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HIGHLIGHTS 21 

 Analysis of 20 metals was performed by ICP-MS. 22 

 Red seaweeds showed higher contents of metals and elements (especially Porphyra). 23 

 Seaweeds are a source of essential dietary elements, particularly Mg and Fe. 24 

 Found irregularities on the label of seaweeds about the language and allergens. 25 

 Results obtained from the speciation of arsenic: Phaeophyta had the highest content. 26 

 Brown seaweeds showed remarkably high values of iodine.  27 

 28 
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ABSTRACT 32 

 33 

The seaweed food has always been important in Asia, but recently increased in the Western diet.  34 

Superfood  known for health benefits and rich in essential elements, can also accumulate high contents of 35 

heavy metals and iodine from the environment, becoming a health hazard. In particular for iodine, an 36 

appropriate labelling of seaweed is needed to warn the consumer of the potential danger. The aim of the study 37 

was to analyse the content of 20 heavy metals in seaweeds, distributed in Italy, by ICP-MS, also determining 38 

iodine and arsenic (total and inorganic fraction). 39 

A total of 72 samples of European and Asian seaweed of 8 genera were purchased and the results correlated 40 

to the content of heavy metals to the genus, geographical origin and type of sample; 8.33% of the products 41 

lacked in the label of the indications of allergens, while 9.72% had irregularities in the label language. 42 

The highest concentration of elements was found in the Rhodophyta. The Aluminum level was the highest in 43 

the mixed seaweed (165.39 mg/kg) and for the Cadmium in the Asian seaweed (1.16 mg/kg). The amounts of 44 

Iron, Zinc and Magnesium, was highest in the Asian seaweed. The values of Arsenic (total and inorganic 45 

contents) were compared with the limits: 2.78% exceeds France and USA limits for inorganic, while higher 46 

content of total was found in Phaeophyta, which also showed the highest Iodine content (6770.80 mg/kg) that 47 

can be dangerous if not reported correctly in the label. 48 

 49 

1. Introduction 50 

 51 

Seaweeds have been consumed since ancient times in the Asian countries, but their use has also increased in 52 

the European market. In fact, the seaweed production and market are growing strongly: the data relating to the 53 

annual world production amounted to 30 million tons per year in 2016 (FAO, 2018). 54 

Their nutritional characteristics and beneficial properties give these sea vegetables the qualities of novel food, 55 

a functional food legally settled by Regulation (EU) 2015/2283. 56 

In addition, this food has low quantity of calories that can play a role in the body weight control, but also in 57 

the prevention of gastrointestinal and cardiovascular diseases and anti-hypercholesterolemic and anti-58 

hypertensive activities (Arulkumar et al., 2019). Studies also showed that a seaweed rich diet is associated 59 
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with a low incidence of tumors (Cian et al., 2015), showing anti-tumor activities (Arulkumar et al., 2019). In 60 

addition, seaweeds can be bioindicators of marine pollution due to the ability to concentrate contaminants (Paz 61 

et al., 2019; Shams El-Din et al., 2014). 62 

Seaweeds represented a source of essential trace elements Mg, Cu, Fe, Zn, macronutrients with the role of 63 

coenzymes, minerals, antioxidants and vitamins. 64 

But at the same time the consumption of some species of seaweed had been associated with risks, such as 65 

toxicity due to high levels of iodine or toxic heavy metals (Pb, Cd, Hg, As, Al) (Bouga et al., 2015) because 66 

of the capacity of the seaweed to accumulate them from the environment. 67 

In fact, heavy metals are introduced from anthropogenic sources into the marine environment and they rapidly 68 

accumulate in seaweed at high concentrations. In the end, they are introduced in the chain food (Chen et al., 69 

2018). 70 

Iodine is essential for human health, it may be therapeutic in case of nutritional deficiencies, but high values 71 

can cause adverse health effects if the consumption is excessive (Banach et al., 2019). 72 

In this scene, a greater transparence in labelling is needed to improve communication to the consumer on the 73 

clarity of the species, origin and processing of seaweeds. Attention should be paid to products on the market 74 

where edible algae are sold at retail, by checking the labelling and indications given on the iodine content, to 75 

detect any anomalies or non-conformities. In addition, another factor that should raise our attention to the 76 

safety is the sale in unofficial channels, where seaweeds are sold or cooked. These parallel circuits can 77 

represent a risk factor for these functional foods (Prakash et al., 2016). 78 

The present study analysed 72 food products with seaweed for human consumption with the aim to conduct 79 

an examination of the labelling and to quantify the content of 20 heavy metals (127I, 208Pb, 111Cd, 52Cr, 202Hg, 80 

27Al, 55Mn, 56Fe, 59Co, 60Ni, 66Zn, 78Se, 98Mo, 107Ag, 205Tl, 238U, 123Sb, 51V, 75As) with the speciation of the 81 

metalloid As: total and inorganic arsenic (i-As).   82 

Successively, the concentration of metals analysed by ICP-MS (inductively coupled plasma mass 83 

spectrometry) was compared with the origin, the taxonomy (phylum and genera) and the type of sample. 84 

