
FSANZ provides risk assessment advice to the Department of Agriculture and Water Resources on the level of public health 
risk associated with certain foods. For more information on how food is regulated in Australia refer to the FSANZ website or 
for information on how imported food is managed refer to the Department of Agriculture and Water Resources website. 

 

 
Imported food risk statement 

Hijiki seaweed and inorganic arsenic 
 

Commodity: Hijiki seaweed  
 
Alternative names used for Hijiki include: Sargassum fusiforme (formerly Hizikia fusiforme, Hizikia fusiformis, 
Crystophyllum fusiforme, Turbinaria fusiformis), Hizikia, Hiziki, Cystophyllum fusiforme, deer-tail grass, sheep-
nest grass, chiau tsai, gulfweed, gulf weed ,hai ti tun, hai toe din, hai tsao, hai tso, hai zao, Hijiki, me-hijiki, 
mehijiki, hijaki, naga-hijiki, hoi tsou, nongmichae.  
 
Analyte: Inorganic arsenic 
 

Recommendation and rationale  

Is inorganic arsenic in Hijiki seaweed a medium or high risk to public health? 

  Yes 

  No 

  Uncertain, further scientific assessment required 

Rationale: 

 Inorganic arsenic is genotoxic and is known to be carcinogenic in humans. Acute toxicity can result 
from high dietary exposure to inorganic arsenic. 

 

General description 

Nature of the analyte: 

Arsenic is a metalloid that occurs in inorganic and organic forms. It is routinely found in the environment as a 
result of natural occurrence and anthropogenic (human) activity (WHO 2011a). While individuals are often 
exposed to organic and inorganic arsenic through the diet, it is the inorganic species (which include arsenate V 
and arsenite III) that are more toxic to humans. Only inorganic arsenic is known to be carcinogenic in humans 
(WHO 2011a). 

Inorganic arsenic contamination of groundwater is common in certain parts of the world. Dietary exposure to 
inorganic arsenic occurs predominantly from groundwater derived drinking-water, groundwater used in 
cooking and commonly consumed foods such as rice and other cereal grains and their flours (EFSA 2009; WHO 
2011a; WHO 2011b). However fruits and vegetables have also been found to contain levels of inorganic 
arsenic in the range of parts per billion (FSA 2012). 

Seafood is a major contributor to total (inorganic plus organic) arsenic dietary exposure and was, for example, 
estimated to contribute to approximately 90% of exposure in the United States (Borak and Hosgood 2007). 
The predominant species of arsenic in seafood is, however, the less toxic organic form, with a minor 
contribution from the more toxic, inorganic species (Borak and Hosgood 2007).  

In seaweed inorganic arsenic contributes to at least 50% of the total arsenic concentration (Almela et al. 2002; 
Rose et al. 2007; WHO 2011a). Bioaccumulation of inorganic arsenic in seaweed varies between the species 
and within different parts of a single seaweed strand. Inorganic arsenic uptake is influenced by environmental 

http://www.foodstandards.gov.au/about/safefoodsystem/Pages/default.aspx
http://www.agriculture.gov.au/import/goods/food/inspection-compliance/inspection-scheme
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factors such as season, temperature and pH (Burger et al. 2007; Katayama et al. 2008a; Sharma and Sohn 
2009). Reports have consistently demonstrated that specific types of seaweed, particularly those of the 
Sargassaceae family (which comprises approx. 494 members (Guiry and Guiry 2015), contain higher levels of 
inorganic arsenic than other seaweed types; levels have been reported above the ML in the Australia New 
Zealand Food Standards Code (the Code) (Almela et al. 2002; Laparra et al. 2003; FSA 2004a; Almela et al. 
2005; Almela et al. 2006; Rose et al. 2007; Besada et al. 2009; Smith et al. 2010; Diaz et al. 2012; FSANZ 2013; 
Brandon et al. 2014). Sargassum fusiforme (otherwise known as Hijiki), is a well-known member of this family 
and is commonly consumed in Japanese cuisine.  

