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Abstract This study aimed to evaluate the reduction of
total, organic, and inorganic arsenic content in Hizikia
fusiforme (hijiki). Initially, the six most common arsenic
compounds in hijiki and its organs were evaluated, among
which only arsenate and arsenobetaine were detected.
Thereafter, the entire plant, including the stalk and leaves,
was treated with heat and NaCl solution, individually and
in combination. Heating at 90 °C for 5 min significantly
reduced arsenic content in hijiki by approximately
33-80%. Treatment with NaCl solution significantly
reduced arsenic content in hijiki, except for arsenobetaine
content in the stalk. Combinatorial treatment further
decreased arsenic content by more than 5-20%. In con-
clusion, consumption of hijiki after boiling at 90 °C and
soaking in 2% NaCl solution reduces the intake of inor-
ganic arsenic by consumers.
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Introduction

Arsenic is a naturally distributed element present in many
minerals, soil, and air, in different oxidation states, forms,
and species (Choong et al., 2007). Arsenic is classified into
inorganic arsenic including arsenite (As(IIl)) and arsenate
(As(V)) and organic arsenic including dimethylarsinic acid
(DMA), monomethylarsonic acid (MMA), arsenobetaine
(AsB), and arsenocholine (AsC). Arsenic toxicity differs on
the basis of its chemical form, inorganic arsenic generally
being more toxic than organic arsenic. Among inorganic
arsenic forms, arsenite is more toxic than arsenate (Yang
et al., 2016). The United States Environmental Protection
Agency (EPA) reported that the LDsy values for arsenite,
arsenate, MMA, DMA, AsC, and AsB are 15-42 mg/kg,
20-200 mg/kg,  700-1800 mg/kg, 1200-2600 mg/kg,
6500 mg/kg, and 10,000 mg/kg, respectively (Abernathy,
2003).

Arsenic is considered a hazardous material by numerous
agencies worldwide. The International Agency for
Research on Cancer (IARC, 1994) classified arsenic as a
group 1 carcinogen, and the Agency for Toxic Substances
and Disease Registry (ATSDR) ranked the element at the
top of the substance priority list (ATSDR, 2018). Fur-
thermore, arsenic is associated with cancers of the liver,
bladder, lung, and skin in humans (Rose et al., 2007).
Smith et al. (1992) reported that arsenic causes human
kidney and bladder cancer.

Chronic exposure to arsenic affects the circulatory sys-
tem, potentially triggering hypertension and cardiovascular
disease (Jomova et al., 2011). Hall (2002) reported that
chronic exposure to arsenic induced numerous disorders
including palmar and plantar hyperkeratosis, gastrointesti-
nal symptoms, anemia, and liver disease. A recent ATSDR
publication (ATSDR, 2018) reported that inhalation and
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dermal exposure are considered minor routes of arsenic
consumption in the general population. However, most of
the arsenic exposure occurs orally via diet, indicating that
the oral route is the predominant path of exposure (Chung
et al., 2014). Arsenic contained in groundwater and surface
water accumulates in agro-fishery products, thus entering
the body (Yang et al., 2016). The Korea Food and Drug
Administration (KFDA, 2018) reported that fish accounted
for the highest proportion (35.2%) of the total arsenic
exposure via food, followed by seaweed (20.0%), molluscs
(10.1%), crustaceans (9.6%), grains (9.1%), shellfish
(4.7%), processed food (3.7%), kimchi and pickled foods
(2.8%), and fruits (1.5%). However, according to the
Korean Ministry of Health and Welfare (KMHW, 2018),
the daily per capita intake of seaweed ranked 13th among
the 17 items with 22.4 g, whereas grains ranked 2nd with
293.7 g, and fish ranked 8th with 89.3 g. Although sea-
weed intake is lower than that of other food products, it
greatly contributes to arsenic exposure.

