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Sammanfattning

Arsenik kan forekomma i tva former, organisk och oorganisk form. Den organiska
formen anses inte nimnvért paverka var hélsa, medan den oorganiska arseniken klassi-
ficeras som toxisk. Arsenik forekommer naturligt i olika halter i berggrunden och
dérfor kan arsenikhalten i grodor ibland vara hog. Eftersom oorganiskt arsenik ar
cancerframkallande s& bor var exponering for detta vara sa 1ag som mojligt.

Eftersom ris konsumeras mycket och ofta innehaller hoga halter av oorganiskt arsenik &r
det viktigt att vi kan reducera halterna sa mycket som mgjligt. I denna rapport presenterar
vi halterna av oorganiskt arsenik och totala miangden arsenik, oorganisk och organisk, i
tolv olika risprover, vanliga mérken och inkdpta i Uppsala. I studien har vi;

a) Kokat riset i 6verskott av vatten och dérefter analyserat arsenikhalterna i det kokta
riset. For att efterlikna hur vi vanligtvis kokar ris i vara kok sa har riset kokats i litt saltat
kranvatten i en vanlig kastrull med lock pé. Efter kokningens slut har 6verskottet av
vatten héllts av,

b) For att kunna jimf6ra resultatet med ris som oftast kokas med anpassad vattenméngd,
dér allt kranvatten kokas in, sa har dven sddana forsok utforts.

Medelhalten av oorganiskt arsenik och totala mdngden arsenik i okokt ris var 110 pg/kg
respektive 133 ug/kg. I riset som kokats pa det sétt som ofta rekommenderas pa forpack-
ningarna, med andra ord tillsatt s& mycket vatten att det helt och héllet kokas in och inget
vatten &r kvar efter koktidens slut, hér var arsenikhalterna ungefar lika hoga som i det
okokta riset. Medelhalten av oorganiskt arsenik och totala midngden arsenik i riset som
kokats med overskott av kranvatten var betydligt ldgre &n i det okokta riset, hér var hal-
terna reducerade med 40—70 procent.

Aven nigra andra metaller analyserades i de olika proverna. Resultaten visar att nickel-
halterna minskade signifikant i riset som kokats i dverskott av kranvatten medan uranhal-

ten ddremot 6kade efter kokningen.

Slutsats: Eftersom arsenik dr ett cancerframkallande &mne rekommenderas att koka riset
1 Overskott av vatten som efter kokningen hélls av.
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Summary

Inorganic Arsenic, iAs, is a well-known carcinogenic compound. It is therefore important
to decrease the exposure of iAs as much as possible. In this work the levels of iAs and
total arsenic (totAs) are determined in twelve samples of common rice brands, before and
after cooking: i) in a recommended volume of water, and ii) in an extra volume of water
which is poured off when the rice is ready to eat. The study mimics the way of cooking
rice in the house holds; Ordinary pan has been used, salt has been added, and the tap
water at hand has been used. The mean levels of iAs and totAs in unboiled rice were 110
ng/kg and 133 pg/kg respectively. The corresponding mean iAs level in the boiled rice,
prepared as recommended with cooking to dryness, was about the same as in the un-
boiled rice. The mean levels, of iAs and totAs in the rice boiled in an excess amount of
water was significantly reduced, between 40-70 percent. Furthermore, also other metals
were analysed at the same time, e.g. nickel decreased and uranium increased significantly
in the rice boiled in excess of water.
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Introduction

Inorganic Arsenic, iAs, is a well-known toxic compound with both carcinogenic and
genotoxicity properties. It has been classified as a human carcinogen by WHO, Group 1
(WHO/IARC, 2012) and it is therefore important to decrease the intake as much as
possible. Thus, several agencies including WHO have recommended a maximum level of
10 pg/l of total As, totAs, in drinking water. The European Union, EU, has followed this
recommendation and implemented the same maximum level of totAs in drinking water.
In January 2016, also foodstuffs containing rice are given different maximum levels for
iAs, in EU. In the EU the established levels are between 100 and 300 pg/kg, the lowest
level concerns rice destined for the production of food for infants or young children,
(EU, 2015/1006).

