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ABSTRACT - Arsenic and its compounds vary in their toxicity according to the chemical forms. Inorganic
arsenic is more toxic and known as carcinogen. The provisional tolerable weekly intake (PTWI) of 15 pg/kg b.w./
week established by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) has been withdrawn, while
the EFSA panel suggested BMDL,, 0.3~8 ng/kg b.w./day for cancers of the lung, skin and bladder, as well as skin
lesions. Rice, seaweed and beverages are known as food being rich in inorganic arsenic. As(IIl) is the major form of
inorganic arsenic in rice and anaerobic paddy soils, while most of inorganic arsenic in seaweed is present as As(V).
The inorganic arsenic in food was extracted with solvent such as distilled water, methanol, nitric acid and so on in
heat-assisted condition or at room temperature. Arsenic speciation analysis was based on ion-exchange chromatogra-
phy and high-performance liquid chromatography equipped with atomic absorption spectrometry and inductively cou-
pled plasma mass spectrometry. However, there has been no harmonized and standardized method for inorganic
arsenic analysis internationally. The inorganic arsenic exposure from food has been estimated to range of 0.13~0.7 pg/
kg bw/day for European, American and Australian, and 0.22~5 ng/kg bw/day for Asian. The maximum level (ML) for
inorganic arsenic in food has established by EU, China, Australia and New Zealand, but are under review in Korea.
Until now, several studies have conducted for reduction of inorganic arsenic in food. Inorganic arsenic levels in rice
and seaweed were reduced by more polishing and washing, boiling and washing, respectively. Further research for
international harmonization of analytical method, monitoring and risk assessment will be needed to strengthen safety
management of inorganic arsenic of foods in Korea.
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Fig. 1. Chemical structures of arsenic species.
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extraction S microwave-assisted exraction 2] SO =
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Table 3. Sample preparation and instrumental conditions for inorganic (iAs) arsenic in beverages

Extraction MOL
Type Method Solvent Teomp' Time Instrument ~ Column Mobile phase (ugke) Ref.
(°C)  (min)
- o - gy
B(evvvierﬁf)es - - - - HG-AAS - - 0.6-0.7 [114]
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Beverages M;rs‘::::ge con.NO3  heat 5 HPLI\(/:['SICP/ C18 ;;ﬁ%g?g&gg%&%gﬂ 0.05-0.06 [102]
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3t5 doA A7 YolX AL HFF AlZke] dojAle &
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Gtk AlZel 03M A} 02M FARgd S Hutsla
35°ColA 4527F F53 & FrM A 3etes BEFE
4 F%317] $1% cloud point extraction (CPE)¥HS &

£317] 23l pH 5.02] tartaric acid 3}ol|A4] Triton X-114Z
AH8-3Fo] Acridine orange (AOH)} As(V)<2] ion-pairing
complexE FAAIZ] F 494 nmelA SFEE SA3HA
t}. As(IIDE ion-pairing complex F4 o]l AtSIAIA
As(V)Z A8z, 557 3 2 2499 A2
Feste] Aol 7Fs o R BYTH™. g, Altunay
T SEFI CPEMHE A8&38te Friva e
=439, pH 6.0914] Triton X-455 AFE3F] Acridine
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Febe] AXEo] 59~121%01ATh. 1A7F oo F7]n] & AlZ = DyHlA 09T
NFE ZANE RV S UE SVl 1 BEE B F F/MAE T2 A FHE FFS 0.5 myke
A7t gl wgelr, clatel WA, S2FE AL F v el
20, VIS, ShAlehs Fage] WAR £9] 49 mykg
Table 4. Total (TAs) and inorganic (iAs) arsenic in rice
Grain type Origin (‘i‘lsg(/lklg (ﬁ;& iAs (ug/kg)  TAs (ug/kg) iAs/TAs (%)  Ref.
long - - - 21-98 158-330 11-62 [89]
long - - - 90-280 (160) 110-650 (250) 34-110 (74) [76]
long - - - 70-210 (110)  20-290 (90) 74-100 [76]
long China 85 23 - 149 - [73]
long EU - - 77 129 - [88]
long Italy - - 58-171 87-218 - [88]
long Poland - - 114 157 - [88]
long, polished, glutinous Thailand 70 <8 70 90 78 [118]
long, polished, non-glutinous Bangladesh 23-24 <8 23-24 48-58 40-50 [118]
long, polished, non-glutinous Pakistan 29 <8 29 76 38 [118]
long, polished, non-glutinous Thailand 63-66 <8 63-66 85-105 60-78 [118]
basmati EU - - 25 36 - [88]
basmati India 47 <2 - 56 - [72]
basmati India - - 72 93 - [88]
basmati India 23 5 - - - [116]
basmati Pakistan - - 30 49.3 - [88]
basmati Thailand 31 <2 - - - [116]
basmati Thailand 80 - - 110 - [39]
Jasmine Thailand - - 68 127 - [88]
Indica/Japonica China - - 30-177 (80) - - [117]
medium, polished, non-glutinous USA 58-62 <8 58-62 87-103 60-67 [118]
short, polished, glutinous Japan 78-88 <38 78-88 98 80-90 [118]
short, polished, glutinous USA 73 <8 73 73 100 [118]
short, polished, non-glutinous China 78 <8 78 98 80 [118]
short, polished, non-glutinous Italy 52 <8 52 93 56 [118]
short, polished, non-glutinous Japan 191-120 <8 191-120 100-324 59-120 [118]
short, polished, non-glutinous Spain 41 <8 41 51 80 [118]
Japonica China 90.5 <13 - 147 - [73]
polished - - - 28-217 (108)  33-437 (143) - [47]
polished China 61-156 (94) 11-33(22) 87-186(117) 94-214(135)  70-100 (87)  [83]
polished China 45-198 (107) 0-24 (4.7) 49-211 (112)  50-253 (129) - [85]
polished India 20-40 (27) - - 30-50 (46) - [39]
polished Japan 71 13 - 95 - [81]
polished Taiwan 110-510 (247) <12 - 190-760 (383) - [39]
polished Taiwan 61.6 43 - 116.2 - [48]
polished USA 20-100 (76)  32-51 (42) - 170-400 (277) - [39]
polished USA 20-100 (76) 32-51 (42) - 170-400 (277) - [39]
polished USA 110 - - 280 - [119]
polished, boiling Brazil 45-127 (87) 24-60 (43) - 108-367 (215) - [80]




Table 4. (continued) Total (TAs) and inorganic (iAs) arsenic in rice
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Grain type Origin E?lsg(/lklé)) (ﬁ;l:g) iAs (ug/kg) TAs (ug/kg) iAs/TAs (%)  Ref.
unpolished - - - 71-567 (209)  83-739 (255) - [47]
unpolished Bangladesh 280 - - 610 - [119]
unpolished Brazil 139-151 (146) 37-51 (42) - 271-428 (348) - [80]
unpolished China 210 - - 360 - [119]
unpolished India 40 - - 70 - [39]
unpolished Taiwan 104 2 - 216 - [48]
unpolished USA 60-140 (105) - - 110-340 (225) - [39]
unpolished USA 170 - - 440 - [119]
short, unpolished, glutinous Japan 114-397 <8-15 114-412 114-542 76-100 [118]
short, unpolished, glutinous Japan 105-275 <8-27 105-302 136-425 71-107 [118]
short, unpolished, glutinous Japan 118-166 8-10 126-176 135-156 93-113 [118]
short, unpolished, glutinous Japan 86 <8 86 105 82 [118]
short, unpolished, non-glutinous Japan 107-257 <89 107-260 112-321 79-109 [118]
whole grain China 87 9 - 260 - [73]
wild - - - 84 92 91 [89]
wild Canada 10-80 (45) - - 20-110 (65) - [39]
wild China 5.55 <13 - 6.50 - [73]
- Bangladesh ~ 10-210 (83) - - 30-300 (131) - [39]
- Bangladesh - - - 80-1,120 (340) - [122]
- China - - 48-217 (82)  65-274 (114) - [91]