However, reports suggest that other members of this family also accumulate and retain inorganic arsenic at 
levels above the Australian ML in the Code, some with inorganic arsenic levels greater than those reported for 
hijiki (Whyte and Englar 1983;  Katayama et al. 2008a; Yokoi and Konomi 2012; Rahman et al. 2012; Leal-
Acosta et al. 2013; Grinham et al. 2014; Naeem et al. 2015; Katayama et al. 2015; Guiry and Guiry 2015). 
Whether these seaweed varieties are imported into Australia, and subsequently consumed is unknown. Like 
other types of seaweed, it is likely that preparation prior to consumption is variable in different countries and 
regions.  

Adverse health effects: 

Acute toxicity as a result of high exposure (~50 µg/kg bw) to inorganic arsenic can result in gastrointestinal 
disturbances such as nausea, vomiting and diarrhoea within an hour of ingestion (WHO 2011a). Chronic 
toxicity is associated with cancer, dermal lesions, cardiovascular disease, developmental effects, neurotoxicity 
and diabetes (ATSDR 2007; WHO 2011a). Population groups with compromised nutritional status (i.e. low 
protein intake) are considered to have a significantly higher risk of developing cancers from exposure to 
inorganic arsenic (WHO 2011a). 

Based on evidence that inorganic arsenic (primarily AsIII and AsV) in drinking water is causally related to an 
increased incidence of cancer in the human bladder, skin and lungs, the International Agency for Research has 
concluded that arsenic is a human carcinogen (IARC 2012). JECFA withdrew the provisional tolerable weekly 

intake (PTWI) of 15 g/kg bw (equivalent to 2.1 g/kg bw/day) because inorganic arsenic is genotoxic in 
humans and the estimated dietary exposure is in the region of the lower limit benchmark dose [range, 2.0–
7.0 μg/kg bw/day]. A threshold-based health based guidance value such as a PTWI is no longer considered 
appropriate as a safe level of exposure to inorganic arsenic (WHO 2011a). 

Consumption patterns: 

Since there was an insufficient number of respondents in either the 2007 Australian National Children’s 
Nutrition and Physical Activity Survey or the 2011 – 2012 Nutrition and Physical Activity Survey (part of the 
2011-2013 Australian Health Survey) to permit reliable estimates of seaweed consumption in Australia, an 
alternative approach was adopted (DOHA 2008; ABS 2014). FSANZ has assumed in its risk assessment that all 
population groups consume an amount of seaweed that is likely to be an upper level of consumption (FSANZ 
2013). In the absence of any additional data in relation to seaweed consumption in Australia, alterations to 
the existing ML for inorganic arsenic in seaweed cannot be justified at this time. 

Key risk factors:  

There are a number of risk factors related to the consumption of seaweed. These include: 

 The inconsistent uptake of inorganic arsenic by brown seaweed varieties and the unpredictable 
influence of external factors (e.g. temperature, season and pH) on the degree of uptake 

 Physical similarities between some brown seaweed species and the potential difficulty in 
differentiating between those that typically contain high levels of inorganic arsenic than those with 
lower levels. This may impact all points in the food chain from seaweed harvesters, importers and 
potentially consumers 

 Use of generic/non-specific terms such as ‘kelp’ and ‘seaweed’ in product ingredient lists which gives 
no indication of the type of brown seaweed in the product 

 Individual consumer sensitivity to the effects of inorganic arsenic. 
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Risk mitigation: 

A number of risk mitigation strategies have been established in Australia to reduce the risk of dietary 
exposure to unsafe inorganic arsenic levels through food. These have included:  

 Introduction and maintenance of an ML in the Code for inorganic arsenic in seaweed since 1991 

 Introduction and maintenance of MLs for other commodities in Schedule 19 of the Code, which can 
contribute to the dietary exposure of inorganic arsenic, such as:  

 Crustacea (2 mg/kg) 

 Fish (2 mg/kg) and 

 Molluscs (1 mg/kg) 

 Schedule 20 of the Code permits a Maximum Residue Limit (MRL) for the arsenic containing 
herbicide, monosodium methyl arsenate (MSMA – CH4AsNaO3) in sugar cane of 0.3 mg/kg. The 
residue definition for MSMA is as total arsenic. 

Consumer advisory statements have also been released by many countries in relation to the consumption of 
seaweed containing high levels of inorganic arsenic. This advice had been to avoid the consumption of these 
seaweed types, despite some evidence that appropriate preparation can significantly reduce inorganic arsenic 
levels (Sugawa-Kataytama et al. 2005; Katayama and Sugawa-Kataytama 2007; Rose et al. 2007; Katayama et 
al. 2008b; Katayama et al. 2015).  