Arsenic is naturally occurring in the bed rock and released from bed rock sometimes
results in high levels in well water and soil. There is a great geographical variation in the
occurrence of arsenic and some regions in the world show high levels, e.g. in the South
East Asia and regions in South America. Because of high levels in ground water and soil,
an elevated arsenic level is found in rice growing in such regions. Not only has the
location of the rice production an impact on the arsenic level, but also the variety of rice
grown (Kollander and Sundstrém, 2015. In addition, the way the rice is prepared before
consumption has been shown to be important for the final level of iAs in rice ready for
consumption.

Rice is a staple food and is much consumed globally, especially by certain population
groups. Therefore it is of great importance to decrease the iAs level in often-consumed
rice products. Because other species of As have been shown to have toxic properties, e.g.
different metabolites, also the occurrence of totAs is of interest, see Hirano et al. (2004).
There are different ways of reducing the arsenic level in cooked rice; The first option is
to use water that contain low levels of As when boiling the rice in order to prevent a
furher enrichment of the arsenic in the rice. However, this option might be difficult for
people living in arsenic-endemic areas. For people living in regions with low levels of As
in water, another way is to boil the rice in excess volume of water which after boiling is
discarded. This way of reducing the As level in cooked rice has been demonstrated in the
literature (Bae et al., 2002, Carey et al., 2015, Meharg and Zhao, 2012, Mihucza et al.,
2010, Naito et al., 2015, Raab et al., 2009, Rahman et al., 2006, Sengupta et al., 2006,
Torres-Escribano et al., 2008), but in none of them ordinary tap water together with
recommended amount of salt have been used. In this study the intention was to, as much
as possible, copy a common way of cooking the rice at home. The use of distilled water
and the lack of other ions might overestimate a reduction of iAs due to increased diffu-
sion from the rice into the water. In this article we present and discuss the results of the
analyses of both iAs and totAs in rice and compare the effect on the arsenic content in
consumption-ready rice after: i) boiling the grains in a volume of tap water adjusted to be
totally absorbed after the recommended cooking time, a commonly recommended way of
cooking rice, and ii) boiling the rice grains in an extra volume of water which is poured
off the pan when the rice is ready to eat. Also the effects on the levels of some other
metals in the boiled rice are discussed.
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Materials and Methods

Sampling and the procedure for boiling rice

Twelve different brands of rice, of the most common in Sweden, were purchased in some
major retailers in the city of Uppsala in Sweden. The tap water used for rinsing and cook-
ing were produced in Uppsala municipality by Uppsala Vatten och Avfall AB. The salt
added when boiling the rice was a fine grain household salt from AB Hanson och Mdhr-
ing, Halmstad, Sweden, a commonly used product in Sweden. From each of the rice
packages, three samples, each of 100 gram, were analysed upon the level of iAs, and
totAs; a) one sample of raw rice was homogenized without any further preparation, b)
one sample, about 100 gram, washed in tap water during 10 seconds, and then boiled in
the recommended volume of water, around 0.25 litre, plus a recommended amount of salt
added, 1/2 or 1 tea spoon, until all water was absorbed into the rice, and c) one sample,
about 100 gram, washed and boiled in extra much tap water, here 1 litre. After the boil-
ing the remaining water was discarded, see Figure 1. Directly after the different ways of
cooking, the weight of the boiled rice was documented.

Figure 1. One hundred gram raw rice was put in an ordinary pan of stainless steel. The rice was rinsed in
cold tap water during ten seconds and boiled during recommended time, usually 20 minutes, in two different
ways; a) until dryness, or b) in an excess of water that was discarded after the boiling was finished. To both a)
and b) the recom-mended amount of salt was added before boiling (1/2 or 1 tea spoon).

Homogenization of rice before and after cooking

The unboiled rice was homogenized using a Retsch GM 200 mill, which has a plastic pan
and stainless knife. The boiled rice was homogenized with a Braun food processor with a
titanium knife. The homogenized samples were saved in acid-washed plastic vessels until
analysis.
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Instruments and material

The coded samples were analysed of inorganic arsenic in the laboratory of the Swedish
National Food Agency by HPLC-ICPMS (high performance liquid chromatography-
inductively coupled plasma mass spectrometry), equipped with a strong anion exchange
column. Detection at mass to charge ration (m/z) 75 with an Agilent 7700x ICP-MS
directly connected to the column. All material used was acid-washed and all reagents are
of analysis quality or better. For further information, see Kollander and Sundstrém
(2015).

