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ABSTRACT 

Infant rice cereals were analyzed for total arsenic, inorganic arsenic (i-As) and the organic arsenic species monomethy- 

larsonoic acid (MMA) and dimethylarsinic acid (DMA) using liquid chromatography inductively coupled plasma mass 

spectrometry (LC-ICP-MS). Total arsenic concentrations in the samples ranged from 110 ng/gup to 420 ng/g. The i-As 

in the rice cereals accounted for 33% to 77% of the total arsenic. The observed variability between infant rice cereals 

makes a dietary survey approach to accessing arsenic exposures difficult. 
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1. Introduction 

Exposure to arsenic has been linked to immune system 

dysfunction, cancer, skin legions and cardiovascular dis- 

ease in adults [1-3]. The inorganic arsenic species ar- 

senite (AsIII) and arsenate (AsV) are the most toxic 

forms. Both inorganic arsenic species are water soluble 

and readily absorbed in the gastrointestinal tract. Humans 

and other organisms metabolize inorganic arsenic (i-As) 

by successive oxidative methylation and reduction steps 

into monomethylarsonic acid (MMA) and dimethylar- 

sinic acid (DMA) which are considered less toxic than 

i-As. DMA is also known as cacodylic acid and was 

widely used at a pesticide until it was banned by the US 

EPA in 2009. 

Consumption of rice and rice products may be a sig- 

nificant source of arsenic exposure, particularly in indi- 

viduals who regularly consume rice products and have 

low exposure from drinking water. In a pilot study Gil- 

bert-Diamond et al. observed that total arsenic, inorganic 

arsenic (i-As), MMA and DMA in measured urine sam- 

ples collected from 229 pregnant women were correlated 

with rice consumption [4]. Food products made from rice 

may also contribute to arsenic exposure. Elevated levels 

of total arsenic and i-As have been reported in brown rice 

syrup, rice based energy bars, infant rice cereal and in- 

fant rice based formulas [5-8]. The chemical form and 

total concentration of arsenic in rice and rice products 

depends on many variables including the species and  

genetic variation of rice, arsenic concentration in the soil 

and irrigation water, flooded or non-flooded fields, and 

historical use of the As containing pesticides DMA [9- 

11]. The processing of the rice may also affect the As 

content, for example brown rice contains higher levels of 

arsenic than white rice [12].  

In this paper we used Instrumental Neutron Activation 

Analysis (INAA) to measure total arsenic and anion ex- 

change liquid chromatography inductively coupled pla- 

sma mass spectrometry (LC-ICP-MS) to measure i-As, 

DMA and MMA in infant rice cereals purchased in a US 

market. For INAA measurement of total As, the infant 

rice cereal was encapsulated in high purity polyethylene 

vials and irradiated at the University of Missouri Re- 

search Reactor (MURR). Arsenic species were extracted 

from infant rice cereal using a simple hot water extrac- 

tion. Hydrogen peroxide was added to the extract to 

quantitatively convert the arsenitespecies into arsenate in 

order to measure total i-As. A similar procedure was 

used by Loorente-Mirandes et al. to measure arsenic spe- 

cies in rice and infant rice products [5]. We expected the 

infant rice cereal made from white rice flour would con- 

tain the least amount of total arsenic and i-As since both 

are known to accumulate in the rice bran; which is re- 

moved in the processing to produce white rice [13]. We 

also expected the organic brown rice to have the lowest 

levels of DMA since it would be grown without use of 

pesticides. 
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2. Experimental 

2.1. Reagents and Standards 

Optima grade ammonium hydroxide and trace metal 

grade 85% phosphoric acid were purchased from Fisher 

Scientific. Trace select 30% Fluka Hydrogen Peroxide 

was obtained from Sigma Aldrich. Methylarsonic acid 

(MMA) was purchased from WACO Pure Chemicals, 

dimethylarsinic acid (DMA) was purchased from Sigma 

Aldrich. Certified solutions of arsenate and arsenite were 

purchased from elemental scientific (ESI). Certified As 

standard solutions for ICPMS were purchased from High 

Purity Standards. Eluent 1 was prepared from 20 mM 

phosphoric acid adjusted to a pH of 9.6 using 22% am- 

monium hydroxide. Eluent 2 was prepared from 150 mM 

phosphoric acid adjusted to pH 8.6 with 22% ammonium 

hydroxide. 