Generally, the amounts of arsenic in vegetables, grains,
and meats are 0.01-1.0 mg/kg, while that in seaweed is
10-60 mg/kg. Although seaweed contains relatively higher
amounts of arsenic than vegetables and meats, most of the
arsenic exists in the form of non-toxic arsenosugars. More
than 20 arsenosugars have been identified in seaweed, most
of which are dimethylarsinoylribosides (EFSA, 2009).
Brown seaweeds, including Hizikia fusiforme (hijiki),
accumulate arsenic as inorganic arsenic (EFSA, 2009;
Hanaoka et al., 2001). Hijiki, family Phaeophyta
(Katayama et al., 2008), is a brown seaweed commonly
found along the Korean, Japanese, and Chinese coasts
(Baek et al., 2015; Katayama et al., 2008). Hijiki is con-
sidered a healthy food product owing to its high dietary
fiber content and essential minerals such as calcium, iron,
and magnesium (Ryu et al., 2009). Rose et al. (2007)
reported that among five common commercial varieties of
seaweed (hijiki, arame, wakame, kombu, and nori), hijiki
contains the highest total and inorganic arsenic levels.

Currently, no Korean and international statutory limits
of arsenic in hijiki have been reported, although several
countries advise against hijiki consumption. The Canadian
Food Inspection Agency (CFIA, 2018) advised consumers
to avoid consuming hijiki because of significantly higher
levels of inorganic arsenic than other seaweeds. Similarly,
the UK Food Standard Agency (UKFSA, 2018) advised
against consuming hijiki. The Food Standards Australia-
New Zealand (FSANZ, 2018) and the Hong Kong Centre
for Food Safety (HKCFS, 2018) advised against the direct
consumption of hijiki and suggested its use as a food
ingredient, instead (Yokoi and Konomi, 2012).

In 1989, the provisional tolerable weekly intake (PTWI)
of inorganic arsenic was set at 15 pg/kg bw/week by the
Joint FAO/WHO Expert Committee on Food Additives
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(JECFA, 2010). However, they noted that the PTWI of
15 pg/kg bw/week (equivalent to 2.1 pg/kg bw/day) is
within the region of the threshold dose close to the lower
confidence limit (BMDL5) of 3.0 pg/kg bw/day, which
was determined in accordance with epidemiological studies
and is no longer appropriate. Therefore, the JECFA with-
drew the previous PTWI and has suggested no new PTWI
value for inorganic arsenic. The JECFA noted that more
accurate information regarding inorganic arsenic content of
foods is needed owing to its consumption, to improve the
assessment of dietary exposure to inorganic arsenic species
(Yang et al., 2016). Therefore, the objective of this study
was to develop a method to reduce inorganic arsenic con-
tent and measure total, inorganic, and organic arsenic
content in hijiki.

Materials and methods
Materials and reagents

Hijiki was collected from Tong-yeong province, Korea,
and separated into stalks and leaves. Total hijiki, separated
stalks, and leaves were stored below 4 °C until use. All
reagents were of analytical grade until otherwise specified.

Total arsenic analysis

Arsenic plasma emission standard (ICP) was purchased
from AccuStandard (New Haven, CT, United States).
Nitric acid (70%) was purchased from Dong Woo Fine
Chem. Co. Ltd. (Pyeongtaek, Gyeonggido, Korea).
Hydrogen peroxide (30%) was obtained from Junsei
Chemical Co. (Chuo, Tokyo, Japan). Deionized water
(18 MQ cm) for the analysis was prepared using the ELGA
purelab ultra water purification system (ELGA, High
Wycombe, Buckinghamshire, United Kingdom).

