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Abstract 

Rice is known to accumulate methylmercury (MeHg) in the rice grains. MeHg as a neurotoxin impacts 

on the human central nervous systems and especially on the developing brain. In this exploratory 

study, 87 commercial rice products sold in Europe, including nine baby-rice products, were analyzed 

for total Hg and MeHg content. MeHg concentration in all rice products investigated range from 0.11 

to 6.45 µg kg
-1

 with an average value of 1.91 ± 1.07 µg kg
-1

 and baby-rice is not significantly different 

from other rice products. Total Hg ranges from 0.53 to 11.1 µg kg
-1

 with an average of 3.04 ± 2.07 µg 

kg
-1

. MeHg concentrations in all rice products studied in this work would not exceed the provisional 

tolerable weekly intake (PTWI). 30 % of all commercial market rice products exceeded 10% of the 

PTWI calculated for toddlers or 13 % of products for adults with rice based diet.  

 

 

1. Introduction 

Mercury is a severe environmental problem with adverse effects on living organisms and ultimately 

on us as human beings. Studies have shown potential evidence of effects on fetal growth and 

neurocognitive effects in early childhood through neurotoxic methylmercury (MeHg) transferred 

through the placenta and food (Karagas et al. 2012). The Minamata convention, a global treaty for 

the reduction of mercury, emphasizes the awareness and urgency of mercury as a global pollution 

problem (Minamata Convention 2014).  In general the main exposure of humans to methylmercury is 

through the consumption of marine fish and especially predatory species (Mergler et al. 2007; 

Fitzgerald et al. 2007).  

 

In addition to seafood, rice was recently identified as a major exposure source to methylmercury 

(MeHg) in areas where rice is grown on mercury contaminated soil (Li et al. 2012). Rice is a staple 

food with a production of almost 500 M tons (milled basis, data from 2013) and provides about 20 % 

of the world’s dietary energy supply (FAO 2016).
  

This can be as high as 65-75 % in some Asian 

countries like Bangladesh and the Laos (FAO 2016), with rice consumption around 400 g per day.
  

The European rice consumption is approx. 2.6 million tonnes, and ~40 % of rice is imported, with 

India, Cambodia, Thailand and Pakistan the major exporting countries. (ec.europa.eu factsheet 2013-

14). 

The Standardization Administration of China has set the limit for total Hg in cereals, including rice, to 

20 µg kg
-1

 (Shao et al. 2014). While the maximum level is for total Hg, it is actually the MeHg 

concentration which is more important: Clarkson and Magus 2006 showed that 95 % of MeHg is 

absorbed via the human gastrointestinal tract from seafood, while inorganic Hg (iHg) is only 
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absorbed to 7%. This is the reason why the European Food Safety Authority (EFSA) suggested a 

provisional tolerable weekly intake (PTWI) of 1.3 µg week
-1

 kg
-1

 b.w.
 
for MeHg, not total Hg. Hence, 

speciation of methylmercury in rice is important. 

Extensive research has been carried out in the mercury polluted province of Guizhou, China, over the 

last decade, especially on the uptake of MeHg by rice in the local paddy fields and the impact on 

humans (Meng et al. 2011). Li et al. 2012 pointed out that rice is a main MeHg source for people in 

the Guizhou region and Feng et al. 2008 showed that the elevated MeHg concentration in rice is 

bioavailable. The exposure from rice consumption in the Guizhou region was comparable with an 

exposure from a moderate fish diet (Li et al. 2012). Therefore, rice needs to be considered as a 

provider of MeHg and iHg in general in our diet and should therefore be critically evaluated. 

However, data on MeHg concentrations in commercial rice from supermarkets in Europe is extremely 

scarce (Horvat 2003).  

 

Analytically, the main problem in the determination of MeHg speciation in rice is that MeHg is in low 

ppb levels, and analysis is difficult due to the starch based matrix. No appropriate rice based certified 

reference material for MeHg is currently available. Therefore, it is pertinent to implement quality 

controls. So far, the methods used in previous rice surveys (Horvat 2003; Meng et al. 2014) have used 

seafood based CRMs such as DOLT, DORM and TORT. These however have far higher levels of MeHg 

(up to several orders of magnitude), and have a different matrix which is easier to digest. Also, the 

analytical method used has been based on US-EPA method 1630, which is only validated for water 

samples.  

