.1% 86.7% 89.5%
count 150 150 150 150 150 150 150



Quality control: Rice CRM- corrected

bias correction 2.1432 1.9695 2.4009
certifed 2.35 7.42 1282 559 19.2 1530 19.42
NIST 1568b Rice flour Cu Fe K Mg Mn P Zn

ppm ppm ppm ppm ppm ppm ppm
recovery 102.1% 101.7% 82.9% 102.2% 109.1% 86.7% 89.5%
count 150 150 150 150 150 150 150

• Once again CRMs are used in 
both methods.
– Reproducibility
– Recovery 
– Method agreement

Comparison to ICP/MS

Rb and Mn show very good agreement between the two methods 
across a good range of concentrations

P and Zn show good agreement but P has a negative bias 
and Zn has a positive bias.

ICP vs XRF plus and minus
•XRF Advantages: speed of analysis, limited or no sample prep, wide range of elemental 
coverage, cheap, can be hand-held & used in factory/field

•XRF Disadvantages:  no external calibration, high LOD- particularly for micro-elements, 
not well established

•ICP Advantages: very low LOD, very well established, excellent for trace elements, 
external calibration

•ICP Disadvantages: very expensive, poor for macro-elements, involved sample prep, 
needs high degree of training
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