Reagents for arsenic speciation analysis

Arsenic(IIl) oxide, sodium arsenate dibasic heptahydrate,
arsenobetaine, and cacodylic acid were purchased from
Sigma-Aldrich (St. Louis, MO, United States). Disodium
methyl arsonate hexahydrate was purchased from Chem
Service (West Chester, PA, United States). Arsenocholine
bromide was purchased from Wako Pure Chemical
Industries, Ltd. (Chuo, Osaka, Japan). Nitric acid (70%)
was purchased from Dong Woo Fine Chem. Co. Ltd.
Deionized water (18 MQ cm) used for analysis was pre-
pared using the ELGA purelab ultra water purification
system.
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Sample preparation

Total hijiki, separated stalks, and leaves were treated with
or without heat, NaCl solution, or a combination of both.
High-temperature heat treatment was briefly administered
by placing samples in water (w/w = 1:10) at 90 °C for
5 min. Treatment with NaCl solution was administered by
soaking the samples in 0%, 1%, and 2% NaCl solutions (w/
w = 1:10) for 20 min. Combinatorial treatment was
administered with heat treatment, followed by treatment
with 2% NaCl solution. Thereafter, all the samples were
freeze-dried, ground (Philips, HR2860, Amsterdam,
Netherlands), and stored at 4 °C until use.

Analysis of total arsenic

The ground hijiki samples were subjected to microwave
digestion in accordance with the Korea Food Code. Briefly,
approximately 0.2 g of sample was weighed in a Teflon
vessel. Subsequently, 7 mL of nitric acid and 0.5 mL of
hydrogen peroxide were added. Microwave digestion was
performed using a Start D microwave oven (Milestone,
Sorisole, Italy) and the program is summarized in Table 1.
The digests were cooled to ambient temperature, trans-
ferred to a volumetric flask, and diluted up to 20 mL with
deionized water. All digests were filtered through a 0.45-
pm syringe filter and analyzed using inductively coupled
plasma optical emission spectrometry (ICP-OES, OPTIMA
5300D, Perkin Elmer, Hopkinton, MA, United States) The
conditions for ICP-OES were as follows: R.F. generator,
40 MHz; R.F. power, 1300 W; plasma gas flow, 15.0
L/min; auxiliary gas flow, 0.2 L/min; and nebulizer gas
flow, 0.8 L/min; wavelength, 188.979 nm.

Analysis of arsenic speciation

Arsenic content was analyzed in accordance with the
method of Lee et al. (2018) with a minor modification.
Basically, 0.1 g of the hijiki samples were weighed in a
50-mL tube, and 50 mL of 1% nitric acid was added to
each tube. All samples were vortexed for 30 s and soni-

Yeongcheongu, Gyeongsangbukdo, Korea), followed by
vortex-mixing for 30 s. The samples were incubated in a
rotary shaker water bath (BS-31, Lab. Companion,
Geumcheongu, Seoul, Korea) at 60 °C and 150 rpm for
4 h. The samples were centrifuged at 4000 rpm for 15 min
(1236R, Labogene, Lynge, Allergd, North Zealand, Den-
mark), and the supernatants were filtered through a 0.45-
pm syringe filter and analyzed via HPLC (1200 series,
Agilent, Santa Clara, CA, United States) combined with
inductively coupled plasma mass spectrometry (ICP-MS,
7700 x series, Agilent).

Statistical analysis

All experimental data were evaluated using one-way
analysis of variance and significant differences among
means from triplicate analysis at (p < 0.05 indicating sta-
tistical significance) were determined using Duncan’s
multiple range test and an SPSS software program (SPSS
Inc., Chicago, IL, United States).

Results and discussion

Analysis of arsenic compounds in raw hijiki, stalks,
and leaves

The hijiki and its organs were treated with or without hot
water, salt solution, and a combination of both treatments,
followed by analysis of total arsenic treatment and arsenic
speciation. Among the six common types of arsenic content
investigated herein, arsenate and arsenobetaine were
detected.