We have previously developed a new method based on solid phase extraction and preconcentration 

followed by online separation using liquid chromatography with cold vapor atomic fluorescence 

detection (SPE-HPLC-CV-AFS). The method has been shown to be applicable for low levels of MeHg in 

water (Brombach, Chen et al. 2015), sewage and sediment (Brombach, Gajdosechova et al. 2015) and 

more importantly in rice (Brombach, Ezzeldin et al. 2015). The method was validated using standard 

addition in a series of biological CRMs, and by comparison with species-specific isotope dilution-gas 

chromatography coupled to ICP-MS (SS-ID-GC-ICPMS). Isotopically enriched Hg species (
199

Hg
2+

 and 

Me
201

Hg) were directly spiked into the sample prior extraction; this approach has been shown to 

account for possible loss or artifact generation of the analyte (Brombach, Gajdosechova et al. 2015). 

In order to compare MeHg results between the two methods, a sub-set of samples (n=19) was 

analysed with both methods for a variety of rice and rice based products as a validation approach for 

the MeHg results in the rice, showing a linear trendline (Fig.1).  
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The aim of this exploratory study is to identify the exposure of the public to MeHg from a diet of 

commercial rice products bought in Europe. We purchased a variety of rice products (n=87) in 

supermarkets and from Asian Food suppliers in Europe, including mainly rice grains, but also rice 

flour (w/o added vitamins and minerals, and pre-cooked baby-food rice products), and processed rice 

in form of rice noodles and rice crackers. We especially included in our survey processed baby rice 

products, since rice is a major carbohydrate source for weaned babies up to one year of age 

(Mennella et al. 2006). Toddlers eat about three times more than adults in relation to their body 

weight and are at a critical age where the brain is developing, thus the impact of neurotoxins like 

MeHg is most critical. Finally, MeHg exposure from the consumption of commercial rice products was 

calculated for toddlers and adults for all 87 rice samples investigated, and compared to the current 

PTWI. 

 

2. Materials and methods 

2.1. Chemicals and standards 

A stock solution of methylmercury chloride (Sigma-Aldrich, UK) was prepared in methanol (AnalaR 

grade; VWR, UK) at 10,000 mg L
-1

 as Hg. Further working dilutions were prepared in 0.3 M HCl. An 

Aquatron water still A4000D (Bibby Scientific Limited, Stone, UK) was used for obtaining double-

distilled water, and ensures separation of inorganic Hg and MeHg on the column. The mobile phase 

for HPLC consists of 75% (v/v) methanol (AnalaR grade; VWR, UK) with 1.5 mM ammonium 

pyrrolidine dithiocarbamate (~99 %; Sigma-Aldrich, UK) in double-distilled water. The oxidant is a 

solution of 0.01 M Tritrisol® bromide/bromate (Merck, Darmstadt, Germany) and 1.2 M hydrochloric 

acid (AnalaR grade; VWR, UK) in double-distilled water, and the reductant is a solution of 2 % (m/v) 

tin(II) chloride (purchased as tin(II)chloride dihydrate (98 %) from Alfa Aesar, UK), and 1.2 M 

hydrochloric acid (AnalaR grade; VWR, UK) in double-distilled water. The preconcentration material is 

a mixture of thiol and thiourea bound to silica and can be purchased from PS Analytical, UK (PSA 

L820K005). Tetramethylammonium hydroxide (TMAH, 99.9999 % (metal basis); Alfa Aesar, UK) was 

used for alkaline digestion of the rice. 0.5 M acetate-acetic acid buffer was prepared with acetic acid 

(100 %, HiPerSolv® Chromanorm; VWR, UK), and NaOH (laboratory reagent grade; Fluka Analytical, 

UK) was used for pH adjustment.  

For SS-ID-GC-ICPMS, mercury species were derivatised with sodium tetra(n-propyl)borate (Chemos, 

Germany) and extracted into 2,2,4-trimethylpentane (Chromasolv® Plus, for HPLC, ≥ 99.5 %; Sigma-

Aldrich, UK). Me201Hg for SSID-ICP-MS was prepared from 201HgO according to literature (Rodriguez 

Martin-Doimeadios et al. 2002), Nitric acid (69%, AnalaR; VWR, UK) was used for open vessel 
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digestion of rice for total mercury determination. 0.45 µm filter discs (Iso-Disc
TM

Filters, PTFE, 25 mm 

× 0.45 µm; Supelco, USA) were used for filtration. 