India/
- bangladesh 110-341 (240) 0-137 (40) - 143-637 (354) - [87]
- Italy - - 141 211 - [88]
- Japan 54-188 (97)  2-22(5) 56-197(102) 83-322(149)  58-83 (71) [82]
- Korea 38-112 (71)  2-18(6) - - - [41]
- Spain 80 - - 170 - [39]
- Spain 126 <2 - 149 - [72]
short, red China 16 6 - - - [116]
short, red India 50 - - 80 - [39]
rice, near the mining areas Korea - - - <10-6,580 (90) - [40]
rice, near the mining areas Korea - - - 20-350 (90) - [121]
rice, near the mining areas Brazil 40-156 (78) 16-61 (34) - 109-376 (223) - [80]
infant food, rice-base - - - 33-183 72-335 31-58 [90]
infant food, baby rice - - - 56-268 63-334 51-85 [79]
infant food, rice cereals - - - 8-323 49-396 14-90 [79]
infant food, rice crackers - - - 32-212 19-328 45-100 [79]
rice cakes China - - 86-322 (152) - - [117]
rice crackers China 18 <2 - - - [116]
drinks, rice-base - - - 5-20 10-34 48-68 [101]
drinks, rice-base China - - 5-10 (8) - - [117]
(), average
%o] 9}‘:]'(Table 4_5). 2_]31 39‘72‘73,76,88,89,]]6—]]8) X]_ﬁ q 7]_ o]-Z—oﬂ 5\__3]_‘_\:‘ EZJ’Z‘ 1ﬂ|4
A7} olFell &3l A7HE wWin|e] 49 F7vj4 g H= F71H A& U‘Ek"] 41~120 pg/kgol A om A H|2¢]
2Fo] 21~280 ug/kgl 2 A 1 4 11 100% off alFstA  56~120%01 HFFATHY. FFo] IR e win| ot
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Table 5. Total (TAs) and inorganic (iAs) arsenic in seaweeds

Name (Scientific) Origin (Amig(/llig) (:lsg(/?(/;) iAs (mg/kg) TAs (mg/kg) 1A(so//3“)As Ref.

laver Porphyra dentata - <0.0003 <0.0002 - 31.6 - [96]

laver Porphyra sp. China <0.010 <0.002 - 1.4 - [116]

laver Porphyra tenera Korea <0.008 <0.003 - 2.07 - [63]

laver, dried - - ND ND - 1.5-179.0 - [92]

laver, dried - - - - <0.300 18.0-32.0 <1-2 [124]

laver, dried Porphyra sp. - - - 0.134 33.8 - [112]

laver, dried Porphyra sp. - - - 0.09-0.16 (0.11) - - [55]

laver, dried Porphyra umbilicalis Japan <0.019 <0.028 - 14.0 - [99]

laver, dried Porphyra umbilicalis Spain <0.019 <0.028 - 25.0 - [99]

sea mustard Undaria pinnatifida - <0.0003 <0.0002 - 24.4 - [96]

sea mustard Undaria pinnatifida Korea <0.008 <0.003 - 1.84 - [63]

sea mustard Undaria pinnatifida Japan <0.010 <0.002 - 4.70 - [116]

sea mustard, dried - - - - <0.3 29.0-42.0 <1 [124]
sea mustard, dried Undaria pinnatifida - - - 0.16-0.20 (0.18) - - [55]
sea mustard, dried Undaria pinnatifida Japan <0.019 4.5 - 18.0 - [99]
sea mustard, dried Undaria pinnatifida Spain <0.019 22 - 27.0 - [99]
sea tangle Laminaria japonica - <0.0003 <0.0002 - 32.6 - [96]

sea tangle Laminaria japonica Korea <0.008 <0.003 - 3.0 - [63]

sea tangle Laminaria japonica China <0.010 <0.002 - 6.3 - [116]

sea tangle Laminaria sp. China <0.010 <0.002 - 5.5 - [116]

sea tangle, dried - - ND ND - 13.1-33.8 - [92]

sea tangle, dried - - - - <0.3 19.0-7.5 <1 [124]

sea tangle, dried Laminaria japonica - - - 0.16-0.33 (0.22) - - [55]

sea tangle, dried Laminaria ochroleuca  France <0.019 24.0 - 39.0 - [99]

sea tangle, dried Laminaria ochroleuca ~ Japan <0.019 32.0 - 72.0 - [99]

sea tangle, dried Laminaria ochroleuca Spain <0.019 11.0 - 40.0 - [99]

sea tangle, dried Laminaria digitata France <0.019 77.0 - 92.0 - [99]
seaweed fusiforme Hizikia fusiforme Korea 0.22 2.13 - 4.49 - [63]
seaweed fusiforme Hizikia fusiforme Korea <0.01 10.3 - 19.0 - [116]
seaweed fusiforme Sargassum cristaefolium - 0.152 0.533 - 4.73 - [96]
seaweed fusiforme Sargassum fulvellum Korea 0.067 5.28 - 6.48 - [63]
seaweed fusiforme, dried - - - - 67.0-96.0  95.0-124.0 68-73 [124]
seaweed fusiforme, dried - Japan <0.10-5.32 16.55-111.62 17.06-116.34 46.44-147.1 37-77 [97]
seaweed fusiforme, dried - Korea O?(? -307)8 4 17(22-39,2)91 17(28-22)74 20(22-22)51 [61]
seaweed fusiforme, dried  Hizikia fusiforme - - - 54.3 99.4 - [112]
seaweed fusiforme, dried  Hizikia fusiforme - - - 7.8 - - [55]
seaweed fusiforme, dried ~ Hizikia fusiforme China 0.10 27.61 27.7 80.9 343 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.08 51.10 51.2 86.7 59.0 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.13 50.93 51.1 86.3 59.2 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.79 70.52 71.3 118.6 60.1 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.26 8.94 9.2 37.1 24.8 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.09 13.55 13.6 48.7 28.0 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.25 17.15 17.4 59.3 29.3 [62]