The compliance was compared to Regulation 1169/2011, the main law about the food labelling in the EU, 85 

which reports the obligation to indicates the main allergens and to highlights them on the label, including 86 
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crustaceans, fish and molluscs. Moreover the regulatory references about the law limits on metals were 87 

compared, although the scenario is not so well defined.  88 

 89 

2 Material and methods 90 

  91 

2.1. Sampling  92 

A total of 72 samples were collected (10 were dehydrated) and analysed over a period of 12 months: from 93 

December 2017 to December 2018. 94 

The samples were from the groups: brown seaweed (Himanthalia n = 8, Saccharina n = 15, Undaria n = 10, 95 

Ascophyllum n = 1, Laminaria n = 1), red seaweed (Porphyra n = 13, Palmaria n = 9), green seaweed (Ulva 96 

n = 10) and mixed seaweed (n = 5). 97 

The samples were purchased in Italy in large-scale retailers, in small ethnic markets and in supermarkets and 98 

stored away from light and heat. 99 

The regions of production were different: from China and Korea (Asia) and from France, Spain, Germany and 100 

Belarus (Europe). French algae and semi-preserved samples were stored at fridge temperature (5 ± 3°C), while 101 

the other products (dried and roasted) were kept at room temperature (20 ± 2°C). 102 

The analysed samples had different types of package: fresh and salted (n = 44), fresh (n = 1), dried (n = 7), 103 

roasted (n = 11), dried, roasted and salted (n = 4) and semi-preserved (n = 5). 104 

 105 

2.2. Sample treatment and analysis 106 

To 3-5 g of exactly weighted algae, 1-2 mL of distilled water was added in order to moisturize the sample. The 107 

samples are then subjected to a wet mineralization process by addition of 10 mL of concentrated nitric acid 108 

and heating at 75 ± 10 °C. The sample is taken to the volume of 20 ml with demineralized water and shacked 109 

vigorously. Part of the content was poured into 15 ml polystyrene tubes then 1 mL of the obtained solution 110 

was diluted to 10 mL with a dilution solution (an aqueous solution of 2% nitric acid with 0.5% hydrochloric 111 

acid). For each series of analyses, a reagent blank was mineralized as the samples. In parallel with the 112 

evaluations, a reference sample is measured by ICP-MS in order to confirm that the results obtained with the 113 

study samples are the expected ones, respecting the measurement uncertainty ranges. The analysis of the 114 
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mineral components of the sample was performed using an Agilent 7700 inductively coupled plasma mass 115 

spectrometer (ICP-MS) equipped with an ASX-500 Series auto sampler. A calibration curve from 0,01 to 100 116 

µg/ml was analyzed for each series of analyses: the correlation coefficient was be equal to or greater than 0.999 117 

for each element subjected to analysis. A mixture of internal standards (each one having a concentration of 1 118 

mg/mL) was infused continuously by a second way of entrance in ICP MS to quantify the samples. The limit 119 

of detection (LoD) was set at 0,002 mg/kg and the limit of determination (LoQ) was set at 0,005 mg/kg for all 120 

matrices. At the beginning of each measurement cycle, a tuning operation was carried out with a multi-element 121 

mixture to check the accuracy of the identification of the m/z ratio values and the accuracy of the instrument.   122 

 123 

2.3. Statistical analysis  124 

Shapiro-Wilk test was used to test for normality of distribution of the continuous variables. Continuous data 125 

were represented with mean and Standard Deviation (SD) and categorical data were expressed as total numbers 126 

and percentages. Samples were grouped for analysis according to the origin (Asia vs Europa), group (brown 127 

vs red vs green), genera and type of package of the seaweed.  128 

In the case of non-normal distribution, Mann Whitney U test was used to compare differences between two 129 

independent groups whereas the Kruskal–Wallis test was used for comparing two or more independent 130 

samples. All data present in table are reported as mean and standard deviation standards, but p-values refer to 131 

non-parametric tests. The choice to present average and non-median values is due to the comparability with 132 

the results of other studies. All analyses were performed using IBM Corp. Released 2017. IBM SPSS Statistics 133 

for Windows, Version 25.0. Armonk, NY: IBM Corp. A p-value <0.05 was defined as statistically significant. 134 

3. Results and discussion 135 

3.1. Content of heavy metals in the analysed seaweed species  136 

The samples were analyzed to determine the metal content and the results are shown in  Table 1 as the average 137 

concentrations (mg/kg) and standard deviations for each of the 20 metals in the seaweeds according to the 138 

origin: Europe and Asia.   139 

Elements in European seaweeds can be sequenced in descending order by mean values: I > Fe > Al > Zn > Mn 140 

> As total > V > Cu > i-As > Ni > Pb > Cr > Cd > Mo > U > Co > Se > Ag > Hg > Tl > Sb.    141 
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As for the Asian samples, the elements were ranked in this order: I > Fe > Zn > Mn > As total > Al > Cu > i-142 

As > Cd > Cr > V > Ni > Mo > U > Pb > Co > Ag > Se > Sb > Hg > Tl.  143 

As regards toxic metals, the average contents of Al in European seaweed reached the value of 22.95 mg/kg 144 

and 9.16 mg/kg in the Asian samples and is greater than the value reported by Rubio et al. (2017). Next, the 145 

