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ABSTRACT

Application of HPLC-ICP-MS for Arsenic Speciation in

Seaweeds from South Korea

Ryu Keun Young
Advisor : Prof. Kim, Kyong Su. Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

Toxic heavy metals are threatening human health and therefore have been the
subject of critical control. Seaweeds are exposed to heavy metals pollution in
the sea, and at times may be potentially hazardous to human health. Therefore
proper monitoring the contents of toxic heavy metals in sea foods such as
seaweeds are required on regular basis.

Arsenic has been ranked as significant risk substance by Agency for Toxic
Substances and Disease Registry (ATSDR). Also based on sufficient evidences,
the International Agency for Research on Cancer (IARC) suggested that
inorganic arsenic compounds are skin and lung carcinogens in humans (Group
1).. However, in spite of such risks from arsenic both national and international
standards and tolerable limits for majorly consumed foods such as seaweeds
products are not optimized. Arsenic toxicity depends on the chemical form and
its solubility and varies among animal species and with route of administration.

So, it is also difficult to determine the toxicity from total arsenic content for

_ix_
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seafoods like seaweeds without speciation. Therefore, development of analytical
method for total arsenic and arsenic species in high arsenic concentrated foods
like seaweeds 1s very much important.

To analyze total arsenic by inductively coupled plasma-mass spectrometry
(ICP-MS), different acid digestion methods of wet, wet-sonication and
microwave were followed for sample preparation. For extraction methanol,
ethanol and HNOs solvents, for purification membrane filter and SPE cartridge
and for separation mobile phase and anion-exchange column were applied and
compared before analysis by HPLC-ICP-MS to reach the optimal conditions for
arsenic speciation. The percentage recoveries of all digestion method were 96.7
to 99.3%. showing that all methods were appropriate for decomposition of the
sample. However, microwave digestion method was the more optimal method,
since the amount of acid solution and time used were lower and the possibility
of external contamination during the decomposition was minimal.

The ICP-MS technology has the advantages of selective removal of
interfering substances at DRC mode and high sensitivity of MS for analysis of
total arsenic contents. oxygen was chosen as the reaction gas with DRC mode
because it reacts readily with As+ to form AsO+ (m/z=91). Samples should be
extracted for analysis of the arsenic species without changing the form of the
analytes. In order to compare the extraction efficiency, various solvents such as
H»0, 50% methanol and 30% ethanol;, in 1% HNO3; were applied to seaweeds. In
each extraction solvent, the CRM (NRCC, DORM-2) was added to know the
recovery of the certified values. The results from the analyses using
HPLC-ICP-MS suggested that, 50% methanol (1% HNOs3) were the best
solvents for sample extraction purposes.

The use of sample extracts for arsenic speciation through HPLC-ICP-MS, it
cause problems like clogging of the column and the sample injection device and

detector contamination. To prevent this phenomenon, the process of filtering is

- X -
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required. In this study, the comparative experiment was performed for
verification of the filtering efficiency using the filtered CRM (NMIJ 7503-a)
extracts with membrane filter and Oasis MAX cartridge (6 cc). Recovery of
samples with SPE method were As(99.4%), DMA(103.1%) and As(101.8%) and
with membrane filter method the results were not substantially different i.e. As
M(91.8%), DMA(03.0%) and AsV(104.5%). Therefore, both methods of
membrane filter and SPE, could be used alternatively. Among he five arsenic
species except for arsenobetaine (that is a zwitterion) has a range of different
pH, depending on the form of the compound. Therefore in the alkaline mobile
phase as anion, these has a range of dissociation constants suitable for
anion—-exchange column for separation. The gradient elution was controlled
through mobile solution [A solution; ammonium bicarbonate (2 mM, pH 8.0), B
solution; ammonium nitrate + ammonium phosphate (20 mM, pH 9.2)] to avoid
duplication of detected peak on the chromatogram was used.

A total of 348 seaweed samples of 5 different species from around South
Korea were collected and analyzed for total arsenic by ICP-MS. And among
them, 200 samples were analyzed for determination of arsenic speciation by
HPLC-ICP-MS. The total arsenic content was determined from seaweed
samples by ICP-MS and the results for laver (Porphyra tenera), Sea tangle
(Laminaria japonica), sea mustard (Undaria pinnatifida), hijiki (Hizikia
fusiforme), and gulf weed (Sargassum fulvellum) in a raw sample basis were
2.07, 3.07, 1.84, 449, and 6.48 mg/kg, respectively. For arsenic speciation, AsB
and DMA were detected in laver, sea tangle and sea mustard and AsB (more
than 85%) were the dominant species. But the AsC (as organic arsenic), AsIl
and AsV (as inorganic arsenic) were not identified. However, inorganic arsenics
(AsV and AsIll) and organic arsenics (DMA) were confirmed in gulf weed and
hijiki samples, and AsV 1is dominent arsenic sepcies In sargassum plants as

92.5% and 82.2%, respectively.
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___ B8 Euchsuma N Laver
Mharine macroalgas unidantifisd [ Other spaciss
I S:amustard

1990 1995 2000 2005 2010
Source : FAO (2012)

Fig. 1. World production of farmed aquatic plant (algae) by major
species or species group.
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Table 1. The Agency for Toxic Substances and Disease Registry
(ATSDR) substance priority list

2011 Total 2007

Rank Substance Name points Rank CAS RN
1 Arsenic 1665.5 1 007440-38-2
2 Lead 1529.1 2 007439-92-1
3 Mercury 1460.9 3 007439-97-6
4 Vinyl chloride 1361.1 4 000075-01-4
5 Polychlorinated biphenyls 1344.1 5 001336-36-3
6 Benzene 1332.0 6 000071-43-2
7 Cadmium 13187 7 007440-43-9
8 Benzo(A)pyrene 1305.7 9 000050-32-8
9 Polycyclic aromatic hydrocarbons 1282.3 8 130498-29-2
10 Benzo(b)fluoranthene 1252.4 10 000205-99-2
274 Thallium 524.7 274 007440-28-0
275 1,2,3,7,8,9-Hexachlorodibenzofuran 524.0 275 072918-21-9

Source : ATSDR
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Table 2. Classification of IARC Group

Carcinogenic to humans

- sufficient evidence of carcinogenicity in humans
Group 1 . _ . ) 113 agents
(Arsenic and inorganic arsenic compounds and 112

more items in addition)

Probably carcinogenic to humans

- limited evidence of carcinogenicity in humans and
Group 2A | sufficient evidence of carcinogenicity in experimental | 66
animals

(Acrylamide and 65 more items in addition)

Possibly carcinogenic to humans

- limited evidence of carcinogenicity in humans and
Group 2B | less than sufficient evidence of carcinogenicity in | 285
experimental animals

(Acetaldehyde and 284 more items in addition)

Not classifiable as to its carcinogenicity to
humans

Group 3 - inadequate in humans and inadequate of limited in | 505
experimental animals

(Acenaphthene and 504 more items in addition)

Probably not carcinogenic to humans
Group 4 1
(Caprolactam)

Source : TARC
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Table 3. List of toxic heavy metals standards for food in wvarious

country and institute

Korean Food

MRLs Standards WHO/FAO US FDA FSANZ EFSA
Codex
Arsenic O O O
Cadmium O @) @) @)
Mercury O @) @) O
Methyl mercury O @)
Lead O @) @) @)
Chromium
Nickel
Cooper
Selenium
Tin O
Tin are only
caned food i
Reference Aluminum Tin are only EU standard
cans caned food
excluded

MRLs: Maximum Residue Limits

Collection @ chosun
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Table 4. Maximum levels for arsenic in seafood for various countries

(Unit : mg/kg)

Food China(24) Japan(23) { FSANZ(25) CODEX(26)
% Total Inorganici Total Inorganic Total
Grains Rice 0.15
- o T
Course arains T ma I s
Vegetables Potato 1.0
Cucumber 1.0
Tomato 0.05 1.0
Spinach 1.0
Fruit Peach 1.0
Summer orange 1.0
0.05
Strawberry 1.0
Grape 1.0
Meat 0.05
Egg 0.05
Milk Powder and Fresh 0.25
Water Natural mineral water 0.01
Pulses 0.1
Liquor 0.05
Seafoods Fish - 2
Crustacea - 2
Molluscs - 1
Algae (Seaweed) 1.5(dry) 1
shells, shrimps and crabs 0.5(fresh) -
Shells, shrimps and crabs 1.0(dry)
Other aquatic foods 0.5(fresh) -
Edible fats 0.1 - 0.1
Fruit juice and pulp 0.2 - O.r(l)g(rder%rnekspi 0.2
Coco Coco butter 05 - 05
Chocolate 05 - 1.0
Other coco products 1.0 - 05
Salt Food grade 0.5
Sugar 0.5 -
— 9 —
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Table 5. Chemical names,

chemical abstract service (CAS) numbers,

synonyms, and molecular formulae of arsenic and arsenic compounds

Chemical name Synonyms Formula
Arsenilic acid Arsonic acid, (4-aminophenyl)- CeHsAsNO3
Arsenic Metallicarsenic As
Arsenic(V) pentoxide  Arsenic oxide [AssOs] As)05
Arsenic(Ill) sulide Arsenic sulfide [As2S3] AsyS3
Arsenic(Ill) trichloride  Arsenic chloride [AsCls] AsCls
Arsenic(IlT) trioxide Arsenic oxide [As:0s] As:03
Arsenohetaine .Arsonium, (ca.rbosyrnethyl). trimethyl-, CHASO

inner salt; 2-(trimethylarsonio)acetate
Arsine Arsenic hydride AsHs

Calcium arsenate
Dimethylarsinic acid

Lead arsenate

Methanearsonic  acid,
disodium salt
Methanesrsonic  acid,

monosodium salt

Potassium arsenate
Potassium arsenite
Sodium arsenate
Sodium arsenite

Soduim cacodylate

Arsenic acid [H3AsO4] calcium salt (2:3)
Cacodylic acid

Arsenic acid [H3AsO4l, lead (2+) salt (1:1)

Arsonic acid, methyl-, disodium salt

Arsonic acid, methyl-, monosodium salt

Arsenic acid [H3AsO4], monopotassium salt
Arsenous acid, potassium salt

Arsenic acid, [H3AsO4l, monosodium slat
Arsenous acid, sodium salt

Arsinic acid, dimethyl-, sodium salt

(AsOy) - 3Ca
C2H7A802
HAsO4 - Pb

CH3AsOs - 2Na

CHsASOS - Na

H2As0y4 - K
AsO; - K
H2AsOy4 - Na
AsOz - Na
C2HAsO- - Na

Source : TARC Monographs
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= O . Ca*t
el / S o/ ° o
ARSENIDE 0—A$ HO —AS As—0" Ca™ j¢7
| o o" __ | CALCIUM
; 2 ] o ARSENATE
o} OH 0 ca”
ARSENITE ARSENIC TRIOXIDE ARSENIC PENTOXIDE 0 —As—0
0 OH CH, CH; 0
| |
'O—ms—O' HO—As—CH;| | HO—A's—CH, H;C—A‘r—cm c|>-
0 l|:|, 0 HO—A's—0
ARSENATE MORNOMETHYL DIMETHYL TRIMETHYL LEAD HYDROGEN c|:‘
ARSENATE(MMA ARSENATE(DMA ARSENATE(TMA) ARSENATE
‘H’ fi-Hs DIVETHYL
CH; 4 . CH; H,c—OH o=r—ct: . ARSINYLRIBOSIDES
il 7 CHs 0 Ri= -OH R2= -S0:H
H,C—As*-CH, H,C—As*CH, OH  -OH
| i o R OH  -0S0H
CH -OH  -OPO.HCH.CH(OH)CH:OH
3 CH; o c| , Nz SO
ARSENOBETAINE ARSENOCHOLINE e —e—cp; jen
HaC CH3 OR CHjy /_(7
>‘/;\1 o ovl\/cm o OH
HiC c/\\/ . P<— HO
GLYCERYLPHOSPHORYLARSENOCHOLINE, R=H  Hz o % IHIMEIT i
ARSONIORIBOSIDES

PHOSPHATIDYLARSENOCHOLIME, R=CO(CHz):CH:

Fig. 2. Structures of the most common arsenic

environment.
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2
oA el A FRE AYuttt Aolrt Qlom, kAl & A e A

EAA Gl 3~200 ng/me WE EATT el et Ees HE
o 1~2 pug/Le == EAeH, Azt Ao uwpet Aol YARE HH 5
mg/kg®l FEZ EATFTH3ED. FolET AFES o] AHFACd s dye
HAZE dEd o5l HlAkel b T FaEdo] Ha Jom, ofAl, I, &
o 0.01~10 mg/kg® T== EA8tL, xFole= 10~60 mg/kge MR 4T
3 AR EASTHA7-19).

ol

AzFole gFE AA7F AgE FHEQl oxo-arsenosugar glycerol (oxo-OH),
phosphat (oxo-PQy), sulfonate (ox0-SO3), sulfate (0xo0-SO;) %S¢ dimethyl
arsinylribosides®} W %2  trimethyl arsinylribosides 8]a 3ol AgH
thio-dimethylarsinoyl acetate”} arsenosugar@Al Z£H|A 9] HHES A=
2 HAgpstF o7 EAFTH32, 33, Fig. 3). ©o] #7104 FL u)4o] Ay3iey
ghe] a4 FhAlolH, AsBe] AFAlE2 o AT

Arsenosugar®] 2§/d = phosphate (Q14F$3)¢} arsenate (W]2FE)e] A o] %)

gath Azfs A Bad B4 AAAL AFlA 27 da B Aaw

SV

(membrane transport system)S 7FA3l QA TE Sgro] EAjetE LA RS
phosphate®} =2 WA EQ arsenateE THRA HEota, JAYE F4 wWAUSE
(phosphate uptake mechanism)ell ¢]8l arsenate’} Tl XFE o&d A &5
H H A8 HA4E AAG] f8 2 Abskd Q14EskRES (uncoupling oxidative
phosphorylation; 22545 Walelx] g kst Qibstrs A sl= 7A4)el
olg] Ax7F &7 A 58S $18] arsenosugarZ WA A FH S} o]
AR AR vAEd 9%t vA4e WEsdZ (methylation pathway)E 7]HES
2 AQtE Sl om (34, Fig. 4), o] WEstEd = AR A A methylation tAl

adenosylation®] ¥ojvbH, 1 % glycosidatione 713 arsenosugar’} A ETH35, Fig. 5).
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0 0 |
I [ B
HyC-As 0’\(\014 HC-As 0/\|/\0 ! O/Y\OH
CH, 0 OH CH, 0 OH OH
OH OH OH OH
Oxo-arsenosugar glycerol Oxo-arsenosugar phosphate
oxo-OH 0x0-POy
T i
HyC-As O/\l/\SO3H HiC-As 0/\(\0503}1
CH, 0 OH CH, 9 OH
OH OH OH OH
Oxo-arsenosugar sulfonate Oxo-arsenosugar sulfate
0X0-S05 0X0-SOy
CH,

I
SZJIXS—CHZ—COOH

CH,

Thio — DMAA

Fig. 3. Chemical structure of most common arsenosugars found in seaweeds

(36).
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(0} O
Me* ” 2e ..

I 2e o
HO—As—OH — = HO—As—OH ———= H,C—As—OH ——= H,C—As—OH
OH OH OH OH
As(V) As(TIT) MA(V) MA(IIT)

Me*
O 0
£ 2e [l Me* - 2e [
H;C—J?S*CH3 H,C—As—CH,=—— — H,C—As—OH=—— Hac—z,xs—orl
CH, CH, CH, CH,
Trimethylarsine Trimethylarsine oxide DMA(III) DMA(V)
Fig. 4. Challenger’s pathway (34).
0 Q s 0
[l Reduction ; Reduction Il
HO“J;\S—-OH Hj( _J;\S_UH —_— I-[,C—!I\s—OH
OH T OH i CH,
As(V) MA(V) DMA(V) \Rcduclion
+ B\
NH,
N o
N
0 <’ |
. i G =
H !1\3 o
CH,
OH CH
Dimethylarsinoyladenosine
OH OH B
S-adenosylmethionine Glyoxidation
i
—As R
H.C .Tm o]
Reduction CH,
1 .
OH OH A OH OH

Fig. 5. Proposed biosynthetic pathway for arsenosugars from arsenate in algae (37).
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A ZFolE T8 W A38EQ arsenosugar ERF ofyEl tpekslt Fejo]l f7)H]
& e 5ol EAgtH(Fig. 2).

Methylarsonic acid (MMA)$ dimethylarsninic acid (DMA)= AW W3+
(biotransformation)®ll 2J3l A== v A& E34HE 0] (38), arsenocholine (AsC)
S dutH o g YA ENA v AR o R EA = F7IH|AEA, arsenosugar 2}
2ol S| FAYENA AsBe WA AFAR, o] Fol AsCS Fol dS w A AsB
2 AETA  WErh dojdrte Aol ARES Fd FAHATHBI).