2.2. Rice Cereal 

Samples were purchased from local (Columbia Mo) su- 

permarkets and stored in their original packaging, at 

room temperature.  

2.3. Analysis of Total As by INAA 

Samples of rice cereal from each package were prepared 

in triplicate for INAA of total arsenic. The INAA proce- 

dure has been described previously [14]. For total arsenic 

by neutron activation analysis 50 mg of each sample was 

weighed into a polyethylene vial. Standards that con- 

tained 100 ng of As were prepared from a certified ICP 

standard solution. Samples were irradiated for 30 min- 

utes in the row 2 pneumatic tube position at the Univer- 

sity of Missouri Research Reactor at a flux of 6.5 E + 13 

n/cm
2
/s. Following irradiation the samples were allowed 

to decay for 24 hours to reduce the background from 

decay of 
24

Na. The 559.1 keV gamma ray from beta de- 

cay of 
76

As was measured using a high purity germanium 

gamma ray spectrometer.  

2.4. Rice Cereal Extraction Procedure 

Arsenic species were extracted from infant rice cereal 

using a hot water extraction procedure. 1 gram of infant 

rice cereal was transferred gravimetrically into pre-clean- 

ed 15 mL polypropylene tube. We added 10 mL of 18.2 

MΩ de-ionized water gravimetrically to each tube and 

heated the samples to 98˚C using a hot-block (Environ- 

mental Express) for 3 hours and cooled to room tem- 

perature. Once cool, each sample was centrifuged for one 

hour at 4400 RPM. A 0.5 mL aliquot of each sample was 

transferred to a Millipore 10 kilo Dalton centrifuge filter 

(0.5 mL) and centrifuged for 1 hour at 4400 RPM. The 

resultant filtered extract was diluted 1:25 with eluent 1 

and 100 µL of 30% hydrogen peroxide to oxidize arsenite  

to arsenate. The sample solutions were stored in a refri- 

gerator until the time of analysis. 

2.5. Analysis of Rice Cereal Extracts for Total  
As and Arsenic Species  

Total arsenic in rice cereal extracts was measured using a 

Nexion Quadrapole ICP-MS (Perkin Elmer). A four point 

matrix matched calibration curve was constructed in elu- 

ent 1 for analysis of total As in the diluted extract. To 

eliminate interference at m/z 76 from 
40

Ar
36

Cl we used 

oxygen gas in the ICP-MS Dynamic Reaction Cell (DRC) 

to measure 
76

As
16

O at m/z 91. The instrument parameters 

are reported in Table 1.  

Arsenic species were measuredusing a Cf-As-01 anion 

exchange column (ESI, Omaha Nebraska) coupled to the 

ICP-MS using a DX-4 FAST automatic sample changer 

(ESI Scientific, Omaha Nebraska). The separation uses 

an ammonium phosphate buffer with a step gradient to 

separate As species within 420 seconds. The column is 

loaded with a 20 µL sample of the filtered extract for the 

analysis. Eluent 1 is pushed through the column for 220 

seconds at a flow rate of 180 µL/min followed by eluent 

2 for 200 seconds at a flow rate of 180 µL/min. After 

elution of the sample the column is rinsed with eluent 1 

for 240 seconds at 180 µL/min. A four point matrix 

matched calibration curve was prepared by spiking a 

pooled extract sample with 0.5 - 10 ppb of MMA, DMA 

and arsenate (AsV).  