The analysis of totAs and other elements was performed by ALS Scandinavia AB, Luled,
using high resolution ICP-MS (HR-ICP-MS, ELEMENT XR, Thermo Scientific). All
samples were analysed using two different instruments to safeguard the results. To
increase sensitivity to arsenic, methane gas was added to the sample flow. The limit of
detection for arsenic was 1.7 ug/kg, calculated as 3 times the standard deviation for blank
sample (n=11). Quality control of the analytical method was performed by analysing
CRM NIST 1547 Peach Leaves. For further information, see Engstrom et al. (2004).

Analytical method for iAs

The method, prEN 16082, used for the analysis of iAs in this work was selected for
testing as European standard by the European Committee for Standardisation CEN. The
method is accredited in accordance with ISO/IEC 17025 for inorganic arsenic, for rice
and rice products, among others within the range 1-25 000 pg/kg. The limit of detection
(LOD) is between 1 and 3 pg/kg depending on how much the sample is diluted before
analysis and whether the sample is wet or dry. The expanded uncertainty is +/- 26 per
cent (coverage factor k=2) and is calculated on the basis of the reproducibility in testing
of the method in CEN, as well as the laboratory’s own results from participating in
proficiency tests and analysis of reference material.

Evaluation of data

To facilitate the comparison between unboiled and boiled rice, the results presented for
the boiled rice was corrected for the weight of absorbed water during cooking. This was
performed by weighing the rice before and after cooking. Generally 100 gram of rice was
boiled from each brand. The weight of the rice boiled in an excess amount of water was
mostly higher than the weight of the rice boiled to dryness, about 325 gram and about
280 gram respectively.

The one tailed Student t-test has been used in the calculations.
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Results

Total and inorganic arsenic

The levels of iAs in the twelve samples of unboiled rice ranged from 35 to 270 (mean
110) pg/kg and the levels of totAs from 50 to 274 (mean 133) pg/kg. The corresponding
mean iAs level in the boiled rice, prepared as recommended with cooking to dryness, was
as expected about the same as in the unboiled rice after correction of the increase in
weight from absorbed water. The mean levels, of iAs and totAs in the rice boiled in an
excess amount of water was, however, significantly reduced, p<0.001. In all rice the
reduction was between 40-70 percent for both iAs and totAs. The levels ranged from 9 to
79 (mean 32) png iAs/kg rice and from 30-119 (mean 34) pg totAs/kg, see Table 1 and
Figure 2 a, b. The iAs level in tap water used in this study was below] pg/L. The levels
in the discarded water varied between 3 and 12 pg/L with an average of 9 pg/L. From
four of the rice samples (A, B, K and L), the iAs level was analysed. The results
correspond well to the reduction in the rice with 40 to 70 percent compared to the
respective unboiled rice.

Table 1. The content of inorganic arsenic, iAs, and total arsenic, totAs, in twelve
different brands of rice (A — L). Hundred gram of rice was boiled in two ways, either
boiled to dryness (all water absorbed by the rice) or boiled with an excess of water that
was discarded after the cooking.

Id |Sort Country | Unboiled rice | Boiled to | Boiled in excess
of origin | (ug/kg) dryness of water (ng/kg)*
(ng/kg)*
iAs totAs iAs iAs totAs
A Jasmine Thailand 35 50 31 9 30
B Whole grain Greece 114 130 103 35 50
C Whole grain EU 74 100 70 24 30
D Jasmine Thailand 53 88 54 23 47
E Long-grain, parboiled = Thailand 101 127 99 26 38
p o Wholegrainecologic: py 290 2714 - 79 119
red rice
G Jasmine Thailand 57 118 52 33 72
H  Jasmine Isl;;ci fog 61 11755 19 55
I Long-grain, parboiled  Thailand 98 129 100 25 51
J Long-grain, parboiled  Greece 136 152 130 37 43
K Whole grain Greece 235 181 132 43 63
L Brown rice EU 90 127 89 30 53

* The results are corrected for the weight increase of the rice caused by the absorption of water during the
boiling, i.e. all results are given for “unboiled dry rice”.
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iAs in rice, before and after boiling.

300 +
ug iAs/kg dry rice*
Whole grain
250 -
200 -
Jasmine Long grain
150 -
W Unboiled rice
100 -
M Ordinary
boiled rice
Boiled rice in
50 - | excess of water
0
A D G H | E cC L B K F

Figure 2 a. The concentrations of inorganic arsenic, iAs, in different brands of rice (A— L); Unboiled,
boiled to dryness, and boiled in excess of water that was discarded after cooking.