Oxo-dimethylarsenoethanol (oxo-DMAE)2 2005 | YA 5oA Aoz Faly

ol

2121 (40), tetramethylarsonium ion (TETRA)S A Fo FQ H|AZFo|xut of
o] G =l mFe R I A TH4]).

Arsenobetaine> 19779 S-S (Panulirus Cygnus)oll Al Hz= 8%
2FOR(42) E4F AolA A A Fom, HFH F F AR Sto] AWow

A s 7] wZel] 1Al el oud HdE doTH B=th4l). AsB2 s FAl

Zol EAlsE F84 Wanezel 80% ol4e AXE Fa waFolAqw
GEeE EANA e FHZED) AEFAN BAHAAY, A FAAL HEF

of EA}38k= arsenosugar®] Aol &3] BAHHTL AAX L ATt

AsBel B 7HA AAPAR= thE3 2ol AdHA 3tk (a) oxo-arsenosugar”t
2Fstel methylations A A AsBZ W3k (b) 8 A T30 AsCol 4tshe] 9]
d AsB= W (Fig. 61), (c) otvl:=at Aol 7S Fi glen, DMA(ID %
glyoxylic acid AFe]9] arsenylation®l] 2] W 3H(Fig. 611).

EZE AsB2 of ol EAete nlAsetE & dEES AAske fF7IH A Shgt
B2 oF77F Ao AFEY #HE FASH] f8 AFEste AR glycinebetaine
[(CH3)sN CH:COO 1#H9] #+x4 FAM (Fig. o2 ofo] Fudoz & 5%
2 EAFTAL Bar QIUH29, 44).
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CH, DMAA

0= As— CH;—COOH
(1) :
CH,
Oxidation Methylation
THs
= . O/\l/\ R CH, DMAE CH, AB
(|E, o DNeoradation I + I
——» O—As—CH/~CH~OH H,C=——As—CH;~COOH
OH OH CH, CH,
Dimethylated arsenosugars
CH, AC
Methylation |
HCo— i‘-“ — CH;~CH-OH Oxidation
CI'I;
(1)
2 CH,
CH, 3

H,C—As—CH, + CHOCOOH ——% O=—As—CH;jCOOH —— H;(';li\s—('H;('OOH
OH CH, CH3

DMA (IIT) Glyoxylate DMAA AB

Fig. 6. Possible pathways for the biogenesis of arsenobetaine; (1I)
Biotransformation of arsenobetaine from arsenosugars (Edmonds, 1982),

(O) Biotransformation of arsenobetaine by arsenylation of 2-oxo acid
(45).

H,.C=As™ 000 H,C=N"">¢00
CH, CH,
Arsenobetaine Glycinebetaine

Fig. 7. Structure of arsenobetaine and glycinebetaine (44).
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s dded Bus oY 7HA e dHE AMSET AdH e ARE
= vHAstE F Agu A AAERFel dlF2 o] chromated copper arsenate
(CrOs - CuO - Asy05, CCAYEFE= 3FER U B5A 822 ARSI S 2003

o) F wZ} ATA 1 Abgol AAE R, SR 2007 109
5757} W27k 28 CCA B2 ALES Aw FAste] AAE AHEHA 2
a g A 5Hqor AAd= Fr FUINL dgee] dHz W oy
Hrd SAANA AFEH gtou AT o ol ARSEA & Jlew, dAA=
cacodylic acid, disodium methylarsenate (DSMA), monosodium methylarsenate
(MSMA) 59 #7184 3tg=o] AxA= AFEHL A 1 olyet o= H
b Absel &t HMA SO §EEE AREHA TH46). o] e WA= A
T2k SRl 7 ®eol ARgE L glow, oyl Algd =5 23t
A, FEolY BlYH HAA o A% = gallium arsenide ®¥FEA| 28] A

el o= Ak 5 Rt Aol FosA AFEEA ATHQ).
e

L

riet

()], arsenate [As(V)]e} #& F7|H]A  3}8HE, monomethylarsonic  acid
(MMA), dimethylarsinic acid (DMA), arsenocholine (AsC), “12]3l arsenobetaine
(AsB) &3 #2 f7lHlA sgER F2dnh o5 67HA HlA duRsstEEe
EPAS] LDs#ts ol&ste] FiAd SA4%=E vud ¢ F7H27F f7Iu 4K
o 5ol AetA uEbwth Zzbe] W asistE o] A AQ 5=

Zl:
LDs)& Wl ashd As(7h 15~42 mg/kg2 744 540 gatglom, 0 dgor

1

= As(V) (20~200 mg/kg), MMA (700~1,800 mg/kg), DMA (1,200~2,600
mg/kg), AsC (6,500 mg/kg) L2]a2 AsB (10,000 mg/kg)e] <o = F<lF 47,
48). ek A vuE HY| B A7 §riH AR e 22 545 T}

SR

]
4

ATh 53] F7IHAEEE T AsCo AsBE LDsodtel 6,500
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210,000 mg/kgo® 3FHAE o] &3 SAMAFHANA F FAE2 ethyl alcohol
9] LD5p%t (7,060 mg/kg) 2 caffeine (150~200 mg/kg)@t vl s|A FASEFAY &

R oH R g A3 ol ol F v sgEe] At W@ Ayl w4 %
tha 7)) o] 2 TH49)

|4 FrRlae AFE F ASSA (Y giEe]) dAd F5EY, FUIH AR
70% o1 2 Fol 9t 59 Hlie A9 g Arlel £xHa <
AbE-ol - EiRk S fA Sstth A FEdd o HAe] =& FE Yk
of oja] wATTHSE0).

H 2 A ol A of2] tiAbg S AXAl dv 53] F7Hl A F 57FH] 449
arsenate [As(V)]¢} 37FH] 2291 arsenite [As(ID]= A7 2 Fdell o) Aol 4
A FFEH, 9 58 As(V)e As(D2 F240 747 dojua & oA
As(ID¥  As(V) EFEo] AAdHAT As(De A HdHo=z wds)
(methylation)E& 13 monomethylarsonic acid (MMA)$} dimethylarsinic acid
(DMA)®Z ¥ F¥th(Fig. 8). Aol FF8 oo F7H k= DMA FHE 6
0~70%, MMA FHEZ 10~20% 183 F7]¥]42 FE=2 10~30%7F &3 o]
Moz ZA HEHAY ez 4% wEdch A7ke ¥3% giREe
TolA At dAbE AX MMAY DMAS®F 28 f78l4 Stgessd Al Ui=
A o7k Feta 53 Fepist glo] i Avo R wjEE T, 51, 52).

Ty Aol Eo) MAsEE] 100% i
H 9] 3}8h4] 540 JAlE FAdste 2 948 A 724 SAS THA A
9lo] 37ke} 57he] HlAEo] o]E¢] o
=4S Yel A ) 571e] F7)H) A= A ol A phosphate transportsere] ¥}
4& AA Asrd(posphate)?t AH = AR o AXM(53), 37} F7|H|AE
thiol#} 2% & Sl SHS 7HAL o], A Wl & B2 249 F8&Ad =

=

e =gt AZIH54, 55). Hl A9 H4
6
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1=}
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Cl}H GSH Cl}H SAM QH
— 0O=As-CH +«——— As—CH
Als - reductas I 3 As3MT I 2

CH, CH, OH

Dimethylarsinite Dimethylarsinate Methylarsonite (MA(I1))
(DMA(IINY) (DMA)
GSH T reductas

‘:I:IH GSH (T)H e CI)H
O:n?\s-DH T Aslj—OH m} Oszﬁs-CHa

OH reductas OH s OH

Arsenate (As(V))

GSH /
SG

Arsenite (As(Ill))

Methylarsonate (MA)

SG
Aé—SG S > Agl;— SG Monomethylarseni
| | : ;
SG As3MT CH, diglutathione
Arsenic SAM
GSH/ NS‘BMT
i $G
T AS—CH,
g CH, Dimethyl
Methylarsonite arsenic
/ (MAC(II1)) GSH I glutathione
dik OH
OZ;?\s-OH A?— CH,
CH o

3

Methylarsonate (MA)

3

Dimethylarsinite (DMAJII))

!

OH
O=As~CH,
CH

3

Dimethylarsinate (DMA)

SAM: S-adenosylmethionine; As;MT: arsenic-methyltransferase; GSH: glutathione.

Source : ATSDR 2007

Fig. 8. Metabolic pathways of inorganic arsenic in mammals.
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Table 6. Acute and chronic health effects in people exposed to arsenic

6’11;?;2;:1 ¢ Acute Chronic
- Abdominal pain - Anorexia
- Vomiting - Gastrointestinal symptoms
- Diarrhea - Skin pigmentation
- Muscle cramping - Peripheral neuropathy
Arsenic - Numbness and tingling of - Bronchitis
the extremities - Raynaud’s disease
- Facial dropsy - Hematopoietic organ, hepatic failure
- Hepatosplenomegaly - Carcinogenic (liver, bile duct, lung,
- Urinary frequency skin, prostate, kidney, urinary bladder)

Source : MFDS
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4 =27HEsHA AR e e 58
2 AP Y717+ Asia Arsenic Network (AAN)7F Afl=o] Fdolrols F4
o® H A AeAT7E AFHL dow, = ARYAUEGelM = A, A%
T, BEQFollA Mlie] A A, FF el Astel #E AFE FHskaL L

.

vl =9 =y} Massachusetts Institute of Technology (MIT)E “Arsenic
Project’& A Y3l A= H5xHo=z S8 o3 Jdd & oo &3t EAE

o) siAS flsl Al AAG vz dFAR 5 fdY A, A sk

A A7z g A rle soll B ATE FEoE FXsta At

vl Environmental Protection Agency (EPA)olA = H] 49l =& WdAdS 11
#3te] 200195H S&FU vl FE&7FAE 10 ug/kgoE AFstabAA Bl AA
g71=] 7 2 AEE 7ls A Gol ALFoEN HAh AZES 98 =95}
a

FEvere] A AR 20129 EYGSAY 2 EGed HHEAldAME d=
1521745 e

mg/kg (0~48881 mg/kg)ez BAQlEo] 7|EA 23 AL FAHA ot
(Table 7). &y AAAEE S35 = L

A AdLe, B R AAASEA Sl HlA o] ZIEAI(1A

271% 25 me/kg, ANE 5 mgke)E Zashel UED 9ge welFo] %
A vad e 09 HeHE melFa LTkED.
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Table 7. Heavy metals pollution of soil in Korea

(Unit : mg/kg)

2004 2005 2006 2007 2008 2009 2010 2011 2012

Cadmium 0.092 0.078 0.076 0.063 0.049 0.059 1.094 1.29 1.00

Cooper 4.382 3.768 3.587 3.799 3.521 2994 19934  23.80 21.00

Arsenic 0.05 0.167 0.481 1.064 0.241 0.338 4.821 5.64 5.05

Mercury 0.036 0.016 0.025 0.053 0.037 0.042 0.030 0.04 0.04

Lead 5.854 6.162 5.395 5.068 4.042 3903  26.763  35.80 213

Source : A survey of soil monitoring network and soil pollution in 2012, (2013)
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A AGEAR B oHE Group 322 EFstal th21). EPASH ATSDReA
= CERCLAY®| Priority list of hazardous substances (Substance priority list,
SPL)el ©@<es] ‘HAdo] Fd #9198 H5o] ofd 7} =459 =EH%E 54, =
7}9-A <=9 & = (National priorites list, NPL)e] 217t that A% =& 98 %
o 3ol W FAEdd HAE A WA =9 SdF

A=A oltH(6, Table 1).

H 4 B B[AagighEel] gk QI A HalE & ¢ de AdTEsE B2 AT
E Atgo R oy 7oA AAsta vk ATSDRS B4 shekEo A4 F el

#2918 4= (Minimal Risk Levels; MRLs)S F71H4e] A5 F4F55014

K
o
rr
X
N
of
Fo
e
to

)
o

o] o

A o]3}) 0.005 mg/kg b.w./day, Y551 ©]/) 0.0003 mg/kg b.w./day=, |+
7181 &9 A MMAY olgA=%5(15~364Y) 0.1 mg/kg b.w./day, "=
0.0lmg/kg b.w./day 18] DMA<®] " F 52 0.02 mg/kg b.w./day= A7A3I3
At JECFAOIA &= 1ztel fal7t gle AEe &9l nlae] FAANHASEF
(PTWDS 15 pg/kg b.w./week (2.1 ug/kg b.w./day)Z At Aot 28y =
dol e ofe] A A 722 JECFASI Y34 (20100E #etel o

—_—

>

¢1¥ BMDLo5(3.0 ug/kg b.w./day¥ 2~7 ug/kg)e] W <to] 715271 £3 5

d

of f o] 7]Fol &35t Yrte AES Uy PTWIE #7|stger, o4 Al
28 7S AAER &kthH20). E=3F European Food Safety Authority (EFSA)
A% AA JECFAS 7Hd HZe A¥dE w21 QIvh(29). vk oyt 55, 37
s, T 2893 G5 T o8 I7MEAARE A= A ste VES A}
of grAlsta vk eyt o] F HlA&e g VlEs B Ad 45 =7

_24_

Collection @ chosun



(BFS AN, F3, F9AG S)vte] wastgE F 54l

Hir

I

71B] 2ol s ARt 7RIS eFar Q= A A o]t (Table 4, Table 8-9).
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Table 8. Arsenic standard of Korean food standards codex

Food Limit (mg/kg)
Capsule products 15
Other
Foods
Refined and processed salts 05
Edible oils and fats 0.1

Source : Korean Food Standards Codex (2013)
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Table 9. General and specific limits for arsenic in food products of UK

Arsenic limit

Descripti f food i i
escription of foo (ppm) in weight

1. General limit 1.0

Specific limits, distinct from the general limit

1. Non-alcoholic beverages, ready to drink, not otherwise specified 0.1
2. Alcoholic beverages, not otherwise specified 0.2
3. Black beer and mixtures of black beer and rum 0.5
4. Soft drinks intended for consumption after dilution and undiluted fruit
juices (including concentrates intended for consumption after dilution to 05
an extent not greater than ten parts to one, calculated by volume, for '
use by a manufacturer of soft drinks)
5. Ice cream (including frozen confections and any other similar 05
commodity) ’
6. Onions (dehydrated) 2.0
7. Hops (dried) other than those intended for use for commercial 20
brewing '
8. Liquorice (dried extract) 2.0
9. Gelatine (edible) 2.0

10. Yeast and yeast products (other than brewer’'s yeast intended for
use by manufacturers in manufacture of yeast products). 2.0
Calculated on the dry matter.

11. Chemicals not otherwise specified 2.0
12. Chicory (dried and roasted) 4.0
13. Herbs (dried) 5.0
14. Finings and clearing agents 5.0

15. Hops concentrates other than those intended for wuse for

. . 5.0
commercial brewing
16. Spices (including mustard) 5.0
17. Chemicals for which an arsenic limit is specified in the British 20
Pharmacopoeia Codex '
18. Brewers yeast intended for use by manufacturers in the 50
manufacture of yeast products ’
19. Iron powder intended for use in the preparation of flour 5.0

Soruce : Food Standars Agency in UK
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A3 -9 AF R dx2F T vL R HLEEE AT T

AdA o w WAsE BlAR Q] &7 2ol Ha odE &

vp o= ol 7hA] Aol £A7E o7l "k ol ©ed s&ge AR
e = Aol ofet A w=fkel oA FAAME FAENY TMHeR O
A yA v R S7F st e Ee] LAY HIFAHORE oS AFoEM
AAs e Azl Al vl &9 Ao & vjafrt FA e Al ot

A& sk A3 712 1967 WHOZF % H] 4 2] Maximum Allowable Daily
Body Load (MADL)E 50 ug/kg b.w./dayo.= dA3%3, 1988 JECFAC| A &
2o)H) 29 PTWIZ 15 pg/kg b.w./week (2.1 ug/kg bw./day) oz AR om
Hrolls #d A7 AEE Ed2 AYe] BMDLes7F Gt o8 3.0 pg/kg
b.w./day (2~7 ug/kg b.w./day)® A Zo] AAEo 7]E2] PTWIS #HAsE 5
A& AFE Fdstar JTH20).

