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Because there is a great difference between the toxicity of inorganic arsenic (As) and organic 
As in food， the ]ECF A has set a PTWI value for inorganic As (iAs) rather than for total As. The 
difference in As toxicity makes it necessary to extract iAs completely from food samples for 
toxicological analysis， but complete extraction of As from most foods including seaweed has not 
been achieved to date. We developed a partial-digestion method that uses nitric acid as a solvent 
in order to extract almost all arsenicals from the solid matrix of hijiki (Hizikia fusiforme， a brown 
alga) samples. In this method， organic As species V{ere not converted into iAs. HPLCjICP-MS was 
then used to determine the concentration of iAs. Total As was measured by hydride generation-
atomic absorption spectrometry. The adopted conditions for 0.1 g of ground fine powder sample 
were: 2 mL of 0.3 moljL nitric acid; heating， 80

0

C for 1 hr. Intra-laboratory validation of the 
method showed good precision and accuracy. The repeatability and intermediate precision for iAs 
were 1.5% and 1.5%， respectively. The LOD and LOQ for iAs were 0.14 and 0.46 mgjkg dry 
weight， respectively. Recovery studies performed by spiking 0.5 mgjkg dry weight as the LOQ 
level and by spiking 3 mgjkg dry weight as the iAs concentration of an un-spiked hijiki sample 
showed good accuracy. The method was applied to hijiki samples after a water soaking process 
and a water soaking and simmering process. The results suggested that the As concentration in 
hijiki after both processes was lower than that before the treatments and that the water soaking 
and simmering process reduced the iAs concentration much more effectively than the water 
soaking process. 

Key words: arsenic; inorganic arsenic; hijiki; HPLCjICP-MS; partial digestion; nitric acid; 
soaking 

Introduction 

Since inorganic arsenic (As) in food is much more 
toxic than organic As1).2)， the ]ECFA (the ]oint FAOj 

WHO Expert Committee on Food Additives) has estab-
lished a provisional tolerable weekly intake (PTWI) 

level in terms of the value of inorganic As (iAs) (0.015 
mgjkg bw jweek). In ]uly 2004， the Food Standards 

Agency of the UK issued a warning advising the public 

not to eat the seaweed Hijikia fusiforme (hijiki)， because 
it contained a high level of iAs3). 

One of the requirements for the risk assessment of 
food containing As is a quantitative or nearly quantita-
tive determination method of arsenicals that does not 
alter the original chemical species. Moreover， quantita-
tive extraction is also essential， because extraction pro-
cedures may selectively remove non-toxic species from 

food andjor leave the toxic species unextracted within 

the solid matrix. 

Since the 1970s， the speciation of As in seafood has 
attracted great attention， because As poisoning via sea-

food has not been observed in spite of the high As 
content. Various analytical methods have been used for 
speciation， and it become feasible to determine iAs and 
methylated As species separately4)も

Sonication in combination with methanoljwater (or 
methanol alone) as an extraction solvent has been used 
in an attempt to quantitatively extract arsenicals from 
seafood7

). However， since methanol is an inadequate 
solvent for iAs extraction8

).9)， water alone has also been 

used as the solvent to extract iAs because of its high 
polarityIO).II). Moreover， attempts to utilize enzyme-

assisted extraction have been reported for seafoodI2).13). 

Quantitative extraction from some foods has been 
achieved， but it has been difficult to achieve thorough 
extraction from samples of seaweed， including hijikiI4). 

Accelerated solvent extraction (ASE) is a relatively new 
extraction technique that makes it possible to optimize 
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solvent mixtures， pressure applied， temperature， and 
time to achieve a more quantitative extraction 14)ー17)

However， As extraction from some foods is incomplete 
even with ASE9). 

To achieve complete extraction， a partial-digestion 
method may be effective. However， an alkali-digestion 
method was considered to be inadequate for the extrac-
tion of iAs， because of low recovery rates*l. This paper 
reports a partial acid-digestion method. Nitric acid was 

used to completely extract iAs from a hijiki sample 
matrix under conditions such that organic As species 

were not converted to iAs. This method was coupled 
with HPLC/ICP-MS to determine As species including 
iAs. The developed method was applied to soaked hijiki 
samples. 

