
Arsenic in Rice  
in the Spotlight 

The tools needed to measure 
Arsenic in rice and rice 
products 
 
 
 
September 2012 
 
 
Jenny Nelson, Ph.D. 
Food Team Research Scientist 
Agilent Technologies, Inc. 
 
 



Media – Sept, 2012 





UK food agency 2009 advisory 



What is Arsenic? 
 

Arsenic is a chemical element present in the 
environment from both natural and human sources, 
including erosion of arsenic-containing rocks, volcanic 
eruptions, contamination from mining and smelting 
ores, and previous or current use of arsenic-containing 
pesticides. 

http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/Metals/ucm280202.htm 



Are there different types of arsenic? 
 
 Two types: organic and inorganic (these together are 
referred to as “total arsenic”). The inorganic forms of 
arsenic are the forms that have been associated with 
long term health effects. 

http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/Metals/ucm280202.htm 



Toxicity of Arsenic 



There are a LOT of arsenic species! 



More arsenic species 



How does arsenic get into foods? Do all foods 
have arsenic?  
 
 
 

Arsenic may be present in many foods including 
grains, fruits, and vegetables where it is present due to 
absorption through the soil and water. Rice is different 
than most crops because it takes up arsenic from soil 
and water more readily than other foods.  

http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/Metals/ucm280202.htm 



Arsenic concentration in food varies over 4 
orders of magnitude 
(slide courtesy J. Feldmann, U. Aberdeen) 
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What are the health risks associated with arsenic 
exposure?   
 
  
 
 
 

Long-term exposure to high levels of arsenic is 
associated with higher rates of skin, bladder, and lung 
cancers, as well as heart disease.  

The FDA is currently examining these and other long-
term effects.   

 

http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/Metals/ucm280202.htm 

http://www.nature.com/news/2008/080714/full/454263a.html 



Does the FDA test for arsenic in foods? 
  
 
  
 
 
 

Yes, the FDA tests for total and inorganic arsenic in a 
variety of foods. The FDA has published a method for 
the analysis of arsenic in Apple juice. 

http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/Metals/ucm280202.htm 

The FDA has also shown that they have a method for 
testing arsenic in Rice as well, but not online yet. 



Arsenic in Rice - FDA 



The toxicity, bioavailability, and mobility of a given element depends on its 
form. 

•e.g., inorganic arsenic is far more toxic than organic arsenic, but 
inorganic mercury is far less toxic than organic mercury 
 
 

Why analyze concentration of species instead of 
total elemental concentrations? 

Lethal dose of organic arsenic  
• LD50 of DMA 200-1000 mg per kg 

body weight 
• LD50 of Arsenobetaine >10,000 mg 

per kg body weight 

Lethal dose of inorganic arsenic  

• LD50 of As2O3  10 mg per kg body 
weight 

• LD50 of As2O5 30 mg per kg body 
weight 

CH3 As
+

CH3

CH3

COO-
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Speciation Analysis 

Elemental speciation requires 2 steps 

1. Separate the species 

2. Identify and quantify the 
elemental composition of the 
species 

The separation is done 
chromatographically or 
electrophoretically. 

The elemental identification and 
quantification is performed using 
ICP-MS coupled to the 
chromatograph 

Most common techniques are GC-
ICP-MS and HPLC-ICP-MS Other 
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ICP-MS for element specific 
detection 

Coupling HPLC to ICP-MS 
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Elemental Speciation 



HPLC-ICP-MS 

Simple set-up 
ICP-MS 
MassHunter 
software controls 
LC and ICP-MS as 
a fully integrated 
analytical system 

Agilent LC 
connection kit 
provides complete 
hardware 
connectivity 

ICP-MS MassHunter software screenshot showing details of the HPLC-ICP-MS configuration 



ICP-MS as an elemental detector for speciation 
analysis 
Strengths: 

 Extremely sensitive (ppt or better detection limits) 

 Nearly universal elemental coverage 

 Capable of isotope dilution quantification 

 Compound independent response 

 Excellent matrix tolerance 

 Very wide linear dynamic range (9 orders of magnitude) 

  



ICP-MS as an elemental detector for speciation 
analysis 
Limitations: 

 No molecular (structural) information* 

 Relatively expensive  

 
*Molecular identification needs to be established by another means: 

• Retention time matching 

• In parallel with molecular MS 

  



ICP-MS is capable of compound-independent 
quantification – specific standards not required 

Elemental response in ICP-MS is independent of the form or species of the 
element.   
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Arsenic in rice – Is it toxic, or not…   

Williams et al ES&T 39: 2005  

“arsenic in rice contributes 
considerably to arsenic 

ingestion in subsistence rice 
diets” 

 
“USA long grain rice had the 
highest mean arsenic level in 
the grain at 0.26 µg As g-1” 

 



Arsenic speciation in rice 
Percentage inorganic As in market rice.  