FAA=E A Eokd = (New Zealand Food Safety Authority; NZESA)o A= &
2ol H FZEAHTotal Diet Study, TDS)E 1974/75, 1982, 1987/83, 1990/91,
1997/98, 2003/041 = 2009l zl&sto] A% F HlA HAAZFS Hristdoen, &
8], 2003/04d = A= T TEEHMEIL, JtEHE, § 2 F2)8 dRFEs B3t
248 TEFEY FFo] BF WHOS PTWI Hub vigron F7jujx
AA PTWIC 17%2 @A &= dvta Basgoh w3k, 20099l 458 2
* & HEFEe] 001 mg/kghtt A& HlA& s BATL v 1y Hl A
ol 0.01 mg/kgs ZHsk= AF oF 90%7F o 79 ol FHa A Fed g% A

kil ®alste] o] AFe 98 7heAds dFol Fa AThB9). wA A= F
Aol mEF(19~244 A2 FA)& Table 103 #Zt}
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Table 10. Dietary exposures to total arsenic (19~24 year young males)

Estimated weekly dietary exposure (ug/kg b.w./week)

Element
1987/88 1990/91 1997/98 2003/04 2009
NZTDS NZTDS NZTDS NZTDS NZTDS
Arsenic
6.7 15 8.7 9.1 104
(total)

Source : NZFSA (59)
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rr

b HAF A3 AN S FeA B AEHATA R, o
Hutkel Fel digh =2 59 F7HlA HE: A3e A5kt FSAoA &<l
H B FrHA e HiF 1lmg/kgo® oF 18g¢ Fo| 198 ug (29 ug/kg
aL, o]& T0kg A<lel 3 ug/kg bw.E A=
A vlszsitt. o] A= JECFA® 15 ug/kg b.w./week (@A 7]+ BMDLos
o] Wl 2~7 ug/kg b.w./day 1)l 15ufel a|Fete= Fo=2(75) =G H= A
IRl Al Fo] HHE AA & AS dastar Y75, 76). E3F o2 g AIE ut
o7 9= The Committee on Toxicity (COT)E & AHS I s
FASE A Astar AvH(75).
gy olgk whoim %o AHZE JPE Wol o]FoA i Sl dEAdAE
JECFA®] PTWISt WS W S0kgel AFTs 7Hd A
person/dayell Z43sti, A £ Fo F7I¥A FHi FEE 227 mg/kgl®E wd

47 g ol HH3A gow wie PTWIE WA ¢om &z Fo ¥ass

Hl 2ol o) 7k M4 s ¥
tH(58, 77).

STllell A 1998 59 A Aol A WA kel 05~34.6 mg/kg HEEH A
Hl o] frafdol disl ZAA Ho Al Hor Ees doxl v dn adHy
A7A el val Fulaol d 71E - AR vtEE A FeltEg VeEw AA
g A3 zvjde dis) AEVIEo® 7h=H 03 mg/kg olsh) HolA HEE H&
of giF-&el FAol 79 it &zl FrHl4 stgEoln® hddtve AR

& WESIAAW FUY A2k FYHA go} wasteFe B4 A7 ey

1)

A7 AE7E dojwrts Bie itk Fgska 9l

FaES AN T AAFFEA L dAAA vL SFEES TE - 43
o= WHWEol olgHol $om(78-80), AlEE Thioglycollic acid methylester

(TGM)e= =3t AlA GCE A 8h= WHERE AHEHo @D, H o= Al
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234 Aol FYste] BAstE W EC of&Ha At FE =& IS 7HA
+ High performance liquid chromatograph (HPLC)$} ¥& HEUEE 7IA a1 9l
+ Inductively coupled plasma (ICP)E AZAAIZ1 B4 7]xo] AREHojA L lon

(82-84), A3t eyl FHEHA g3 YT arsenosugar?] A4S H3

A
M
Ak
Sh
1
_O‘L
rir
r2
-
k1
-
o
i
f
%2,

Electrospray ionization (ESI)E coupling |

th85). oI5 71715 o]&3 WHE FE & FAE, &5, AEF T ST

AEE Igom HASTF] Fe -34S FAo=E A7 daxa
Ul A = 20001 o] % o

T Fe - A tig AT FRE7] AlASY 27 Fa dge TR AR

Arolv 29 wEAgY EY AT T AAANEE AR e, F=

Hydride generatione &3] T43ES WHAR6, 87)A1A ICP-AESH AASE o] &

< H

sho] RAuaES BAsdh 2o AR S QAHoR ARAGE HF 5
2 oo fagel #e ATst Wbt ol FolHm Qon, AF F PR

2] 99 BARAS B4 fEAs g glol 257 918 SPE (88, 89,
90t HPLCE ol §dte] AA4el 342 AN F o ICP-MSE ol gt W
o o] g5 gtk

SAR olgs Tl - oMo ula R MaHEF e oY b 2
F 2 guEel AEsHel AR dAW st HAHE HEEY FR:
Foglol B3 wAe el Hi HESS WgHo ol olE MiRNEE

¥ 53 dlxzw Fol Al T R HdAel tig Aok HF s & el W

o)

it

lo
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A3 As R TH

Ald 4845 R 77

Aok 4574, 119 6071, & 2771, EAEE 1538 5 F 5% 2000 & W] AgEs EE
Alm2 st AFE Pt (Table 11-12).

2. Nk R EEEE

AT Fulh ¥ w2EEE B - 2AS A6 &

|t

Aleke SFAE

ol
rlo

T8t Algst¥ o, FH4E Milli-Q ultrapure water purification system
(Millipore Co., Bedford, MA, USA)el| 93 182 MQ F+o = AAH =& A&t
At

el AeE ffsl AR AAHHNOy) Ik A(H:00)= 2 Dong woo

fine-chem (Iksan, Korea)?| electronic gradeS T 3te] AF&3l9 o, & Hl A

A

Ao Alg® EFEZQ arsenice Sigma-Aldrich®] sodium arsenate dibasic
heptahydrate (NasHAsO4.7H:0, 99.9%)5 A}-&8-3} 4t}

H&skekEe] e E4e & AMgE ZEEdE T FUIHIATd As(
[sodium(meta) arsenite; NaAsQOs;, 99.0%]9} As(V) (sodium arsenate dibasic
heptahydrate; NasHAsO..7H-0, 99.9%)+= Sigma-Aldrich (St. Louis, MO, USA)9]|
A FYsled AREEA A, /718l 4&FQ] DMA  [dimethylarsinic  acid;

(CH3)2AsO(OH), 98%]+= Strem Chemicals (Newburyport, MA, USA)9} MMA
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[monosodium acid methane arsonate sesquihydrate; (CH3)AsO(OH)2, 99.0%]+=
Chem Service (WestChester, PA, USA), AsB (arsenobetaine;
[(CH3)3As]'CHoCOO', 97%)%= Fluka (Buchs, Switzerland) Z#i AsC
(arsenocholine bromide; [(CH3)3As CH.CH-OH, Br , 95%]+ Wako Pure Chemical
Industries (Osaka, Japan)olA )3t}

HPLCol A}&"  o]%AS  ammonium bicarbonate (Merck, Germany),
ammonium phosphate (Sigma, USA)®} ammonium nitrate (Sigma, USA)o| ™,
ammonia solution (Merck, Germany)S ©]-&3sto] o579 pHE Z4A3Atk v A&
I 2 5 93 A8 methanol?} ethanol (Fisher, USA)<2 HPLC
AH&3E3A
W gE 9l
CRM (Certified Reference Material)?l DORM-2 (Dogfish muscle; total 18.0+1.1

2
P

ofN
Ra—
e

o
o
o

ol
ol
tlo

ft
r

] F¥+=E2< NRCC (National Research Council Canada)2]

Ll
ol

I

mg/kg, arsenobetaine 16.4+1.1 mg/kg as As)®} NMIJ (National Metrology
Institute of Japan, National Institute of Advanced Industrial Science and
Technology)®] CRM 7405-a (Hijiki Seaweed; total 35.8+0.9 mg/kg, As(V)
10.1+05 mg/kg as As), 7503-a (White rice flour; total 0.098+0.007 mg/kg, As
() 0.0711+0.0029 mg/kg as As, As(V), 0.0130£0.0009 mg/kg as As, DMA,
0.0133+0.0009 mg/kg as As)E AF&3te] 3|+& T& sttt

3. 7171
el & HA g B4 F nlasteFe] Z2 - B4S A8 Al 7
AAEE Z4S4 (Milli-Q ultrapure water purification system, Millipore,
Bedford, MA, USA)E o] &3t AlHstAtt MAE A& dry oven (HB-502M,
Han Back, Korea)S o] &3dlo] AZ3F 2™, blender (MR 350CA, Braun, Spain)
2 EHste] Ful Aot v AasteE e - A4S 9% AlRE sHlh

EHF = FH A AF BAL 3 EE AEE microwave(Microwave

rot

system, Multi-wave 3000, Anton Paar, Graz, Austria)S ©]-83}o] Az FI&
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Ttk WAy @s¥® AEE ICP-OES  (Varian  Model  730-ES
simultaneous CCD, Wyndmoor, PA, USA) % ICP-MS (Elan 6100 DRC @I /
Perkin-Elmer SCIEX, Norwalk, CT, USA)Z duAd3d 3o =& L9
ICP-MSE o] &38to] HFEA shaih

3 2572 Hl 4 3}etE[As(), As(V), MMA, DMA, Arsenobetaine,
Arsenocholine]®] &2 - #4& 9

420, Hwasin Technology, Seoul, Korea)& ©|-83}o] F=33tt o€ F&% Al

o,

| Ed3E AlRE 2S5 93EE7] (Powersonic

8= 2P A 22 7] (Hanil Science Industrial, Inchon, Korea)Z ©|&3to] A&
2](5980xg) ¥ % 045 um nylon membrane filters (BDH, Leicester, UK) %
Oasis MAX cartridge (Waters, Milford, MA USA)Z o]&3slo] 7 AAANS A&

F FEAES Nusgon, o2 o§ate] MAHE Bl - RS A AR
stl et
MasetEe R 9 ARRAL faAE 24 %A 22 B 9 (HPLC,

=
©

VP series, Shimadzu, Kyoto, Japan)®] #2]ls8 3 ICP/MS9 =& #Ax9o 7
=595 233 HPLC-ICP-MSE o] &£3to] 4335}
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Table 11. The number of seaweed species for total arsenic and arsenic speciation

Number
Species ]
] Arsenic
Total arsenic L
speciation
Total 348 200
Laver
(Porphyra tenera) 70 >
Sea tangle 121 45
(Laminaria japonica)
Sea mu‘starq 3 115 60
(Undaria pinnatifida)
Hijiki 27 27
(Hizikia fusiforme)
Gulf weed 15 15

(Sargassum fulvellum)

36 -

Collection @ chosun



Table 12. Sampling region for analysis

Species Nimber of Coval Keng - Doe Do Gns gy
Laver 70 8 15 16 7 11 13
Sea tangle 121 15 24 24 16 21 21
Sea mustard 115 17 30 12 18 16 22
Hijiki 27 6 2 8 8 3 -
Gulf weed 15 - - - - 15 -

Total 348 46 71 60 49 66 56
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A2d AT

Qi dhgkEeltt & mi ole b4 o|BAL AAS 8 zes AxPA
(Milli-Q ultrapure water purification system, Millipore, Bedford, MA, USA)Z
o7l 37 FRAR 58 AT F ANRE Ao BAARZ stk vot o

Auksh gro] wirheld AAE F AHIY glo] vz AxH F HEHE AFS
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Ha ok a2y gL Aol A S92, 95)R T FHE S F A EEH (20,
93, 96-98)¢] dutHow A& ojxa o, FHitel= EHe] o EAHO
2 9]

a7k A5 vholazslol ol F2 ol I ATHOY). AX Y A

=
24

!

b

A B o] vl Hon, & LA WE ATkl AR

il

¢l HNOs, Mg(NOs)2, AI(NO3)s, Ca(NOs3); & A=t &7 3stzoA 450~55
0Ce 2x= ®asta 337t grd AE YAl A8 S o] &slo] Ajggdoz
AbEshE W ol th(22, 92, 95, 100). 18y F= 2000 ] o] Hell AREdH

o2 ZaRd T ARSEE A Asetadle, SAUEESY AdstRzAz <l
o 2dd, 9] 33t #}4 F Arsin (AsHy) @ 22 U4 v s gdEe] &4 5
o] 4 W ajleol A& heA LeHAe] WARE] Qo oY TEH

tlo

Ao BA87] Qe Alme] AAE WwHoRE A4S st )
SAESN (20, 22, 29, 93, 96-99)= NGNS ol g AnE Ralss wpe
% hot plateE ©]&3 U< WHI microwaveEs ©] &3 WHo| tjEAolTh
AHEE = AHE el 2 HNOg7F w5 o W 7 HCIOsM HoSOs8F E3}314
AbgshE W ol glom, Akste] FX1& flal AbstR AR Ho0. 5 3 7Eske] &al
gomA o] A9 AyeA AAREAMETG =2 IFE&S BAvs Bk 9
TH101-104). 12y AF3x(22)9] rk-Aime HE: 23 & =3 =&
Z2k(b.p. 337C) AA] ojgo=z

£ o WEH Bo] AREEI Avk HT &l

it
>
oo
off
rr

HNOs&= A#F% EY 59 #4& 9% FalWHd EPA method 3051 (105)¢]
Agarow AR FEE FBANG] M wel AgHIL e EFAS A
$% W vk gge] BPsA &

EN e E e T

&
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Table 13. Comparison of institutional microwave digestion conditions for

the analysis of total arsenic

Korean Food Korean Food
Standards Codex Standards AOAC ISO EN
explanation book  Codex (2013)
01~05 g
05¢g 02~05 g (dry) 02~05 g (dry)
. 1~2 g (High 1
Sample (dhed sea mstard 01 @) moiitt(lre)g 2 g (wet) & 2 g (wet)

. HNO; (7 mL) B HNO; (6 mL) HNG; (6 mL)
Preparation .15 (1 ) 0, @mp OSmL gy @)
Final 2% i, 2% i, ) 2% ml

Volume volumetric flask volumetric flask volumetric flask
ICP, AAS, | | ICP, AAS,
Instrument ICP/MS ICPAVS AAS AAS ICPAVS
_ 4 1 _

Collection @ chosun



(1) ARbF 2l
TH A0 B4E S8 PE ARt ow ARg = a2 HNOs, HoSO., HC,

HCIO; 59 AF&HE AREate] Ealist 7Ly, A& ol9]o] 43t & 9l 4Fst
HEAZ HO0,E FH7F3Fe], hot platett hot block$lol A F8]Zet~aE o] &3}
Hste F2EaHelth £ AdddAs A5 FalE f8 &
A8 ZHepsAe AlE 9F 3 g¥ HNOs 25 mLet HoO: 2mLE ¥ & 33 $
hot blockel Al 150~160C = 71l ar). Ed-ae 7hedalr] A oF 124 1HE %
) WAste] ARE A AR whEo] Z dojd £ QI E Gglom, 10~124]%F

Aol gefol HA st olE 50
mLe Zg o' (PE) volumetric tube o il HNO3=Z FHZF 7 mL7A A &
25 go] B wW7tA SRR A AF&Hew ARRS A THFig. 9).

oA AIRE &

fl
o

o

o=

ofr

ot 7tgde F Ra|Eol 5 mLe v A~

L
FaitES 98 AACE sonicatord] Hil 60T =2 oF 2
5 ol&3te] WAL F hot blockell A 150~160C = 10417k 59k 7Fdd + 5
o]l HA ATk o]E 50 mLe EF A (PE)
volumetric tube ° ¥il HNO3® HE 7 mL7bA A § 25 go] & wWj7hA] S5

2 AN AP eon Agatar.

(3) Microwave®
A5 05 g& PTFE (teflon) &all-&7]o] A5 H=Fste] +Hleta, Eal&Ho=
HNO; 7 mL¢} 2bshAl2 HoOp 2 mLE 718kl microwave &34 E o] 83}
Bt EalE 93 FA ANE5H 2L microwaveE o]&3to] Al A
= Adgsto] Fa &7 EAQ Fevt 7 ge de gedste] 2

4 e FHlE AR 05 g5 PTFE ®af&7]e 23 A &Fste] Fnlskal, HNOs

o

7 mLe HoO2 2 mLE EAZ A7 3 microwave E3]ZXE o] &3lo] £
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3t Microwave =32 AbEs] AL L3 2ok @ 1000 Well A 80T

=2 587 @ 1000 Wol 50C= 57 @ 1000 WellAl 190C= 15%3F @ 1000

Well A4 190C 2 2083, 28l ® 0
=l

el Eolgy BaAe T

>
=

oA 303t WA A ¥7 5 PTFE &
50 mL PE % X.(Corning NY, Mexico)ol| =7
@3, 7 mL7F 2 w7hA HNOs&E A§-11 s 25 gl 2 A9 Alg&do=
AH8-8F S tH(Fig. 11).
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Sample & Oxidant