Materials and Methods 

Reagents 
Sodium arsenate (Na2HAs04)， sodium arsenite 

(NaAs02)， monomethylarsonic acid (MMA)， dimethyl-
arsinic acid (DMA)， and trimethylarsine oxide (TMAO) 

were purchased from Wako Pure Chemical Ind ustries， 

Ltd. (Osaka， Japan). Arsenobetaine (AB) was obtained 
from Trichemical Laboratory (Yamanashi， Japan). 
Ultra-pure analytical grade nitric acid (68%) and 
tetramethylammonium hydroxide (TMAH， 20%) 

(TAMAPURE-AA-I00) were purchased from Tama 
Chemical Industry (Kanagawa， Japan). Other chemicals 

were of reagent grade or of the highest grade commer-
cially available. All laboratory ware used was im-

mersed in approximately 2 mol/L HN03 at least over-
night and rinsed with ultra-pure water prepared with a 
Milli-Q SP Reagent Water System (Millipore， Bedford， 

MA) to avoid contamination with various ions. Water 
of this grade was used throughout the experiment. 

H抑制

Hijiki specimens in the form of dried food were ob-

tained from supermarkets in the Tokyo Metropolitan 
area and by mail order in Japan， and were freeze-dried. 

In the water soaking process or the water soaking and 
simmering process， they were freeze-dried after the pro-
cess. Before analysis， all samples were carefully ground 
into a fine powder sample with a grinder. 

Water soakingρrocess and wαter soaking and simmering 
process 

(1) Water soaking process: The hijiki sample was 

soaked in a 40 volumes of water at room temperature 
for 30 min， and the swollen hijiki sample was then 
rinsed twice with 40 volumes of water. 
(2) Water soaking and simmering process: After the 

above-described soaking process， a swollen hijiki 
sample having a wet weight 0f 10 g was simmered at 

判 MiyashitaM目 etal.“Speciation analysis of arsenicals in 
animal feed by hydride generation-cold trap-atomic ab-
sorption spectrometry'¥Proceedings of '04 Tsukuba Sem-
inar. Tsukuba， Japan， 2004一7-1/2.Discussion Group for 
Plasma Spectrochemistry in Japan， 2004， p. 37-45 

100
0

C in 200 mL of water for 30 min， and then rinsed 
twice with 200 mL of water. 

Extraction procedure for hijiki 
A ground hijiki powder sample (0.1 g dry weight) was 

mixed with 2 mL of nitric acid solution in a 10 mL 
capped high density polyethylene (HDPE) centrifuge 
tube. The mixture was heated on an aluminum heat 

block. After cooling， TMAH solution was added to the 
mixture to adjust the pH to 3.0， and the solution ob-
tained was diluted to 50 mL with water. Finally， the 

solution was diluted with an appropriate volume of 0.1 
mol/L nitric acid， and passed through a 0.45μm filter 
prior to analysis. The estab!ished conditions for the 
extraction of arsenicals in hijiki coupled with HPLC/ 
ICP-MS were: hijiki sample size， 0.1 g dry weight (finely 

ground); extraction solution， 0.3 mol/L nitric acid solu-
tion; extraction temperature， 80

0

C; extraction time， 1 hr. 

Determination of iAs by HPLC/ICP-MS 
The HPLC apparatus (Agilent 1200 Series， Agilent 

Technologies， Tokyo， Japan) was equipped with a 
column (CAPCELL P AK CI8 MG， 4.6 mm i.d. X 250 mm， 

Shiseido Ltd.， Tokyo， Japan). The solvent (pH 3.0)， com-
posed of 10 mmol/L sodium l-butanesulfonate， 4 mol/L 

TMAH， 4 mmol/L malonic acid， and 0.05% methanol， 

was used for isocratic elution at a ftow rate of 0.75 mL/ 
min. The sample solution (20μL) was applied to the 

column and eluted at room temperature. The retention 
time did not change at this temperature in this study. 
As an ICP-MS， an Agilent 7500ce ICP-MS system 

(Agilent Technologies) was used. The analytical condi-

tions were: RF power， l.6 kW; plasma gas， 15 L/min; 
carrier gas， 0.70 L/min; auxiliary gas， 0.90 L/min; 
makeup gas， 0.43 L/min. Signal ion monitoring at m/z 
75 and a sampling rate of 1 Hz were used to collect the 

chromatographic data. 