Cd values reached in the Asian seaweeds were higher (1.16 mg/kg) than the concentration of 0.09 mg/kg in 146 

the European samples; this time, value reported by the Asian samples is higher than the value found by Rubio 147 

et al. (2017) of 0.44 mg/kg. 148 

Table 1 149 

Mean content ± Standard Deviation (SD) of metals in seaweed samples according to their origin (mg/kg). 150 

Element                              Origin  

              Europe (n = 53) Asia (n = 19) 

I 106.62 ± 198.78 392.22 ± 1546.56 

Pb 0.18 ± 0.29 0.15 ± 0.26 

Cd* 0.09 ± 0.24 1.16 ± 1.27 

Cr* 0.15 ± 0.13 0.58 ± 2.13 

Hg 0.01 ± 0.00 0.01 ± 0.01 

Al 22.95 ± 64.33 9.16 ± 9.13 

Mn* 4.05 ± 10.07 11.34 ± 12.22 

Fe 43.64 ± 77.69 86.87 ± 108.37 

Co 0.03 ± 0.05 0.10 ± 0.09 

Ni 0.40 ± 0.37 0.33 ± 0.31 

Cu* 0.52 ± 0.90 3.89 ± 3.91 

 Zn* 5.19 ± 8.87 21.35 ± 23.70 

Se 0.03 ± 0.04 0.06 ± 0.06 

Mo* 0.07 ± 0.08 0.22 ± 0.22 

Ag* 0.02 ± 0.02 0.07 ± 0.07 

Tl 0.01 ± 0.00 0.01 ± 0.00 

U* 0.05 ± 0.05 0.16 ± 0.12 
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Sb 0.01 ± 0.00 0.01 ± 0.01 

V 1.08 ± 2.79 0.51 ± 1.03 

Total As* 3.97 ± 4.05 11.22 ± 12.28 

Inorganic As 0.51 ± 0.64 1.68 ± 2.21 

*p < 0.05 151 

The data presented in Table 2 show the average values of the 20 metals in the seaweed according to the 152 

taxonomic groups: brown, red and green respectively.  153 

Green seaweeds had the highest content of the Iron macroelements (78.62 mg/kg), while red seaweed showed 154 

the highest content of Zn (18.12 mg/kg) and Mn (9.85 mg/kg), with the exception of Iodine which was higher 155 

in the brown one. However, predominance of the Mn occurrence in red seaweed was also reported by other 156 

authors (Dawczynski et al., 2007;  Van Netten et al., 2000). As for the trace elements, the highest content was 157 

found mainly in the red seaweeds, with the exception of the metals Cr, Al, Fe, Ni, Ag which were higher in 158 

the green and total As in the brown algae. The levels of Hg detected in green seaweed are below the limit of 159 

quantification (0.005 mg/kg). 160 

Statistical analysis revealed significant differences between the three taxonomic groups of seaweed for almost 161 

all the studied metals, except for Pb, Hg, Mn, Co, Tl, Sb. (p < 0.05) These statistical correlations reflect the 162 

same reported in literature (Rubio et al., 2017). 163 

Considering the toxic metals, the average Al contents in the samples reached the level of 5.94 mg/kg in the red 164 

seaweed, 7.00 mg/kg in the brown and 34.10 mg/kg in the green. 165 

The values reached for Cd are higher in red seaweed (0.93 mg/kg) than literature (Rubio et al., 2017) but 166 

aligned for Pb. Moreover,s differences in Cd, Al, As contents between seaweed groups were significant (p < 167 

0.05). 168 

Red seaweed showed the tendency of higher concentrations of elements compared to brown and green algae. 169 

The metal content in the seaweeds reflects the mineral composition of the taxonomic group (Makkar et al., 170 

2016). The levels of Cd, Cu and Mn are higher in Rhodophyta than those found in brown and green seaweed, 171 

a behaviour found also by other authors (Chen et al., 2018). The content of Iodine is higher in the Phaeophyta 172 

than other phyla, reaching the value 354.53 mg/kg. As highlighted in literature (Circuncisão et al., 2018), the 173 

Phaeophyceae species accumulate particularly high levels of Iodine.  174 
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Table 2 175 

Mean metal content ± Standard Deviation (SD) in seaweed samples by taxonomic group: Phaeophyta 176 

(brown), Rhodophyta (red), Chlorophyta (green) (mg/kg). 177 

Element Phaeophyta Rhodophyta Chlorophyta 

 Brown (n = 35) Red (n = 22) Green (n = 10) 