— sample 3 g in digestion flask
HNOs 25 mL + H202 5 mL

Stay

— for 12 hr at room tempeature

Digestion

— for 12 hr on heating block up to
1707180C

— add some HNOs and H:0: to flask
until colorless

Mass up

- to 25 g with solution

Filtering

- 0.45 ym membrane filter

ICP-MS/ ICP-OES

Fig. 9. Analysis method for wet digestion.
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Sample & Oxidant

— sample 3 g in digestion flask
HNOs 25 mL + H202 5 mL

Sonication

— for 2 hr in sonicator with 60C

Digestion

— for 8.3 hr on heating block up to
1707180C

— add some HNOs; and H:0O; to flask
until colorless

Mass up

- to 25 g with solution

Filtering

= 0.45 ym membrane filter

ICP-MS/ ICP-OES

Fig. 10. Analysis method for wet digestion with sonication.
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Sample & Oxidant

— sample 0.1 g in vessel
— HNO3s 7 mL + H20> 2 mL

Digestion

¥ Digestion program

T
X

F—" step.1 5 min. 80, 1000 watt

000 watt

PO M WH 8w

: 1
M step.2 5 min. 50C, 1000 watt
; step.3 15 min. 190°C, 1

1

step.4 20 min. 190, 1000 watt

Mass up

- to 25 g with solution

Filtering

- 0.45 ym membrane filter

ICP-MS/ ICP-OES

Fig. 11. Analysis method for microwave digestion.
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2FS mHse] HNO; ¥ 52 196%=2 A&sgon, B8 gZzgdE 196%
HNO; §do= A9 HE %57} 10 ppmo] HE= 3|43 & 1,5 10, 20, 30,
50, 100, 300, 500, 1000 ug/kg?) FE= A Zate] o) A Al ot} L8814

solution (in HoO)&. & 3]4]35lo] ALt AHHEALS 879 2442 o & 2 T
stlar, Almetel RE sheko] HuEpAMuld x3E A AASAY. AFd 54 A

thdzte] Wel= AaAlFase 2Y SAY9AE SHSHA FAsA L, Als &

GHol T vEE A stdon, AF

71 el FARAHer A9tk 3 blank (deionized water)® M A A 374 o]

ehmE wizbA] w) EAAETE Al zste] AJFe] EAolu wAed oo <l
=

B4 F Aq@ T2 B,

mlo

1

g}, ICP-MS, OES 7]71Z7d 9% Ful& TF 24
Zhe] wagel wel dAEE ARENS AFTH@2)] AAEH = W
Hel ICP-MS, ICP-OES 18]3l AAS-Graphites % WA 5 4SS 93
ICP-OES¢ ICP-MSE ©]83te] 77t Table 149} Table 159 x71o= ZA 313
t}. ICP (Inductively coupled plasma)is= 1960t FHbo] <d=9] Albright &
WilsonAFe]  Greenfield &2 Iowa ©de Fassel sl a4 OES (Optical
A= A em(107), A= MS

5

==

emission spectrometry)ell AF-&3F7] YA S
(mass specrometry)®] 2% 3+ ion source 9&-S 3}

al
ICP-OES+= dutdog R EXA BEXolee] e E#o 3352 3o
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TE2 BN AlEEHE Ar gas®t AlFo THEo] 9+ NaCld wkgo =z Ase}
2 AFE Bol ICP-MSE o] &3 4 WAz 283 4 9t

a3y ICP-MSe DRC modeE ©|83}¥, ammonia (NHjz), oxigen (Oo),
methan (CHs), hydrogen (Hb»), nitrogen oxide (NO) % carbon dioxide (CO2)$} %+
& EA WkSgase A&} flow rateE Z4A3dto] WeldAE A A & S 2 vk8s,

89, 94, 95, 108).

A7t
g o5 ol&stol FEAS sttt 3 National Research Council
Canada (NRCC)¢ <& isEd(Certified Reference Material)?l  DORM-2
(Dogfish muscle; 18.0+1.1 mg/kg, arsenobetaine 16.4+1.1 mg/kg as As)¢
NMIJ/AIST (National Metrology Institute of Japan / National Institute of
Advanced Industrial Science and Technology)®| Hijiki Seaweed (NMIJ CRM
7405-2)¢} White rice flour (NMIJ CRM 7503-a)2 Al&3te] 348 23S 24
2103

AZ A (limits of detection; LOD)&= 34 & <]

Uiz 3wl E, A=A (limits of quantificaion; LOQ):= 10¥] = &Fo] A AF3sFS

=]

cHAE AFde 7=
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Table 14. Operating conditions of ICP-OES

Instrumental parameters

RF power (W) 1,150

Spray chamber cyclonic type
Nebulizer concentric type
Nebulizer gas flow (L/min) 0.7

Auxiliary gas flow (L/min) 05

Coolant gas flow (L/min) 12.00

Sample uptake flow (mL/min) 1.00

Torch EMT Duo

Analytes and Measurement Mode

Analyte As

Wavelength (nm) 193.759

_49_

Collection @ chosun



Table 15. Operating conditions of ICP-MS

Instrumental parameters

RF power (W)

Spray chamber

Nebulizer

Nebulizer gas flow (L/min)
Auxiliary gas flow (L/min)
Coolant gas flow (L/min)
Sample uptake flow (mL/min)
Torch

Interface cone

Lens voltage (V)
Quadrupole chamber (torr)

Reaction gas

1,300~ 1,400
cyclonic type
concentric type
1.0~17
1~1.3

16.00

1.00
Demountable
Platinum

5.5

1x10°°

Oxygen

Analytes and Measurement Mode

Scanning condition

Analysis mode

Analytical mass (amu)

Dwell time 250 msec
Sampling 3.9 pts/sec

DRC mode, O, 0.5 mL/min

MTASO'(as As)
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2. 3

EN

5 571 R w71 &SEE 24 47

7hov&3eE 24 S A% AE AAE

H] 23} 8f

ofN

o] By - EAS fs) EEIE ARAE 1g¥ 50% methanol 10 mL
= 50 mLe ZZE#:A(PE) volumetric tubeol] i1, sonicator (Powersonic420,

Hwasin Technology, Seoul, Korea)oll Al # A3} © 60Ce =L=2 247t 5 =&

W3EES 3 3 A EY 7] (centrifuge MF 300, Hanil Science Industrial, Inchon,
Korea)oll 5980xge] T & 7I&E2 1087 942 A9t
A F v&sstEe FE5& A8 AMSEHE BE FEEve 25549

=
3 FAE S48 918l 19 HNOs 9oz xAlste] Abgsiarh. A4%els

Sttt ol #HA ¥ BYds st FEE&ek A HAFTFATE 25 gol HA
| A stk v AsEtEe] e B AFEAS SeAE T AAAZ v E LY
(HPLC, LC-VP series, Shimadzu, Kyoto, Japan)® %<& #g#%dH3} ICP-MS9
et A th(Fig. 12).

i
rlo
oy
ki
lo
mt
i
off
)
m[o
E%
ok
an
0
=
O
H
"U
Z
w

Ll
3
QL
2
+

__%
aste el Rl - 24 AL s ol AFNA NE FEEWNE 2es

(110), 10% methanol(111), 50% methanol(112, 113) 2] 1 90% methanol(114) %

o

| 2 AHEHEAY o] FE28ES F2 carbons EFSIAL Ae F7IHAT
FEF B85S =0]7] 98] methanole] A& EH T E A= AR
ststFol HA FEx7S s A =49, 50% methanol 183 30%

ethanols vl &2 dAHste] 5 a&4F S AP

o

FES A8 9 1 g& 50 mL PE volumetric tubeo] ¥l ztz}e] F&&9E 10
mL F=Y3al shakers o] &3dlo] 583 &5 § A2 A sonicatorg ©]&3te F
=3Fo] HPLC-ICP-MSE o] &3] 2845 vl - dEsty 4 FE2x1s &9
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9. Are FHgoe
A48 3 F HAL 045 um filter olzher v

_52_

Collection @ chosun



Sample

-1 g in 50 mL tube
(dried and homogenized sample)
- 50% methanol 10 mL

Extraction & Centrifuge

shaking for 5 min
— sonijcation for 2 hr with 60C

centrifugation to 5,980xg for 10min

repeated twice

Filteration

- 0.45 ym membrane filter

HPLC-ICP-MS

Fig. 12. Analysis method of arsenic speciation in seaweeds by filteration.
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I A mE HAY FE2AS GHISET AR 1 g% FE89 10 mLE 50
mL PE volumetric tube®] ¥ 1 shakerZ ©]83l 5&7F 33 & sonicators ©]
g3l 253 FE2E& SAY. 229 FE Al FEATL 30~2402 B9 W

A 30 99 E AAS Y HA FEAES YT FEEue HF:How
centrifugeE ©]&3t4 5980xg9 TEHI/IELER % 2]
A le 045 um nylon membrane filter2 o] 33t & H] A3} F

HgNo=z g}

Al
™

Ho
M
rob
o

M
1%
o
do
rot
>

(3) Solid phase extraction (SPE)®} membrane filter®] 7 A
H A& T35 A% Als dA-9 A8 T 9a 3 45 98 HNOs% 2
2 Mg S o] &3 AR RS AAHS AXNA Fevh 2E7] Wzl BAA
% "] HAgEEE A e FEAAS HisEoF ey

HAFE FEEH0 vEke ol o]lEAE0o] EA3e] nebulizer, torch, sampling,

S~
52

1l
r-1u:

skimmer cone& 9o} A48t} st B 9| signal FEE W7 H O R TFAA
Z Atk wEA ol 5 olZAS A ASHEA A ghel FFE A e AAH
ol dgasirt

2 AT {5 HASEE BAS g dA e #BolA Oasis MAX
cartridge (anion exchange)Z ©]&3% SPE F&WW3 o< 045 yum membrane
filterE o] &3 AAHS vust

SPEE o] &3k MHe HAAg]ld A5 = Oasis MAX cartridgeE ©]-8-3Fo] H|43}sH
T 7= % odets HHoE AR FEES dAEY FG7HA v $ cartridge

&

gto] EAsta A ek HlastetEs Y odsh= WRelth 41 cartridge

il
o

= methanol 10 mLE EA43A)171 & 50% methanol 10 mLE Y& 3 cartridge’}
np2 7] de] AAEE AN 5 mLs Ytk A &8 & 5 mL 50% methanol<
F7IE EHFo] FEH £9L8 348 10 mL7FA] 50% methanol® 2§ FHFHo

2 3 & HPLC-ICP-MS #4118 A &2 A}8-319 tHFig. 13).
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2ol EFEoIA= HlAastsrE 9 FqFS 2 - £48H7] el 67FA v A&
stetE T2 (As(I), As(V), AsB, AsC, MMA, DMA)2 543 =718
3t7] 918 19% HNOs& Moz 3Ase] 2z 1000 mg/kg stock solutions A &3k
T ol& 4T o]stollA AAsAIL108), v A4 Alvith ARFd S 9% BE
& ot

dow Azate] ALsATh AR 9T BN Aol HAFEES Ee

off

o 10 mg/kg TEZ Ag £ 10, 30, 50, 100, 300, 500 13 1000 ug/kg®]
E7F J=% Axsaih

Zzke] wagets BAS @ AR A AT Az BN Al
gato] T AFHL THY OB FrEE Sglu, Amce] HE Bho] AY
Aujel A A AASAT S AREA B v dase] was ¢
Azase 9y 594928 B75EA DRC modeE ol &3kl ZHaAct A%

s ARE BUHss A8 fHAez RAsgov, zes
& 178k7) e AEsh gol A% BAR

. 44 blank: AR glo] A7ldlA AFH AARATHe] fud drx A
=

it
2
i
=
)
to
alts
il
UN
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Sample

- 1 g in 50 mL tube
(dried and homogenized sample)
- 50% methanol in 1% HNOs 10 mL

Extraction & Centrifuge

shaking for 5 min
— sonication for 2 hr with 60°C

centrifugation 5980xg for 10 min

repeated twice

Dilution

supernatant combined
— dilution up to 20 mL with 1% HNOs3

SPE

Oasis MAX cartridge

conditioning with 10 mL methanol
and then 1% 10 mL HNO3
5 mL extract eluted immediately

— dilution to 10 mL with 1% HNOs

HPLC-ICP-MS

Fig. 13. Analysis method of arsenic speciation in seaweeds by SPE.
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2}, HPLC-ICP-MS<| &3t v &3518tF £33 &
v A48t ekE e steh=e dHfol websd zHz v
115, Fig. 14). & 7oA ARE3F 6704 Hlastets =
arsenobetaines A &J¥ Um A= A o]Fd ¢tol Fole FHE AT 4
¥ ol wE columnol HEFFT AdAF sl WHAE AL UATHO0, 115-117).
webA B A3ketEe] B S 9@ anion exchange columne AF&3aL, =AHS
flstel HPLCS #+¢ o3 ICP-MS9| HE s#5 o838t F+ HHE coupling
g HPLC-ICP-MS% Table 169] 27122 Fig. 15 Al2=#lo] 93] #4359}

dutfor SAS e HaEdEd Zd-w24& 98 ion-exchange

v

H #

f

2 7FA 3 Yrh114,

ko]

N
EK

== zwitterion ¢!

|

ut

Ay

chromatography 2] ©]&4 2% sodium®|4 potassium phosphate”’} ©]&4 o= A}
L5 o]E fulx= EX7]7]¢l ICP (Inductive Coupled Plasma)® skimmert:
sampler cone, 12]12 MS (Mass Spectrometry)?] dynode® E°]7}+ auto-lensel
Ast=FE Y ol=d S XA FAYAY AlS(signal)E EMASHA FoEA

45709 PFEARE dosle BALS D Ark1I6). ol @ wAE 7|

Ay

s el 9V ol BAS AME3tE Al acetate, phosphate, carbonate,
bicarbonate, nitric acid, formic acid, phthalic acid 28] tertamethylammonium
hydroxideZ} o]&Ato 2 A& E o)X th(115, 118). 28y I FolA % ammonium
carbonatex= H@3t&E3 2 IHAE=H WA o] A Qlo] H AT A4S 9
3l 7 ol AREE A 3= ol F /el tH(119).

wepa AT A= v AastEEe E BAS E do MY 2 E
¢l wefaclel WAz AEHEe AsE WASIL signale] <HEIE

ammonium (NH; )2 base® 3t o] 5AS Aeslo] wjustich =3 A5

Lo W
o 2

it
i

° EFEAT HA 249 1% HNO:EE Agste] A@gdom shgon v

AstelE EEo] olsdoR 4l ammoniume ©]&3ste FHA FE 21
o

[}

S AFESlY] AR e, HAaE ArCl (m/z 79)d 93 S AlAS 7] 28
DRC mode (Dynamic reaction cell)oll Al #4135} th(Fig. 16).
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(1) M&sters 2o-24E AF oI5 §UAT 27 v
MzseEe] we-EAE A% A SUAT AL A8 oEY A

ammonium bicarbonate (20 mM, pH 8.0)¢} B; ammonium nitrate + ammonium
phosphate (20 mM, pH 9.2)& ©]&3}9] gradient (M2 v & {uj&E olsgio=z
gto] EeFe &l WEE Fo] EAske W) &Aoo siglen,
HPLC-ICP-MSE ol&3to] &4 ZA3s &<133l

HPLC®] &7 =2 & d7dA HEstax s 67H4 vl A&sketE[As(I)
As(V), AsB, AsC, MMA 12|31 DMAJe] EF &<lo] 7}&3stal
of weA #elHe] o= nAlAstekEd AsC, AsB 223 As(ID®] peaks -9
& 4 9= MHA(sharpness)o]l Aow, 7HF Al &elHo] o= As(V)e] F
AR G5 s AdEASs 2] fdl Agrie BEvie] E¥ AE
717y Time I (6%, 10%), Timell (4%, 10%), Timell (3%, 10%) 22|32 TimelV
(2%, 8w)e= AdAste] vl &4 &t

(@) ol54 ol e WaFEE B - BA

Hl A 3teEo] A 22248 938 o542 @O MobileI [A&w]; ammonium

bicarbonate (20 mM, pH 8.0), B-&"l; ammonium nitrate + ammonium phosphate
(20 mM, pH 9.2)], @ Mobile II [ammonium nitrate + ammonium phosphate (20
mM, pH 9.2)] Z28]32 @ Mobile I [A-E"]; ammonium bicarbonate (2 mM, pH

8.0), B€vl; ammonium nitrate + ammonium phosphate (20 mM, pH 9.2)] 59

ol NS 6714 H|xgetES EFEte] Axd FFEAS o]gdle] nlu A5
AT,
ol Abe]l 8¢ ZAS ammonium bicarbonate [(NHy)HCOs; 2 mM, pH 8.0, in

1% methanol]lE A-&v] 2, ammonium phosphate®} ammonium nitrate [(NH4)3POy,
NH4NOs; ZF 20 mM, pH 9.2, in 1% methanol]®] &3 &w|E BE&v 2 3lo] o] &F
Aol 712715 o] &%l gradient$® ¥ ammonium phosphate®} ammonium

mitrate [(NH4)3PO4, NH4NOs3; ZF 20 mM, pH 9.2, in 1% methanol]®] &3 &vj=
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MABEE BAS 98 AW A% 98 A%

ro

A, A

3
A =& el on, NMIJ/AIST (National Metrology Institute of

&

A, A4, A2=E,

Japan/National Institute of Advanced Industrial Science and Technology)2] Hijiki
Seaweed (NMIJ CRM 7405-a)& ol-&sto] 3]+& A4S AAs3th

A Z A (limits of detection; LOD)&= 32 de #F
U kel 3ul=Z, ek A (limits of quantificaion;, LOQ)E 10812 st AlAEsHS

o,

)

S e R S A
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Table 16. Operating conditions of HPLC-ICP-MS

Descriptions

Conditions

As speciation

Mobhile phase A

Mobhile phase B

Gradient profile

Flow rate

Column

AsII, AsV, DMA, MMA, AsC, AsB
2 mM Ammonium bicarbonate, pH 8.0

20 mM Ammonium nitrate
20 mM Ammonium phosphate, pH 9.2

2 min at 100% A; step to 10026 B for 8 mins

2 min at 1 mL/min A; step to 1.5 mL/min for
8 mL/min

Anion exchange,
Hamilton PRP X-100 (4.1 x 250 mm, 10 ym)

Column temp. Ambient
Injection volume 100 pL
R.F. power 1400 W

Argon gas flow
Nebulizer
Auxillary

Plasma

1.0-1.07 L/min, Meinhard type a quartz
1.00~1.30 L/min

17 L/min

Spray chamber

Cyclonic type

Torch Demountable
Interface cones Platinum
Quadrupole chamber 5% 107 torr
Dynamic reaction cell gas flow 0.5 mL/min, O
AsO/Mass 91

~ 60 -
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Compound Formula pK.