Arsenic speciation in the grain differs 
between rice cultivars grown on the 

same soil 
 

‘genetic variation accounts for 
differences in uptake and speciation’ 

Williams et al ES&T 39: 2005  

DMA is main form of arsenic in US rice: 
Is this legacy arsenic from DMA use as 

a pesticide? 



 
 

Arsenic and Paddy Rice: A Neglected Cancer 
Risk? 

• Three sets of findings reporting elevated As in 
rice and products such as rice bran and rice 
crackers 

• Speciation: inorganic – oxides AsV and AsIII 

 
• China regulates As levels in food: recently 

reduced ‘safe’ level from 700 to 150 µg kg-1 
• US and EU have not set limits for As in food 
• Rice contain 10 fold more As than wheat or 

other cereals 
 

Field trials of low-As rice:  
Zhu Yong-Guan’s group.  
Grain levels ranged from 63-421 
µg kg-1 

Science 11 July 2008 Volume 321 



• 300 common cultivars grown at 4 sites (China, Bangladesh, 
Arkansas, Texas) 

• 3 – 34 fold range in arsenic concentrations within a field 

• Total As strongly correlated with inorganic As for China and 
Bangladesh 

• Cultivar was major factor determining variation in As uptake 

• Year, location and flooding management also important in 
explaining As variation 



New Hampshire birth cohort 
229 women gave urine sample at 6 month prenatal visit 

3 day dietary record. 

73 women reported rice intake 
Urine measured for total As and speciation 

Tap water measured for As 

Arsenic in food: Recent Dartmouth papers 
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Trace Elements in Food-4, June  19-22, 2011  

•Phone questionnaire up to 4 months 
•Formula, breastfed, both? 
•What kind(s) of formula? 
•How is formula prepared? 

•Analyze As in diet items and estimate intake 
•Compare to toenail As at 4 months 

•Written food frequency questionnaire at 12 months 
•Analyze As in diet items and estimate intake 

•First foods (stage 1) 
•Weaning foods (stage 2) 
•Use existing data for “adult” foods as needed 

•Compare to toenail As at 12 months 
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Arsenic in infant formulas and first foods* 



Trace Elements in Food-4, June  19-22, 2011  

Total arsenic in 15 baby formula samples 

Statistics 
Rice starch versus no 
rice starch: 
p = 0.9008 
 
Dairy versus non-dairy: 
p = 0.015 
 
Reconstituting infant 
formula involves a 7X 
dilution 
 
For water with 0 As 
concentration formulas 
will have  <1 – 1.7 μg/l 
 

Total As (ng g-1) Dairy  
contains 

rice starch Speciated 
species 
recovery 

% inorganic 
As 

5.36 ± 0.21 YES NO NO   
11.27 ± 0.35 NO NO YES 88.20% 100% 

9.29 ± 0.43 NO NO YES 88.61% 100% 

11.89 ± 0.64 NO YES YES 66.76% 100% 

5.76 ± 0.4 YES NO NO   
6.95 ± 0.43 NO NO YES 102.84% 100% 

11.43 ± 1.09 NO NO YES 84.25% 100% 

6.02 ± 0.26 YES YES NO   
8.19 ± 0.63 YES YES YES 54.48% 100% 

8.14 ± 0.77 YES NO YES 55.31% 100% 

9.38 ± 0.31 YES NO YES 62.75% 100% 

2.92 ± 0.33 YES NO NO   
9.62 ± 1.35 NO NO YES 77.58% 100% 

3.42± 0.2 YES NO NO   
2.6 ± 0.44 YES  NO NO     



Arsenic in baby formulas 

0 

2 

4 

6 

8 

10 

12 

14 

BF 1 BF 2 BF 3 BF 4 BF 5 BF 6 BF 7 BF 8 BF 9 BF 10 BF 11 BF 12 BF 13 BF 14 BF 15 

As
 (n

g/
g)

 in
 fo

rm
ul

a 
po

w
de

r 

Formula lab ID # 

Toddler 
formulas using 
organic brown 
rice syrup as 
sweetener  



Toddler formula using brown rice syrup 
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Organic brown rice syrups 
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Arsenic Speciation in Infant Rice Cereals 
using HPLC-ICP-MS 
 Rima Juskelis1 ; Katarzyna Banaszewski1; Jenny Nelson2; Jack C. Cappozzo1 
1IFSH/ ITT, Bedford Park, IL; 2Agilent Technologies, Santa Clara, CA  

 
Species RT (min) Sensitivity 

(peak area) 
ASDL 
(ng/g) 

ASQL 
(ng/g) 

Method 
LOD 
µg/kg 

Method 
LOQ 
µg/kg 

75  As(III) 3.6 48162 0.03 0.26 1.7 13 
75  DMA 4.4 69264 0.02 0.14 0.9 7 
75  MMA 6.1 71551 0.02 0.18 1.2 9 
75  As(V) 14.1 84219 0.04 0.27 1.8 14 

DMA 

As(V) As(III) 

MMA 
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