Total arsenic, organic, and inorganic arsenic concen-
trations in raw total hijiki and its organs are presented in
Table 1. Arsenate was the predominant arsenic species in
hijiki accounting for approximately 60% of the total
arsenic content in total hijiki and leaves, whereas hijiki
stalks contained slightly greater than 50% of total arsenic.
However, arsenobetaine in total hijiki and stalks consti-
tuted approximately 25% of the total arsenic, whereas

cated for 30 min (Powersonic 610, Hwashin, hijiki leaves contained approximately 24% of the total
Table} 1 Cont.ents Of. total . Total As Inorganic As Organic As
arsenic, organic and 1morganic
arsenic in raw total hijiki and its As(IIT) As(V) AsB AsC DMA MMA
parts (mg/kg, dry weight)
Total hijiki 178.2+6.7 N.D. 106.9£13.7 44.34+2.8 N.D. N.D. N.D.
hijiki stalks 111.0+15.7 N.D. 58.8£3.8 27.0£3.9 N.D. N.D. N.D.
hijiki leaves 259.14+9.6 N.D. 164.7£7.5 37.2+£7.2 N.D. N.D. N.D.

Values are expressed as mean =+ standard deviation (n=3)

As means arsenic, AsB arsenobetaine, AsC arsenocholine, DMA dimethylarsinic acid, MMA monomethy-

larsonic acid

@ Springer



618

G. Park et al.

arsenic. Thus, hijiki stalks contain a higher ratio of
arsenobetaine compared with that of leaves. Conversely,
hijiki leaves contained a higher ratio of arsenate than
stalks.

The total arsenic content in raw total hijiki was
178.2 mg/kg, while that in raw stalks and leaves were
111.0 mg/kg and 259.1 mg/kg, respectively. By contrast,
Rose et al. (2007) reported that the total arsenic content in
hijiki in the United Kingdom is 95-124 mg/kg. Further-
more, Almela et al. (2006) reported that the total arsenic
content in hijiki is 68.3—-149 mg/kg. Although the total
arsenic content in the present study was slightly higher than
that reported previously, the present results are consistent,
being typical of this type of seaweed. The high reported
were approximately 179 mg/kg (Almela et al., 2002;
Hanaoka et al., 2001; Laparra et al., 2004; Van Netten
et al., 2000; Watanabe et al., 1979; Yasui et al., 1983).

However, Hanaoka et al. (2001) reported that the total
arsenic content in the stalks is 91.2 mg/kg and that in the
leaves is 231.0 mg/kg. Katayama et al. (2001) reported that
the total arsenic concentration is higher in the leaves than
in stalks. By contrast, Ichikawa et al. (2006) reported that
the total arsenic content is higher in stalks than in leaves.
Furthermore, two inorganic and four organic arsenic
compounds were evaluated. Only arsenate and arsenobe-
taine were detected in total hijiki, stalks, and leaves. None
of the other four arsenic compounds (arsenite, arseno-
choline, dimethylarsinic acid, and monomethylarsonic
acid) was detected in the samples.

In accordance with Raab et al. (2005) and Ryu et al.
(2009), most of the arsenic species in hijiki were inorganic
arsenic. Arsenate was the predominant arsenic species,
accounting for approximately 56-80% of the total arsenic
content. The arsenate content in raw total hijiki was
106.9 mg/kg, accounting for 60% of the total arsenic
content. The arsenate content in raw stalks and leaves was
58.8 mg/kg and 164.7 mg/kg, accounting for 53.0% and
63.6% of total arsenic content, respectively. By contrast,
Almela et al. (2006) reported that inorganic arsenic content
was 41.6-117 mg/kg.