 

2.2. Samples 

A total amount of 87 samples was purchased in supermarkets in the United Kingdom (samples 1 to 

19) and other countries (Germany and Switzerland). Samples 1 to 7 and 20 to 87 represent rice grains 

of Indian Basmati (n=8), Long Grain rice (n=14), Jasmin rice (n=6), Sweet rice (n=5), wild rice (n=3), 

Japonic rice (n=24), Risotto rice (n=2), Indica (n=1), Paella rice (n=1), white rice (n=1)  and unclassified 

white rice (n=10). Sample 8 and 9 are rice noodles, sample 10 is rice flour, sample 11 to 17 are pre-

cooked milled baby-food rice for the preparation of rice porridge, and sample 18 and 19 are rice 

cakes for toddlers (Table S1, supporting Information).  

All rice in this study used packed rice from supermarkets in the UK for direct consumption; the 

normal pack size is 1 kg, and we homogenised the rice grains before and after milling; final sample 

size was approx. 100 g; the samples were homogenised prior aliquoting.Rice samples 1 to 19 were 

ground into a fine powder (< 0.5 mm) with a Coffee grinder (Krups F203 Grinder, Krups, Germany) 

and stored dry at room temperature prior to analysis. Rice samples 20 to 87 were ground (< 0.5 mm) 

with an ultra-centrifugal mill (ZMI, Retsch, Germany). 

 

2.3. Total Hg determination 

To 200 mg milled rice, 4.0 mL nitric acid was added, left standing overnight and then digested for 1 h 

at 120 °C in a hot block. 1.6 mL 0.01 M bromide/bromate was added to the digest and subsequently 

heated for another 1 h in a hot block. After cooling, the solution was diluted with double-distilled 

water to 40.0 mL and analyzed with cold vapor-atomic fluorescence spectrometry (CV-AFS; 

Millennium Merlin, P.S. Analytical Ltd., Orpington, UK), with an LOD of 0.02 µg/kg and LOQ of 

0.06 µg/kg, respectively, and recovery 95.2 ± 1.6 %, as HgT in rice. 

 

2.4.  MeHg determination using SPE-HPLC-CV-AFS  

The methodology for MeHg determination in different matrices was published previously by 

Brombach, Gajdosechova et al. 2015 and for rice Brombach, Ezzeldin et al. 2015. Briefly, approx. 300 

mg milled rice is digested with 3 mL of 25 % (m/v) TMAH solution in a laboratory microwave system 

(Mars 5, CEM, US) using open vessel digestion @ 1600 W for 20 min at 55 °C and 20 min at 60 °C. 

After this first digestion run, 2 mL hydrochloric acid is added to the TMAH-rice suspension, the 

mixture is shaken and a second extraction follows in the microwave for 20 min at 55 °C and 20 min at 

60 °C. The extract is centrifuged at 13226 g (13000 rpm; Micro Centaur centrifuge, MSE, UK) and 
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filtered through 0.45 µm filter discs. The solution is topped up to 40 mL with double-distilled water. 

35 mL of this sample was submitted to pre-concentration on the thiol/thiourea-based silica material, 

and subsequently eluted and online separated using RP-HPLC. The eluted species were oxidized 

online by bromine/UV irradiation and detected by CV-AFS (Millennium Merlin, P.S. Analytical Ltd., 

Orpington, UK). A detailed description of the instrumentation, parameters and performance is given 

in an earlier publication (Brombach, Chen et al. 2015). The method shows no matrix effect for the 

rice and no Hg species interconversion during digestion. This was confirmed by enriched isotope 

spiking of 199Hg2+ into the original sample, showing that no artificial methylation or MeHg oxidation 

to Hg2+ took place. Additionally, standard addition into the original sample was used to confirm 

further that MeHg was stable during sample preparation. (Brombach, Ezzeldin 2015). The instrument 

was calibrated daily with solutions of 2.5, 5, 10, and 20 ng L-1 MeHg (35 mL preconcentration 

volume), which resulted in an LOD for MeHg of 0.12 µg/kg and LOQ of 0.36 µg/kg, 

respectively. 

 

2.5. MeHg determination using SS-ID-GC-ICPMS 

For SS-ID-GC-ICPMS, the same double digestion/extraction was used, but here for 600 mg rice as 

described for pre-concentration HPLC-CV-AFS. The only modification was the addition of only 1.38 

mL HCl instead of 4 mL HCl for the second extraction, which was necessary to enable buffering to pH 

3.9 as needed for the derivatization procedure. The suspension was centrifuged and the supernatant 

spiked with Me
201

Hg, left standing for equilibration, buffered with 5 mL 0.5 M acetic acid-acetate 

buffer (pH 3.9) and overlayed with 1 mL 2,2,4-trimethylpentane. 1 mL of 1 % sodium tetra(n-

propyl)borate was added and the mixture shaken for 10 min to extract the propylated mercury 

species into the organic layer. After centrifugation at 1650 g (3500 rpm; ALC 4218 centrifuge, ALC 

International S.R.L., Italy), the organic layer (approx. 0.5 mL) was removed and preconcentrated by 

evaporation to ~20 to 50 µL. 2 µL of this solution was injected into the GC-ICP-MS system (Agilent 

6980 GC coupled to Agilent 7500c ICP-MS via an in-house-built heated transfer line). The exact 

instrumental setup and conditions are described in an earlier paper (Brombach, Gajdosechova et al. 