I*  354.53 ± 1140.24 16.28 ± 16.07 10.66 ± 6.74 

Pb 0.12 ± 0.25 0.16 ± 0.26 0.16 ± 0.12 

Cd* 0.08 ± 0.22 0.93 ± 1.27 0.02 ± 0.01 

Cr* 0.10 ± 0.05 0.09 ± 0.09 0.30 ± 0.18 

Hg 0.01 ± 0.01 0.01 ± 0.00 - 

Al* 7.00 ± 12.38 5.94 ± 5.48 34.10 ± 39.63 

Mn 1.99 ± 1.28 9.85 ± 11.95 1.65 ± 0.73 

Fe* 17.10 ± 17.58 72.62 ± 105.03 78.62 ± 64.03 

Co 0.03 ± 0.03 0.08 ± 0.09 0.03 ± 0.02 

Ni* 0.24 ± 0.26 0.42 ± 0.27 0.51 ± 0.33 

Cu* 0.28 ± 0.24 3.21 ± 3.92 0.50 ± 0.19 

Zn* 4.27 ± 2.82 18.12 ± 23.20 1.58 ± 0.41 

Se* 0.02 ± 0.03 0.06 ± 0.06 0.03 ± 0.04 

Mo* 0.06 ± 0.05 0.20 ± 0.20 0.03 ± 0.01 

Ag* 0.01 ± 0.00 0.05 ± 0.06 0.07 ± 0.00 

Tl 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 

U* 0.07 ± 0.07 0.11 ± 0.12 0.01 ± 0.01 

Sb 0.01 ± 0.00 0.01 ± 0.01 0.01 ± 0.00 

V* 0.26 ± 027 1.30 ± 1.53 0.65 ± 0.51 

Total As* 6.76 ± 8.22 6.24 ± 8.24 0.62 ± 0.16 

Inorganic As* 1.08 ± 1.58 0.75 ± 1.16 0.12 ± 0.09 

* p < 0.05 178 

Table 3 shows the average of the concentrations and standard deviations of the 20 metals in all the genera of 179 

algae and the analysis for each taxonomic group showed that Porphyra had the highest content of elements, 180 

including Cu (4.96 mg/kg), Mo (0.29 mg/kg) and Zn (28.71 mg/kg). 181 
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In general, the accumulation of Fe is high in all the types of seaweed: the highest values were found in 182 

Porphyra (112.29 mg/kg) and mixed algae (196.19 mg/kg). This may be related to the high photosynthesis 183 

rates in coastal habitats typical of tropical climates (Chakraborty et al., 2014). 184 

As for Zn, the Porphyra genus reported higher values than other studies (Rubio et al., 2017) reaching 28.71 185 

mg/kg, followed by mixed algae (23.45 mg/kg). This element can accumulate prevalently in red (as seen from 186 

our data) and in brown macroalgae (Circuncisão et al., 2018). 187 

The wide range of metal concentrations achieved in the eight different genera reflects the importance of 188 

biochemical factors that influence the tendencies of each tissue to accumulate metals. 189 

The values of Co are in line with the tendency of the genera reaching maximum values of 0.18 mg/kg 190 

(Ascophyllum) and minimum values of 0.01 mg/kg (Saccharina and Palmaria). 191 

Statistical analysis revealed significant differences (p < 0.05) between the eight genera of seaweed for almost 192 

all the trace elements except for Pb, Tl, Sb.  193 

As for toxic metals (Al, Cd, Pb, As, Hg), the highest levels of Al were found in mixed algae (165.39 mg/kg), 194 

followed by the genus Laminaria (33.15 mg/kg ) and Ascophyllum (29.11 mg/kg), while the lowest value was 195 

observed in Himanthalia (0.71 mg/kg). As also found by Rubio et al., 2017, the accumulation of Al is highly 196 

variable in the eight genera of algae. Porphyra showed the highest Cd content (1.56 mg/kg), higher than those 197 

found by others (Rubio et al., 2017). While for Pb, the maximum content was found in mixed algae (0.56 198 

mg/kg), followed by the Porphyra genera (0.17 mg/kg), the Saccharina genus (0.17 mg/kg) and finally by 199 

Ulva (0.16 mg/kg). Indeed, as it is known from literature, the genus Ulva has the ability to accumulate the Pb 200 

concentration from 500 to 2200 time, demonstrating high ability to remove heavy metals from the surrounding 201 

environment (Henriques et al, 2017) and their role as an environmental bioindicator (Shams El-Din et al., 202 

2014). 203 
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 Genera Se Tl U V Zn Al Cd Hg Pb Total As Inorganic As 

Brown Himanthalia (n = 8) 0.02 ± 0.03 - 0.11 ± 0.02 0.52 ± 0.16 3.94 ± 0.73 0.71 ± 0.52 0.07 ± 0.01 - 0.06 ± 0.03 4.58 ± 0.52 0.39 ± 0.51 

 Saccharina  (n = 15) 0.02 ± 0.04 - 0.03 ± 0.01 0.13 ± 0.08 3.52 ± 1.50 2.85 ± 1.69 0.04 ± 0.01 0.01 ± 0.00 0.17 ± 0.39 5.18 ± 4.05 0.87 ± 0.88 

 Undaria (n = 10) 0.02 ± 0.03 - 0.07 ± 0.10 0.09 ± 0.07 4.98 ± 4.54 13.43 ± 18.28 0.16 ± 0.40 0.02  0.10 ± 0.07 6.73 ± 8.09 1.37 ± 1.64 

 Ascophyllum (n = 1) 0.02 - 0.14 0.70 10.07 29.11 0.03 0.01 0.11 11.05 0.09 

 Laminaria (n = 1) 0.03 - 0.22 1.22 5.16 33.15 0.21 0.03 0.11 43.90 7.14 

Red Porphyra (n = 13) 0.07 ± 0.07 - 0.17 ± 0.12 0.61 ± 1.21 28.71 ± 25.37 7.22 ± 6.05 1.56 ± 1.34 0.01 ± 0.00 0.17 ± 0.30 10.01 ± 9.01 1.27 ± 1.37 