Table 5. (continued) Total (TAs) and inorganic (iAs) arsenic in seaweeds
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Name (Scientific) Origin (ﬁsg(/llgg)) (r/?lsg(/:;) iAs (mg/kg) TAs (mg/kg) IA(SO//I)AS Ref.
seaweed fusiforme, dried  Hizikia fusiforme Japan 0.16 17.21 17.4 72.8 23.9 [62]
seaweed fusiforme, dried  Hizikia fusiforme Japan <0.019 50.3 - 72.0 - [99]
seaweed fusiforme, dried  Hizikia fusiforme Korea 0.44 55.33 55.8 112.6 49.5 [62]
seaweed fusiforme, dried  sargassum fosiforme - - - 0.32 - - [55]
sea oak, dried - - - - <0.3 28.0-32.0 <1 [124]
sea oak, dried Eisenia arborea Japan <0.019 7.0 - 20.0 - [99]
fucus, dried Fucus vesiculosus France <0.019 11.0 - 36.0 - [99]
green laver, dried Enteromorpha sp. - - - 0.59 2.9 - [112]
sea spaghetti, dried Himanthalia elongata Spain <0.019 2.0 - 18.0 - [99]
(), average; ND, not detected
Table 6. Total (TAs) and inorganic (iAs) arsenic in beverages
Type Origin As(ID) (ug/L)  As(V) (ug/L) iAs (ug/L) TAs (ug/L) iAs/TAs (%) Ref.
white wine France 5-9 ND 5-9 5-8 100 [103]
white wine Italy 12 4 16 16 100 [103]
red wine Germany 9 1 10 10 100 [103]
wine Spain 0.6-3.8 (0.8) 0.7-6.7 (0.8) - 2.1-14.6 (8.3) - [114]
Apple cider USA 1-4 3-11 4-15 5-15 72-100 [102]
Apple juice USA 2-4 4-21 7-25 11-30 65-90 [102]
Apple juice USA - - 4 - - [125]
Grape juice USA 2-36 2-15 5-51 7-48 55-100 [102]
(), average
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4 ko] 7.8~93.74 mg/kgS B Eo| FEIIEF 88.1%, 7
ZE FESEH 15.8%'PS TEe AE s == 1.10~
13.25 mg/kg o]giq_s&smz!)m%||2,124)' %g] -%_/‘\_7( oﬂ = _1?_

o
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TR A =EE Wt 2ol F Al 0.22 pgkg bw., =
& 2ol F Al 038 ugkg bw o FAHEJOH AA =
Z%9] 53.5%7F 3R 2 7HELERY fHEHAeH 2

202 SBF 13.0%, MiaF 2 7HEE 10.4%, iAHE
7.9% ol ATH?. =& FA o AHE 2F F T2
& Frgol] B H7AtR vls) Ral 53], 3/ F71H|
A 3t Frol 8 pugkgolold F= B OEF ofAoF F7t
vl FHE =& o] wogrh
o] 2olof] ME FrHA =&Y F4 A7 A
By vz} ik o, Paik 5407 Lee 5208 ¥
F FRAANA AujE A FHAT A FHAE =EF
< 7H7} 0.13, 0.22 pg/kg bw/dayl- 2 F43FAth Ryu 5
=AM F71RA FY S+ 3.63 mg/kgd]

g

L



S 0.006 pgkg bw/dayo = 34 3HiTh.

28|29 9sjEa)
(Risk Management of Inorganic Arsenic)
ZF w7t e AE 5 fsled IRE duE AN
3. ALARA(As Low As Reasonably Achievable) ¥=]]| u}
2} 7 ek W oA WA AR 8TIES AAsL
Qo0 Ha JECFAOHH*‘C— ] (polished rice) & F714]
2 AR E71ES 02 mgkgl 2 AR3E AlSHst
AT, FrH e T7]HV\ 712 WHl 0.20 mgkg, V|
0.25 mg/kg, & A7 (waffles, wafers, crackers, cakes) 0.30
mg/kg, FHoHE AZE Y3l AMEEHE & 0.10 mgkg
o7 AAE JTpP. wF2 AS o]§F FfrobaFel
gk F718]4 B37]F(action level)S -FrE3 22 100 pg/
kg (—0 100 mg/kg)o- 2 A A SFATH?, o}rlo} =7} F
&hﬂ] 2 Aol F7]H]A 0.2 mghkgs AAEA A
‘I], 9 2 AFol F71H4 0.5 mgkg A7 8L 9L
L= E—roﬂ*ﬁ: f2F (& ALl sl F7H A& 71E
I mgkgl 2 A Jrp. A, S5F F AldFS
of thst Fru4& 7|EL w4l HIL7|F(action level)
o2 10 pgkgl 2 AAIE vl ATen,
o] AujeE-S Ao RA & F v S Agtst
Al71E H#jte]l A AAF SR FYPEI g
Hla AT F5ME

= ¥, NFA Fo, I ZE e
7He& T At Sol Ak A FH By 14k
HIE 59 EY MEA 9 HES ARSshaL, W Aul A
BAETTE obd WEF T AVIE 2EFeEN A
e 2 i FFE AEE F e AeRE dEA
ATH. T, 2] B2 dS A7tstetr] 9 WEe
2 A (Preris vittata)S ©]-&3F a3H Q1 AHsPHo| A

A€ HE Jg?,

A AdH A A F F7RAE AR S5EE A0
SE2 7HE3A ¥ &2 A 36~69%, B A 7%‘/} 9
g AT 5999%=, MFE H& 7 A AAols
2 Sttt uuh, 7hEer] sk 3 5 AlE %%
%8]:' %]_ 7]H]/\ 6‘]_%};% ‘J_O]_Oﬂ]-:l_75|35|36)

Zn, Cus} 72 mineral> & 2juj&o 2 ZA4E FHI
Elas H]J—t Hjo}F o2 ZpE gheFo] F7EEPn,

webd, deluhs Welst NagPge] Wy EYEE ¥
SRR R A
Z

I~

T2 H)AE 30~49%7} 72
EALIES %‘%k—% 17~29%
o & BujHc) en) e
5 35% AEo F7u|A &
%O] ‘{F lelu}.l38) ]:ﬂ—_% E]_ U;H /\]__Q_E]L 1:1'4 H]/\

= A
B W) MAEE} foH0R ST,

of o gg aY by
oo o
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AEFE L0 W o vhilge] FrA HFos
7 ESk e AN O 2lslo] STk, A
R

H 2 e FE(hijiki)e] =2 F7H| 4 &
wjitol] AH|[RLA HHE sHA BEE AL S

=
u:]l28,129.,140,141)’ ratol] 3% £ BETS 7327 AHAAL uj
q °Q

"ol 2 zHo) Wlast FHHT A Lol Feata W
T BAD49) old5d0) BAE A7k A, w
£ AFsE Seldeel QR A9, E 19 e
of % 90 A% s

lg oi143144) = /SHE o3k uj A =
A 7F Slom AUA A Fol HFH ke Ao
3 S FRETHE AR g AARIEIEe 2A
ort)y ksl ey,

qERE A= AF Al s/ el F718]a7F A
2 EFEHE S E 54-75%, A 49%, 3 77% A=
olH, F= =° tX= HFE AXHE YAl &EES &
78~88%, A 73%= SRS gk wjd & B A
U2 48 F7uaE 59 Yol Ao 30%7) vi&
= wEE BAaFe 60%7F 7181420 DMAC]ITH?.