2015);LOD for MeHg was calculated to 0.12 µg/kg and LOQ of 0.36 µg/kg, as MeHg in rice. 

Recovery for MeHg by SSIDMS was calculated versus SPE-HPLC-CV-AFS (Fig. 1), as no CRM for 

MeHg in rice exists, and gave a relative recovery of 103.8 ± 3.84. 

 

 

3. Quality Control and data analysis 
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For quality control, a series of biological certified reference materials (NRCC-DOLT-4, NRCC-DORM-3, 

NRCC-TORT-2, IAEA-085, NIES CRM No. 13, ERM®-CC580) have been analyzed previously and 

reported recently elsewhere (Brombach, Chem et al. 2015; Brombach, Gajdosechova et al. 2015; 

Brombach, Ezzeldin et al. 2015). Specifically the SS-ID-GC-ICPMS method has been validated for the 

rice matrix in our previous paper by using direct spiking into the rice powder (Brombach, 

Gajdosechova et al. 2015). Here, we use a subset of 19 samples with this validated method and the 

newly developed SPE-HPLC-CV-AFS. All samples were extracted in duplicates and the variability was 

recorded to be less than 10%. Data analysis was performed using a one-tailed Student’s t-test if not 

mentioned otherwise, and the P-values were reported accordingly.   

 

4. Results and discussion 

Total Hg was determined with CV-AFS after open vessel digestion in a hot block, as outlined in 2.3, 

and rice flour standard reference material 1568a (NIST, USA) was used for quality control. Total Hg 

recovery in the standard reference material was 95.2 ± 1.6 % (n=10), and not significantly different 

from the certified value of 5.8 ± 0.5 µg kg-1 (p>0.05). 

 

Total Hg in the rice samples varied from 0.53 to 11.1 µg kg-1 (Table S1, supporting Information). The 

average concentration of total Hg in the 87 different samples is 3.04 ± 2.7 µg kg-1.  This means that 

the total Hg in commercial market rice products varies by more than a factor of 20.  

 

For quality control of the MeHg analysis, both independent methods were used. For comparison, the 

two concentrations obtained for MeHg from each rice sample were plotted against each other 

(Figure 1). A good correlation with an R
2
 of 0.972 was obtained. The slope of 1.013 showed that both 

results agree well at high and low MeHg levels in rice ((p=0.33), paired two tailed Student’s t-test). It 

can been concluded that the MeHg concentration in rice can be deemed to be accurate, since the 

two orthogonal methods are based on two different analytical method principles, with and without 

derivatisation. An F-test revealed that the variances of both methods are not significantly different 

with an average RSD of 9.1 % (p>0.05). Data are shown in Table S2. The analysis with the two 

orthogonal methods show accurate results for MeHg in the rice matrix, hence all other samples were 

measured by the simpler SPE-HPLC-CV-AFS method.  

 

Insert Figure 1:  
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The concentration of MeHg in all 87 rice products varies from 0.11 to 6.45 µg kg
-1

 with an average 

concentration of 1.91 ± 1.07 µg kg
-1

. The variability of the MeHg concentration in the commercial 

market samples varies by a factor of 58 i.e. a higher variation than for total Hg data.  

 

A general observation is that the rice samples mainly contain mercury in the form of MeHg, with the 

mean percentage of MeHg in the 87 samples of 71 ± 26 %. Figure 2a shows that at low total Hg 

concentrations, the MeHg contribution varies between 6 and 100 % while at total Hg concentrations 

above 6 µg kg-1, the maximum MeHg contribution is 60 % (Figure 2b). This means that the MeHg 

concentration cannot be estimated from the total Hg concentrations and it makes the direct 

determination of MeHg mandatory to identify the exposure to neurotoxic MeHg. Furthermore, it 

seems that rice accumulating higher levels of Hg have less methylated mercury, which seems in line 

with previously published results from polluted Hg regions. The rice from polluted areas (Guizhou 

region) has generally lower proportions of MeHg vs total Hg, as reviewed recently by Rothenberg et 

al. 2014. Only a few publications describe MeHg and total Hg in rice from non-contaminated sites 

with a main focus on China (9 publications) and Cambodia (see review by Rothenberg et al. 2014). 