* The concentrations are adjusted for the increase in weight after boiling, i.e. corrected to give the
concentrations in dry unboiled rice. See Table 1 for more information about the different sorts of rice.

totAs in rice, before and after boiling.

300
ug totAs/kg dry rice*
250 -
Whole grain
200 -
Jasmine Long grain
150 -
m Unboiled rice
100 -
Boiled rice in
50 - excess of
water
O i
A D G H E | J C L B K F

Figure 2b. The content of total arsenic, totAs, in different brands of rice (A — L); Unboiled and boiled
in excess of water that was discarded after cooking.

* The arsenic concentrations are adjusted for the increase in weight after boiling, i.e. corrected to give
the concentrations in dry unboiled rice.
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Other toxic elements

The rice samples were also analysed regarding other toxic elements, e.g. cadmium (Cd),
mercury (Hg), nickel (Ni), lead (Pb) and uranium (U). Hg and Ni were only analysed in
rice B, H and E. The levels of Hg and Pb were 1 to 4 and 3 to 10 pg/kg in unboiled rice
respectively, while the level of Cd spread over a wider range 2 to 30 pg/kg in unboiled
rice. None of these elements showed any significant difference between the levels in
unboiled rice and the two boiling methods. When boiling the rice in an excess of water
the levels of Ni decreased significantly (p<0.05). The original level of Ni varied between
250 and 460 pg/kg in unboiled rice and after the boiling in excess of water the level was
reduced 70 percent (Figure 3). On the contrary the levels of U increased in the rice after
boiling. The tap water used in the study has a documented high level of U, about 30-40
ng/L, which was reflected in the boiled rice. The U-level in the boiled rice increased
from below 1 pg/kg to the same level as in the tap water.

Ni in rice, before and after boiling.

. N |
800 -
ng Ni/kg dry rice*
700 -
Long grain Whole grain/
brown rice
600 -
500 -
Jasmine
400 -
300 - W Unboiled rice
200 - W Ordinary
boiled rice
100 - Boiled rice in
excess of water
0 -
H E B

L

Figure 3.The concentration of Ni, in three different brands of rice (B,E,H); Unboiled, boiled to dryness,
and boiled in excess of water that was discarded after cooking.

* The concentrations are adjusted for the increase in weight after boiling, i.e. corrected to give the
concentrations in unboiled dry rice.
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Quality of the results

The results from these kinds of experiments are always subjected to errors originating
from the sample preparation and the analytical measurement. The measurement uncer-
tainty is rather straight forward to estimate from repeated measurements of reference
materials on different occasions. For the results presented the measurement uncertainty
varies between 20 and 30 percent. However, it is more difficult to estimate the error
originating from the sample preparation, especially for the boiled rice. There could by
small differences in how “dry” or wet the rice is when all water has been absorbed by the
rice after the cooking time is finished. Also when discarding the excess of water after
cooking, there could be a slight difference in how much of the water is left with the rice,
i.e. the wetness of rice could differ. These small differences will affect the results
although the intention always has been to follow the exactly the same procedure for
every sample.
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Discussion

We have studied how two ways of cooking rice influence the levels of As and some other
toxic elements in the rice ready to eat. We have followed the most common way to cook-
ing rice, at least in the Nordic countries, i.e. boiling the rice in an ordinary pan containing
salted tap water, which contain a low As level, here below <1pg/l. The two different
ways of cooking are; a) the water volume was totally absorbed by the rice during the
recommended boiling time, which is often stated in the recipe on the packages, b) boiling
the rice in an excess volume of tap water which is discarded after the boiling time by
simply tilting the pan against the lid (Figure 1). The result is obvious, two thirds of As,
both totAs and iAs, migrate from the rice grains into the boiling water when an excess of
water is used. The results also show that the mineral content in this tap water do not
prevent migration of As out from the grains into water.