The advice includes statements from: 

 Canadian Food Inspection Agency (CFIA) in 2001 (CFIA 2012) 

 United Kingdom (UK) Food Standards Agency (FSA) in 2004 and reiterated in 2010 (FSA 2004a; FSA 
2010) 

 The Hong Kong Centre for Food Safety (HK CFS) in 2004 (CFS 2011; CFS 2012) 

 FSANZ in 2004 (FSANZ 2013) 

 New Zealand Ministry for Primary Industries (NZ MPI - formerly known as the New Zealand Food 
Safety Authority) (MPI 2004a; MPI 2004b) 

 Food Safety Authority of Ireland (FSAI 2010a; FSAI 2010b). 

Compliance history:  

The imported food compliance data sourced from the Imported Food Inspection Scheme of the Australian 
Department of Agriculture and Water Resources for June 2006 – October 2014 showed that of the 28 samples 
tested under the risk category for inorganic arsenic applied to seaweed there were six failures, a 21.5% failure 
rate. Inorganic arsenic concentrations in samples that failed ranged between 22 to 92 mg/kg. 

There were 17 notifications on the European Commission’s Rapid Alert System for Food and Feed (RASFF) for 
arsenic (species not specified) in seaweed (also listed as algae, kelp, hijiki or hizikia) from January 2006 – 
December 2014 with arsenic concentrations ranging from 1.38 to 122 mg/kg (EC 2014). 

There have been no food recalls in Australia due to the presence of inorganic arsenic in imported or domestic 
seaweed from 1989 to February 2015.  

Surveillance information: 

Inorganic arsenic poisoning from the consumption of seaweed is not a notifiable condition in Australia, 
however cases of foodborne illness in two or more related cases is notifiable in some jurisdictions (DOH 
2014).  

Illness associated with consumption of seaweed contaminated with inorganic arsenic 

There have been no known published cases of arsenic poisoning directly related to the consumption of hijiki 
seaweed in Australia. There is however, one case of arsenic poisoning approximately 30 years ago in Australia 
which was linked to the excessive consumption of a kelp product (species unknown). The level of total arsenic 
in this product ranged from 30.8-38.3 mg/kg. These levels were in excess of the Australian regulatory limits at 

https://www.legislation.gov.au/Series/F2015L00454
https://www.legislation.gov.au/Series/F2015L00468
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the time (unpublished data).  

There have been reported cases of arsenic poisoning from the consumption of kelp products overseas. For 
example, in both the United States (US) and Canada, there have been reported cases of potential arsenic 
toxicosis linked to herbal kelp supplements ingested daily over a number of months (Walkin and Douglas 
1974; Amster et al. 2007). In one case, the seaweed type in the product was known to be a type of brown 
seaweed although not within the Sargassaceae family. 

Data on the prevalence of inorganic arsenic in seaweed 

There have been a number or monitoring and surveillance activities conducted in recent years including: 

 Survey of inorganic arsenic in seaweed and seaweed-containing products available in Australia 
(FSANZ 2013). 

 New South Wales Food Authority inorganic arsenic in seaweed and certain fish (NSW FA 2010). 

 FSA Survey of arsenic in seaweed (FSA 2004b). 

 

Other relevant standards or guidelines 

Currently the Code sets a ML for inorganic arsenic in all seaweed; however the former advice to the 
Department of Agriculture and Water Resources has highlighted hijiki seaweed only. While hijiki seaweed has 
been shown to contain inorganic arsenic levels in excess of the ML permitted in the Code, there is also 
evidence to suggest that other members of the Sargassaceae family may also contain high levels, as described 
above.  

 

Approach by overseas countries 

Food regulatory counterparts in other countries have issued advisory statements urging consumers to avoid 
eating hijiki seaweed but none have established specific maximum levels for inorganic arsenic in seaweed; 
however levels have been set for total (inorganic plus organic) arsenic in other foods.  

In the European Union (EU) there are currently no maximum tolerances for arsenic specified in European 
Commission Regulation (EC) No. 1881/2006, however member states may maintain their national provisions. 
In the UK, there is a level of 1 mg/kg of total arsenic established in food, although this level specifically 
excludes seaweed (The Crown 1959; EFSA 2009).  