 Palmaria (n = 9) 0.04 ± 0.05 - 0.01 ± 0.00 2.31 ± 1.43 2.82 ± 1.36 4.23 ± 4.35 0.02 ± 0.01 - 0.14 ± 0.21 0.79 ± 0.35 0.09 ± 0.05 

Green Ulva (n = 10) 0.03 ± 0.04 - 0.01 ± 0.01 0.65 ± 0.51 1.58 ± 0.41 34.10 ± 39.63 0.02 ± 0.01 - 0.16 ± 0.12 0.62 ± 0.16 0.12 ± 0.09 

Mixed (n = 5) 0.07 ± 0.04 0.01 ± 0.01 0.12 ± 0.08 4.56 ± 8.49 23.45 ± 22.82 165.39 ± 184.80 0.60 ± 0.59 0.01 ± 0.00 0.56 ± 0.47 8.76 ± 7.59 0.35 ± 0.40 

The group with one sample was excluded from this analysis. 

 Genera I Ag Co Cr Cu Fe Mn Mo Ni Sb 

Brown Himanthalia (n = 8) 11.55 ± 8.14 0.01 ± 0.00 0.02 ± 0.00 0.10 ± 0.04 0.20 ± 0.08 6.00 ± 0.93 3.25 ± 0.84 0.03 ± 0.00 0.29 ± 0.27 0.01 ± 0.00 

 Saccharina (n = 15) 303.94 ± 283.05 - 0.01 ± 0.00 0.08 ± 0.03 0.29 ± 0.28 10.65 ± 4.86 1.54 ± 0.99 0.03 ± 0.01 0.16 ± 0.24 0.01 ± 0.00 

 Undaria (n = 10) 55.56 ± 62.33 - 0.03 ± 0.02 0.12 ± 0.06 0.29 ± 0.28 28.97 ± 23.39 1.29 ± 0.95 0.08 ± 0.04 0.33 ± 0.29 0.01 ± 0.00 

 Ascophyllum (n = 1) 430.70 0.01 0.18 0.23 0.59 49.42 4.60 0,27 0.22 0.02 

 Laminaria (n = 1) 6770.80 - 0.03 0.13 0.43 51.60 3.14 0,12 0.18 0.02 

Red Porphyra (n = 13) 12.02 ± 9.30 0.08 ± 0.07 0.12 ± 0.10 0.08 ± 0.10 4.96 ± 4.11 112.29 ± 122.82 15.60 ± 12.69 0.29 ± 0.23 0.34 ± 0.28 0.01 ± 0.01 

 Palmaria (n = 9) 22.43 ± 21.82 0.02 ± 0.00 0.01 ± 0.00 0.11 ± 0.06 0.36 ± 0.07 15.32 ± 8.88 1.54 ± 1.21 0.06 ± 0.03 0.52 ± 0.25 0.01 ± 0.00 

Green Ulva (n = 10) 10.66 ± 6.74 0.07  0.03 ± 0.02 0.30 ± 0.18 0.50 ± 0.19 78.62 ± 64.03 1.65 ± 0.73 0.03 ± 0.01 0.51 ± 0.33 0.01 ± 0.00 

Mixed (n = 5) 45.90 ± 38.40 0.07 ± 0.01 0.15 ± 0.09 2.07 ± 3.93 3.62 ± 2.14 196.19 ± 165.77 25.48 ± 25.85 0.20 ± 0.17 0.91 ± 0.64 0.01 ± 0.00 

Table 3 

Mean content ± standard deviation of elements in seaweed samples for different genera of seaweeds (mg/kg). 
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Table 4. 228 

Samples grouped according to the country of origin and comparison between the minimum and maximum 229 

values reached for each metal (mg/kg).  230 

Table 4 compares the average contents based on the countries of origin, demonstrating the wide variability.  231 

Metal France 
(n = 45) 

Belarus 
(n = 4) 

Spain  
(n = 3) 

Germany 
(n = 1) 

Korea 
(n = 11) 

China 
(n = 8) 