Our result points in the same direction as some earlier published results from similar
studies, (Bae et al., 2002, Carey et al., 2015, Mihucza et al., 2010, Naito et al., 2015,
Raab et al., 2009, Rahman et al., 2006, Sengupta et al., 2006, Torres-Escribano et al.,
2008). However, these studies have followed a variety of procedures, and it may be
difficult to strictly compare the results. For example in some of studies, distilled water
have been used (Carey et al., 2015, Mihucza et al., 2010, Naito et al., 2015, Raab et al.,
2009, Sengupta et al., 2006, Torres-Escribano et al., 2008) and in other cases distilled
water spiked with different high levels of As (Sengupta et al., 2006, Torres-Escribano et
al., 2008). Also the use of tap water containing high amounts of As (some hundred pg/L)
has been presented (Bae et al., 2002, Rahman et al., 2006). The rice has been cooked in
ordinary pans, in different types of percolators and in rice cookers. In our study we have
used the cooking procedure the majority of the consumers in Sweden would use, and
probably consumers in other countries as well. Taken as a whole it is evident; if the As
level in the tap water is far below the As level in the unboiled rice, the rice boiled in an
excess of water will contain less As after cooking compared to the rice boiled to dryness.
Furthermore, the results indicate that irrespective of the sort of rice or the initial As level,
the final concentrations after boiling is about the same in the different samples, see
Figure 2a, b. How much it will decrease, depends probably on the volume of water used,
(Carey et al., 2015). They showed that the more water is used the more the As level in
rice will decrease.

Could only rinsing with water before cooking the rice decrease the concentration of As?
In order to follow what is often recommended on the recipe on the packages, before
boiling, we rinsed the twelve rice samples in a large volume of cold tap water during ten
seconds. Some samples of the rinsing waters were analysed, but the results did not show
any significant decrease of the content of As (data not shown). However, in some other
studies, a more extended rinsing showed significantly decreased levels of As (Mihucz et
al., 2007, Sengupta et al., 2006, Raab et al., 2008). Our result, showing no decrease,
probably depends on the short duration of the rinsing and perhaps on a lower temperature
of the water used.
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It could be expected that also other water soluble ions and molecules, for example some
vitamins, minerals and toxic metals, will migrate between the rice grains and surrounding
water. Among the metals that are classified as toxic metals, we analyzed Cd, Hg, Ni, Pb
and U. Of these metals the U level increased in rice, reaching about the same level as in
tap water. Concerning Ni the result is the opposite, Ni showed a significant decrease
while boiling the rice in an excess of water. In a scientific opinion about Ni in food,
EFSA, The European Food Safety Agency, established that the current dietary exposure
raises concern for certain consumers in Europe, (EFSA, 2015). The reproductive and
developmental effects are the most critical. Therefore, it is satisfying to note that Ni
easily can be lowered by simply cooking the rice in excess of water. Our result is
strengthening by earlier data published by Mihucz et al. (2010). They showed that Ni is
migrating from the rice grain into the water after carefully rinsing and also after boiling
in deionized water.

Our results and data from other published studies show, irrespective of the content of
other metals present in tap water, that boiling rice in water reduces the As content. The
tap water used in our study contained low levels of As and therefore it was possible to
get rid of some of the As in the rice. In comparison with other carcinogenic compounds
that we are exposed to via food, the health risk of inorganic arsenic is high. Among
average and high level consumers in Europe the extra cancer risk is calculated to 1
percent (EFSA, 2009). Therefore it is recommended that dietary exposure to inorganic
arsenic should be reduced. Our study demonstrates that the way of cooking rice in the
house hold could easily decrease our exposure of As.

Acknowledgement

Max Persson is greatly acknowledged for his skilful preparation and analysis of rice
samples.

Livsmedelsverkets rapportserie nr 7/2016 12



References

Bae, M., Watanabe, C., Inaoka, T., Sekiyama, M., Sudo, N., Bokul, M.H., Ohtsuka, R.,
2002. Arsenic in cooked rice in Bangladesh. Lancet 360 (9348), 1839-1840.

Commission Regulation (EU) 2015/1006 of 25 June 2015 amending Regulation (EC)
No 1881/2006 as regards maximum levels of inorganic arsenic in foodstuffs, Official
J.L 161, 26.6.2015, pp. 14-16.

EFSA 2009, Scientific Opinion on Arsenic in Food. EFSA panel on contaminants in the
food chain (CONTAM). EFSA J., 7 (10): 1351.

EFSA 2015, Scientific opinion on the risks to public health related to the presence of
nickel in food and drinking water. EFSA panel on contaminants in the food chain
(CONTAM). EFSA J., 13 (2): 4002.