3. Results and Discussion 

Six different brands of infant rice cereal and NIST SRM 

1568 rice flour were analyzed for total arsenic by instru- 

mental neutron activation analysis.  

 
Table 1. Operating conditions for ICP-MS. 

Spectrometer NexION 300X 

ICP RF Power (W) 1600 

Plasma Gas Flow 18 L/min 

Auxiliary Gas Flow 1.2 L/min 

Nebulizer Gas Flow 0.98 L/min 

DRC Gas Flow O2 0.7 mL/min 

DRC RPC 0.25 

Sampler/Skimmer Cones Nickel/Aluminum 

Spray Chamber Baffled Cyclonic 

Nebulizer PFA Microflow 

Detector Sequential Dynode Electron Multiplier 

As(V) 
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The total arsenic concentration in infant rice cereal 

ranged from 110 ng/g up to 421 ng/g. The arsenic con- 

centration measured in NIST SRM 1568 rice flour was 

410 ± 5 ng/g and the certified value is 410 ± 50 ng/g. 

Total arsenic was measured in the rice extracts using 

ICP-MS. A matrix matched calibration curve was con- 

structed using extract solutions spiked with a certified 

arsenic calibration standard. The R
2
 value of the calibra- 

tion curve was 0.999. The extraction recovery, deter- 

mined using the ratio of the total extracted arsenic and 

the total arsenic measured in the rice cereal, ranged from 

78% up to 108%. The data is reported in Table 2. This 

measure of the extraction recovery does not account for 

the variability of arsenic in the rice cereal since the total 

arsenic and extracted arsenic were not measured in the 

same sample. The extracted arsenic was analyzed for 

total i-As, DMA and MMA using anion exchange liquid 

chromatography coupled with ICP-MS detection. The 

arsenite was quantitatively oxidized to arsenate by addi- 

tion of 30% hydrogen peroxide to the extract samples. 

The oxidation step was tested by adding hydrogen per- 

oxide to a sample spiked with arsenite, DMA and MMA.  

The spike recovery of DMA and MMA in the spiked 

sample was 97% and 99%, respectively, indicating that 

these species were not altered by addition of hydrogen 

peroxide. The recovery of arsenite, converted to arsenate, 

in the sample was 107% indicating quantitative oxidation 

of arsenite. Calibration curves for arsenic speciation 

analysis were constructed using matrix matched extract 

solutions spiked with each arsenic species. The calcu- 

lated R
2
 values of the DMA, MMA and As(V) calibra- 

tion curves was greater than 0.999. The data is presented 

in Table 3. Equation (1) gives the instrumental limit of 

detection (IDL) for DMA, MMA and As(V) using the 

standard deviation of the y intercept (σy–intercept) of the 

regression analysis and the slope of the calibration curve 

(m) as [5]. 

intercept
IDL 3

y

m

 
             (1) 

The chromatograph of a typical sample is shown in 

Figure 1. The rise in background starting at 220 seconds 

corresponds to the step gradient change to elute MMA 

and arsenate. 

 
Table 2. Total arsenic measured in rice cereal, rice cereal extract and the measured extraction recovery. 

Sample Rice type 
Total As (INAA) 

rice, ng/g (std) 

Total As (ICP-MS) 

extract, ng/g (std) 

Extraction 

recovery (%) 

1 white rice flour 110 (4) 86 (2) 78% 

2 white rice flour 226 (2) 243 (37) 108% 

3 white rice flour 273 (14) 277 (16) 101% 

4 organic brown rice 225 (17) 223 (20) 99% 

5 organic brown rice 120 (23) 123 (4) 102% 

6 brown rice 213 (3) 220 (2) 103% 

7 brown rice 421 (10) 454 (27) 108% 

8 brown rice 394 (3) 425 (33) 108% 

 
Table 3. Inorganic As (i-As), DMA, MMA measured in rice cereal extracts. The species sum is the sum of i-As, DMA and 

MMA. 