Considering only those publications where the MeHg proportion was given, the reported methylation 

rate ranged from 8.5 to 75 % with an average methylation rate of 34 %. This is variable but is lower 

than the proportion of MeHg in the commercial market rice found in this study.  

 

Soil chemistry and agricultural technique with flooded and non-flooded periods of the paddy soils 

have shown to influence the MeHg concentration in rice (Meng et al. 2011; Stubner et al. 1998; King 

et al. 2000, Wang et al. 2014), and the different rice cultivars with differening phytochelatin amounts 

may influence the total Hg in rice (Rothenberg et al. 2012; Meng et al. 2010, Krupp et al. 2009). 

Therefore it is conceivable that commercial market rice of different type and origin may vary 

significantly in MeHg concentration and proportion to inorganic Hg. Small differences in methylation 

rates may have a large effect on the MeHg concentration in the rice grain since the bioaccumulation 

factors for MeHg have been reported to be on average 800 times higher than for iHg (Zhang et al. 

2010).  

 

Insert Figure 2 a,b 

 

It is interesting that polished and whole grain rice do not show any significant differences in total Hg 

(p=0.22) and MeHg (p=0.39) concentration (Figure S1, Supporting Information). Hence, it can be 

concluded that iHg and MeHg are homogenously distributed and cannot be removed by polishing, 
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which is in contrast to arsenic and other nutrients such as zinc (Meharg et al. 2008), although this is 

in contrast with recently reported literature (Zhao et al. 2014).  

MeHg and total Hg concentrations in Japonic rice (n=24), Basmati rice (n=8), wild rice (n=3), sweet 

rice (n=5), Jasmin rice (n=6) and Long grain rice (n=14) were not significantly different (p>0.05). 

Likewise, no difference could be found between white (n=58), brown (n=12) and black rice (n=5) 

(Figure S2, S3, Supporting Information). However, all pre-cooked baby rice products (n=9) were 

significantly lower in total Hg (1.85 ± 0.71 µg kg
-1

) than those of other rice products (3.25 ± 2.14 µg 

kg-1) (p=0.046), while the MeHg concentration of baby rice products (1.71 ± 0.73 µg kg-1) was not 

significantly different to that of all other rice products tested in this study (1.98 ± 1.10 µg kg-1, 

p=0.29) (Tables S1 and S2, Supporting Information). Although, the type and origin of rice was not the 

same, the data suggests that cooking /processing in preparation for baby food seems not to remove 

MeHg but removes significant amounts of inorganic mercury. This however needs to be 

substantiated in a further, more detailed study using the same rice products. It should be noted that 

both rice noodle samples represent the lowest concentration of MeHg in this study (see Figure S2). 

 

Furthermore, rice products labelled “organic” (n=13) contained the same concentration of total Hg 

(p=0.19) and MeHg (p=0.62) compared to the other rice products (n=74), however the degree of 

methylation was significantly lower for organic rice (59 +/- 26 %) than for conventionally grown rice 

(73 +/- 25 %) (p=0.04) (Figure S4, Supporting Information). Whether this is a result of the agricultural 

technique needs to be confirmed in a specifically designed study.  

 

Rice of European origin (n=12) is not significantly different from Chinese (n=8), Taiwanese (n=19), 

Thai (n=6) and USA/Canada rice (n=6) in terms of their total Hg or MeHg (p>0.05), and the variability 

of total Hg and MeHg of European rice is more than one order of magnitude (max/min = 59 for MeHg 

and 21 for total Hg) with the highest measured sample to be 6.45 ng/g from a European country. This 

is in contrast to the rice from other countries of origin which did not show such a variability in MeHg 

and total Hg (Figure 3 and Figure S5).  

 

Insert Figure 3  

 

According to the results of this exploratory study, the complete data set can be used to evaluate food 

safety aspects regarding MeHg levels. The European Food Safety Authority (EFSA 2012) has set a new 

provisional tolerable weekly intake (PTWI) for MeHg of 1.3 µg kg
-1

 bodyweight (b.w.), which is lower 
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than the established value from 2004 by the Joint FAO/WHO Expert Committee on Food Additives 

(JECFA) of 1.6 µg/kg bodyweight (FAO 2007). 
 