AMEF & F7MA ol =2 59 AS, #ole
HAAGoM B F F7HIAE 46~65%°] AAE F Jo
w2148 2= Bof 3-4¥ dF o= H]A9] 86~92%7}
A A AZF 7Fs8kal 20°C £l 30 "ol Be &
o] H|&E AAT & U,

=
T
=
3
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Hlat sheha Fejo] wet Hao] Aolsh Frlul
o) %io] getel TPl NRAL FWAT|E B
FEAZ UeIA Utk Folie ANHARAFOE,

JECFAQIME 7]2] F7n|ae] =P H18-%F 15 ng/
kg b.w./weeks H 3|51 oW, EFSAoA = |, I]5-<, 7
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AT AE % A, 2R 2 SEFS Pz Hal
E2 AFoR dHA Utk AF F 4, dEF 2 o8
2o LyH|A o] B AZoT AHA Yu B
AW = Bde HHeR Fo RN shegol
As(I)°]7] el Bel M =9 F7]u]4 3Heo] As(II)

U9, FANAE T2 AR EASA Sl
Mol Fa B SEkES AVICITh AF F P
& BN ZRE, Ee, A0E 52 olgd e ©



244 Seung-Hyun Yang, Ji-Su Park, Min-Ja Cho, and Hoon Choi

= X}l =z Zﬂ oﬂ }\1

T O Ao

SEEEELELEDEERS

Aa2wEIRA S Egate] visehEs st o
AFFAEA, FEARESG= AFEY7E Fetel A
F R GYEAC] o] FofAAL oy, SAHCE FEH
= BAstE W2 o AANEA B dTh frY, =

ol 5o FrHA EE34EL 0.13~0.7 pg/kg bw/day! ®E
A, VS EZ3E opAlelRlY] FIIH| A =EFES
Ao FAEL ot ZF =71
T F7MA 7EE Askal lom SuelA
At AR AF F

el B2 A7t o] FolA L glow,
EolAY AFHE Bol E5E, dx
B FrhA gEe 34 =Y F
= &4

References

1. Holmgren, G.G,, Meyer, S.M., Chaney, R.L. and Daniels,
R.B.: Cadmium, lead, zinc, copper, and nickel in agricultural
soils of the United States of America. J. Environ. Qual., 22,
335-348 (1993).

2. Smith, S.R.: Agricultural recycling of sewage sludge and the
environment. WRC Marlow Buckinghamshire, UK. (1996).

3. Vulava, VM., James, B.R. and Torrentsm, A.: Copper solu-
bility in Myersville B horizon soil in the presence of DTPA.
Soil. Sci. Soc. Am. J., 61, 44-52 (1997).

4. World Health Organization (WHO): 17th Report of the joint
FAO/WHO Expert Committee on Food Additives, Technial
Report Series No. 539, World Health Organization, Geneva,
Switzerland (1974).

5. GEMS/Food Programme: Instructions for electronic submis-
sion of data on chemical contaminants in food and the diet,
World Health Organization, Geneva, Switzerland (2011).

6. Ministry of Food and Drug Safety (MFDS): Food Code,
Ministry of Food and Drug Safety, Cheongju, Korea (2015).

7. The Joint FAO/WHO Expert Committee on Food Additives
(JECFA): Arsenic, In JECFA Monographs 658 (WHO Food
Additives Series 24), World Health Organization, Geneva,
Switzerland (1988).

8. European Food Safety Authority (EFSA): Scientific opinion
on arsenic in food. EFS4 J., 7, 1351 (2009).

9. International Agency for Research on Cancer (IARC): Some
drinking-water disinfectants and contaminants, including
arsenic, In JARC mongraphs on the evaluation of carcinogenic
risks to humans (v. 84), International Agency for Research
on Cancer, Lyon, France (2004).

10. Agency for Toxic Substances and Disease Registry (ATSDR):
Toxicology profile for arsenic. Public Health Service, Agency
for Toxic Substances and Disease Registry, Atlanta, Georgia
(2007).

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Nickson, R., McArthur, J., Burgess, W., Ahmed, K.M., Raven-
scroft, P. and Rahmann, M.: Arsenic poisoning of Bang-
ladesh groundwater. Nature, 395, 338 (1998).

Berg, M., Tran, H.C., Nguyen, T.C., Pham, H.V., Scherten-
leib, R. and Giger, W.: Arsenic contamination of groundwa-
ter and drinking water in Vietnam: a human health threat.
Environ. Sci. Technol., 35, 2621-2626 (2001).

Christen, K.: The arsenic threat worsens. Environ. Sci. Tech-
nol., 35, 286A-291A (2001).

Joseph, T., Dubey, B. and McBean, E.A.: Human health risk
assessment from arsenic exposures in Bangladesh. Sci. Total
Environ., 527-528, 552-560 (2015).

Codex Alimentarius Commission: Joint FAO/WHO Food
Standards Programme, Codex Committee on Contaminants in
Foods: Proposed draft maximum levels for arsenic in rice.
Maastricht, Netherlands (2012).

Munoz, O., Velez, D., Montoro, R., Arroyo, A. and Zamorano,
M.J.: Determination of inorganic arsenic [As(II[)+As(V)] in
water samples by microwave assisted distillation and hydride
generation atomic absorption spectrometry. Anal. Atom.
Spectrom., 15, 711-714 (2000).

Devesa, V., Martinez, A., Suner, M.A., Benito, V., Velez, D.
and Montoro, R.J.: Kinetic study of transformations of arsenic
species during heat treatment. Food. Chem., 49, 2267-2271
(2001).

Masscheleyn, P.H., Delaune, R.D. and Patrick, Jr, W.H.:
Effect of redox potential and pH on arsenic speciation and
solubility in a contaminated soil. Environ. Sci. Technol., 25,
1414-1419 (1991).

Choi, Y.M., Choi, W.H., Kim, J.H. and Park, J.Y.: Adsorp-
tion of arsenate on the synthesized layered double hydroxide
materials. J. Korean Soc. Civil. Eng., 29, 91-96 (2009).
Stiboller, M., Raber, G. and Francesconi, K.A.: Simultaneous
determination of glycine betaine and arsenobetaine in bio-
logical samples by HPLC/ICPMS/ESMS and the application
to some marine and freshwater fish samples. Microchem. J.,
122, 172-175 (2015).

European Food Safety Authority (EFSA): Opinion of the sci-
entific panel on contaminants in the food chain on a request
from the commission related to arsenic as undesirable sub-
stance in animal feed. EFSA4 J., 180, 1-35 (2005).

Wi, H.S., Lee, S.H., Seo, Y.H., Kim, J.G,, Kim, G.C., Jang,
C.S. and Roh, H.K.: A fetal case of acute arsenic poisoning.
Korean J. Med., 69, 101-106 (2005).

Milstein, L.S., Essader, A., Murrell, C., Pellizzari, E., Fernando,
R.A., Raymer, J.H. and Akinbo, O.: Sample preparation,
extaction efficiency, and determination of six arsenic species
present in food composites. J. Agric. Food Chem., 51, 4180-
4184 (2003).

The Joint FAO/WHO Expert Committee on Food Additives
(JECFA): Evaluation of certain contaminants in food (WHO
Technical Report Series 959), World Health Organization,
Geneva, Switzerland (2011).

DeStefano, A.J., Zaidi, K., Cecil, T.L., Giancaspro, G.I. and
the USP Elemental Impurities Advisory Panel: Elemental



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Impurities-Information. Pharmacopeial Forum. 36, 2-9 (2010).
U.S. Environmental Protection Agency (EPA): Arsenic,
inorganic (CASRN 7440-38-2) In: U.S. Environmental Pro-
tection Agency Integrated Risk Information System (IRIS),
U.S. Environmental Protection Agency, USA (1995) https://
cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance
nmbr=278.

Li, J.H., and Rossman, T.G.: Inhibition of DNA ligase activ-
ity by arsenite: a possible mechanism of its comutagenesis.
Mol. Toxicol., 2, 1-9 (1989).

Tabocova, S., Hunter, E.S., and Gladen, B.C.: Developmen-
tal toxicity of inorganic arsenic in whole embryo: culture
oxidation state, dose, time, and gestational age dependence.
Toxicol. Appl. Pharmacol., 138, 298-307 (1996).
Wilodarczyk, B.J., Bennett, GD., Calvin, J.A., and Finnell,
R.H.: Arsenic-induced neural tube defects in mice: alterations
in cell cycle gene expression. Reprod. Toxicol., 10, 447-454
(1996).