In case of organic arsenic, the arsenobetaine content in
raw total hijiki, stalks, and leaves was 44.3 mg/kg,
27.0 mg/kg, and 37.2 mg/kg, respectively. These levels are
similar to those reported by Katayama et al. (2008), who
investigated the behavior of the arsenic compounds eluted
during the soaking of dried hijiki. The eluted arsenic
compounds were mostly arsenate and arsenobetaine-like
compounds. However, Ryu et al. (2009) reported that
arsenic forms such as MMA, DMA, AsC, and AsB were
not detected in 30 samples of hijiki. Therefore, only arse-
nate and arsenobetaine were selected for further study.
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Effect of heat treatment on arsenic content

Transient high-temperature treatment was administered to
mimic cooking conditions, since hijiki is not consumed in
the raw form. The effect of heat treatment on total arsenic,
arsenate, and arsenobetaine in total hijiki, stalks, and leaves
is shown in Fig. 1. Total arsenic, arsenate, and arsenobe-
taine contents were significantly reduced (p < 0.05) upon
heat treatment in total hijiki (Fig. 1).
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Fig. 1 Effect of heat treatment on arsenic content. Total hijiki, stalks,
and leaves were obtained. All samples were heated in water (w/
w = 1:10) at 90 °C for 5 min. Total arsenic, arsenate, and arsenobe-
taine content was determined in total hijiki (A), stalks (B), and leaves
(C). Untreated raw hijiki samples were used as the control.# indicates
significant differences at p < 0.05 against untreated raw control
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The amount of total arsenic, arsenate, and arsenobetaine
were 178.2 mg/kg, 106.9 mg/kg, and 44.3 mg/kg before
heat treatment and 45.3 mg/kg, 21.5 mg/kg, and 14.9 mg/
kg, respectively, after heat treatment. Furthermore, heat
treatment significantly reduced (p < 0.05) the total arsenic,
arsenate, and arsenobetaine content in hijiki stalks
(Fig. 1B). The level of total arsenic, arsenate, and arseno-
betaine were 111.0 mg/kg, 58.8 mg/kg, and 27.0 mg/kg
before heat treatment and 49.5 mg/kg, 17.6 mg/kg, and
18.0 mg/kg, respectively, after heat treatment. Moreover,
heat treatment significantly reduced (p < 0.05) the total
arsenic, arsenate and arsenobetaine content in hijiki leaves
(Fig. 1C). The content of total arsenic, arsenate, and
arsenobetaine were 259.1 mg/kg, 164.7 mg/kg, and
37.2 mg/kg before heat treatment and 77.1 mg/kg,
44.4 mg/kg, and 17.5 mg/kg, respectively, after heat
treatment.

Overall, the reduction of total arsenic content in total
hijiki, stalks, and leaves were 74.6%, 55.1%, and 70.2%,
respectively. Furthermore, the reduction of arsenate of total
hijiki, hijiki stalks and leaves were 79.9%, 70.1%, and
73.0%, while that of arsenobetaine of total hijiki, hijiki
stalks and leaves were 66.4% 33.3%, and 53.0%, respec-
tively. The results showed that, with the exception of
arsenobetaine content in hijiki stalks, arsenic contents in
hijiki and its organs were reduced more than twofold.
These results suggest that even brief heat exposure is
adequate to reduce the arsenic content in hijiki.

Arsenic reduction in the present study was greater than
that reported by Laparra et al. (2004), who suggested that
boiling at 100 °C for 20 min significantly reduced inor-
ganic arsenic content from 46 to 50%. Hanaoka et al.
(2001) reported that soaking resulted in a greater loss of
inorganic arsenic in hijiki leaves than in stalks, whereas
elimination of organic arsenic was not significantly dif-
ferent between stalks and leaves. Arsenobetaine-like
compounds appear stable and are not extracted via boiling
(Katayama et al., 2008).

Effect of NaCl treatment on arsenic content in hijiki

NaCl solution was utilized to mimic the basic flavor during
cooking. Total arsenate levels in all samples were signifi-
cantly decreased (p < 0.05) in a concentration-dependent
manner. The effect of NaCl treatment on total arsenic,
arsenate, and arsenobetaine in total hijiki, stalks, and leaves
is shown in Fig. 2. Overall, with the exception of arseno-
betaine in hijiki stalks, soaking in water significantly
reduced (p < 0.05) the amount of total arsenic, arsenate,
and arsenobetaine in total hijiki, stalks, and leaves.