The EU Directive 2002/32/EC specifies undesirable substances in animal feed with a number of MLs for 
arsenic in seaweed meal and feed materials that are derived from seaweed. Upon request, it must be 
demonstrated that the inorganic arsenic content is less than 2 mg inorganic As/kg. This is essential if seaweed 
species such as Sargassum fusiforme, syn. Hizikia fusiforme are used (EU 2002; EFSA 2009). 

Codex Alimentarius has set arsenic MLs for several food commodities, e.g. 0.01 mg/L for natural mineral 
water; 0.1 mg/kg for edible fats and oils, fat spreads and blended spreads (including margarine and minarine), 
certain animal fats (e.g. lard, rendered pork fat edible tallow), olive oils and olive pomace oils, and 21 
vegetable oils; and 0.5 mg/kg for food grade salt but not for seaweed (EFSA 2009). Food Chemicals Codex has 
set a limit of not more than 1 mg/kg of inorganic arsenic in kelp as a food ingredient (U.S.Pharmacopeia 
2014).

 

Although all arsenic-based animal drugs are scheduled to be phased out by the end of 2015 the U.S. Food and 
Drug Administration (FDA) has established maximum residue limits for inorganic arsenic in several animal 
tissues. These limits range from 0.5 ppm in eggs and uncooked edible tissues of chickens and turkeys to 2 ppm 
in certain uncooked edible byproducts of swine (US FDA 2013; US FDA 2015). 

Canada, through the Canadian Food Inspection Agency’s Automated Import Reference System (AIRS), includes 
additional instructions for seaweed to ensure that it is fit for human consumption. The information specifically 
references hijiki seaweed and its potential to contain high levels of inorganic arsenic. In Canada, the onus is 
put onto the importer to demonstrate acceptable inorganic arsenic levels in Hijiki prior to release (CFIA 2015). 
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Other considerations 

Biosecurity restrictions apply to products under this commodity classification including compliance with the 
Code. Refer to the BICON database 

It is noteworthy that the database specifies that all dried seaweed for commercial use must be packaged and 
labelled with full botanical name, including genus and species. Alternatively a declaration must be made by 
the manufacturer. 

 
This risk statement was compiled in: June 2016  
 
References 
ABS (2014) National Nutrition and Physical Activity Survey, 2011-12, Basic CURF, CD-ROM.  Findings based on 
ABS CURF data. Australian Bureau of Statistics, Canberra 

Almela C, Jesus Clemente M, Velez D, Montoro R (2006) Total arsenic, inorganic arsenic, lead and cadmium 
contents in edible seaweed sold in Spain. Food and Chemical Toxicology 44(11):1901–1908 

Almela C, Laparra JM, Velez D, Barbera R, Farre R, Montoro R (2005) Arsenosugars in raw and cooked edible 
seaweed: characterization and bioaccessibility. Journal of Agricultural and Food Chemistry 53(18):7344–7351 

Almela C, Algora S, Benito V, Clemente MJ, Devesa V, Suner MA, Velez D, Montoro R (2002) Heavy metal, total 
arsenic, and inorganic arsenic contents of algae food products. Journal of Agricultural and Food Chemistry 
50(4):918–923 

Amster E, Tiwary A, Schenker MB (2007) Case report: potential arsenic toxicosis secondary to herbal kelp 
supplement. Environmental Health Perspectives 115(4):606–608 

ATSDR (2007) Toxicological profile for arsenic. Agency for Toxic Substances and Disease Registry, Atlanta, G.A. 
http://www.atsdr.cdc.gov/toxprofiles/tp2.pdf. Accessed 7 April 2015 

Besada V, Andrade JM, Schultze F, Gonzalez JJ (2009) Heavy metals in edible seaweeds commercialised for 
human consumption. Journal of Marine Systems 75:305–313 

Borak J, Hosgood HD (2007) Seafood arsenic: implications for human risk assessment. Regulatory Toxicology 
and Pharmacology 47(2):204–212 

Brandon EFA, Janssen PJCM, de Wit-Bos L (2014) Arsenic: bioaccessibility from seaweed and rice, dietary 
exposure calculations and risk assessment. Food Additives & Contaminants: Part A 31(12):1993–2003 