World Health Organization (WHO): Principles and methods
for the risk assessement of chemicals in food. World Health
Organization, Geneva, Switzerland (2008).

World Health Organization (WHO): Specifications for the
identify and purity of food additives and their toxicological
evaluation (Tenth report of the Joint FAO/WHO Expert Com-
mittee on Food Additives). WHO Technical Report Series,
No. 373, Geneva, Switzerland, pp. 15 (1967).

The Joint FAO/WHO Expert Committee on Food Additives
(JECFA): Summary and conclusions of seventy-second meet-
ing (JECFA/72/SC), Geneva, Switzerland (2010).

Tseng, W.P., Chu, H.M., How, S.W., Fong, J.M., Lin, C.S.
and Yen, S.: Prevalence of skin cancer in an endemic area of
chronic arsenicism in Taiwan. J. Natl. Cancer Inst., 40, 453-
463 (19683).

Tseng, W.P.: Effects and dose-response relationships of skin
cancer and Blackfoot disease with arsenic. Environ. Health
Perspect., 19, 109-119 (1977).

Rijksinstituut voor Volksgezondheid en Milieu (RIVM): Re-
evaluation of human-toxicological maximum permissible risk
levels (RIVM report 711701 025), Bilthoven, Netherlands
(2001).

Das, H.K., Mitra, A.K., Sengupta, P.K., Hossain, A., Islam,
F. and Rabbani, GH.: Arsenic concentrations in rice, vegeta-
bles, and fish in Bangladesh: a preliminary study. Environ.
Int., 30, 383-387 (2004).

Ohno, K., Matsuo, Y., Kimura, T., Yanase, T., Rahman, M.H.,
Magara, Y., Matsushita, T. and Matsui, Y.: Effect of rice-cook-
ing water to the daily arsenic intake in Bangladesh: results of
field surveys and rice-cooking experiments. Water Sci. Tech.,
59, 195-201 (2009).

Lee, J.S. and Chon, H.T.: Risk assessment of arsenic by
human exposure of contaminated soil, groundwater and rice
grain. Econ. Environ. Geol., 38, 535-545 (2005).

Williams, P.N., Price, A.H., Raab, A., Hossain, S.A., Feld-
mann, J. and Meharg, A.A.: Variation in arsenic speciation
and concentration in paddy rice related to dietary exposure.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Risk Analysis of Inorganic Arsenic in Foods 245

Environ. Sci. Technol., 39, 5531-5540 (2005).

Paik, M.K., Kim, W.I., Yoo, J.H., Kim, J.K., Im, GJ. and
Hong, M.K.: A probabilistic assessment of human health risk
from arsenic-contaminated rice grown near the mining areas
of Korea. J. Fd. Hyg. Safety, 25, 143-147 (2010).

Choi, J.Y., Khan, N., Nho, E.Y., Choi, H., Park, K.S. and Kim,
K.S.: Speciation of arsenic in rice by high-performance liquid
chromatography-inductively coupled plasma-mass spectrom-
etry. Anal. Letters, 49, 1926-1937 (2016).

Food and Agriculture Organization (FAO): FAOSTAT Data-
base - Production (updated 17 May, 2011). Food and Agri-
culture Organization of the United Nations, Rome, Italy (2011)
http://faostat.fao.org/default.aspx.

Kennedy, G. and Burlingame, B.: Analysis of food composi-
tion data on rice from a plant genetic resources perspective.
Food Chem., 80, 589-596 (2003).

Food and Agricultural Organization (FAO): FAO rice infor-
mation (Vol. 2). Food and Agriculture Organization of the
United Nations, Rome, Italy (2000).

Sun, GX., Williams, P.N., Zhu, Y.G, Deacon, C., Carey, A.M.,
Raab, A., Feldmann, J. and Meharg, A.A.: Survey of arsenic
and its speciation in rice products such as breakfast cereals,
rice crackers and Japanese rice condiments. Environ Int., 35,
473-475 (2009).

Rahman, M.A., Rahman, [.LM.M. and Hasegawa, H.: Cook-
ing: effects on dietary exposure to arsenic from rice and veg-
etables. Encyclopedia Environ. Health, 6, 828-833 (2011).
Li, X., Xie, K., Yue, B., Gong, Y., Shao, Y., Shang, X. and
Wu, Y.: Inorganic arsenic contamination of rice from Chi-
nese major rice-producing areas and exposure assessment in
Chinese population. Sci. China Chem., 58, 1898-1905 (2015).
Chen, H.L., Lee, C.C., Huang, W.J., Huang, H.T., Wu, Y.C.,
Hsu, Y.C. and Kao, Y.T.: Arsenic speciation in rice and risk
assessment of inorganic arsenic in Taiwan population. Envi-
ron. Sci. Pollut. Res., 23, 4481-4488 (2016).

Meharg, A.A. and Hartley-Whitaker, J.: Arsenic uptake and
metabolism in arsenic resistant and nonresistant plant spe-
cies. New Phytol., 154, 29-43 (2002).

Kramar, U., Norra, S., Berner, Z., Kiczka, M. and Chan-
drasekharam, D.: On the distribution and speciation of arsenic
in the soil-plant-system of a rice field in West-Bengal, India:
A p-synchrotron techniques based case study. Applied
Geochem., available online 26 November 2015, In press
(2015).

William, P.N., Villada, A., Deacon, C., Raab, A., Figuerola, J.,
Green, A., Feldmann, J. and Meharg, A.A.: Greatly enhanced
arsenic shoot assimilation in rice lead to elevate grain levels
compared to wheat and barley. Environ. Sci. Technol., 41,
6854-6859 (2007).

Kim, J.Y., Lee, J.H., Kunhikrishnan, A., Kang, D.W., Kim,
M.J., Yoo, J.H., Kim, D.H., Lee, Y.J. and Kim, W.I.: Transfer
factor of heavy metals from agricultural soil to agricultural
products. Korean J. Environ. Agric., 31, 300-307 (2012).
Meharg, A.A. and Zhao, F.J.: Arsenic and rice. Springer
(2012).



246 Seung-Hyun Yang, Ji-Su Park, Min-Ja Cho, and Hoon Choi

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Choi, H., Kim, H.S. and Park, S.H.: Risk assessment of heavy
metals through modified milk powder and formulas. Korean
J. Food Sci. An., 33, 617-625 (2013).

Food Standards Australia New Zealand (FSANZ): Survey of
inorganic arsenic in seaweed and seaweed-containing prod-
ucts available in Australia. Food Standards Australia New
Zealand, Canberra, Australia (2013).

European Food Safety Authority (EFSA): Dietary exposure
to inorganic arsenic in the European population. EFS4 J., 12,
3597 (2014).

Norwegian Scientific Committee for Food Safety (Viten-
skapskomiteen for mattrygghet, VKM): Dietary exposure to
inorganic arsenic in the Norwegian population. Assessment
of the Panel on Contaminants of the Norwegian Scientific
Committee for Food Safety. VKM, Oslo, Norway (2016).
Munoz, O., Velez, D. and Montoro, R.: Optimization of the sol-
ubilization, extraction and determination of inorganic arsenic
[As(IID)+A(V)] in seafood products by acid digestion, sol-
vent extraction and hydride generation atomic absorption
spectrometry. Analyst, 124, 601-607 (1999).

Munoz, O., Devesa, V., Suner, M.A., Velez, D., Montoro, R.,
Urieta, 1., Macho, M.L. and Jalon, M.: Total and inorganic
arsenic in fresh and processed fish products. J. Agric. Food
Chem., 48, 4369-4376 (2000).