Total As analysis 
A ground hijiki fine powder sample (0.1-1 g dry 

weight) was weighed， transferred to a Kjeldahl ftask， 

and heated with nitric acid (10 mL). Then， 5 mL of 
sulfuric acid was added to the ftask， and heating was 
continued until white fumes of sulfuric acid appeared. 
Hydrogen peroxide (2 mL， 30%) was added to the ftask， 

and heating was continued. After cooling， 15 mL of 
saturated ammonium oxalate solution was added to the 

ftask， and heating was continued. A 5 mL volume of 

potassium iodide (40%， w /w) was added， and after 
allowing the solution to stand for 30 min， 5 mL of ascor-

bic acid (10%， w/w) was added， and， finally， water was 
added to adjust the volume to 50 mL. The total amount 
of As was measured by hydride generation-atomic ab-
sorption spectrometry (HG-AAS) (Varian Spectra AA 

220 with VGA-77， Varian Japan， Tokyo). 

Extraction efficiency 
Extraction efficiency (extraction [%J) was evaluated 

as the ratio of extracted As content to total As content. 
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4∞o The As concentration of each extract solution was de-

termined by ICP-MS after dilution with 0.1 moljL nitric 

acid solution， unless otherwise noted. 

Microwave oven 
The As concentration of each extract solution was 

measured by ICP・MSafter further digestion with a 

microwave oven (Multiwave 3000， Microwave Sample 

Preparation System， Perkin-Elmer Japan， Tokyo). The 

digestion procedure consisted of the following steps: 5 

min at 300 W， 10 min at 300-800 W， 20 min at 800 W. 

The digested solutions were applied to the ICP-MS 

system. 

Results and Discussion 

Sρeciation analysis 01 standard arsenicals and a partially 
digested hijiki sam.ρle by HPLC/ICP-MS 
The HPLC/ICP-MS system was used to analyze six 

standard arsenic compounds， arsenate， arsenite， MMA， 

DMA， AB， and TMAO. The concentration of each stand-

ard was 10 ng As/mL. As shown in Fig. 1， they were 

separately detected within 10 min. 

Figure 2 shows a typical HPLC/ICP・MSchromato-

gram for a hijiki sample treated by the partial acid-

digestion method. The hijiki sample was treated as 

described below. An unknown peak was detected at the 

retention time of 7.8 min. The peak area decreased with 

increasing heating time in the presence of nitric acid 

and the peak area of DMA gradually increased con-
comitantly， which suggested that the peak is that of 

arsenosugar (see also Table 1-1). The broad peak of As 

(V) seemed to be due to a matrix e任ect.No change of 
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Fig. 1. HPLC/ICP-MS chromatogram of six standard As 
compounds 

Sample injection volume， 20μL; concentration of 
each standard As compound， 10 ng As/mL目
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Fig. 2. HPLC/ICP-MS chromatogram of a partially acid-
digested hijiki sample 

A hijiki powd巴rsample (0.1 g dry weight) was 
mixed with 2 mL of conc. nitric acid. The mixture 
was heated at 800C for 1 hr. 

the peak area of iAs(V) was observed during heating 

(data not shown). No peak was observed between 11 

and 14 min (data not shown). 

Effect 01 extraction temperature 
Table 1・1and Table 1・2show the results of a compar・

ison of extraction temperatures. Ground hijiki fine 
powder (0.1 g dry weight) was mixed with 2 mL of conc. 

nitric acid (68%)， and the mixture was heated for 1 hr at 

60
0

C， 80
o
C， 100

o
C， or 120

0

C on an aluminum heat block 

or allowed to stand for 1 hr at room temperature. In 

Table 1・1，the As concentration was determined after 

filtration and further digestion with a microwave oven. 
The extraction efficiency (%) of As showed the highest 

Table 1・1. Effect of heating temperature on the extrac-
tion efficiency 

Temperature Extract total As1I Extraction2) 

(OC) (mg/kg dry w巴ight) (%) 

Room temp目 106 92 
60 108 94 
80 116 100 
100 114 99 
120 110 95 

Data are the means of duplicate analyses 
1) The As concentration of each extract solution was 
measured by ICP-MS after further digestion with a 
mlcrowave oven. 

2) The extraction efficiency (%) was caJculated as the ratio 
of extracted As content to total As content. The total 
As concentration was determined to be 115.6 mg/kg dry 
weight 

Table 1・2. Effect of heating temperature on the chemical forms of As 

Temperature (C) 
As(V) 

Room temp 88.3 
60 91.8 
80 99目l
100 97.5 
120 95目7

Concentration (mg/kg dry weight) 

As(III) iAs (As(V) + As(III)) MMA 

N.D 88.3 N.D 
N.D. 91.8 N.D. 
N.D. 99.1 N.D. 
N.D. 97.5 N.D. 
N目D. 95.7 N.D. 