I 2 - 867.1 6.4 – 12.5 58.8 – 61.3 10.80 1.3 – 6770.8 2.4 – 33.7 

Pb 0.029 – 1.56 0.036 – 0.061 0.701 – 1.149 0.07 0.007 – 0.27 0.035 – 1.15 

Cd 0.006 – 0.09 0.029 – 0.046 0.376 -1.275 0.05 0.042 – 1.31 0.19 – 3.77 

Cr 0.037 – 0.57 0.075 – 0.11 0.329 – 0.571 0.09 0.006 – 9.09 0.019 – 0.38 

Hg - - 0.011 – 0.017 0.01 0.016 – 0.026 0.005 – 0.011 

Al 0.007 – 110.91 1.69 – 3.04 5.313 – 331.891 3.18 0.58 – 33.15 1.066 – 20.40 

Mn 0.40 – 4.81 2.40 – 3.34 44.01 – 59.874 2.41 0.56 – 15.72 4.39 – 37.39 

Fe 4.79 – 195.32 5.22 – 7.45 207.011 – 389.58 13.92 4.73 – 61.60 14.46 – 375.04 

Co 0.005 – 0.18 0.008 – 0.014 0.085 – 0.24 0.01 0.005 – 0.067 0.025 – 0.261 

Ni 0.027 – 1.21 0.039 – 0.069 0.79 – 1.81 0.04 0.008 – 0.89 0.057 – 0.78 

Cu 0.078 – 0.88 0.205 -0.298 3.46 – 4.55 0.27 0.28 – 6.12 2.14 – 10.11 

Zn 0.96 – 10.07 1.320 – 3.425 15.19 – 49 4.68 1.57 – 16.44 3.21 – 64.45 

Se 0.005 – 0.083 - 0.094 – 0.098 - 0.005 – 0.042 0.01 – 0.20 

Mo 0.019 – 0.27 - 0.29 – 0.34 0.01 0.005 – 0.12 0.086 – 0.59 

Ag 0.005 – 0.026 - 0.058 – 0.081 - 0.005 – 0.071 0.006 – 0.22 

Tl - - 0.005 – 0.015 - - 0.005 – 0.006 

U 0.005 – 0.14 0.01 – 0.015 0.049 – 0.22 0.05 0.031 – 0.36 0.006 – 0.36 

Sb 0.005 – 0.02 - 0.008 – 0.013 - 0.011 – 0.02 0.006 – 0.026 

V 0.012 – 4.80 0.012 – 0.033 1.37 – 19.70 0.15 0.04 – 1.22 0.10 – 4.57 

Total As 0.37 – 11.05 0.335 – 0.531 7.28 – 18.36 1.13 0.85 – 43.90 2.03 – 24.03 

Inorganic 

As 
0.020 – 2.81 0.05 – 0.09 0.005 – 0.94 - 0.07 – 7.14 0.05 – 3.67 
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It emerges that, as regards macro-elements, France and Spain achieved much higher quantities of Al than other 232 

countries, reaching values of 110.91 and 331.89 mg/kg respectively. A similar behaviour is also evident for 233 

Fe: both France, Spain and China reported high values 195.32, 389.58 and 375.04 mg/kg respectively. In 234 

addition, France and Spain reported high values compared to other countries for the macro-elements Mn, Cu 235 

and Zn, reaching higher peaks. 236 

Finally, we report the value reached by Korea of 43.90 mg/kg for the total As. The Regulation of the European 237 

Commission (EC) Nº 629/2008 (EC, 2008) and the Regulation of the European Commission (EC) N° 488/2014 238 

(EC, 2014) defined the maximum limit only for Cd on algae (3 mg/kg), based on this the 2.78% of the samples 239 

exceed this limit (n = 2). The regulation did not define a limit for Al and Pb in algae, but the CEVA (Center 240 

d'Etude et de valorization des Algues) in France defined limits for toxic metals and set levels for Cd (0.5 mg/kg 241 

dw) and for Pb (5 mg/kg dw) in edible French algae. Comparing our results and considering the 0.5 mg/kg 242 

limit for the Cd, 11 samples exceeded it (15.28%), and the origin was mainly from China and Spain, but none 243 

of the samples exceeded the limit defined for Pb (5 mg/kg). 244 

Table 5 shows the mean concentration of metals compared to the type of samples as it appears at the opening. 245 

The results show the Fe content is higher in the roasted (130.78 mg/kg) and in the dried samples (156.42 246 

mg/kg). About the toxic metal Al, it is prevalent in the dried variety (103.04 mg/kg). But on the other hand, 247 

the macro-element Zn is higher in the roasted samples (32.88 mg/kg) followed by the dried ones (20.01 mg/kg). 248 

Moreover the data found for Iodine are interesting: depending on the type of the sample, the Iodine content is 249 

overall higher in the dried samples (1071.87 mg/kg), fresh (430.70 mg/kg) and fresh and salted (112.60 mg/kg). 250 

In fact, the preparation and the cooking methods are factors that influence the final Iodine content in food 251 

(Teas et al., 2004). Nitschke and Stengel investigated the influence of the process on the Iodine content also 252 

in the Palmaria genus and found that washing and dehydration only slightly affected the concentrations of 253 

iodine and therefore it is recommended as a conservation technique (Nitschke and Stengel, 2016). Statistical 254 

analysis revealed significant differences (p < 0.05) between the different preparation of the samples of seaweed 255 

for all the metals, except for Tl.  256 

 257 

 258 

Table 5  259 
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Mean concentration of metals compared to the type of sample as it appears at the opening (mg/kg). The 260 

group with one sample was excluded from this analysis. 261 

 262 

3.2.  Focus on the content of toxic metals: arsenic (total and inorganic) and iodine 263 

It is important to observe the content of Arsenic, considering the peculiarity of seaweed to be the primary 264 

accumulators of As in the marine ecosystem and to play an important role in the food chain (Camurati J. et al., 265 

2019). 266 

The Arsenic values reported refer to the content of total As and inorganic As (i-As). Both compounds are 267 

classified by IARC (2009) as carcinogenic to humans, belonging to Group 1 (Camurati J. et al., 2019). 268 