Sloth, J.J., Larsen, E.H. and Julshamn, K.: Survey of inor-
ganic arsenic in marine animals and marine certified refer-
ence materials by anion exchange high-performance liquid
chromatography inductively coupled plasma mass spectrom-
etry. J. Agric. Food Chem., 53, 6011-6018 (2005).

Ryu, K.Y., Shim, S.L., Hwang, [.M., Jung, M.S., Jun, S.N.,
Seo, H.Y,, Park, J.S., Kim, H.Y., Om, A.S., Park, K.S. and
Kim, K.S.: Arsenic speciation and risk assessment of Hijiki
(Hizikia fusiforme) by HPLC-ICP-MS. Korean J. Food Sci.
Technol., 41, 1-6 (2009).

Shimoda, Y., Suzuki, Y., Endo, Y., Kato, K., Tachikawa, M.,
Endo, G. and Yamanaka, K.: Speciation analysis of arsenic in
commercial Hijiki by high performance liquid chromatogra-
phy-tandem-mass spectrometry and high performance liquid
chromatography-inductively coupled plasma mass spectrome-
try. J. Health Sci., 56, 47-56 (2010).

Khan, N., Ryu, K.Y, Choi, J.Y., Nho, E.Y., Habte, G., Choi,
H., Kim, M.H., Park, K.S. and Kim, K.S.: Determination of
toxic heavy metals and speciation of arsenic in seaweeds
from South Korea. Food Chem., 169, 464-470 (2015).
Ministry of Health and Welfare (MOHW): Korea Health Sta-
tistics 2014: Korea National Health & Nutrition Examination
Survey (KNHANES VI-1), MOHW, Seoul, Korea (2015).
Food Standards Australia New Zealand (FSANZ): Survey of
total arsenic and inorganic arsenic in apple and pear juice.
Food Standards Australia New Zealand, Canberra, Australia
(2013).

Consumer Report: Consumer reports tests juices for arsenic
and lead. Consumer Report News (2011) http://www.con-
sumerreports.org/cro/news/2011/11/consumer-reports-tests-
juices- for-arsenic-and-lead/index.htm.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

U.S. Food and Drug Administration (FDA): FDA proposes
“action level” for arsenic in apple juice. U.S. Food and Drug
Administration, Silver Spring, MD, USA (2013) http:/www.
fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm
360466.htm.

Brooke, P.J. and Evans, W.H.: Determination of total inorganic
arsenic in fish, shellfish and fish products. Analyst, 106, 514-
520 (1981).

Maher, W.A.: Determination of inorganic and methylated
arsenic species in marine organisms and sediments. Anal.
Chim. Acta., 126, 157-165 (1981).

Holak, W. and Specchio, J.J.: Determination of total arsenic,
As(IIT) and As(V) in foods by atomic absorption sepctrome-
try. At. Spectrosc., 12, 105-108 (1991).

Nearing, M.M., Koch, 1. and Reimer, K.J.: Complementary
arsenic speciation method: A review. Spectrochimica Acta
Part B, 99, 150-162 (2014).

Sanz, E., Mufioz-Olivas, R. and Camara, C.: A rapid and
novel alternative to conventional sample treatment for arsenic
speciation in rice using enzymatic ultrasonic probe. Anal.
Chimica Acta., 535, 227-235 (2005).

Huang, J.H., Ilgen, G. and Fecher, P.: Quantitative chemical
extraction for arsenic speciation in rice grains. J. Anal. At.
Spectrom., 25, 800-8025 (2010).

Cerveira, C., Pozebon, D., Moraes, D.P. and Fraga, J.C.S.:
Speciation of inorganic arsenic in rice using hydride genera-
tion atomic absorption spectrometry (HG-AAS). Anal. Meth-
ods, 7, 4528-4534 (2015).

Naito, S., Matsumoto, E., Shindoh, K. and Nishimura, T.:
Effects of polishing, cooking, and storing on total arsenic and
arsenic species concentrations in rice cultivated in Japan.
Food Chem., 168, 294-301 (2015).

Rintala, E.M., Ekholm, P., Koivisto, P., Peltonen, K. and
Venalainen, E.R.: The intake of inorganic arsenic from long
grain rice and rice-based baby food in Finland - Low safety
margin warrants follow up. Food Chem., 150, 199-205 (2014).
Musil, S., Petursdottir, A.H., Raab, A., Gunnlaugsdottir, H.,
Krupp, E. and Feldmann, J.: Speication without chromatog-
raphy using seletive hydride generation: Inorganic arsenic in
rice and samples of marine origin. Anal. Chem., 86, 993-999
(2014).

Raab, A. and Ducos, S.M.: Determination of inorganic arsenic
in rice using IC-ICP-MS. Application Note 43255, Thermo
Fisher Scientific, Bremen, Germany (2015).

Signes-Pastor, A.J., Carey M. and Meharg, A.A.: Inorganic
arsenic in rice-based products for infants and young children.
Food Chem., 191, 128-134 (2016).

Batista, B.L., Souza, J.M.O., De Souza, S.S. and Barbosa,
F.Jr: Speciation of arsenic in rice and estimation of daily
intake of different arsenic species by Brazilians through rice
consumption. J. Hazard Mat., 191, 342-348 (2011).
Narukawa, T., Inagaki, K., Kuroiwa, T. and Chiba, K.: The
extraction and speciation of arsenic in rice flour by HPLC-
ICP-MS. Talanta, 77, 427-432 (2008).

Narukawa, T., Hioki, A. and Chiba, K.: Speciation and mon-



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

itoring test for inorganic arsenic in white rice flour. J. Agri.
Food Chem., 60, 1122-1127 (2012).

Ma, L., Wang, L., Tang, J. and Yang, Z.: Optimization of
arsenic extraction in rice samples by Plackett-Burman design
and response surface methodology. Food Chem., 204, 283-
288 (2016).

Amaral, C.D.B., Nobrega, J.A., and Nogueira, A.R.A.: Sam-
ple preparation for arsenic speciation in terrestrial plants - A
review. Talanta, 115, 291-299 (2013).

Ma, L., Wang, L., Jia Y. and Yang, Z.: Arsenic speciation in
locally grown rice grains from Hunan Province, China: Spa-
tial distribution and potential health risk. Sci. Total Environ.,
557-558, 438-444 (2016).

D'Amato, M., Forte, G. and Caroli, S.: Identification and quan-
tification of major species of arsenic in rice. J. AOAC Int., 87,
238-243 (2004).

Sanz, E., Muiioz-Olivas, R., Camara, C., Sengupta, M.K. and
Ahamed, S.: Arsenic speciation in rice, straw, soil, hair and
nails samples from the arsenic-affected areas of Middle and
Lower Ganga plain. J. Environ. Sci. Health A Tox. Hazard
Subst. Environ. Eng., 42, 1695-1705 (2007).

Raber, G., Stock, N., Hanel, P., Murko, M., Navratilova, J.
and Francesconi, K.: An improved HPLC-ICPMS method for
determining inorganic arsenic in food: Application to rice,
wheat and tuna fish. Food Chem., 134, 524-532 (2012).
Heitkemper, D., Vela, N.P., Stewart, K.R. and Westphal,
C.S.: Determination of total and speciated arsenic in rice by
ion chromatography and inductively coupled plasma mass
spectrometry. J. Anal. At. Spectrom., 16, 299-306 (2001).
Vela, N.P. and Heitkemper, D.T.: Total arsenic determination
and speciation in infant food products by ion chromatography-
inductively coupled plasma-mass spectrometry. J. AOAC Int.,
87, 244-252 (2004).