Arsenious acid OH-As-OH

As(lll | 9.2
OH

Arsenic acid OH 23

As(V) o 6.8

OH—As=0 116

OH

Monomethylarsonic OH 3.6

acid (MMA) - 8.2
OH

Dimethylarsinic CH- 1.3

acid {DM:"&J OI/J\S—OH 6.2
b

Arsenobetaine CH’

Al s As-CHyC0 22

b o
Arsenocholine (THH3
(Aschol) CH«j—,ﬂ‘\s-——CHg—CHE—OH -
CH,

Source : Arsenic Speciation in Humans and Food Products (A Review)

Fig. 14. Formulas and pK. of principal arsenic species.
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Mobile Phase =T

HPLC Column

ICP
g Waste/
— Interface

Computer
ICP-MS

Fig. 15. HPLC-ICP-MS system.

PPOIPOIP
b adidd
Plasma Cones lon Dynamic Detector
Lens Reaction Mm
Cell Speciromeler

Fig. 16. DRC system in ICP-MS.
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Ay &4
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A1d =

AR AR =12 HH43
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=
=
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1
R

Aol o Ag

H
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Exe!
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el
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o
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ko3
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S 344
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Table 17. Recovery test of the wet digestion method

Digestion . . Wet-digestion .
Wet-digestion . L. Microwave
methods with sonication
Time (hr) 24 10 2
Dilution 3g—>25¢g 3g—>25¢g 05g—>25¢
HNO3; 200 mL HNOs3 80 mL HNOs; 7 mL
Oxydant
+ HoO2 5 mL + H.0O2 5 mL + HoOs 2 mL
Temperature 170~180C 170~180C 190C
Recovery (%) 97.8+2.3" 99.3£1.9 96.7+2.1

"Mean+*SEM (n=3)

- 65
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Table 18. Total digestion time of sonication with the wet digestion method

Sonication Digestion time (hr)
time Total digestion HNOs

at 60T (hr) First (dark Second time (hr:min) (mL, each sample)
brown fume) (clear)

0 4 20 24:00 200
0.3 2 12 14:30 120
1 1 9 11:00 100
2 0.3 8 10:30 30
3 0.3 8 11:30 80
4 0.3 8 12:30 30
- 66 -
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A zFo duad Ay arsenic (As)E 7 mg/kg ©ldt FF9 FLE HITH
b 2 Aol AEEATE Fob sk EAd Aee ICP-OES KUt
HAESAZE a1 A FAo] A3 ICP-MSE #4442 A8 a3tk (Fig.
17).

ICP-MS (Inductively coupled plasma-mass spectrometry; Elan 6100 DRC O /
Perkin-Elmer SCIEX, Norwalk, CT, USA)E o] &3 T35 A A 7 &4
Aol ofgk FA gk BEgAA otk ICP-MSe th& dAE3

1
=
FERAAAET 99 947 AX 5 gt Ade SAFORA Am Fo Sol

Aol o509 A& FA4S Wt £A4E ARoAE AlRE XFAL AE v
Aot} gujoll we} JeFe wd AFA Rl oxygendt HHEE] YAr0 S
A2gske] iron?] HES Wellsla, HCIE el &4 st “Ar'sl *Clo] Agta}
o] “ArPCl" (m/z = 75)9 < arsenic®] HAEAS A8, F71&m EA A
“Ar'sl PCrt Agete] YArCT m/z = 52)% 22 chromium$ YA Foh
ICP-MS+= ol& &4 AA7] flall dxe A deaxoz Ed2s A7
3}7] H.t}= DRC mode (Dynamic reaction gas cell)oll4] NHjz (89, 115)
o] 1 flow rateE ZdetA o5 WalEdS A E=THE).

2 AT olA = DRC modeE ©]-&3te] WH§ gas® O.5 FHUste] HClel <%
Pb, Cd, Al 59 BaldAs AAsAL 53] 947t EAGA &z A0

(m/z = 9DE AHEAA o5 Asgrorw ZAHSATHIA).

fiju
N
s

ol

ICP-OES (Inductively coupled plasma-optical emission specrometry; Varian

Model 730-ES simultaneous CCD, Wyndmoor, PA, USA)= ICP-MS¢} &2 dxt
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QL Fol v o] qUXNE ZAs] A FdE WAl tH107).
ICP-OESo| A9 71 & Wald A= spectrum 7HA

A 5ol osl] @Ask=dl, ICP= plasmaz 5°]7F= A9 thFie] 9428 5:=

L
o
kS
o
Y
rlo
=5
Q
wn
8
Q
o,
i)
(o,

A st 8= 7P gl 53] vl B elal skl ARl spectrav

ol 17 Hol F4ol B 7hAo] Atk oleld AL Table 20014 HAel 3
A2 Auelal Table 219149 o] wae] 82 Wgown Augon P

o SAFA U3 RAAFE AdEse] SHNEE BATeREA HAT 5 3
th(107, 121). o]+ 10 mg/kg®] Ale] X3tdl Al5e] AsE 37 193.696 nmell A]
AeteE A5 Al B4 A AAEAR Z88a, 100 mg/kgel Al $19] whgol A
As 1.3 mg/kg?] gFo=z AR FAAY. A Ase FAFET 0.13 mg/kgol
4 A SAHER ol SAgAA BAN Fo=2M S 72 F A

i

Mo

_68_

Collection @ chosun



Group

1 18
1A VIIA
1 H 01g ICP-OES sample mass 005 g ICP-MS sample mass 2 H
1 50 mi ICP-OES prep volume 100 mi ICP-MS prep volume e
2 1 Solution diluion to run on ICP-OES 1 Solution dilution to run on ICP-MS 13 14 15 16 17
s 500 Typical IGP-OES dilution factor 2,000 Typical IGP-MS dilution factor 1A VA VA VIA VIIA
3 The detection limits are theoretical best case scenarios assuming there are no spectral interferences affecting 5 6 7 8 9 10
Li Be the best isotope or wavelength for a given element. For any given determination, the actual method detaction B { @ N (o] F Ne
3| 5 i iimit can be an order of magnitude higher or more. Use this as a guide, not abselute information 0
0,005 0 0.05
2.5 To convert gL to ppm wi, use the following calculation:
o [s0 canc (ugL) * prep va (L) f samg (@) = sampis {mgia)

Period
£

86

Atomic
Number
N

Symbol —— Li

[
Lanthanides

ICP-CES Solution DL {ugll) —— 5§
ICPMS Solution DL {ug/l) —1— 0.005

ICP-OES Solid DL {ppm wi) —— 2.5

ICP-MS Solid DL (ppm wi) —{—  0.01

Actinides

Source : Evans analytical group

Fig. 17. ICP-OES and ICP-MS detection limit.
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Table 19. Some common plasma/matrix/solvent-related polyatomic

spectral interferences seen in ICP-MS

Element/isotope Matrix/solvent Interference
YK H,0 SArH
“Ca’ H,0 “Ar
Ppe’ H>0 YAr'°0”
¥Se’ H:0 YArfAr
v HCI “Cro’
"As’ HCI “ar®cr
#Si’ HNO; MNMNT
Mgt HNO; LN N6
“Mn' HNO; YArPN
BTi H,S0, o)
er H2S04 IS0’
“zn’ HaS04 781%0"°0"
“Cu’ HsPO, P00
VMg Organics 2ot
ZCrt Organics Oartic
%cu’ Minerals #Ca®0OH’
“7n Minerals a0’
Bcu” Seawater “Ar*Na’

Source : Practical Guide to ICP-MS, 2013 (83)
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Table 20. Wavelengths, estimated instrument detection limits, and

recommended calibration

Analyte Wa\(lrelflr)lgth Detf‘c:a?(;:tlli;él/ric)f(iimit Ca%ir‘gga'f) o
Aluminum 308.215 45 10
Antimony 206.833 32 5
Arsenic 193.759 53 10
Barium 493.409 2.3 1
Beryllium 313.042 0.27 1
Boron 249.678 5.7
Cadmium 226.502 3.4 2
Calcium 315.887 30 10
Cerium 413.765 48
Chromium 205.552 6.1
Cobalt 228.616 7.0
Copper 324.754 5.4
Iron 259.940 6.2 10
Lead 220.353 42 10
Lithium 670.784 3.7 5
Magnesium 279.079 30 10
Manganese 257.610 14
Mercury 194.227 2.5
Molybdenum 203.844 12 10
Nickel 231.604 15 2
Phosphorus 214.914 76 10
Potassium 766.491 700 20
Selenium 196.090 5 5
Silica (SiO») 251.611 26 (SiO) 10
Silver 328.068 7.0 0.5
Sodium 588.995 29 10
Strontium 421.552 0.77
Thallium 190.864 40
Tin 189.980 25
Titanium 334.941 3.8 10
Vanadium 292.402 75
Zinc 213.856 1.8

Source : F. Lagarde et al. (108)
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Table 21. On-line method interelement spectral interferances arising from

interferants at the 100 mg/L level

Analyte Wavelength (nm) Interferant
Ag 328.068 Ce, Ti, Mn
Al 308.215 V, Mo, Ce, Mn
As 193.759 V, Al, Co, Fe, Ni
B 249.678 None
Ba 493.409 None
Be 313.042 V, Ce
Ca 315.887 Co, Mo, Ce
Cd 226.502 Ni, Ti, Fe, Ce
Ce 413.765 None
Co 228.616 Ti, Ba, Cd, Ni, Cr, Mo, Ce
Cr 205.552 Be, Mo, Ni
Cu 324.754 Mo, Ti
Fe 259.940 None
Hg 194.227 V, Mo
K 766.491 None
Li 670.784 None
Mg 279.079 Ce
Mn 257.610 Ce
Mo 203.844 Ce
Na 988.995 None
Ni 231.604 Co, TI
P 214.914 Cu, Mo
Pb 220.353 Co, Al, Ce, Cu, Ni, Ti, Fe
Sh 206.833 Cr, Mo, Sn, Ti, Ce, Fe
Se 196.099 Fe
Si0. 251.611 None
Sn 189.980 Mo, Ti, Fe, Mn, Si
Sr 421.552 None
Tl 190.864 Ti, Mo, Co, Ce, Al, V, Mn
Ti 334.941 None
\% 292.402 Mo, Ti, Cr, Fe, Ce
7n 213.856 Ni, Cu, Fe
Source : F. Lagarde et al. (108)
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Table 22. Potential interferences analyte concentration equivalents arising

from interference at the 100 mg/L level

Anlyte Wa‘grelfl r)1g th Interferant

Al Ca Cr Cu Fe Mg Mn Ni Ti A%
Aluminum 308.215 - - - - - - 0.21 - - 14
Antimony 206.833 0.47 - 2.9 - 0.08 - - - 025 045
Arsenic 193.696 1.3 - 0.44 - - - - - - 1.1
Barium 455.403 - - - - - - - - - -
Berllium 313.042 - - - - - - - - 0.04 0.05
Cadmium 226.502 - - - - 0.03 - - 0.02 - -
Calcium 317.933 - - 0.08 - 0.01 0.01 0.04 - 0.03  0.03
Chromium 267.716 - - - - 0.003 - 0.04 - - 0.04
Cobalt 228616 - - 0.03 - 0.005 - - 0.03 0.15 -
Cooper 324.754 - - - - 0.003 - - - 0.05  0.02
Iron 259.940 - - - - - - 0.12 - - -
Lead 220.353 0.17 - - - - - - - - -
Magnesium 279.079 - 0.02 011 - 0.13 - 0.25 - 0.07 012
Manganese 257.610 0.005 - 0.01 - 0.002  0.002 - - - -
Molybdenum 202.030 0.05 - - - 0.03 - - - - -
Nickel 231.604 - - - - - - - - - -
Selenium 196.026 0.23 - - - 0.09 - - - - -
Sodium 588.995 - - - - - - - - 0.08 -
Thallium 190.864 0.30 - - - - - - - - -
Vanadium 292.406 - - 0.05 - 0.005 - - - 0.02 -
Zinc 213.856 - - - 0.14 - - - - - -

Source : EPA method 6010B (122)
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woaelA] AgEE AR AXe 2 AN 14 2ES 9% FHad
2 Precision, Linearity, Range, Calibration, Accuracy, Limit of Detection (LOD),

Limit of Quantification (LOQ)%©] A T}H(123).

golst= Aoz 94 7|7kes Fa 53 ZHel
U go] Ye=A Ay AdAdel A= WsAS(CV, coefficient of
H

A= zhzF 091% % 8ol ¥ 9l tH(Table 23).

Y. Linearity(F A A)

=74 YT 5 pointES ZA3te] AAAS Besgon, AsE R*=0.999 o)A

o $5@ AA4e BAT EY, EAstud st AR wRd fgEE 3
el We7E A gekA gelskalth(Fig. 18).

t}. Accuracy(B&A)

ZHzk(true value)¥ =4 Zk(measured value)#o] X =Z Fosts= AHS 28
Sttt 4 #5292 NMIJ 7405-a (Hijiki seaweed)S #43te] 3]4+-82 &

o
z

A3 As7F 96.7% S tH(Table 24).

2t. LOD(HE @A), LOQ(H ZF&A)

HHQ} 1OHH Yo 2 T3 ‘“/}. 2 ATl A Ase] LODE 0.028 ug/kg olRe™, LOQ
= 0.09 pg/kgo = 1= AtH(Table 23).
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Table 23. Validation of analytical methods followed via linearity, LOD,

LOQ, precision and spike recovery measurements for total arsenic

Linearity LOD? LOQP Precision
Analyte 9
(R%) (ug/kg) (ug/kg) (CV%)
As 0.9997 0.028 0.095 0.91

“LOD: limit of detection (3x0/slop of calibration curve; n=10)

PLOQ: limit of quantification (10xo/slop of calibration curve; n=10)
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Table 24. Validation of analytical methods followed via analysis of CRM
(NMIJ 7405-a; Hijiki seaweed)

Certified value Observed value Recovery
Analyte
(mg/kg) (mg/kg) (%)
As 35.8+0.9 34.6+0.7 96.7+2.1°

"MeantSEM (Mean: average, SEM: standard error of the mean, n=3)
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Calibration(As)

15000

y = 879.8x - 5.703

R* = (0.9999
10000 f”/‘

Intensity

5000

0 2 4 & & 10 12 14
ug/kg

Fig. 18. Linearity of arsenic standards.
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ut, A =#2(QA/QC)

(1) WA=
AFHTEZ(CRM)R] NIST®] Oyster tissued &3 A5 wldS 318t o]
Ao o

Table 25. Internal quality control data

Item As (mg/kg)

Certified 7.65
1 7.92

2 7.70

3 7.89

4 7.81

5 7.65
Mean® 7.79
SEMP 0.12
RSD (%) 1.50

"Mean: average, "SEM: standard deviation/~/n
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o,

R E I IAAQL 49 AdHSs HFs7]l flal FAPAS (UK,

o ol F7tste] TuE FAA T A AHEE FRESG]
o (Table 26), ¥ ZA3}o] 3t z-scoreZ Fig. 199 YR AFE 4o o
o Asol A= EAZAIAE +039 z-scoredE Kol T 71EQ 171 < 2

shelh.