Total arsenic, arsenate, and arsenobetaine content in
total hijiki soaked in 0%, 1%, and 2% NaCl are shown in
Fig. 2(A). Total arsenic, arsenate, and arsenobetaine
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Fig. 2 Effect of NaCl treatment on arsenic content. Total hijiki,
stalks, and leaves were obtained. All samples were soaked in 0%, 1%,
and 2% NaCl solution (w/w = 1:10) for 20 min. Total arsenic,
arsenate, and arsenobetaine content were determined in total hijiki
(A), stalks (B), and leaves (C). Untreated raw hijiki samples were
used as the control. Different letters indicate significant differences at
p <0.05

content was significantly reduced (p < 0.05) in a concen-
tration-dependent manner upon NaCl treatment compared
with those upon water treatment. The amount of total
arsenic was 132.2 mg/kg, 110.4 mg/kg, and 95.2 mg/kg;
arsenate, 81.4 mg/kg, 71.3 mg/kg, and 61.3 mg/kg;
arsenobetaine, 29.7 mg/kg, 12.6 mg/kg, and 17.2 mg/kg,
respectively. Total arsenic, arsenate, and arsenobetaine in
hijiki stalks soaked in 0%, 1%, and 2% NaCl are shown in
Fig. 2(B). The total arsenic content of hijiki stalks was
significantly reduced (p <0.05) in a concentration-
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dependent manner upon NaCl treatment compared with
that upon water treatment, whereas arsenate and arseno-
betaine content did not differ significantly. The amount of
total arsenic was 87.4 mg/kg, 81.9 mg/kg, and 76.0 mg/kg;
arsenate, 43.7 mg/kg, 41.1 mg/kg, and 38.8 mg/kg;
arsenobetaine, 25.8 mg/kg, 25.1 mg/kg, and 22.0 mg/kg,
respectively. Total arsenic, arsenate, and arsenobetaine in
hijiki leaves soaked in 0%, 1%, and 2% NaCl are shown in
Fig. 2(C). NaCl treatment significantly reduced (p < 0.05)
the total arsenate and arsenate content in hijiki leaves in a
concentration-dependent manner, whereas arsenobetaine
content did not differ significantly. The amount of total
arsenic was 173.3 mg/kg, 143.4 mg/kg, and 107.9 mg/kg;
arsenate, 127.5 mg/kg, 102.1 mg/kg, and 61.9 mg/kg;
arsenobetaine, 22.5 mg/kg, 21.9 mg/kg, and 20.5 mg/kg,
respectively.

Together, with the exception of arsenobetaine in stalks,
soaking total hijiki, stalks, and leaves in water without salt
(0% NaCl) significantly reduced (p < 0.05) the level of
total arsenic, arsenate, and arsenobetaine compared to that
in raw samples. The reduction of total arsenic, arsenate,
and arsenobetaine content in total hijiki, stalks, and leaves
was approximately 20—40% that in raw samples. Soaking
in 2% NaCl solution yielded the greatest reduction in total
arsenic, arsenate, and arsenobetaine content in total hijiki,
stalks and leaves, by approximately 30-70% that in raw
samples. Therefore, even a small amount of common salt
may reduce arsenic content in hijiki.

Overall, although soaking in water in the present study
showed slightly lower values than those of Hanaoka et al.
(2001) and Ichikawa et al. (2006), the overall tendency was
consistent. Hwang (2010) reported that NaCl concentration
is directly associated with the reduction in water content in
vegetables. Arsenic is fairly water-soluble (Rose et al.,
2007), thereby reducing arsenic levels following dissolu-
tion in water.