Metal Roasted  
(n = 11) 

Dried 
(n = 7) 

Dried, roasted and  
salted  
(n = 4) 

Fresh 
(n = 1) 

Fresh salted  
(n = 44) 

Semi-preserved 
(n = 5) 

I 13.54 ± 9.30 1071.87 ± 2514.86 3.90 ± 2.10 430.70 112.60 ± 210.03 10.02 ± 2.25 

Pb 0.19 ± 0.33 0.46 ± 0.42 0.03 ± 0.00 0.11 0.14 ± 0.25 0.05 ± 0.01 

Cd 1.73 ± 1.37 0.64 ± 0.59 0.34 ± 0.51 0.03 0.03 ± 0.02 0.04 ± 0.01 

Cr 0.10 ± 0.11 1.52 ± 3.35 0.03 ± 0.03 0.23 0.14 ± 0.12 0.08 ± 0.04 

Hg 0.01 ± 0.00 0.02 ± 0.01 - 0.01 0.01 ± 0.00 0.01 ± 0.00 

Al 8.42 ± 5.86 103.04 ± 152.33 2.09 ± 2.48 29.11 11.81 ± 23.77 2.35 ± 0.72 

Mn 18.00 ± 12.33 19.14 ± 23.73 1.77 ± 0.93 4.60 1.65 ± 1.10 2.83 ± 0.43 

Fe 130.78 ± 125.14 156.42 ± 151.42 9.20 ± 1.89 49.42 29.62 ± 41.53 8.04 ± 3.39 

Co 0.15 ± 0.09 0.11 ± 0.09 0.01 ± 0.00 0.18 0.02 ± 0.01 0.01 ± 0.00 

Ni 0.34 ± 0.28 0.78 ± 0.59 0.02 ± 0.01 0.22 0.38 ± 0.30 0.05 ± 0.01 

Cu 5.71 ± 4.03 2.93 ± 2.10 0.57 ± 0.05 0.59 0.29 ± 0.17 0.26 ± 0.04 

Zn 32.88 ± 25.48 20.01 ± 19.72 3.70 ± 1.07 10.07 3.20 ± 1.64 2.72 ± 1.40 

Se 0.10 ± 0.06 0.06 ± 0.04 0.01 ± 0.00 0.02 0.03 ± 0.04 0.01 ± 0.00 

Mo 0.33 ± 0.23 0.17 ± 0.14 0.06 ± 0.01 0.27 0.05 ± 0.03 0.01 ± 0.00 

Ag 0.09 ± 0.07 0.05 ± 0.03 0.02 ± 0.01 0.01 0.01 ± 0.01 - 

Tl 0.01 ± 0.00 0.01 ± 0.03 - - 0.01 ± 0.00 - 

U 0.19 ± 0.12 0.16 ± 0.12 0.06 ± 0.03 0.14 0.04 ± 0.04 0.02 ± 0.02 

Sb 0.01 ± 0.01 0.01 ± 0.00 - 0.02 0.01 ± 0.00 - 

V 0.71 ± 1.30 3.47 ± 7.19 0.06 ± 0.02 0.70 0.77 ± 1.06 0.05 ± 0.06 

Total As 11.55 ± 8.97 17.35 ± 14.88 1.28 ± 0.08 11.05 3.55 ± 3.06 0.59 ± 0.31 

Inorganic As 1.18 ± 1.33 2.49 ± 3.14 0.07 ± 0.00 0.09 0.54 ± 0.66 0.07 ± 0.03 
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Currently there is no regulatory reference who set a limit (Banach et al., 2019) but considering the maximum 269 

limit of 1 mg/kg of i-As defined by Australia New Zealand Food Standard Code (FSANZ), 20.83% of the 270 

samples (n = 15) exceeded this limit, sometimes reaching very high values up to 7.14 mg/kg. 271 

France and USA authorized a maximum of 3 mg/kg dw of i-As in seaweed based products: in this context 272 

2.78% of the samples (n = 2) exceeded the threshold of 3 mg/kg (with the values 5.81 and 7.14 mg/kg). 273 

From the comparison between the total As content and the taxonomy, the total As content is higher in the 274 

brown Phaeophyta (6.76 mg/kg), followed by the red Rhodophyta (6.24 mg/kg) and finally the green 275 

Chlorophyta (0.62 mg/kg). The highest content of As in brown algae had already been found (Circuncisão et 276 

al., 2018), as well as the prevalence of As in Phaeophyta (Van Netten et al., 2000; Dawczynski et al., 2007).   277 

This correlation is in line with the literature (Desideri et al., 2017), that reported higher total content of As in 278 

brown seaweed, followed by red and green.  279 

As for Iodine, seaweeds are rich in iodine and they can be the cause of the potentially excessive introduction 280 

of Iodine, (EFSA, 2006a; SCF, 2002) and attention should be paid (Combet et al., 2014). Exposure to excessive 281 

doses of Iodine can lead to the formation of goiter, hypothyroidism, hyperthyroidism and iodism in case of 282 

chronic exposure (Bouga et al., 2015). ANSES (Agency for Food, Environmental and Occupational Health & 283 