AN

Table 26. Result of laboratories participated in FAPAS (UK)

Programs Chilli Powder
Analytes Pb, As
Result 1Zl<2

(z-score : Pb -0.2, As +0.3)

30

Arsenic (As) z gt : +0.3
20 1424 pglkg

10
00 1082 ugkg

-10

8103s-2

20 740 pgikg

-30

40

50

10

s BNGBRCBININI I ABEREAE25R NG ARELETI8RRUERAS

Fig. 19. The result of arsenic (FAPAS)
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A2 3

TP LR XL

3|

1. HPLC-ICP-MS¢d] ¢

b AlE AAEY 230 FF 3

ojo

A
i

Az gujol] wE

171 l5ke] 2

S

1

sel ¢

&

&¥H] = DORM-2 (CRM, NIST)E ©]

;On_

o =

o] A% HUlE ICP-MSY

B
fi%e)

E
el

;onm

e
-

Njo

A

H20¢} 50% methanol 22 1L 30% ethanol =

p—
R

gl

196 HNOz®l|

1] oL o

=
L

w9 vl A3} 50% methanole] #AZE =7} 6.64x10°0.2 U}

SRt Hoh(Fig. 20). wekA

A

A

T

o

/‘\3]-

shit.

A5

FE=E 2 50% methanol (in 196 HNO3)<

24

o
oF
el

Wy
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AsB
I As(v)

:

d

g

333333333

30% EtOH

50% MeOH

Solvent

HZO

Fig. 20. Extraction efficiency of arsenic compounds by solvent. Recovery

calculated from the DORM-2 (n=3).
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& °|&3te] 60T

71e NMIJ CRM¢!

1

(2) = Azt
3% Z7d w2 50% methanol (in 1% HNO;) £
- 21E AASRL, FF At e HAH FEx
7503-a (White rice flour; total 0.098+0.007 mg/kg, As(Il) 0.0711+0.0029 mg/kg
as As, As(V), 0.0130+£0.0009 mg/kg as As, DMA, 0.0133+0.0009 mg/kg as As)
Abgatel gttt AlZtel W 34§ Ade Table 273 2gtom, HH F&
AR 1208 @2AFH o= CRM< |83 3]&0°] 90~105%% A& % H A3t
T FE= 9% 7P Aersd
H AFoE 60T 25 ZHAdA 1 g9 E43lE AZAEE 50% methanol
golow SR &80 & F 2M% 5 2&5% FE2 S, olE 045 um
membrane filterE ©]-&3ke] ok F W& FERYS AT £4 A= AHES)
.
Table 27. Recovery test of arsenic species by sonication time
As(I) DMA As(V)
Time (71.1 ug/kg) (13.3 ug/kg) (13.0 ug/kg)
(min) Measure Recovery Measure Recovery Measure Recovery
(ug/kg) (%) (ug/kg) (%) (ug/kg) (%)
30 459 64.5 12.9 96.6 11 8.6
60 54.2 76.1 13.7 103.2 7.9 63.1
90 59.3 83.4 134 100.4 14.6 60.5
120 732 103.0 139 104.5 11.9 91.8
150 75.3 105.9 12.4 93.0 12.4 83.9
180 78.1 109.9 12.2 91.4 11.2 86.5
240 785 110.4 11.3 84.6 11.8 90.8
- 8o —

“n=3
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(3) o3 ¥y

NMIJ CRM¢Sl 7503-a (White rice flour; total 0.098+0.007 mg/kg, As(II)
0.0711£0.0029 mg/kg as As, As(V), 0.0130£0.0009 mg/kg as As, DMA,
0.0133£0.0009 mg/kg as As)E Oasis MAX cartridge (6 co)® o3 2 F

A
2,
o
o,
oo
o
2

o]t} Ion exchange cartridges YW S 2 strong cation
exchange (SCX) cartridge®} storng anion exchange (SAX) cartridge’} A8 %t}
I8y As(I), As(V), MMA % DMA 4%¢°] H|A%E SCX cartridge® &% 3t

+ & Ast ZA7F Atk DMAE A oA dolgom a8t &
25 A i Fold ARk As(V)eF MMAE A9 BE pHOlA ooz A%
o 3 As(D+= pKa > 9 ©7] wiiol T4 pHolA = 25 &1, weF SCX
cartridgeo| Zoldth stdete &&F%7] ofg€rh webA SCX cartridge™ HlA3}h
stzo] Helo] AgtslA &l 1#u ol9F W2 SAX cartridges ol & 4FF 9
vl o gk dEE Zerh vhes vlAasteE s fl& A 9eth90, 115). u
g4 E o Fo) A= anion exchange cartridge?! Oasis MAX cartridgeE ©]-& 3}

HlastelEe] 2] - 355 vlasty] 98] Oasis MAX  cartridge®t 045 pm
membrane filter o2 HAe g AEE 77t HPLC-ICP-MS® 57443 43 SPE

Aol A= As()7F 733 pg/ke o 1031%2] 8582 wolom DMASH As(V)7}
747} 135 ug/ke, 123 pg/kg o2 Bol¥on] 858% 747t 101.8%5F 944%2 &l
H A tH(Table 28). YuFA o2 AREHIL Gl o
0|83 WA= As(I), DMA 1831 As(V)e] 3]4&°] 2H2F 103.0%, 104.5% 12
L 91.8% =% 2l FH ).

e W 34§ vlal A3 SPEWH O] membrane filterg ©]-8%F W oF

T FE Aabt selsgon, Ade aHs Ay S A2H A% el

=)

el 045 ym membrane filterE
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zpol= A skt w2 ATl M=

% FE 8= 045 ym membrane filterE ©]
43t o¥} 3 § HPLC-ICP-MSZ A3t
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Table 28. Comparison of SPE and membrane filter

As(I)? DMAP As(V)©
(71.1 pg/kg) (13.3 ug/kg) (13.0 ug/kg)
Method
Measure” Recovery  Measure Recovery  Measure Recovery
(ug/kg) (%) (ug/kg) (%) (ug/kg) (%)
SPE 73.3+0.5  103.1+x0.7 135+0.2 101.8x1.2 12.3+0.1 94.4+0.9
Membrane
filt 73.2+0.2  103.0£0.2  13.9+0.1 1045£1.0 11.9+0.1 91.8+0.6
ilter

As(IM): arsenite, "DMA: dimethylarsenate, “As(V): arsenate, “Mean+*SEM (n=3)
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Y. HPLC-ICP-MS 717174 A A

() Wasels Ba- 248 98 o) 54 el 24 A4
WHA 2219) |54 SYAZS W 27te] Szt 0L Ag]

B&w7F 212 'Time 1’ (6%, 10%), 'Time I’ (4%, 10%), 'Time M’ (3%, 10
W) 22 'Time V' 2%, 8&)o 2 a3ith 7z A2tx=d &4 23 "Time V' (2
B, 8%) 2H9 A% HESuA st 671 Bl 2dkeE[As(I), As(V), AsB,
AsC, MMA 12|31 DMAJe] 2% g lom, 27]d 24 5= AsC, AsB 17
3 As(ID O] 37FA vl &ashelEo] B 2 2] = A vh(Fig. 21).

T3 Agvle] & AIZEe] 6F A 2o R oA WA BEwjol] o] &2

9+ DMA, MMA Z1g]al As(V)e] &4 Algto] w5 Ho| F ZAAIZS 10+
olUlZ ©EAE 4 AATHTable 29). T3 7HF ] §E]xo] Yo+ AsCe 4
G HA 40x7F Q5 7] 37FA H[AESHE o] B 23 ofUld HE HE=R

fLE

At on ¥ waARS o A7 §eAZ 20| 6704 HhHEF

A
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Table 29. Comparison for each elution time of mobile phase solvents

Method Time I Time I Time I Time IV
Species (sec) (sec) (sec) (sec)
AsC 43 43 42 42
AsB 56 95 52 50
As(I) 94 39 90 87
DMA 183 160 175 157
MMA 527 419 456 405
As(V) 739 630 560 495
£00000

S0000a

400000

2
(]
[wa)

300000 U

o 5
A 14 - e .

\ }_/U \ 2 mM (3 to 10 min)

ki
%
UUL ) k 2 mM (4 to 10 min)
100000 f”’/xk
U U k / k / |I 2 mM (6 to 10 min)
| | | | | |
300 400 500 GO0

l
0 100 200 Toa goa 300 1000

200000

“ e+ — £ 3 e+ 3 —

Titme
Fig. 21. The chromatogram of comparison for each elution time of mobile

phase solvents (by gradient).

_87_

Collection @ chosun



(2) B4}
"Mobile 1’ [A&w);

ofN
M

2242 9

ammonium bicarbonate (20 mM, pH &80), BEwj;

rob

o5 27 MY

ammonium nitrate + ammonium phosphate (20 mM, pH 9.2)]& o] o= 3}o]

6714 HlA& BE=E524S B8 Z$ Fig. 229F o] chromatogram?’t peak?] ]
7 & wo] Zbzhe] shgtEel digk g W g =Fo] 7heskath

I3 Fig. 233 2ol A5 #4 Alo] column® A& S 98] ASm= dAHAZE

EH+ §H FAEBlank)E LY F5FE g A T As(V) peak 2 A oA
g gl 9 A(ghost peak)7d SAE o, Fig. 249 o] A&ne] E8F
= A zto] F71E44E ghost peakd] Z 7% F7}8d k.

oAl &l¥ ghost peake] o]/ &rjel oF S AUAAE F<str] 9l
"Mobile I’ [ammonium nitrate + ammonium phosphate (20 mM, pH 9.2)]& ©]
Ao B 3lE jsocratic £ FRACE As(V)Y EA AR E vuw AFs 4
ammonium bicarbonate®] FHo| §lv A= As(V)= AEHA Fdoh(Fig.

25). o] # g ghost peak® #HE-E Falk 5(124)3 Sloth 5(125)¢] €70l A

b
K

£ 233 ammonium bicarbonateE gradient ZH o2 A Al ammonium

bicarbonate®] columnd] E=ol <3t A= BHiurt vk 2 AFoAN =
ammonium bicarbonate’} ©] &3S 2 ARE% = gradient 7oA As(V)7F HE
o} o] AFREA % isocratic ZAANAE HEH A Lol As(V)Y #HE=

<2 ammonium bicarbonate®] F ol o A= T A3

I
Ay
i
0Q
=
o
wn
28
(o]
3
o

m

2
2
il
2
A

O]
ol
N
mle]
o
7
o)
)
=
Q
.
)
ofo
Ak
N
A
o

>
>
ofo

i
o,
o

Fig. 269} #Z©°] arsenocholine (AsC)¥} arsenobetaine (AsB)2] peak 7o <2]3)
Aodez e ASAEE 7HAE AsCr/F AEHA &1, HF BASE Al 7HA

X
gradient €8 FZAKRTY AF oz we A7to] A2Q%FE ddHE HIATh Hymerst
v

A,

ofs

A
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Fig. 22. Chromatogram of six arsenic species using a 'Mobile I’ by

gradient (5 mg/kg).
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Fig. 23. Chromatogram of blank using a 'Mobile I’ by gradient.
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Fig. 24. Accumulation of As(V) according to elution time.
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=Iululn]
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Fooo—
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Fig. 25. Chromatogram of blank using a 'Mobile II’' by gradient.

1000,
900 AsE
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soa MMA
' 600
£00
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j 400
= Asy
300
200 | !
] k‘st l oot it il
= S
300

a 100 200 400 =00 L] To0 B FOD 1000

Fig. 26. Chromatogram of six arsenic species using a 'Mobile I’ by

isocratic (5 ug/kg).
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weba B ASEES el Et7] 98 gradient &S o] &3HA
ammonium bicarbonate®] =%/ W& ghost peak®] Wal29ls A7 fal
O3 %ol ammonium bicarbonate®] FEE Y& 'Mobile M’ [A-&"H;
ammonium bicarbonate (2 mM, pH 8.0), B&vl; ammonium nitrate + ammonium

phosphate (20 mM, pH 9.2)]= o]&4 o =& 3}ttt 'Mobile 'S o] &3 #4

4 4

g AT E Fig. 273 2ol HA 09904 ow AMAdS BT, Fig.
283 #Zol F 67FA HlA EF=HO peako] # 2] HAow, Fig. 209 2o
ghost peak= A& A @dvh webd & Aol = =7 AET o Hise

=S By -BX4357] 93 ol o= 'Mobile M’ [AE7]; ammonium bicarbonate

—~

2 mM, pH 8.0), B "}; ammonium nitrate + ammonium phosphate (20 mM, pH

9.2)]15 AH&staAt

20000 +

* AsC
18000 -

B AsB
A As(ID

16000 -

14000 * DMA

12000 - £ MMA

10000 - & As(V)

intensity

8000 -

6000

4000 +

2000

0 02 04 06 03 i 12

mg/kg

Fig. 27. Calibration curve of sixX arsenic species.
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Fig. 28. Chromatogram of six arsenic species using a

separating mixed standard solution (5 ug/kg).
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Fig. 29. Chromatogram of blank using a 'Mobile ' by gradient.
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sampling interface F-&9 =84l & Aol wAs, Tk Clt Ary Ao
2 g YArCl (m/z = 75) S 2 st st dash fAE @ vk

FolAaEe el 5ol st 04 @dolth & FUI5)E ICP-MSE o &3

o] H288ES BT 49 Cloleom 8 Hlxe A% 75(m/z2)9 Ar'CrPe
TH 7heAds &3] MAE & gle EAdel Advkar stk ICP-MSelA 9] ]
d HEHEY] PSS AT + e 7sFHd o2 DRC (Dynamic
Reaction Cell) mode”} ©]-&%™, ¥hg 7[A == NHz (89)¢F O: (94) o] AH&H
o},

B AFdA e F55 i FF A4S AT B4 A FAEE seE e As'

(m/z = 75)°] W3k Arelu} Cle] 2H4d& H43bst7] §18) DRC moded A 8- 7]
AR 02 AFE3e] 05 mL/min® flow rate® A A3 AsO (m/z = 9IS =A
sto] Asgto =z sl
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o BAY HS
Bodgo g AndAe 2 EAUde 484 452 9% FAed
[e)

< Precision, Linearity, Range, Calibration, Accuracy, Detection Limit,

Quantitation Limit %°] ATH(122).

Al Fd3k  Fhol e=x st AEAdY Axs AEASFECV,
coefficient of variation)%= YEIW o™ As(Ill), As(V), AsB, AsC, MMA, DMA
o] CV%+x= Z+7Z} 2.81, 3.37, 2.64, 299, 2.76, 211% = &<l % At} (Table 30).

(2) Linearity (24 4)

SRS 3T o
Al A435hetE REENS

off

= A %3] 5 point® FAAAE el o, As
), AsB, AsC, MMA, DMA =% R*=0.999 o]4e] 93 ML H

gk Ed, BHGuA s AR R AR gwde Welt 43eA

>
2,
<

(3) Accuracy(A24)

N

gk (true value)¥} 34 gk (measured value)¥o] AAEE et AlPS 3
st &S SA5H7] fslA As(Il), As(V), AsB, AsC, MMA, DMAE A
o xFEH S H7Hspiking)ste] &S FAINAYT FAHE == A=A
H FEE agste] Adtstgow, 7FzF 994, 945, 102, 94.8, 107, 97.7% = &

=
21 = A tH(Table 30).