Carey, M., Jiyjin. X., Gomes Farias, J., Meharg, A.A., 2015. Rethinking Rice Preparation
for Highly Efficient Removal of Inorganic Arsenic Using Percolating Cooking Water.
PLoS One 22;10(7):¢0131608. doi: 10.1371/journal.pone.0131608.

Engstrom, E., Stenberg, A., Senioukh, S., Edelbro, R., Baxter, D.C., Rodhushkin, I.,
2004. Multi-elemental characterization of soft biological tissues by inductively coupled
plasma—sector field mass spectrometry. Anal. Chim. Acta. 521 (2), 123-135.

Hirano, S., Kobayashi, Y., Cui, X., Kanno, S., Hayakawa, T., Shraim, A., 2004. The ac-
cumulation and toxicity of methylated arsenicals in endothelial cells:important roles of
thiol compounds. Toxicol. Appl. Pharmacol., 198 (3), 458-67.

Kollander, B., Sundstrém, Birgitta., 2015. Inorganic Arsenic in Rice and Rice Products
on the Swedish Market 2015. Part 1 - A Survey of Inorganic Arsenic. Uppsala: (National
Food Agency Report, 16:2015).

Meharg, A., Zhao,F.J., 2012. Arsenic and Rice. Springer Dordrecht Heidelberg London
New York, 2012.

Mihucza, V.G., Silversmitc, G., Szalokid, I., de Samberc, B., Schoonjansc, T., Tatara,
E., Vinczec, L., Viraga, 1., Yaoe, J., Zaraya, G., 2010. Removal of some elements from
washed and cooked rice studied by inductively coupled plasma mass spectrometry and
synchrotron based confocal micro-X-ray fluorescence. Food Chem. 121, 290-297.

Naito, S., Matsumoto, E., Shindoh, K., Nishimura T., 2015. Effects of polishing, cook-
ing,and storing on total arsenic and arsenic species concentrations in rice cultivated in

Japan. Food Chem., 168, 294-301.

Raab, A., Baskaran, C., Feldmann, J., Meharg, A.A., 2009. Cooking rice in a high water
torice ratio reduces inorganic arsenic content. J. Environ. Monit. 11 (1), 41-44.

Rahman, M.A., Hasegawa, H., Rahman, M.A., Rahman, M.M., Miah, M.A., 2006.

Livsmedelsverkets rapportserie nr 7/2016 13



Influence of cooking method on arsenic retention in cooked rice related to dietary
exposure. Sci. Total. Environ. 370 (1), 51-60.

Sengupta, M.K., Hossain, M.A., Mukherjee, A., Ahamed, S., Das, B., Nayak. B., Pal,
A.,Chakraborti, D., 2006. Arsenic burden of cooked rice: Traditional and modern
methods. Food Chem. Toxicol. 44 (11), 1823-1829.

Torres-Escribano, S., Leal, M., Vélez, D., Montoro, R., 2008. Total and inorganic
arsenicconcentrations in rice sold in Spain, effect of cooking, and risk assessments.

Environ. Sci. Technol. 42 (10), 3867-3872.

WHO/IARC, 2012. Monographs on the evaluation of carcinogenic risks to humans,
Vol. 100C.

Livsmedelsverkets rapportserie nr 7/2016 14



Rapporter som utgivits 2015

1.  Spannmal, fréer och noétter -Metaller i livsmedel, fyra decenniers analyser av L Jorhem, C Astrand,
B Sundstréom, J Engman och B Kollander.

2. Konsumenters forstaelse av livsmedelsinformation av J Grausne, C Gossner och H Enghardt Barbieri.

3. Slutrapport for regeringsuppdraget att inrétta ett nationellt kompetenscentrum fér maltider i vard, skola
och omsorg av E Sundberg, L Forsman, K Lilja, A-K Quetel och I Stevén.

4. Kontroll av bekdmpningsmedelsrester i livsmedel 2013 av A Jansson, P Fohgelberg och A Widenfalk.

5. Rad om bra matvanor - risk- och nyttohanteringsrapport av A Brugird Konde, R Bjerselius, L Haglund,
A Jansson, M Pearson, J Sanner Fiarnstrand och A-K Johansson.

6. Naérings- och hilsopastdenden i mérkning av livsmedel — en undersdkning av efterlevnaden av reglern
av P Bergkvist, A Laser-Reuterswird, A Goransdotter Nilsson och L Nyholm.