Burger J, Gochfeld M, Jeitner C, Gray M, Shukla T, Shukla S, Burke S (2007) Kelp as a Bioindicator: Does it 
Matter Which Part of 5 M Long Plant is Used for Metal Analysis? Environmental Monitoring & Assessment 
128(1-3):311–321 

CFIA (2012) Inorganic arsenic and hijiki seaweed consumption. Canadian Food Inspection Agency, Ottawa. 
http://www.inspection.gc.ca/english/fssa/concen/specif/arsenice.shtml.  Accessed 7 April 2015 

CFIA (2015) Automated Import Reference System (AIRS). Canadian Food Inspection Agency. 
http://www.inspection.gc.ca/plants/imports/airs/eng/1300127512994/1300127627409. Accessed 31 March 
2015 

CFS (2011) Risk in Brief: Hijiki and arsenic. Centre for Food Hong Kong, Hong Kong. 
http://www.cfs.gov.hk/english/programme/programme_rafs/programme_rafs_fc_02_08.html. Accessed 7 
April 2015 

  

https://bicon.agriculture.gov.au/BiconWeb4.0/
http://www.atsdr.cdc.gov/toxprofiles/tp2.pdf
http://www.inspection.gc.ca/english/fssa/concen/specif/arsenice.shtml
http://www.inspection.gc.ca/plants/imports/airs/eng/1300127512994/1300127627409
http://www.cfs.gov.hk/english/programme/programme_rafs/programme_rafs_fc_02_08.html


Hijiki seaweed and inorganic arsenic Page 6 

CFS (2012) Food Adulteration (Metallic Contamination) Regulation. Centre for Food Hong Kong, Hong Kong. 
http://www.cfs.gov.hk/english/food_leg/food_leg_list.html. Accessed 7 April 2015 

Diaz O, Tapia Y, Munoz O, Montoro R, Velez D, Almela C (2012) Total and inorganic arsenic concentrations in 
different species of economically important algae harvested from coastal zones of Chile. Food and Chemical 
Toxicology 50(3-4):744–749 

DOH (2014) Australian notifiable diseases cases definitions - Appendix B: Australia state and territory notifiable 
diseases. Department of Health, Canberra. 
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-statedis.htm. 
Accessed 31 October 2014 

DOHA (2008) 2007 Australian national children's nutrition and physical activity survey - Main findings. 
Department of Health and Ageing, Canberra. 
http://www.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-strateg-food-monitoring.htm. 
Accessed 27 March 2015 

EC (2014) The Rapid Alert System for Food and Feed (RASFF). European Union, Luxembourg. 
http://ec.europa.eu/food/safety/rasff/index_en.htm. Accessed 7 April 2015 

EFSA (2009) Scientific opinion on arsenic in food. 7. European Food Safety Authority, Parma, Italy 

EU (2002) Directive 2002/32/EC of the European Parliament and of the Council of 7 May 2002 on undesirable 
substances in animal feed – L 140, 30.5.2002. Brussels, Belgium European Union. 
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0032. Accessed 9 June 2016 

FSA (2004a) Arsenic in seaweed - Summary. Food Standards Agency, London 

FSA (2004b) 61/04 Arsenic in seaweed. Food Standards Agency, London 

FSA (2010) Consumers advised not to eat hijiki seaweed. Food Standards Agency, London. 
http://www.food.gov.uk/news/newsarchive/2010/aug/hijikiseaweed. Accessed 7 April 2015 

FSA (2012) Arsenic speciation in fruit and vegetables grown in the UK. Food Standards Agency, UK. 
https://www.food.gov.uk/sites/default/files/research-report-arsenic-fruit-veg.pdf. Accessed 10 March 2015 

FSAI (2010a) News: Consumption of hijiki seaweed. Food Safety Authority of Ireland, Dublin. 
https://www.fsai.ie/13082010.html. Accessed 7 April 2015 

FSAI (2010b) FAQ: Consumption of hijiki seaweed. Food Safety Authority of Ireland, Dublin. 
https://www.fsai.ie/faq/hijiki_seaweed.html. Accessed 7 April 2015 