(4) LOD(H =3, LOQ(H =)
Limits of detection (LOD=3xstandard deviation/slope of calibration curve;

el

i
rot

A

rr

Ag F9o #AY9LE HEE & dE FA Fxoli, Limits of
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quantification (LOQ=10xstandard deviation/slop of calibration curve; 3 #3kA])
+ LODd sA w5 1n#g Alzel dd w=E3A=E, 27 103 vE S5
blank®] EFF=WxE HIFA 71&71= die 7o 3uiet 109 #to= 0.
£ AT 674 wlAskskE As(I, As(V), AsB, AsC, MMA =1¥]32 DMA¢] LOD
+ 0.061 pg/kg, 0.025 ug/kg, 0.024 ug/kg, 0.060 ug/kg, 0.018 ug/kg, L&l il 0.028
ug/kg ol o™, LOQE 0.205 ug/kg, 0.083 ug/kg, 0.081 ug/kg, 0.199 ug/kg, 0.061
ug/kg, Le1aL 0.093 ug/kg o= el ¥ tH(Table 30).
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Table 30. Validation of analytical methods followed via linearity, LOD,

LOQ, precision and accuracy measurements for arsenic species

As species Lineazrity LOD? LOQ® Precision Accuracy

(R%) (ng/kg) (ug/kg) (CV%) (%)

AsIII 0.999 0.061 0.205 2.81 99.4
AsV* 0.9991 0.025 0.083 3.37 94.5
AsB® 0.9993 0.024 0.081 2.64 102
AsC' 0.9991 0.060 0.199 2.99 94.8
MMA*# 0.9994 0.018 0.061 2.76 107
DMA" 0.9996 0.028 0.093 2.11 97.7

“LOD: limit of detection (3xo/slop of calibration curve; n=10), "LOQ: limit of
quantification (10xo/slop of calibration curve; n=10), ‘As(Ill): arsenite, ‘As(V):
arsenate, “AsB: arsenobetaine, 'ASC: arsenocholine, *MMA: monomethylarsonate,

"DMA: dimethylarsinate
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Fig. 30. Overview of the uncertainty estimation procedure.
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A B " H-16

H] &3} 8tE Arsenobetaine (AsB)
CAHZAS
FE(X)(eg/L) 12 =74 22} =74 33 =4
100 543.142 541.421 539.945
500 2675.361 2665.507 2655.653
1000 5730.623 5709.516 5688.409
AESA
= 5 (ug/L) Al =25 Al(g)
1 697 1.0835
2 693
3 695
gt 695
SD 2
(A3
HFTEE
5.608
(mg/kg) 60
gFEFT 0.307
FEASE 15.8

Fig. 31. Uncertainty measurement of sea mustard for seaweeds.
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Table 32. Moisture content of seaweed species

Moisture(%)

Species

90.9

Laver

91.3

Sea tangle

93.9

Sea mustard

90.8

Hijiki

87.6

Gulf weed
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3t A®m AAZE A AE AEYT. ICP-MSZ 2438 719 nAa Hit QdE=

2.07£0.06 (AT +E 23 mg/kg, i L9 %5+ 2.05 mg/kg °olth T3 HEH

<5.00 mg/kg T-3rel A 3671(51.4%) o2 71 WS FES ZA| 89T

2007 Alekgel A= 100 Feol thaw FARE gaow @ AT AuolA
AZ AAZE AER)9 Hat w4 shaFo] 19.23245.639 (8.520~28.097) mg/kge]&f
W omaate] B A¥e £ERA A9 Bt 2219 me/ked FAFE AHE wAn

3.07£0.13 mg/kgel o™, T Ld9E+= 290 mg/kg
ottt A&=F HA 2 FHY 9=+ ZHZF ND (0.014 pg/kg; LOD/2)¢F 855

mg/kg olow ALEA o]d S 1A(0.8%)CE TA|nteY F HA HEES

&
BoAe] =8 B Aol tAute] H F v A o] 3591+1.38 mg/kg o ®

2007 % A ekg ol A7}l it 21.87+3.66 (16.35~30.15) mg/kg B} H=2 3

U9 & v 3

nodol F HA Hi 99EE 1.84+0.08 mg/kg oo, F7F 2AEE 1.70
mg/kg o2 AU HAEH F vxo Ha 2LAEE 031 mg/kg, L8l Hd
295 E 520 mg/kg oo™, AeskA ols S 071(0.0%) o2 W = vl A

AEELS 100%= FRJAHJT. 7 9=+ 1.00< ~<2.00 mg/kg T3t A 66

rr
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Fig. 32. Comparison of average contamination level of total arsenic in
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Table 33. Average contamination level of total arsenic in seaweeds

Samples syl Medan Min') Max,  mn DN Detechoy
Laver 2.07+0.06 2.05 0.61 3.30 70 70 100
Sea tangle 3.07+£0.13 2.99 ND 8.55 121 120 99.2
Sea mustrard 1.84+0.08 1.59 0.31 5.20 115 115 100
Hijiki 4.49+0.13 4.33 3.20 5.75 27 27 100
Gulf weed 6.48+0.15 6.50 5.45 7.54 15 15 100

"Mean+SEM, PMIN: minimum value, ‘“MAX: maximum value, IMN: number of measurement, ‘DN: number of detection
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Table 34. Contamination value of arsenic in seaweeds for each level

ND* ~0.99 1.00~1.99 2.00~4.99 5.00~9.99 10.0~19.9 >20.0

(mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Samples

DN° % DN % DN % DN % DN % DN % DN %
Laver 0 0.0 1 14 33 471 36 514 0 0.0 0 0.0 0 0.0
Sea tangle 1 0.8 4 33 15 124 90 744 11 91 0 0.0 0 0.0
Sea mustrard 0 0.0 7 70 66 574 41 357 1 0.9 0 0.0 0 0.0
Gulf weed 0 0.0 0 0.0 0 0.0 0 0.0 15 100 0 0.0 0 0.0
Hijiki 0 0.0 0 0.0 0 0.0 21 778 6 222 0 0.0 0 0.0

*ND: not detected, PDN: number of detected samples
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Table 35. Summary of available data on total arsenic concentrations in
food products

. Range
Food categories N N<LOR?
(mg/kg)
Diary products and analogues
Milk and milk powder 284 65 0.001-0.15
Milk products 92 61 0.010-0.35
Fats and oils 8Y 0 0.003-0.18
Meat and meat products
Meat 4977 4124 0.004-0.78
Offal 2074 1096 0.009-0.45
Meat products 50 20 0.003-3.25
Eggs and egg products 171 111 0.003-0.04
Confectionery procucts 186 61 0.002-1.13
Sweeteners 138 21 0.003-0.26
Bakery wares 71 49 0.002-0.25
Beverages
Alcohollic beverages (except rice distilled spirits) 462 64 0.001-0.05"
Rice distilled spirits 8 2 0.050-1.64
Non-alcoholic beverages 120 16 0.001-0.26"
Vegetables/fruits/nuts/sweaweed
Fruits 966 800 0.005-2.20
Vegetables (except mushrooms and fungi) 2503 2164 0.001-1.27
Mushrooms and fungi 302 60 0.011-5.79
Nuts and oilseeds 70 15 0.005-0.88
Dried seaweeds 953 3 0.114-236
Cereals and cereal products
Cereals (except rice) 410 325 0.007-0.43
Rice 1693 0 0.002-1.83
Breakfast cereals 17 10 0.017-0.27
Pasta 19 9 0.003-0.18
Fish and fish products
Marine fish 1409 0 0.10-62
Shellfish 171 0 0.090-66
Freshwater fish 238 0 0.060-4.72
Baby food products 75 5 0.001-4.66

LOR, limit of reporting (detection or quantification limit)
? Results presented for detected values only (not detected [ND]=0)
> Data expressed as mg/1

Source : WHO, 2011 (20)
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Fig. 33. Arsenic speciation of seaweeds.
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Table 36. Average value of arsenic species in seaweeds

Unit : mg/kg
Sample Total
.............................................. AsCP AsB® As(m)? DMAS® MMAL As(V)*

N* 0As® iAs! Sum
Laver ND! 0.47+0.04* ND 0.08+0.01 ND ND 0.55+0.05 ND 0.55+0.05
53! 0.08~1.14)" (0.01~0.40) (0.16~1.35) (0.16~1.35)
Sea tangle ND 0.49+0.04 ND 0.03+0.003 ND ND 051+0.05 ND 051+0.05
45 (0.05~1.45) (0.001~0.07) (0.07~1.52) (0.07~1.52)
Sea mustard ND 0.24%0.02 ND 0.03+0.004 ND ND 0.27+0.02 ND 0.27+0.02
60 (0.06~0.69) (ND~ 0.15) (0.07~0.82) (0.07~0.82)
Gulf weed ND 0.14+0.03 0.07+0.001 ND ND 5.28+0.12 0.14+0.003 5.35+0.12 5.49+0.12
15 (0.13~0.16) (0.06~0.08) (454~594) (0.13~0.16) (4.61~6.01) (4.77~6.17)
Hijiki ND 0.07+0.01 0.14+0.03 0.25+0.07 ND 2.13+0.27 0.32+0.08 227 +0.28 2.59+0.28
27 (0.01~0.34) (ND~0.53) (ND~1.43) (0.22~6.21) (0.023~1.78) (0.26~6.54) (0.70~6.58)

“N: number of each sample, PASC: arsenocholine, “AsB: arsenobetaine, dAS(IM): arsenite, °DMA: dimethylarsinate, MMA: monomethylarsonate,
fAs(V): arsenate, "oAs: Organic arsenic, iAs: Inorganic arsenic, 'ND: not detected, “(mean+standard error of mean (SEM)), 'number of sample,
(minimum ~maximum)
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Table 37. Summary of available data on inorganic arsenic concentrations

in food products

Concentration
Food products N N < LOD
range (mg/kg)
Dried seaweed 539 4 0.1~130
Rice 837 0 0.01~0.05
Fish and fish
325 1 0.001~1.2
products
Vegetables 36 0 0.008~0.61

N: number of samples, LOD: limit of detection
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=
g B F0d HAgEtE F AsB7E 78 EA4 FHoln, AsC2 9l
d v AseE g v 9oA AsB 1411
mg/kg, As(Il) 0.025 mg/kg, DMA 0.242 mg/kg, MMA 0.015 mg/kg, As(V)
0.030 mg/kg7t &= A, thAlvl= AsB 30.14 mg/kg, MMA 0.016 mg/kg, As
(V) 0215 mg/kg °lRom, & AsB 8927 mg/kg, DMA 0.492 mg/kg, As(V)
0.019 mg/kgo = W astivt. Fejuete] v FAbE gk v AsekE
g - 24 A A E AsB7F T8 vagstg o glElth19).
& Aol ds Aol arsenosugar® FAE A= v el wskekFo] A
Fo giFiEs AAGRen, e HAiseFEES AsB9 DMA F+ TF=
AsB7F  0.47£0.04(Fd+3%2+22H)  (0.08~1.14; #HA~FH3) mg/kg, DMAZF
0.08+0.01 (0.01~0.40) mg/kg HE==o] thF-i AsBY FE= gA=ATE
(94)¢] ATZAFdME FARE A3dE BAoY, B AToAE As(V)eh 22
M Aae HAEEA F%THFig. 34, Table 38).

Almbol M = v AT F8 3tk #7IH A FE¢ AsBet DMAR Q1% 3]
om, FI7HAE FEA Gt vhAlwk(Fig. 35 Table 399 4-F AsB7}
0.49+0.04 (0.05~1.45) mg/kg, DMA~7} 0.03£0.003 (0.001~0.07) mg/kge] 3$F=Fo]

SAH AT v F8 v &ststEoe]l AsBoleb= FH 5949 ATZA e} v szEt
Roh, AsBe S AdHom WA HEHJG B AFeA tAnt= MMA
7 HEHA @don, ol AR AHEH 59 bio-factor®] Gl T Ao
2 AbmET 20079 Aok AFAR(19) A= thA bl Al ElE S8 v Ashst
T AsBSt AsCZ 1=l Hsieh 5(85)9 A7-elA= Taiwan A9 thA|
np BA Ay FH] A 326 mg/kg®  OH-arsenoribose”} 23.7 mg/kg, DMA 0.571
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E A3 v 5
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ofN

otk S04 ATelM = 652 WA T AsC
A

sl8tESo] BE ey glon AsBeo| 3dtEko] 7%

ofN
lo
=

Bka, v FriHaEe] AEHATL stlovy # AgolA = AsBe DMA
£ A9 v& visstEEe SAHA Funh v el = AsB7F 0.24£0.02

4 (ND~0.15) mg/kgz =5 AHFig. 36,
Table 40).

A, Al v 5o Algeke de EAREY RoA HEHE HASeEES
ool F7lvja FEQl As(V)7F S1= ATt EapRke] v 43
528+0.12 (454~594) mg/kgo.Z tFES AA 3P erm, I tFoe=E AsB7F
0.14+0.003 (0.13~0.16) mg/kg, As(I)7} 0.07£0.001 (0.06~0.08) mg/kge] =S
H S tH(Fig. 37, Table 41).

Yokoi 5(82)2 EARFIRe] A &Ql Eo] Aol RAS e AP vE B
ARk A EE50 Fad e i S A @S Fa EANY vA s
A = As(ID 2 091~6.4 mg/kg, As(V)+= 4.3~67.7 mg/kge] &S HS
om, & M4 O] 447~100%% F HFTS AASE Zow Husivh I
Almela 5(134)& mA}ukE0] |2 Fo A F7|8]27F = H| & d-2ko] 729% 74A] 2

il

T EAkae] &obe s FE EANE FARSE Hl AstekE o] BEE BT
Eo] A& #AAY As(V) 213+1.39 (0.22~6.21) mg/kg@ As(IM) 0.14+0.17 (0.0
0~0.53) mg/kgl.2 F7]H] A&l F H| A kel 87.8% (259+1.46 mg/kg)E =k
At 53] As(V)7F F8 v|Agstgo =z 0% th(Fig. 38, Table 42). 4 &
(19)9] AFdAME £ F vl s+ 384 mg/kg & As(V)7F 3.36 mg/kgo.= #
Anl A kel oF 86% 5 ARA@THaL sto] E Aet fFARGE AAE BT T
QK Zefol A2t % (Hizikia fusiforme)® & Bl SHf-2Fo] 134 mg/kgol ©]
2w, F7H 29 FHr vl &= °F 60%°l ©]&tt. M. M. Bonilla simon 5(48)2 X
A= As(V)Rte] HZE =3 1 TS F ¥ 77 mg/kgs 62 mg/kgo =

A o 8lo%ebil malste] B AW fFASATh EF, Yokoi B FHAOw
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Fig. 34. Chromatogram of arsenic species in laver.
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Fig. 35. Chromatogram of arsenic species in sea tangle.
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Fig. 37. Chromatogram of arsenic species in gulf weed.
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Table 38. Concentration of arsenic species in laver

unit : mg/kg
Total

No | AsC® AsB® As(I)¥ DMA® MMA! As(V)* .

oAs" iAs' Sum
1 ND! 0.08 ND 0.14 ND ND 0.22 ND 0.22
2 ND 0.48 ND 0.03 ND ND 051 ND 051
3 ND 0.73 ND 0.12 ND ND 0.85 ND 0.85
4 ND 0.57 ND 0.03 ND ND 0.60 ND 0.60
5 ND 0.11 ND 0.20 ND ND 0.31 ND 0.31
6 ND 1.08 ND 0.19 ND ND 1.27 ND 1.27
7 ND 1.07 ND 0.19 ND ND 1.26 ND 1.26
8 ND 1.04 ND 0.18 ND ND 1.22 ND 1.22
9 ND 0.24 ND 0.07 ND ND 0.31 ND 0.31
10 ND 0.35 ND 0.02 ND ND 0.36 ND 0.36
11 ND 0.40 ND 0.02 ND ND 041 ND 0.41
12 ND 0.15 ND 0.04 ND ND 0.19 ND 0.19
13 ND 0.66 ND 0.14 ND ND 081 ND 0.81
14 ND 0.77 ND 0.19 ND ND 0.96 ND 0.96
15 ND 0.14 ND 0.05 ND ND 0.19 ND 0.19
16 ND 0.37 ND 0.02 ND ND 0.38 ND 0.38
17 ND 0.23 ND 0.04 ND ND 0.27 ND 0.27
18 ND 0.74 ND 0.15 ND ND 0.89 ND 0.89
19 ND 0.23 ND 0.07 ND ND 0.30 ND 0.30
20 ND 0.67 ND 0.12 ND ND 0.79 ND 0.79
21 ND 1.14 ND 0.22 ND ND 1.36 ND 1.36
22 ND 0.36 ND 0.02 ND ND 0.38 ND 0.38
23 ND 0.35 ND 0.04 ND ND 0.39 ND 0.39
24 ND 0.17 ND 0.03 ND ND 0.19 ND 0.19
25 ND 0.15 ND 0.01 ND ND 0.16 ND 0.16
26 ND 0.98 ND 0.19 ND ND 1.17 ND 117
27 ND 0.18 ND 0.05 ND ND 0.23 ND 0.23
28 ND 0.56 ND 0.09 ND ND 0.66 ND 0.66
29 ND 0.19 ND 0.04 ND ND 0.24 ND 0.24
30 ND 1.08 ND 0.19 ND ND 1.27 ND 1.27

aNo.: number, PAsC: arsenocholine, €AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, fMMAZ monomethylarsonate, 2As(V): arsenate, "oAs: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected
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Table 38. Coneinued

unit : mg/kg
Total

No.? AsC® AsB° As(I)* DMA® MMA®' As(V)®
oAs" iAs' Sum
31 ND' 056 ND 0.03 ND ND 0.59 ND 059
32 ND 0.26 ND 0.08 ND ND 0.34 ND 0.34
33 ND 0.33 ND 0.0 ND ND 0.34 ND 0.34
34 ND 0.40 ND 0.03 ND ND 0.44 ND 0.44
35 ND 053 ND 0.01 ND ND 0.54 ND 054
36 ND 0.44 ND 0.01 ND ND 0.45 ND 0.45
37 ND 0.95 ND 0.40 ND ND 1.35 ND 1.35
38 ND 0.33 ND 0.03 ND ND 0.36 ND 0.36
39 ND 0.26 ND 0.05 ND ND 0.30 ND 0.30
40 ND 0.26 ND 0.02 ND ND 0.28 ND 0.28
41 ND 0.66 ND 0.12 ND ND 0.77 ND 0.77
42 ND 0.33 ND 0.01 ND ND 0.34 ND 0.34
43 ND 0.32 ND 0.02 ND ND 0.34 ND 0.34
44 ND 0.24 ND 0.06 ND ND 0.30 ND 0.30
45 ND 0.26 ND 0.05 ND ND 0.30 ND 0.30
46 ND 0.26 ND 0.06 ND ND 0.32 ND 0.32
47 ND 0.29 ND 0.02 ND ND 031 ND 0.31
48 ND 0.19 ND 0.02 ND ND 021 ND 0.21
49 ND 0.95 ND 0.19 ND ND 1.14 ND 1.14
50 ND 0.26 ND 0.10 ND ND 0.36 ND 0.36
51 ND 1.05 ND 0.20 ND ND 1.25 ND 1.25
52 ND 0.16 ND 0.04 ND ND 021 ND 0.21
53 ND 0.25 ND 0.06 ND ND 0.30 ND 0.30
Mean - 0.47 - 0.08 - - 0.55 - 0.55
SEM* - 0.04 - 0.01 - - 0.05 - 0.05

aNo.: number, PAsC: arsenocholine, €AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, fMMAZ monomethylarsonate, 2As(V): arsenate, "oAs: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected, XSEM: standars error of mean
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Table 39. Concentration of arsenic species in sea tangle

unit : mg/kg
Total

No | AsC® AsB® As(I)¥ DMA® MMA! As(V)* .