7. Serveras fet fisk fran Ostersjon pa forskolor och skolor, som omfattas av dioxinundentaget av
P Elvingsson.

8. The Risk Thermometer — A tool for risk comparison by S Sand, R Bjerselius, L Busk, H Eneroth,

J Sanner Farnstrand and R Lindqvist.

9. Revision av Sveriges livsmedelskontroll 2014 - resultat av lansstyrelsernas och Livsmedelsverkets
revisioner av kontrollmyndigheter av A Rydin, G Engstrom och A Eneroth.

10. Kommuners och Livsmedelsverkets rapportering av livsmedelskontrollen 2014 av L Eskilsson och
M Eberhardson.

11. Bra livsmedelsval for barn 2-17 &r — baserat pa nordiska nédringsrekommendationer av H Eneroth och
L Bjorck.

12. Kontroll av restsubstanser i levande djur och animaliska livsmedel. Resultat 2014 av I Nordlander,

B Aspenstrom-Fagerlund, A Glynn, A Térnkvist, T Cantillana, K Neil Persson, Livsmedelsverket
och K Girma, Jordbruksverket.

13. Biocidanvéndning och antibiotikaresistens av J Bylund och J Ottosson.

14. Symtomprofiler — ett verktyg for smittsparning vid magsjukeutbrott av J Bylund, J Toljander och
M Simonsson.

15. Samordnade kontrollprojekt 2015. Dricksvatten - distributionsanldggningar av A Tollin.

16. Oorganisk arsenik i ris och risprodukter pa den svenska marknaden 2015 - kartlaggning, riskvérdering
och hantering av B Kollander.

17. Undeclared milk, peanut, hazelnut or egg — guide on how to assess the risk of allergic reaction in the
populationby Y Sjégren Bolin.

18. Kontroll av frimmande &mnen i livsmedel 2012-2013 av P Fohgelberg och S Wretling.

19. Kontroll av bekdmpningsmedelsrester i livsmedel 2014 av A Jansson, P Fohgelberg och A Widenfalk.

20. Drycker — analys av niringsimnen av V Ohrvik, J Engman, R Gronholm, A Staffas, H S Strandler
och A von Malmborg.

21. Barnens miljohélsoenkét. Konsumtion av fisk bland barn i Sverige 2011 och féréndringar sedan 2003
av A Glynn, Avdelningen for risk- och nyttovéardering, Livsmedelsverket och T Lind, Miljémedicinsk
epidemiologi, Institutet for Miljomedicin, Karolinska institutet, Stockholm.

22. Associations between food intake and biomarkers of contaminants in adults by E Ax, E Warensjo
Lemming, L Abramsson-Zetterberg, P O Darnerud and N Kotova.



Rapporter som utgivits 2016

1. Samordnade kontrollprojekt 2015. Polycykliska aromatiska kolvdten (PAH) — kontroll av PAH
i traditionellt direktrokta livsmedel av S Wretling.
2. Miljopéverkan frén ekologiskt och konventionellt producerade livsmedel — litteraturstudie med fokus
pa studier dér livscykelanalysmetodik anvénts av B Landquist, M Nordborg och S Hornborg.
3. Gronsaker, svamp och frukt - analys av niringsimnen av V Ohrvik, ] Engman, R Grénholm, A Staffas,
H S Strandler och A von Malmborg.
Kontrollprojekt — Djurslagsverifiering av kottvaror av U Fager, M Sandberg och L Lundberg.
5. Evaluation of the Nordic Nutrition Recommendations 2012 — Results from an external evaluation
of the Nordic Nutrition Recommendations 2012 project and suggested improvements on the structure
and process for a future revision by J Ahlin.
6. Riskprofil — Livsmedel som spridningsvig for antibiotikaresistens av M Egervérn och J Ottoson.
7. How you cook rice influence the arsenic level by L Abramsson-Zetterberg, B Sundstrom and B Kollander.

@ Livsmedelsverket

National Food Agency ISSN 1104-7089



	Sammanfattning
	Summary
	Introduction
	Materials and Methods
	Sampling and the procedure for boiling rice
	Homogenization of rice before and after cooking
	Instruments and material
	Analytical method for iAs
	Evaluation of data

	Results
	Total and inorganic arsenic
	Other toxic elements
	Quality of the results

	Discussion
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