DMA 

1.0 

2.8 
6.7 
10.2 
20.4 

Data are the mean of duplicate analyses. 
N.D.: Not detected. 
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value at 80
o
C. 

When the chemical forms of As in the extract were 
studied， the highest iAs concentration was also ob-

served at 80
o
C， though it remained almost constant at 

high temperatures. DMA was detected at room tem-

perature181 and increased with temperature due to the 

degradation of arsenosugar(s) as mentioned above in 

relation to Fig. 2. MMA was not detected at any tem-

perature. Since iAs concentration did not increase with 

the increase of DMA concentration and MMA was not 

detected， it was considered that the detected iAs was 

originally present as iAs in the hijiki sample. In a 

separate experiment， it was shown that DMA is not 

converted to iAs below 120
0

C even in the presence of 

conc. nitric acid191. Consequently， it was concluded that 

80
0

C was the best extraction temperature to determine 
iAs in this method. 

Effect of nitric acid concentration of the extraction solution 
When conc. nitric acid is added to a sample to extract 

As compounds， the solution may suddenly boil， and 

neutralization is required to prevent damage to the 

HPLC column. Therefore. different acid concentrations 

were tested to identify the minimum nitric acid concen-

tration that could be used without reducing the extrac-

tion efficiency， and the results are shown in Table 2. 

Ground hijiki fine powder (0.1 g dry weight) was mixed 

with 2 mL of 0.1， 0.15， 0.3，1，3 mol/L or conc. nitric acid 

solution， water alone， and 2 mol/L triftuoroacetic acid 
(TF A) in a 10 mL capped HDPE centrifuge tube， and the 

solutions were heated for 1 hr at 80oC. The iAs concen-

tration and extraction efficiency were almost the same 

at the concentrations of 0.15 mol/L and above. The As 

(III) concentration of hijiki was low as previously 

repoited 111. The DMA concentration increased at 

higher nitric acid concentrations. 

Reasonably good extraction efficiency (76%) was ob-

tained with water alone. Since the hijiki samples in this 

experiment were carefully milled with a grinder， water 

seemed to easily penetrate the sample matrix. 

To extract As from rice， 2 mol/L TF A and heating at 

100
0

C for 6 hr were adoptedl71. In our study， the sample 

was treated with 2 mol/L TF A at 80
0

C for 1 hr. The iAs 

concentration was similar to that obtained when nitric 

acid solution was used. Interestingly， however， As(III) 

concentration was increased and As(V) concentration 

was decreased， compared with the nitric acid treatment. 
The recoveries of As(V) ranged from 30-35% in the case 

of rice samples171. These results may suggest the con-

version of As(V) to As(III) when 2 mol/L TF A was used. 

On the other hand， As(III) was not detected when nitric 

acid of 1 mol/L and higher concentration was used. 

Moreover， the As(III) concentration ranged from 1.5-2.8 

mgjkgjdry weight when 0.1-0.3 mol/L nitrIc acid was 

used. Care should be taken when selecting the extrac-

tion solvent andjor concentration， if separate detection 

of As(III) and As(V) is required. 

Based on the results described above， we chose 0.3 

mol/L as the nitric acid concentration of the extraction 

solution to use in this method. In this study， the condi-

tions were optimized for 0.1 g dry weight of ground fine 

powder sample. 

Effect of extraction time 
The results for the comparison of extraction times are 

shown in Table 3. A milled hijiki powder sample (0.1 g 

dry weight) was mixed with 2 mL of 0.3 mol/L nitric 

acid solution in a 10 mL capped HDPE centrifuge tube 

and heated for 15， 45， 60， or 90 min at 80
o
C. The 

extraction efficiency (%) of As showed the highest 

value when heating was done for 60 min. Thus， an 

extraction time of 60 min was adopted for use in the 
method. Interestingly， As(III) concentration ranged 

from 1.3 to 2.7 mgjkg dry weight during the longer 
heating period. The quantification of As(III) concentra-

tion was considered to be difficult even when nitric acid 

of 0.3 mol/L concentration was used. 