oAs" iAs' Sum
1 ND' 1.01 ND 0.058 ND ND 1.07 ND 1.07
2 ND 0.05 ND 0.014 ND ND 0.07 ND 0.07
3 ND 0.18 ND 0.016 ND ND 0.19 ND 0.19
4 ND 0.69 ND 0.021 ND ND 071 ND 0.71
5 ND 0.40 ND 0.029 ND ND 0.43 ND 0.43
6 ND 1.17 ND 0.071 ND ND 1.24 ND 1.24
7 ND 0.16 ND 0.017 ND ND 0.17 ND 0.17
8 ND 0.25 ND 0.019 ND ND 027 ND 0.27
9 ND 0.24 ND 0.010 ND ND 0.25 ND 0.25
10 ND 0.49 ND 0.036 ND ND 052 ND 0.52
11 ND 0.63 ND 0.041 ND ND 067 ND 0.67
12 ND 0.37 ND 0.065 ND ND 0.43 ND 0.43
13 ND 0.27 ND 0.018 ND ND 0.29 ND 0.29
14 ND 0.15 ND 0.024 ND ND 0.18 ND 0.18
15 ND 0.20 ND 0.012 ND ND 0.21 ND 021
16 ND 0.25 ND 0.010 ND ND 0.26 ND 0.26
17 ND 0.40 ND 0.046 ND ND 045 ND 0.45
18 ND 0.30 ND 0.012 ND ND 0.31 ND 0.31
19 ND 0.74 ND 0.071 ND ND 0.81 ND 0.81
20 ND 0.92 ND 0.057 ND ND 0.98 ND 0.93
21 ND 0.75 ND 0.050 ND ND 0.80 ND 0.80
22 ND 0.56 ND 0.033 ND ND 0.59 ND 0.59
23 ND 145 ND 0.069 ND ND 152 ND 152
24 ND 0.38 ND 0.017 ND ND 0.40 ND 0.40
25 ND 0.69 ND 0.014 ND ND 0.70 ND 0.70

aNo.: number, PAsC: arsenocholine, €¢AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, fMMAI monomethylarsonate, 2As(V): arsenate, "oAs: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected
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Table 39. Coneinued

unit : mg/kg

No.? AsC® AsB® As(I)* DMA® MMA' As(V)® TOtél
oAs" iAs' Sum
26 ND' 0.87 ND 0.054 ND ND 0.92 ND 0.92
27 ND 0.11 ND 0.011 ND ND 0.13 ND 0.13
28 ND 053 ND 0.017 ND ND 0.55 ND 055
29 ND 0.45 ND 0.040 ND ND 0.49 ND 0.49
30 ND 0.64 ND 0.030 ND ND 0.67 ND 0.67
31 ND 0.25 ND 0.017 ND ND 0.27 ND 0.27
32 ND 0.47 ND 0.008 ND ND 0.48 ND 0.48
33 ND 0.57 ND 0.026 ND ND 0.60 ND 0.60
34 ND 0.36 ND 0.001 ND ND 0.37 ND 0.37
35 ND 0.35 ND 0.024 ND ND 0.38 ND 0.38
36 ND 0.43 ND 0.005 ND ND 0.43 ND 0.43
37 ND 0.61 ND 0.004 ND ND 0.62 ND 0.62
38 ND 0.70 ND 0.018 ND ND 0.72 ND 0.72
39 ND 0.73 ND 0.016 ND ND 0.75 ND 0.75
40 ND 0.14 ND 0.027 ND ND 0.17 ND 0.17
41 ND 0.18 ND 0.010 ND ND 0.19 ND 0.19
42 ND 0.70 ND 0.012 ND ND 0.71 ND 0.71
43 ND 0.13 ND 0.002 ND ND 0.13 ND 0.13
44 ND 0.44 ND 0.012 ND ND 0.45 ND 0.45
45 ND 0.61 ND 0.008 ND ND 0.62 ND 0.62
Mean - 0.49 - 0.03 - - 0.51 - 0.51
SEM* - 0.04 - 0.003 - - 0.05 - 0.05

aNo.: number, PAsC: arsenocholine, €¢AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, fMMAI monomethylarsonate, 2As(V): arsenate, "oAs: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected, "SEM: standars error of mean
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Table 40. Concentration of arsenic species in sea mustard

unit : mg/kg
Total

No. | AsC® AsB® As(I)* DMA® MMA' As(V)®
oAs" iAs' Sum
1 ND' 0.11 ND ND ND ND 0.11 ND 0.11
2 ND 0.20 ND 0.009 ND ND 0.21 ND 0.21
3 ND 0.33 ND 0.011 ND ND 0.34 ND 0.34
4 ND 0.37 ND 0.012 ND ND 0.38 ND 0.38
5 ND 0.13 ND ND ND ND 0.13 ND 0.13
6 ND 0.41 ND 0.013 ND ND 0.42 ND 0.42
7 ND 0.06 ND 0.003 ND ND 0.07 ND 0.07
8 ND 0.32 ND 0.012 ND ND 0.33 ND 0.33
9 ND 0.26 ND 0.016 ND ND 0.27 ND 0.27
10 ND 0.38 ND 0.015 ND ND 0.39 ND 0.39
11 ND 0.10 ND ND ND ND 0.10 ND 0.10
12 ND 0.31 ND 0.005 ND ND 0.31 ND 0.31
13 ND 0.08 ND ND ND ND 0.08 ND 0.08
14 ND 0.19 ND 0.009 ND ND 0.20 ND 0.20
15 ND 0.26 ND 0.009 ND ND 0.27 ND 0.27
16 ND 0.17 ND 0.007 ND ND 0.18 ND 0.18
17 ND 0.28 ND 0.008 ND ND 0.28 ND 0.28
18 ND 0.21 ND 0.001 ND ND 0.21 ND 0.21
19 ND 0.38 ND 0.022 ND ND 0.40 ND 0.40
20 ND 0.28 ND 0.028 ND ND 0.31 ND 0.31
21 ND 0.48 ND 0.013 ND ND 0.50 ND 0.50
22 ND 0.41 ND 0.008 ND ND 0.41 ND 0.41
23 ND 0.34 ND 0.011 ND ND 0.35 ND 0.35
24 ND 0.12 ND 0.008 ND ND 0.13 ND 0.13
25 ND 0.29 ND 0.018 ND ND 0.31 ND 0.31

aqNo.. number, PAsC: arsenocholine, C°AsB: arsenobetaine, %As(Ill): arsenite, ‘DMA:
dimethylarsinate, fMMAZ monomethylarsonate, *As(V): arsenate, "0As: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected
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Table 40. Coneinued

unit : mg/kg
Total

No. | AsC®  AsB® As(I)* DMA® MMA' As(V)®

oAs® iAs' Sum
26 ND! 0.31 ND 0.011 ND ND 0.32 ND 0.32
27 ND 0.35 ND 0.024 ND ND 0.38 ND 0.38
28 ND 0.18 ND 0.004 ND ND 0.18 ND 0.18
29 ND 0.18 ND 0.016 ND ND 0.20 ND 0.20
30 ND 0.15 ND 0.014 ND ND 0.17 ND 0.17
31 ND 0.37 ND 0.070 ND ND 0.44 ND 0.44
32 ND 0.17 ND ND ND ND 0.17 ND 0.17
33 ND 0.12 ND 0.005 ND ND 0.13 ND 0.13
34 ND 0.29 ND 0.001 ND ND 0.29 ND 0.29
35 ND 0.16 ND 0.040 ND ND 0.20 ND 0.20
36 ND 0.16 ND 0.039 ND ND 0.20 ND 0.20
37 ND 0.31 ND 0.075 ND ND 0.39 ND 0.39
38 ND 0.21 ND 0.039 ND ND 0.25 ND 0.25
39 ND 0.21 ND 0.039 ND ND 0.25 ND 0.25
40 ND 0.08 ND 0.002 ND ND 0.08 ND 0.08
4 ND 0.17 ND ND ND ND 0.17 ND 0.17
42 ND 0.31 ND 0.082 ND ND 0.39 ND 0.39
43 ND 0.14 ND 0.046 ND ND 0.19 ND 0.19
44 ND 0.14 ND 0.045 ND ND 0.19 ND 0.19
45 ND 0.69 ND 0.13 ND ND 0.82 ND 0.82
46 ND 0.19 ND 0.058 ND ND 0.24 ND 0.24
47 ND 0.28 ND 0.006 ND ND 0.28 ND 0.28
48 ND 0.07 ND 0.045 ND ND 0.12 ND 0.12
49 ND 0.40 ND 0.15 ND ND 0.55 ND 0.55
50 ND 0.37 ND 0.097 ND ND 0.47 ND 0.47

aNo.. number, PAsC: arsenocholine, C°AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, IMMAZ monomethylarsonate, *As(V): arsenate, "0As: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected
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Table 40. Coneinued

unit : mg/kg

Total

No | AsC® AsB® As()? DMA® MMA' As(V)® :
oAs" iAs! Sum
51 ND! 0.22 ND 0.004 ND ND 0.22 ND 0.22
52 ND 0.17 ND 0.039 ND ND 0.21 ND 0.21
53 ND 0.19 ND 0.056 ND ND 0.24 ND 0.24
54 ND 0.09 ND 0.007 ND ND 0.09 ND 0.09
55 ND 0.23 ND 0.065 ND ND 0.29 ND 0.29
56 ND 0.5 ND 0.040 ND ND 0.63 ND 0.63
57 ND 0.20 ND 0.004 ND ND 0.20 ND 0.20
58 ND 0.25 ND 0.004 ND ND 0.26 ND 0.26
59 ND 0.15 ND 0.039 ND ND 0.19 ND 0.19
60 ND 0.12 ND 0.002 ND ND 0.13 ND 0.13
Mean - 0.24 - 0.03 - - 0.27 - 0.27
SEM* - 0.02 - 0.004 - - 0.02 - 0.02

aNo.. number, PAsC: arsenocholine, C°AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, IMMAZ monomethylarsonate, *As(V): arsenate, "0As: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected, “SEM: standars error of mean
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Table 41. Concentration of arsenic species in gulf weed

unit : mg/kg

Total

No.? AsC® AsB® As(I)* DMA® MMA' As(V)® .
oAs" iAs' Sum
1 ND! 0.13 0.066 ND ND 5.21 0.13 5.27 5.40
2 ND 0.13 0.063 ND ND 5.92 0.13 5.98 6.11
3 ND 0.14 0.069 ND ND 4.83 0.14 4.90 5.04
4 ND 0.13 0.065 ND ND 5.00 0.13 5.06 5.19
5 ND 0.16 0.066 ND ND 5.94 0.16 6.01 6.17
6 ND 0.14 0.066 ND ND 4.88 0.14 4.95 5.09
7 ND 0.15 0.075 ND ND 5.55 0.15 5.63 5.78
8 ND 0.13 0.065 ND ND 5.93 0.13 5.99 6.13
9 ND 0.15 0.079 ND ND 4.84 0.15 4.92 5.07
10 ND 0.15 0.063 ND ND 5.68 0.15 5.74 5.90
1 ND 0.16 0.065 ND ND 4.92 0.16 4.98 5.14
12 ND 0.13 0.065 ND ND 5.38 0.13 5.44 5.58
13 ND 0.14 0.063 ND ND 5.24 0.14 5.30 5.44
14 ND 0.16 0.064 ND ND 5.35 0.16 5.41 5.58
15 ND 0.16 0.070 ND ND 4.54 0.16 4.61 4.77
Mean - 0.14 0.07 - - 5.28 0.14 5.35 5.50
SEM* - 0.003 0.001 - - 0.12 0.003 0.12 0.12

aNo.: number, PAsC: arsenocholine, €¢AsB: arsenobetaine, %As(Il): arsenite, ‘DMA:
dimethylarsinate, fMMAI monomethylarsonate, 2As(V): arsenate, "oAs: Organic arsenic, iAs:
Inorganic arsenic, 'ND: not detected, "SEM: standars error of mean
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Table 42. Concentration of arsenic species in hijiki

unit : mg/kg

Total

No.? AsC® AsB® As(I)* DMA® MMA' As(V)® .
oAs" iAs' Sum
1 ND! 0.06 0.41 0.70 ND 0.86 0.76 1.27 2.03
2 ND 0.04 0.35 0.46 ND 2.86 0.50 3.22 3.71
3 ND 0.34 0.18 1.43 ND 2.96 1.78 3.14 4.92
4 ND 0.05 0.12 0.50 ND 0.27 0.54 0.39 0.94
5 ND 0.03 0.10 0.63 ND 2.83 0.66 2.93 3.59
6 ND 0.02 0.04 0.52 ND 1.38 0.54 1.42 1.95
7 ND 0.01 0.15 0.54 ND 0.63 0.55 0.78 1.32
8 ND 0.01 0.04 0.43 ND 0.22 0.44 0.26 0.70
9 ND 0.08 0.04 0.48 ND 1.30 0.56 1.34 1.90
10 ND 0.01 0.11 1.12 ND 1.18 1.13 1.29 2.42
1 ND 0.05 0.44 ND ND 4.27 0.05 4.71 4.76
12 ND 0.07 0.07 ND ND 1.48 0.07 1.55 1.62
13 ND 0.16 0.18 ND ND 2.56 0.16 2.74 2.90
14 ND 0.04 0.44 ND ND 4.38 0.04 4.83 4.86
15 ND 0.12 ND ND ND 1.16 0.12 1.16 1.28
16 ND 0.12 ND ND ND 1.51 0.12 1.51 1.63
17 ND 0.02 ND ND ND 1.48 0.02 1.48 1.50
18 ND 0.03 0.28 ND ND 1.64 0.03 1.92 1.95
19 ND 0.04 0.33 ND ND 6.21 0.04 6.54 6.58
20 ND 0.06 ND ND ND 1.05 0.06 1.05 1.12
21 ND 0.04 ND ND ND 3.23 0.04 3.23 3.27
22 ND 0.05 0.53 ND ND 2.58 0.05 3.11 3.16
23 ND 0.06 ND ND ND 0.86 0.06 0.86 0.92
24 ND 0.08 ND ND ND 2.83 0.08 2.83 2.91
25 ND 0.06 ND ND ND 3.59 0.06 3.59 3.65
26 ND 0.09 ND ND ND 2.04 0.09 2.04 2.12
27 ND 0.05 ND ND ND 2.20 0.05 2.20 2.24
Mean - 0.07 0.14 0.25 - 2.13 0.32 2.27 2.59
SEM* - 0.01 0.03 0.07 - 0.27 0.08 0.28 0.28

aNo.: number, PAsC: arsenocholine, €¢AsB: arsenobetaine, %As(Ill): arsenite, ‘DMA:
dimethylarsinate, "MMA: monomethylarsonate, *As(V): arsenate, "oAs: Organic arsenic, iAs:

Inorganic arsenic, 'ND: not detected, "SEM: standars error of mean
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