FSANZ (2013) Survey of inorganic arsenic in seaweed and seaweed-containing products available in Australia. 
Food Standards Australia New Zealand, Canberra. 
http://www.foodstandards.gov.au/science/surveillance/pages/surveyofinorganicars5773.aspx. Accessed 7 
April 2015 

Grinham A, Kvennefors C, Fisher PL, Gibbes B, Albert S (2014) Baseline arsenic levels in marine and terrestrial 
resources from a pristine environment: Isabel Island, Solomon Islands. Marine Pollution Bulletin 88(1-2):354–
360 

Guiry M, Guiry G (2015) AlgaeBase. World-wide electronic publication. National University of Ireland, Galway. 
http://www.algaebase.org/. Accessed 7 April 2015 

IARC (2012) Arsenic, metals, fibres and dust: A Review of Human Carcinogens. 100C. World Health 
Organisation, Geneva. 
http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C.pdf. Accessed 7 April 2015 

http://www.cfs.gov.hk/english/food_leg/food_leg_list.html
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-statedis.htm
http://www.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-strateg-food-monitoring.htm
http://ec.europa.eu/food/safety/rasff/index_en.htm
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0032
http://www.food.gov.uk/news/newsarchive/2010/aug/hijikiseaweed
https://www.food.gov.uk/sites/default/files/research-report-arsenic-fruit-veg.pdf
https://www.fsai.ie/13082010.html
https://www.fsai.ie/faq/hijiki_seaweed.html
http://www.foodstandards.gov.au/science/surveillance/pages/surveyofinorganicars5773.aspx
http://www.algaebase.org/
http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C.pdf


Hijiki seaweed and inorganic arsenic Page 7 

Katayama M, Sugawa-Kataytama Y (2007) Effect of temperature on the diminution of retained arsenic in dried 
hijiki, Sargassum fusiforme (Harvey) Setchell, by water-soaking. Journal of Home Economics of Japan 58(2):75–
80 

Katayama M, Sugawa-Katayama Y, Murakami K (2015) Pre-cooking of edible marine brown algae for reduction 
of arsenic contents. Journal of Food and Nutrition Sciences 3(1-2):84–87 

Katayama M, Sugawa-Katayama Y, Sawada R, Yamamoto Y (2008a) Distribution of accumulated arsenic in the 
plant body of Akamoku, Sargassum horneri. Trace Nutrients Research 25:129–133 

Katayama M, Sugawa-Katayama Y, Yamaguchi Y, Murakami K, Hirata S (2008b) Effect of temperature on the 
extraction of the various arsenic compounds from dried hijiki, Sargassum fusiforme by water-soaking as a pre-
cooking process. Trace Nutrients Research 25:134–138 

Laparra JM, Velez D, Montoro R, Barbera R, Farre R (2003) Estimation of arsenic bioaccessibility in edible 
seaweed by an in vitro digestion method. Journal of Agricultural and Food Chemistry 51(20):6080–6085 

Leal-Acosta M, Shumilin E, Mirlean N, Delgadillo-Hinojosa F, Sanchez-Rodriguez I (2013) The impact of marine 
shallow-water hydrothermal venting on arsenic and mercury accumulation by seaweed Sargassum sinicola in 
Concepcion Bay, Gulf of California. Environmental Science Processes & Impacts 15(2):470–477 

MPI (2004a) Hijiki seaweed high in arsenic. Ministries for Primary Industries New Zealand, Wellington, New 
Zealand. 
http://www.foodsafety.govt.nz/elibrary/industry/Hijiki_Seaweed-Imported_Also.htm. Accessed 7 April 2015 

MPI (2004b) Hijiki seaweed. Ministries for Primary Industries New Zealand, Wellington, New Zealand. 
http://www.foodsmart.govt.nz/whats-in-our-food/chemicals-nutrients-additives-toxins/specific-foods/hijiki-
seaweed/. Accessed 7 April 2015 

Naeem K, Keun YR, Ji YC, Eun YN, Girum H, Hoon C, Mee HK, Kyung SP, Kyong SK (2015) Determination of toxic 
heavy metals and speciation of arsenic in seaweeds from South Korea. Food Chemistry 169:464–470 

NSW FA (2010) Inorganic arsenic in seaweed and certain fish. New South Wales Food Authority, Sydney. 
http://www.foodauthority.nsw.gov.au/_Documents/scienceandtechnical/inorganic_arsenic_seaweed_seafood
.pdf. Accessed 9 June 2016  