Method validαtion (single-laboratory validation of the 
method for extraction of iAs from hijiki samρles) 

The method was validated in terms of linearity， limit 

of detection (LOD)， limit of quantification (LOQ)， preci-

Table 2. Effect of the HN03 concentration of the extraction solution on extraction efficiency 

Concentration (mg/kg dry weight) Extraction21 
Extraction solution 

(%) As(V) As(III) iAs (As(V) + As(III)) MMA DMA Extract total AS11 

0.10 mol/L HN03 77.5 1.5 79.0 N.D. 1.5 95.9 79.9 
0.15 mol/L HN03 88.1 2.6 90.7 N.D目 1.6 117 97.5 
0.30 mol/L HN03 84.9 2.8 87.7 N.D. 1.5 118 98.7 
1.0 mol/L HN03 85.9 N.D 85.9 N.D. 1.6 119 99.3 
3.0 mol/L HN03 89.1 N.D 89.1 N.D. 2.6 123 102 
conc. HN03 89.1 N.D. 89.1 N.D 9.0 117 97.7 
Water alone 66.5 1.0 67.5 N.D 1.2 91.3 76.1 
2 mol/L TFA 74.6 14.3 88.9 N.D. 1.5 113 94.0 

Data are the means of duplicate analyses. 
N.D.: Not detected. 
1) The As concentration of each extract solution was measured by ICP-MS only after dilution with 0.1 mol/L nitric acid 
solution 

21 Extraction efficiency (%) was calculated as the ratio of extracted As content to total As content目 Thetotal As 
concentration was determined to be 120.0 mg/kg dry weight. 
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Effect of extraction time on extraction efficiency Table 3. 

Concentration (mg/kg dry weight) Extraction2) 
(%) 

Extraction time 
(min) 

民
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93.0 
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98.1 
92.2 

Extract total ASI) 
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1
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MMA 

N.D 
N.D 
N.D. 
N.D. 

iAs (As(V)+ As(III)) 

73.2 
82.8 
87.3 
85.7 

As(III) 
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ウ
t
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唱
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As(V) 

71.9 
81.0 
84.9 
83.0 

Data are the means of duplicate analyses. 
N.D.: Not detected. 
1) The As concentration of each extract solution was measured by !CP-MS after dilution with 0.1 mol/L nitric acid solution. 
2) Extraction efficiency (%) was calculated as the ratio of the As concentration of each extract solution to the total As 
concentration. 

respectively. Since the recovery of both MMA and 

DMA was almost 100%. essentially no conversion of 

organic As to iAs occurred under the conditions used in 

the method. 

To evaluate the precision of the method， the 

repeatability and intermediate precision for iAs were 

obtained by performing two replicate analyses on five 

different days. The analyses were performed on a hijiki 

sample prepared by the water soaking and simmering 

method (iAs， 7.47 mg/kg dry weight; DMA， 0.169 tng/ 

kg dry weight). The repeatability and intermediate 

precision for iAs obtained were 1.5% and 1.5%， respec-

tively. The repeatability and intermediate precision for 

DMA were 7.9% and 8.4%， respectively. 
These results showed that the method is efficient in 

terms of accuracy and precision. 

Sρeciationαnalysis 01 hijiki samples alter water soaking 
ρrocess and water soaking and simmering ρrocess 

The concentration of As in hijiki has been reported to 

be reduced by a water soaking procedure， depending on 
temperaturelll.201. In these papers， however， the extrac-

tion efficiency was insufficient and the As content was 

not evaluated as iAs， but as total As. Moreover， it has 

not been clarified whether the non-extracted As in hijiki 

samples was iAs or not. In this study， both the water 

soaking process and the water soaking and simmering 

process were used in preparing cooked hijiki samples 

and the established method was applied to hijiki 

samples after both processes in order to clarify the 

retained iAs concentration. 

Typical HPLC/ICP-MS chromatograms of a hijiki 

sample after the water soaking process (Fig. 3(a)) and 

after the water soaking and simmering process (Fig. 

3(b)) are shown in Fig. 3. The water soaking and 

simmering process greatly reduced the iAs concentra-

tion. The retention time of the unknown peak in Fig. 3 

was different from that in Fig. 2. The pH of the sample 

solution may affect the retention time of the ar-
senosugar-derived peak. 