Sample Type 
i-As, ng/g 

(std) 

DMA, ng/g 

(std) 

MMA, ng/g 

(std) 

Species sum 

(std) 

i-As 

(%) 

Column recovery 

(%) 

1 white rice flour 50 (4) 29 (2) 16 (5) 96 (7) 53% 111% 

2 white rice flour 127 (7) 101 (8) 17 (3) 245 (11) 52% 101% 

3 white rice flour 127 (4) 110 (5) 17 (4) 254 (8) 50% 92% 

4 organic brown rice 172 (13) 29 (2) 22 (2) 223 (13) 77% 100% 

5 organic brown rice 96 (11) 38 (3) 19 (5) 153 (12) 63% 124% 

6 brown rice 148 (6) 52 (3) 16 (2) 215 (7) 69% 98% 

7 brown rice B 132 (16) 236 (19) 30 (8) 398 (26) 33% 88% 

8 brown rice 2B 120 (15) 216 (20) 29 (3) 366 (33) 33% 86% 
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Figure 1. Chromatograph showing the arsenic species DMA, 

MMA and As(V). The As(III) species has been quantita- 

tively oxidized to As(V) and does not appear on the chro- 

matogram. The rise in background at 220 seconds corre- 

sponds with the step gradient change from eluent 1 to elu- 

ent 2. 

 

The column recovery was determined by taking the ra- 

tio of the sum of the arsenic species and the total arsenic 

measured in the extract solution. The column recovery 

ranged from 86% to 124%. The arsenic species DMA, 

MMA and arsenate were measured above the IDL in all 

extract samples. A sample of NIST 1568 rice flour was 

analyzed using the extraction procedure. The total i-As 

was measured at 90 ± 5 ng/g, the DMA was measured at 

253 ± 7 ng/g and MMA was measured at 39 ± 4 ng/g. 

The sum of the arsenic species in the rice flour is 381 ± 9 

ng/g and is 93% of the total arsenic measured by INAA, 

which is in good agreement with the certified total As 

concentration.  

In this small sample of infant rice cereals we found 

that i-As accounted for between 33% and 77% of the 

total arsenic. Carbonell-Barrachina et al. analyzed i-As in 

rice based infant foods from Spain, UK, China and the 

USA and reported that i-As accounted for at least 60% of 

the total arsenic in all products [15]. In their work a 

strong trend is observed between the level of i-As and 

total arsenic in infant rice products. This trend was not 

observed in the present study. We observed the highest 

total arsenic in the brown rice cereals samples 7 and 8. 

These two samples originate from different lots of the 

same brand of infant rice cereal. Sample 6 which is also a 

brown rice cereal contained 50% of the total arsenic and 

25% of the DMA measured in samples 7 and 8 but had 

equivalent levels of i-As. As expected the organic brown 

rice cereals, samples 4 and 5, contained the least amount 

of DMA but surprisingly they had the highest percentage 

of i-As. The observed differences between our results in 

this limited study and those published by Carbonell- 

Barrachine et al. may be explained by regional differ- 

ences in arsenic concentration, soil conditions, genetics 

and farming methods in rice growing areas [15]. Because 

of the observed variability of total arsenic and arsenic 

species in infant rice cereals arsenic exposure would be 

best estimated using a biomonitoring approach that moni- 

tors arsenic in toenail or urine samples. 

4. Conclusion 

Conventional LC-ICP-MS can be used to measure arse- 

nic species in extracts of infant rice cereal. The infant 

rice cereals measured in this study contained elevated 

levels of total arsenic similar to what has been previously 

reported. However, we measured a greater variability in 

the percentage of the more toxic i-As than previous stu- 

dies. The observed variability in the concentration of ar- 

senic species in the infant rice cereals would complicate 

a dietary survey approach to accessing human arsenic ex- 

posures. 
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