Rahman MA, Hasegawa H, Lim RP (2012) Bioaccumulation, biotransformation and trophic transfer of arsenic in 
the aquatic food chain. Environmental Research 116:118–135 

Rose M, Lewis J, Langford N, Baxter M, Origgi S, Barber M, MacBain H, Thomas K (2007) Arsenic in seaweed- 
forms, concentration and dietary exposure. Food and Chemical Toxicology 45(7):1263–1267 

Sharma VK, Sohn M (2009) Aquatic arsenic: toxicity, speciation, transformations, and remediation. 
Environment International 35(4):743–759 

Smith JL, Summers G, Wong R (2010) Nutrient and heavy metal content of edible seaweeds in New Zealand. 
New Zealand Journal of Crop & Horticultural Science 38(1):19–28 

Sugawa-Kataytama Y, Katayama M, Arikawa Y (2005) Diminution of the arsenic level in hijiki, Sargassum 
fusiforme (Harvey) Setchell, through pre-cooking treatment. Trace Nutrients Research 22:107–109 

The Crown. The arsenic in food regulations 1959 (1959) No. 831; Amended in The arsenic in Food (Amendment) 
Regulations 1960 (1960) No. 2261 and The arsenic in Food (Amendment) Regulations 1973 (1973) No. 1052.  
1959. London, UK, Her Majesty's Stationery Office (HMSO).  

U.S.Pharmacopeia (2014) Food Chemical Codex, Ninth Edition - Kelp.  The United States Pharmacopeial 
Convention, USA 

http://www.foodsafety.govt.nz/elibrary/industry/Hijiki_Seaweed-Imported_Also.htm
http://www.foodsmart.govt.nz/whats-in-our-food/chemicals-nutrients-additives-toxins/specific-foods/hijiki-seaweed/
http://www.foodsmart.govt.nz/whats-in-our-food/chemicals-nutrients-additives-toxins/specific-foods/hijiki-seaweed/
http://www.foodauthority.nsw.gov.au/_Documents/scienceandtechnical/inorganic_arsenic_seaweed_seafood.pdf
http://www.foodauthority.nsw.gov.au/_Documents/scienceandtechnical/inorganic_arsenic_seaweed_seafood.pdf


Hijiki seaweed and inorganic arsenic Page 8 

US FDA (2013) Food Additive Status List - Arsenic. U.S. Food and Drug Administration, Maryland, USA. 
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm091048.htm. Accessed 
7 April 2015 

US FDA (2015) Arsenic-based animal drugs and poultry. U.S. Food and Drug Administration, Maryland, USA. 
http://www.fda.gov/AnimalVeterinary/SafetyHealth/ProductSafetyInformation/ucm257540.htm. Accessed 4 
September 2015 

Walkin O, Douglas DE (1974) Letter: Health food supplements prepared from kelp- a source of elevated urinary 
arsenic. Canadian Medical Association Journal 111(12):1301–1302 

WHO (2011a) Who Technical Report Series 959 - Evaluation of certain contaminants in food: 72
nd

 report of the 
Joint FAO/WHO Expert Committee on Food Additives (JECFA).  World Health Organization, Geneva 

WHO (2011b) Safety evaluation of certain contaminants in food/ prepared by the Seventy-second meeting of 
the Joint FAO/WHO Expert Committee on Food Additives (JECFA). 63. World Health Organization and Food and 
Agriculture Organization of the United Nations, Geneva. 
http://whqlibdoc.who.int/publications/2011/9789241660631_eng.pdf. Accessed 7 April 2015 

Whyte JNC, Englar JR (1983) Analysis of inorganic and organic-bound arsenic in marine brown algae. Botanica 
Marina XXVI:159–164 

Yokoi K, Konomi A (2012) Toxicity of so-called edible hijiki seaweed (Sargassum fusiforme) containing inorganic 
arsenic. Regulatory Toxicology and Pharmacology 63(2):291–297 

http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm091048.htm
http://www.fda.gov/AnimalVeterinary/SafetyHealth/ProductSafetyInformation/ucm257540.htm
http://whqlibdoc.who.int/publications/2011/9789241660631_eng.pdf