In a previous study, the daily intake of a consumer group with a rice based diet (Bangladeshi group in 

the UK) has been determined to be 357 ± 295 g (range 28-1200 g) daily while in the UK the daily 

intake is about 17 g (Cascio et al. 2011). The PTWI can then be calculated by using a daily rice 

consumption of 400 g , the maximum MeHg concentration of 6.45 ng/g, and a body weight of 65 Kg . 

This would result in a weekly uptake of 0.28 µg MeHg kg-1 b.w. which amounts to 21 % of the PTWI. 

Also, 11 out of the 87 rice samples have concentrations which would reach 10 % of the PTWI for 

MeHg through rice eating. For the extreme case of rice consumption of 1200 g rice, 64 % of the PTWI 

would be reached, while the average British citizen just reaches 1% of the PTWI for MeHg.  

 

A weaned baby at the age of one year typically eats a portion of 20 to 25 g rice in a single serving. 

Considering three servings are given per day, the corresponding MeHg consumption of baby-food 

rice varies between 0.5-1.88 µg per day. A child at the age of one year weighs 9.25 kg (i.e., the 

average of the median weight for a boy (9.6 kg) and a girl (8.9 kg) at the age of 1 year) (WHO 2006) 

and the weekly intake would therefore calculate to 0.05-0.20 µg kg
-1

 b.w. Taking into account the 

highest MeHg concentration in a rice sample in this study, it increases to 0.38 µg kg
-1

 b.w. week
-1

. 

 

Although MeHg in baby-food rice is below the recommended maximum level (up to 28 % of PTWI), 

the established tolerable weekly intake defined by EFSA, it should be taken into account that 

toddlers have up to three times the intake of adults. This is not considered in the calculations, and at 

this age, small children are especially vulnerable to the neurotoxin MeHg since the brain is just 

developing. Overall 30 % (26 out of 87) of the tested rice reached more than 10 % of the PTWI for 

toddlers, which is concerning in particular when the large variability of the MeHg concentration 

amongst the sample cohort of 87 samples is considered (Figure 4).  

 

Insert Figure 4 

 

5. Conclusions 

87 rice samples were analyzed for MeHg and total Hg.  The MeHg concentration in baby food is not 

significantly different from other rice products, which is of concern because MeHg is a neurotoxin 

which is most effective in the developmental stages of the brain. Although the maximum level of 

MeHg in our study does not reach the PTWI, it was evidenced that the MeHg concentration in the 

rice samples vary by a factor of 58. Especially the %age variation of MeHg  from 6 to 100 % shows 
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that no assumption on the MeHg level of rice products can be made on the basis of total Hg. 

Therefore there is an urgent need to further survey commercial market rice-based products, with a 

focus on rice-products for baby and toddlers, and must determine MeHg concentration, not total Hg 

only.  
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Figure captions: 

Figure 1: Methylmercury concentration in rice samples 1 to 19 determined by both HPLC-CV-AFS and 

SSID-GC-ICP-MS. Error bars 1 standard deviation (n =3). 

Figure 2: Correlation of MeHg and total Hg in the rice products. (a) MeHg versus total Hg 

concentrations. Error bars indicate one standard deviation of the analysis and the dotted line 

indicates the 100 % line. (b) Relative proportion of MeHg in % versus total Hg concentrations; error 

bars not displayed for clarity. 

Figure 3: Box Whisker Plot from rice products sold in European of which the country of origin was 

known. Other Asia (n=9), China (n=8), Europe (Italy, France, Spain Switzerland); (n=12), Taiwan 

(n=19), Thailand (n=6), USA/Canada (n=6).   

Figure 4: Total Hg and MeHg concentrations in commercially available market rice in relation to the 

10 % PTWI value when a rice based diet for a toddler and an adult is assumed.  
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Highlights: 

• Methylmercury and total mercury were measured in 87 rice and rice products bought in 

Europe as an exploratory study. 

• A subset of 19 samples which include 9 pre-cooked baby rice products were measured by 

two orthogonal validated methods for the first time to enhance quality assurance. 

• Precooked baby rice products have similar methylmercury content compared to non-

processed rice, however a higher proportion of total mercury is methylmercury. 

• European rice has similar mean value than rice from other regions but a significantly higher 

variability (factor 58). 

• Considering the average rice consumption with respect to Bangladeshi Communities in the 

UK (average of 400g/day), all rice samples were below PTWI with a significant number of rice 

samples above 10% of the PTWI.  

 