Safety) has acknowledged a concern for risk groups: for those with thyroid dysfunction, pregnant or 284 

breastfeeding women (ANSES, 2018; EFSA, 2006, 2014). Legislatively, French recommendations indicate a 285 

maximum level of iodine in edible seaweed equivalent to 2000 mg/kg dw (AFSSA, 2009; ANSES, 2018; 286 

CEVA, 2014). 287 

As shown in our results, the sample of the genus Laminaria (kelp) reached an extremely high value of 6770.80 288 

mg/kg, exceeding the limit defined by the French recommendation by almost 3 times. Also Yeh et al. (2014) 289 

described samples with high Iodine mean (2524 mg/kg). Moreover, another study on 12 different algae 290 

reported the concentrations of iodine in kelp were above 1500 mg/kg (Teas et al., 2004). 291 

Then we report the Iodine content of the Phaeophyta with the high values of 430.70 mg/kg (Ascophyllum) and 292 

303.94 mg/kg (Saccharina). 293 

This was also found by other authors who reported that brown algae (especially of the genus Laminaria and 294 

Saccharina) are rich in Iodine (Lüning & Mortensen, 2015; Makkar et al ., 2016). 295 
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Another study showed a content of Iodine in Laminaria and Saccharina that reached values of 230-12000 296 

mg/kg (Holdt and Kraan, 2011). 297 

The authors noticed that factors as season, environment, geography, physiology and their phylum can influence 298 

the mineral content of the algae (Holdt & Kraan, 2011; Teas et al., 2004). 299 

Some authors have shown that the Iodine content in S. latissima varies significantly between the sampling 300 

area, locations and biomass sources (Roleda et al., 2018). In particular, the samples of our research of S. 301 

latissima species had high Iodine contents. Then we had the results of the genera Undaria (55.56 mg/kg), 302 

mixed (45.90 mg/kg) and Palmaria (22.43 mg/kg). 303 

Similarly, to data previously reported (Bouga et al., 2015), we founded that the highest Iodine levels (mg/kg) 304 

(Figure 1), belong to the phylum Phaeophyta, followed by Rhodophyta and Chlorophyta. 305 

This is in line with Nitschke & Stengel, who stated that brown algae of the Laminariales had Iodine levels of 306 

magnitude higher than Rhodophyta and Chlorophyta (Nitschke & Stengel, 2016). 307 

The variability of Iodine observed between species could also be related to differences in Iodine distribution 308 

between inorganic and organic forms (Afonso et al., 2018). 309 
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Figure 1. Iodine content (mg/kg) of identified seaweed products.  

Bar colour indicates the taxonomic group of the seaweeds: ■ Chlorophyta (green); ■ Rhodophyta (red); ■ Phaeophyta (brown) 
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3.3 Examination of the labels and presence of macro-contaminants 316 

 317 

After opening the products, every label was examined with an inspection to verify the correspondence of the 318 

species, visible alterations and the possible presence of macro-contaminants. Some contaminants have been 319 

found, i.e.: small crustaceans, shells of molluscs and fry, which can represent a potential source of allergens. 320 

These allergens are not reported on the label, as required by Annex II of Regulation 1169/2011. In details it 321 

was found: a shell of marine gastropod mollusk of the Gibbula pennanti species and a crustacean belonging to 322 

the order of the Amphipoda, genus Ericthonius; a shell of marine gastropod mollusk of the species Gibbula 323 

pennanti; a crustacean of the order Amphipoda, species Jassa cfr falcata and a fry of fish of the species 324 

Apletodon cfr dentatus; a Briozoi mass has been found, adhering to the surface of some algae; very small 325 

crustaceans Amphipoda, Gammaridea and Isopoda. These potential allergens can be a real danger for 326 

consumers, especially for sensitive or allergic people: greater attention should be paid by the producer and the 327 

consumer. As for labelling, 8.33% of the products lacked about the indication of allergens in bold. Products 328 

from Korea showed various irregularities, mainly related to the language of the label and no indications about 329 

allergens. Overall, 9.72% of the products had a non-compliant label language, not following the requirements 330 

of Reg. (EU) 1169/2011. 331 

Particular attention must be paid to these products especially the one from non-European origin, because of 332 

lack of the mandatory indications relating to allergens and language. 333 

 334 

4. Conclusions 335 

The analysis conducted shows the need for a greater attention in the labelling of the seaweed on the market. 336 

Most European products are in fact labelled regularly, but irregularities have been found in the language and 337 

in lack of allergen indications. 338 

The investigation allowed us to detect the concentrations of heavy metals and correlating them which genus, 339 

geographical origin and type of algae, and the results indicate that higher attention must be paid to the necessary 340 

correct information to the consumers.  341 

The red seaweeds of the Rhodophyta showed the highest concentration of trace elements and toxic metals, 342 

confirming at the same time the importance of seaweed as an essential source of elements introduced with the 343 
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diet, in particular Fe, Zn and Mn. But the data obtained also demonstrate the importance of monitoring toxic 316 

metals in foods where high values of Al, Cd, As and I have been found that can be dangerous for health, 317 

suggesting a continuous surveillance in edible seaweeds. 318 

 319 
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