Liang, F., Li, Y., Zhang, G, Tan, M., Lin, J., Liu, W., Li, Y.
and Lu, W.: Total and speciated arsenic levels in rice from
China. Food Additi. Contam. Part A, 27, 810-816 (2010).
Li, W., Wei, C., Zhang, C., Hulle, M.V., Cornelis, R. and
Zhang, X.: A survey of arsenic species in chinese seafood.
Food Chem. Toxicol., 41, 1103-1110 (2003).

Hata, A., Yamanaka, K., Endo, G., Yamano, Y., Haba, R., Fuji-
tani, N. and Endo, Y.: Arsenic metabolites in humans after
ingestion of wakame seaweed. E3S Web of Conference, 1,
26006 (2013).

Wangkarn, S. and Pergantis, S.A.: High-speed separation of
arsenic compounds using narrow-bore high-performance lig-
uid chromatography on-line with inductively coupled plasma
mass spectrometry. J. Anal. At. Spectrom., 15, 627-633 (2000).
Choi, H., Park, S.K., Kim, D.S. and Kim, M.: Determination
of 6 arsenic species present in seaweed by solvent extraction,
clean-up, and LC-ICP/MS. Food Sci. Biotechnol., 20, 39-44
(2011).

Hsieh, Y.J. and Jiang, S.J.: Application of HPLC-ICP-MS
and HPLC-ESI-MS procedures for arsenic speciation in sea-
weeds. J. Agri. Food Chem., 60,2083-2089 (2012).
Narukawa, T., Hioki, A. and Chiba, K.: Aqueous extraction

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Risk Analysis of Inorganic Arsenic in Foods 247

of water-soluble inorganic arsenic in marine algae for speci-
ation analysis. Anal. Sci., 28, 773-779 (2012).
Nischwitz, V. and Pergantis, S.A.: Improved arsenic specia-
tion analysis for extracts of commercially available edible
marine algae using HPLC-ES-MS/MS. J. Agric. Food. Chem.,
54, 6507-6519 (2006).
Garcia-Salgado, S., Quijano, M.A. and Bonilla, M.M.: Arsenic
speciation in edible algae samples by microwave-assisted
extraction and high performance liquid chromatography cou-
pled to atomic fluorescence spectrometry. Anal. Chem., 714,
38-46 (2012).
Petursdottir, A.H., Gunnlaugsdottir, H., Krupp, E.M. and
Feldmann, J.: Inorganic arsenic in seafood: Does the extrac-
tion method matter? Food Chem., 150, 353-359 (2014).
Food Standard Agency (FSA): Arsenic in rice drinks. Food
Standard Agency, London, UK (2009).
Roberge, J., Abalos, A.T., Skinner, J.M., Kopplin, M. and
Harris, R.B.: Presence of arsenic in commercial beverages.
American J. Environ. Sci., 5, 688-694 (2009).
Moreno, E., Camara, C., Corns, W.T., Bryce, D.W. and
Stockwell, P.B.: Arsenic speciation in beverages by direct
injection-ion chromatography-hydride generation atomic
fluorescence spectrometry. J. Automated Methods Manage.
Chem., 22, 33-39 (2000).
Song, M.J., Park, K.S., Kim, Y.M. and Lee, W.: Effects and
optimum conditions of pre-reductant in the analysis of inor-
ganic arsenic by hydride generation-atomic absorption
spectrometry. Anal. Sci. Technol., 18, 396-402 (2005).
Choi, S.H., Choi, J.W., Cho, Y.M. and Bae, M.J.: Compari-
sons of urinary arsenic analysis by pre-reductant for precon-
ditioning via the FI-HG-AAS method. J. Environ. Health
Sci., 41, 289-298 (2015).
Oygard, J.K., Lundebye, A K. and Julshamn, K.: Determi-
nation of inorganic arsenic in marine food samples by
hydrochloric acid distillation and flow-injection hydride-gen-
eration atomic absorption spectrometry. J. AOAC Int., 82,
1217-1223 (1999).
Lim, H.S. and Lee, S.G.: Effects of acid and pre-reductant in
the analysis of arsenic by hydride generation-atomic absorp-
tion spectrometry. Anal. Sci. Technol., 13, 151-157 (2000).
Gurkan, R., Kir, U. and Altunay, N.: Development of a sim-
ple, sensitive and inexpensive ion-paring cloud point
extraction approach for the determination of trace inorganic
arsenic species in spring water, beverage and rice samples
by UV-Vis spectrometry. Food Chem., 180, 32-41 (2015).
Altunay, N., Gurkan, R. and Kir, U.: Spectrophotometric
determination of low levels arsenic species in beverages
after ion-pairing vortex-assisted cluod point extraction with
acridine red. Food Addit. Contam. Part A Chem. Anal. Con-
trol Expo Risk Assess., 33, 259-270 (2016).
Yalcin, S. and Le, X.C.: Speciation of arsenic using solid
phase extraction cartridges. J. Environ. Monit., 3, 81-85
(2001).
Bralatei, E., Lacan, S., Krupp, E.M. and Feldmann, J.:
Detection of inorganic arsenic in rice using a field test kit: a



248 Seung-Hyun Yang, Ji-Su Park, Min-Ja Cho, and Hoon Choi

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

screening method. Anal. Chem., 87, 11271-11276 (2015).
Laparra, J.M., Velez, D., Montoro, R., Barbera, R. and
Farre, R.: Estimation of arsenic bioaccessibility in edible sea-
weed by an in vitro digestion method. J. Agric. Food Chem.,
51, 6080-6085 (2003).

Garcia-Rico, L. and Tejeda-Valenzuela, L.: Total and inor-
ganic arsenic in dietary supplement supplies in northern
Mexico. Environ. Monit. Assess., 185, 6111-6117 (2013).
Herce-Pagliai, C., Moreno, 1., Gonzalez, G., Repetto, M.
and Camean, A.M.: Determination of total arsenic, inor-
ganic and organic arsenic species in wine. Food Addi. Con-
tam., 19, 542-546 (2002).

Yang, H., Christison, T. and Lopez, L.: Determination of
total inorganic arsenic in fruit juice using high-pressure
caillary ion chromatography (Technical Note 145), Thermo
Fisher Scientific, Bremen, Germany (2014).

Brandon, E.F.A., Janssen, P.J.C.M. and Wit-Bos, L.: Arsenic:
bioaccessibility from seaweed and rice, dietary exposure
calculations and risk assessment. Food Addi. Contam. Part
A, 31, 1993-2003 (2014).

Kollander, B. and Sundstrom, B.: Inorganic arsenic in rice
and rice products on the Swedish market 2015, Part I- A
survey of inorganic arsenic (Rapport 16). The Swedish
National Food Agency, Uppsala, Sweden (2015).
Nishimura, T., Nagaoka, M.H., Sakakibara, N., Abe, T,
Maekawa, Y. and Maitani, T.: Determination method for
total arsenic and partial-digestion method with nitric acid
for inorganic arsenic speciation in several varieties of rice.
Food Hygi. Safety Sci., 51, 178-181 (2010).

Meharg, A.A., Sun, G., Williams, P.N., Adomako, E., Dea-
con, C., Zhu, Y.G, Feldmann, J. and Raab, A.: Inorganic
arsenic levels in baby rice are of concern. Environ. Pollut.,
152, 746-749 (2008).