Effect of combinatorial treatment of NaCl and heat
on arsenic content in hijiki

Based on previous results, combining heat treatment with
soaking in 2% NaCl solution resulted in highly significant
differences in arsenic levels of total hijiki, stalks, and
leaves. Combinatorial treatment of heating at 90 °C and
soaking in 2% NaCl solution significantly reduced
(»p < 0.05) the content of total arsenic, arsenate, and
arsenobetaine in total hijiki, stalks, and leaves compared
with heating or NaCl treatment alone, with the exception of
arsenobetaine levels in total hijiki (Fig. 3).

The levels of total arsenic, arsenate, and arsenobetaine
in total hijiki administered combinatorial treatment were
36.9 mg/kg, 11.4 mg/kg, and 14.0 mg/kg (Fig. 3A); stalks,
32.8 mg/kg, 11.7 mg/kg, and 13.9 mg/kg (Fig. 3B); leaves,
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Fig. 3 Effect of combinatorial treatment of heat and NaCl on arsenic
content. Total hijiki, stalks, and leaves were obtained. All samples
were heated in water (w/w = 1:10) at 90 °C for 5 min and soaked in
0%, 1%, and 2% NaCl solution (w/w = 1:10) for 20 min. Total
arsenic, arsenate, and arsenobetaine content was determined in total
hijiki (A), stalks (B), and leaves (C). Untreated raw hijiki samples
were used as the control. Different letters indicate significant
differences at p < 0.05

58.5 mg/kg, 20.5 mg/kg, and 13.0 mg/kg, respectively
(Fig. 3C). Total arsenic and arsenate content in total hijiki,
stalks, and leaves subjected to combinatorial treatment
were significantly lower (p < 0.05) than those upon indi-
vidual 2% NaCl and heat treatment; furthermore, heat
treatment alone significantly reduced (p < 0.05) total
arsenic and arsenate levels compared to that with 2% NaCl
alone. Interestingly, there were no significant differences in
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arsenobetaine levels in total hijiki treated with 2% NaCl,
heat, and combinatorial treatments. Additionally, arseno-
betaine levels in stalks and leaves after combinatorial
treatment were significantly lower (p < 0.05) than those
after 2% NaCl treatment. However, combinatorial treat-
ment slightly reduced arsenobetaine levels than did heat
treatment alone.

Together, with the exception of arsenobetaine in total
hijiki, combinatorial treatment yielded the greatest reduc-
tion in total arsenic content, followed by heat treatment,
and finally 2% NaCl treatment was the highest among three
treatments. The present study shows that the reduction in
total arsenic content after heat treatment was significantly
higher than that after soaking in water, concurrent with the
results of Ichikawa et al. (2006), albeit with slightly higher
values. Furthermore, concurrent with the results of
Katayama et al. (2008) study, the higher the temperature of
the soaking water, greater the extraction of arsenic from
hijiki. The reduction of metal content in the seafood during
cooking may be related to the release of these metals as
free salts in water (Bryan and Hummerstone, 1971).

The combination of both heating and salt treatment
significantly reduced total arsenic content in hijiki com-
pared with individual treatments. Total arsenic content
eliminated from raw samples via combinatorial treatment
was approximately 20-45% more than the that upon salt
treatment alone, but approximately 5—15% greater than that
upon heat treatment alone. Yamashita (2014) reported that
total arsenic could be reduced by 86-92% via boiling in
seawater multiple times. Although individual salt and heat
treatments eliminated a lower percentage of arsenic con-
tent, upon combinatorial treatment, the estimated elimina-
tion of total arsenic was similar to that reported by
Yamashita (2014).

Because arsenic is fairly water-soluble and water con-
tent decreased with an increase in NaCl concentration
during soaking, total arsenic levels decreased. Arsenobe-
taine stability prevented its extraction during boiling. In
conclusion, the present results suggest that the consump-
tion of hijiki after heating in water at 90 °C, followed by
soaking in 2% NaCl solution may reduce the intake of
inorganic arsenic by consumers.
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