The results of the measurements of iAs and total As 
in hijiki are given in Table 5. When the method was 

applied to untreated hijiki samples， the concentrations 

of iAs and total As detected were in the 64.5 to 104.5 

mg/kg dry weight range， and 92.0 to 131.5 mg/kg dry 

sion， and accuracy. Since the ]ECF A set the PTWI 

value of As as the value of iAs， the concentration of iAs 
was evaluated. iAs was quantified by using a standard 

curve that was established by using iAs standards at 

concentrations of 1， 2， 5， 10， and 20 ng As/mL; the plot 

showed good linearity (r=0.9998). 

The LOD and LOQ was set at 3 and 10 times the 

standard deviation of the values obtained from 10 rep-

licate analyses， respectively. The analyses were per-

formed on a hijiki sample prepared by means of the 

water soaking and simmering process in order to de-

crease the iAs concentration. The iAs concentration 
was determined to be 2.92:t 0.046 mg/kg dry weight 

(mean:tS.D. (n=10)). The LOD and LOQ values of iAs 
were 0.14 mg/kg dry weight and 0.46 mg/kg dry 

weight， respectively. 

The recovery studies were performed by spiking 0.5 

mg/kg dry weight as the LOQ level and 3 mg/kg dry 

weight as the iAs concentration of an un-spiked hijiki 

sample (iAs: 2.92:t0.046 mg/kg dry weight) to evaluate 

accuracy. Either As(V) or As(III) was added to the 

sample as iAs. Since the PTWI was set for iAs， the sum 

of the iAs(V) and iAs(III) recovered is shown in Table 4 

Recovery of iAs at 0.5 mg/kg and 3 mg/kg ranged from 

93.1% to 106.7%. Recovery studies for MMA and DMA 

were also performed by spiking 2.5 mg MMA/kg dry 

weight and 2.5 mg DMA/kg dry weight， respectively. 

The hijiki sample originally contained DMA of 1.51 

mg/kg dry weight， but did not contain any MMA. 

Recovery of MMA and DMA was 92.8% and 99.8%， 

Recovery of As species from hijiki samples 

Spiked 
specles 

Recovery 
(%)1) 

Spiked level 
(mg/kg dry 
weight) 

Tab!e 4. 

n 

iAs (As(V) + As(lII)) 93.1 :t8.2 
100.6:t4.0 
100.7:t5.7 
106.7士1.5
92.8:t2.8 
99.8:t3.8 

Fhu
c
U
Fhu

zu
η
O

門。

0.50 
3.0 
0.50 
3.0 
2.5 
2.5 

As(V) 

As(III) 

MMA 
DMA 

MMA 
DMA 

1) Percent recovery studies were perform巴don a hijiki 
sample (iAs， 2.92 mg/kg; MMA， not detected; DMA， 1.51 
mg/kg) by five replicate analyses for iAs and by 
triplicate analyses for MMA and DMA 
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weight range， respectively. After the water sοaking 3.7-15.5 mg/kg dry weight and 26.1-36.4 mg/kg dry 

proc巴ss，the concentrations of iAs and total As detected weight， respectively. The percentages of iAs and total 

were in the 32.3 to 64.9 mg/kg dry weight range， and As retained were 4.3-20.0% and 2l.3-34.9%， respective-

55.0 to 84.1 mg/kg dry weight range， respectively. The Iy. The retained percentage of iAs was lower than that 

percentages of iAs and total As retained were 38.4- of total As. Thus the water soaking and simmering 

62.1% and 52.6-64.0%， respectively. Thus， the water process was more effective in removing iAs， rather than 

soaking process reduced the concentrations of both iAs total As. 

and total As by half. It is especially noteworthy that the iAs concentration 

The water soaking and simmering process profound- in hijiki samples A， B， and C， prepared by the water 

Iy reduced the concentrations of iAs and total As to soaking and simmering process， was reduced to 1/10 

compared to the concentration after the water soaking 

4000 !a) Water soaking process (after 10-fold dilution_) __  process. These results suggest that the water soaking 
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Fig. 3. HPLCjICP-MS chromatograms for cooked hijiki 
samples 

(a) hijiki sample after the water soaking process. 
The extract solution was diluted 10 times with 0.1 
mol/L nitric acid solution. The iAs concentration 
was determined to be 52.6 mgjkg dry weight; (b) 
hijiki sample after the water soaking and simmer-
ing process. The iAs concentration was determined 
to be 5.2 mgjkg dry weight. 

and simmering process， the traditional ]apanese cook-

ing style for hijiki， is effective in removing iAs rather 

than total As， from the hijiki sample matrix. 
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