Choi, S.H., Kim, J.S., Lee, l.Y., Jeon, J.S., Kim, J.W.,
Russo, R.E., Gonzalez, J., Yoo, J.H., Kim, K.S., Yang, J.S.
and Park, K.S.: Analysis of arsenic in rice grains using ICP-
MS and fs LA-ICP-MS. J. Anal. At. Spectrom., 29, 1233-
1237 (2014).

Lee, J.H., Kim, W.I,, Jeong, E.J., Yoo, J.H., Kim, J.Y., Paik,
M.K., Park, B.J., Im, GJ. and Hong, M.K.: Arsenic contam-
ination of polished rice produced in abandoned mine areas
and its potential human risk assessment using probabilistic
techniques. Korean J. Environ. Agric., 30, 43-51 (2011).
Islam, J.M., Kim, B.C., Laiju, N., Nasirullah, T. and Miah,
M.N.: Arsenic concentrations of groudwater and rice grains
in Bangladesh and phytoremediation. J. Korean Soc. Water
Qual., 26, 116-124 (2010).

National Institute of Fisheries Science (NIFS): Chemical
composition of marine products in Korea, 2th Ed. National
Institute of Fisheries Science, Pusan, Korea (2009).

Rose, M., Lewis, J., Langford, N., Baxter, M., Origgi, S.,
Barber, M., MacBain, H. and Thomas, K.: Arsenic in sea-
weed-Forms, concentration and dietary exposure. Food
Chem. Toxicol., 45, 1263-1267 (2007).

Carrington, C.D., Murray, C. and Tao, S.: A quantitative

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

assessment of inorganic arsenic in apple juice. Center for
Food Safety and Applied Nutrition, U.S. Food and Drug
Administration, College Park, MD (2013).

Meacher, D.M., Menzel, D.B., Dillencourt, M.D., Bic, L.F.,
Schoof, R.A., Yost, L.J., Eickhoff, J.C. and Farr, C.H.: Esti-
mation of multimedia inorganic arsenic intake in the U.S.
population. Human Ecolo. Risk Assess., 8, 1697-1721 (2002).
Jara, E.A. and Winter, C.K.: Dietary exposure to total and
inorganic arsenic in the United States, 2006-2008. Interna-
tional J. Food Contam., 1, 1-12 (2014).

Food Standards Australia New Zealand (FSANZ): Austra-
lian consumers are advised to avoid hijiki seaweed. News
Release 18 November 2004, Food Standards Australia New
Zealand, Canberra, Australia (2004) http://www.foodstan-
dards.gov.au/newsroom/mediareleases/mediareleases2004/
australianconsumersa2778.cfm.

Hong Kong Centre for Food Safety (CFS): Risk in brief:
hijiki and arsenic. Hong Kong Centre for Food Safety, Hong
Kong (2005) http://www.cfs.gov.hk/english/programme/pro-
gramme_rafs/programme rafs fc 02 08.html.

World Health Organization (WHO): Evaluation of certain
food additives and contaminants (Fifty-third report of the
Joint FAO/WHO Expert Committee on Food Additives).
WHO Technical Report Series, No. 896, Geneva, Switzer-
land (2000).

European Commission (EC): 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. European Union, 1L161/14-L161/
16 (2015).

U.S. Food and Drug Administration (FDA): FDA proposes
limit for inorganic arsenic in infant rice cereal. U.S. Food
and Drug Administration, Silver Spring, MD, USA (2016)
http://www.fda.gov/NewsEvents/Newsroom/PressAnnounce-
ments/ucm493740.htm.

Ministry of Health of the People's Republic of China (MOH):
Food safety national standard for maximum levels of con-
taminants in food (GB2762-2012). Ministry of Health of the
People's Republic of China, Beijing, China (2012).

Kim, W.I., Yoo, J.H. and Cho, N.J.: Current issues on the
safety management of heavy metal(loid)s in the production
stage of agricultural products. Safe Food, 9, 8-12 (2014).
Juhasz, A.L., Smith, E., Weber, J., Rees, M., Rofe, A.,
Kuchel, T., Sansom, L. and Naidu, R.: In vivo assessment of
arsenic bioavailability in rice and its significance for human
health risk assessment. Environ. Health Persp., 114, 1826-
1831 (2006).

Signes-Pastor, A.J., Al-Rmalli, S.W., Jenkins, R.O., Carbon-
ell -Barrachina, .A. and Haris, P.I.: Arsenic bioaccessibility
in cooked rice as affected by arsenic in cooking water. J.
Food Sci., 77, T201-T206 (2012).

Norton, GJ., Pinson, S.R., Aldexander, J., McKay, S., Hansen,
H., Duan, GL., Rafigul Islam, M., Islam, S., Stroud, J.L.,
Zhao, F.J., McGrath, S.P., Zhu, Y.G,, Lahner, B., Yakubova,
E., Guerinot, M.L., Tarpley, L., Eizenga, G.C., Salt, D.E.,



138.

139.

140.

141.

Meharg, A.A. and Price, A.H.: Variation in grain arsenic
assessed in a diverse panel of rice (Oryza sativa) grown n
multiple sites. New Phytol., 193, 650-654 (2012).

Raab, A., Baskaran, C., Feldmann, J. and Meharg, A.A.:
Cooking rice in a high water to rice ratio reduces inorganic
arsenic content. J. Environ. Monitor., 11, 41-44 (2009).
Rural Development Administration (RDA): In Food com-
position table, 7th revision. National Rural Resource Devel-
opment Institute, Rural Development Administration, Jeonju,
Korea (2006).

Canadian Food Inspection Agency (CFIA): Inorganic arsenic
and hijiki seaweed consumption. Canadian Food Inspection
Agency, Ottawa, Canada (2012) http://www.inspection.
gc.ca/food/information-for-consumers/fact-sheets/specific-
products-and-risks/chemical-hazards/inorganic-arsenic/eng/
1332268146718/1332268231124.

Food Standard Agency (FSA): Consumers advised not to eat
hijiki seaweed. Food Standard Agency, London, UK (2010)
http://tna.europarchive.org/20130513091226/http://www.

142.

143.

144.

145.

146.

Risk Analysis of Inorganic Arsenic in Foods 249

food.gov.uk/news-updates/news/2010/aug/hijikiseaweed.
Yokoi, K. and Konomi, A.: Toxicity of so-called edible hijiki
seaweed (Sargassumfusiforme) containing inorganic arsenic.
Regulatory Toxicol. Pharm., 63,291-297 (2012).

Japanese Ministry of Health, Labour and Welfare (MHLW):
Q&A: Arsenic in hijiki. Japanese Ministry of Health, Labour
and Welfare, Tokyo, Japan (2004) http://www.mhlw.go.jp/
topics/2004/07/tp0730-1.html.

Ministry of Health and Welfare (MOHW): Korea Health
Statistics 2008: Korea National Health & Nutrition Exami-
nation Survey (KNHANES 1V-2), MOHW, Seoul, Korea
(2009).

Laparra, J.M., Velez, D., Montoro, R., Barbera, R. and Farre,
R.: Bioaccessibility of inorganic arsenic species in raw and
cooked Hizikia fusiforme seaweed. Appl. Organometallic
Chem., 18, 662-669 (2004).

Yamashita, Y.: Method of removing inorganic arsenic from
dried hijiki seaweed products. Nippon Suisan Gakkaishi,
80, 973-978 (2014).



