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The total arsenic, inorganic arsenic, lead, cadmium, and mercury contents of 18 algae food products
currently on sale in Spain were determined. The suitability of the analytical methodologies for this
type of matrix was confirmed by evaluating their analytical characteristics. The concentration ranges
found for each contaminant, expressed in milligrams per kilogram of dry weight, were as follows:
total arsenic, 2.3—141; inorganic arsenic, 0.15—88; lead, <0.05—1.33; cadmium, 0.03—1.9; and
mercury, 0.004—0.04. There is currently no legislation in Spain regarding contaminants in algae food
products, but some of the samples analyzed revealed Cd and inorganic As levels higher than those
permitted by legislation in other countries. Given the high concentrations of inorganic As found in
Hizikia fusiforme, a daily consumption of 1.7 g of the product would reach the Provisional Tolerable
Weekly Intake recommended by the WHO for an average body weight of 68 kg. A more comprehensive
study of the contents and toxicological implications of the inorganic As present in the algae food
products currently sold in Spain may be necessary, which might then be the basis for the introduction
of specific sales restrictions.
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INTRODUCTION speciesPorphyra teneraand Palmaria palmata, is almost as
high as that of soybeant); an amino acid profile similar to

During recent decades the eating patterns of the Spanish . T . .
population have undergone marked changes. Innovations in foodthose of leguminosae and eggs; (high levels of dietary fiber,

technology, together with the globalization of markets, have which can be between 33 and 50% of the total produtand

resulted in a significant increase in the number of new foods, .h'g.h contents qf minerals [calcium, potassium, .sod.|umz ron,
jodine, magnesium, and phosphor84 énd of certain vitamins

both fresh and processed or semiprocessed, available to ! ) .
consumers. Among these products, edible algae have come t A Bl’. Bz C, and folic "?‘C'd (6)]'. Furthermor(_a, medlca_l .
properties have been described (anti-HIV and antitumor activi-

form a common part of Spanish diets. A very wide variety of & d ol - p” in relati
products derived from macroalgae or microalgae can be bouqhtEZ?b?g alggfr(]y)a contraceptive effects) in relation to numerous

in Spanish stores, with over 30 products of this type already
available in 1993 (1). Despite the nutritional properties associated with algae, there
Although macroalgae species are used as a source ofis_ another aspect that should not _be forgotten: their capacity .to
hydrocolloids (agar, carrageenans, and alginates), they argdioaccumulate not only _essentlal elements but alsc_) toxic
mainly used for food, with the great advantage that they need elements such as certain heavy metals and arsenic. This
minimum processing after harves?)( No data are available characteristic has encouraged the use of algae as indicators of
about the consumption of algae in Spain, but this country does marine ecosystem pollutior8(9). The species of alga consid-
seem to be following trends seen in other Western countries, ered also affects the metal content detected to a considerable
which show an increase in the consumption of these productsextent, although variations have also been demonstrated that
in recent years 3), mainly among groups that could be are associated with both the origin of the product, which reflects
considered to be extreme consumers, such as people orthe pollution found in its natural habita?), and the growth
macrobiotic diets. Consumer interest in these products is duephase and time of year when the samples are gath&fedX).
to their nutritional properties, which, although varying from one As a result, in order to evaluate edible algae and the dietary
type of alga to another, can be said to have the following supplements derived from them, it is necessary to quantify the
characteristics in general: a high protein content, which in some contaminants (heavy metals and arsenic) they contain as a
preliminary step to evaluating their toxicological considerations.

* Author to whom correspondence should be addressed [telepH@# ( Nevertheless, these products do represent a sample type that
963 900 022; fax£34) 963 636 301; e-mail rmontoro@iata.csic.es]. has been studied very little from the standpoint of chemical
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safety, and their contaminant content is regulated in very NaBH;, powder in 0.7% m/v NaOH solution and filtering through
different ways by different legislation around the world. In the Whatman No. 42 paper. Fresh NaBsblution was prepared daily. As
European Community, Regulation (EC) 466/2001 of the Euro- @ reducing solution Fhat converts Hg(I) into Hg(0) vapor, 2% m/v $nCl
pean Commission, dated March 8, 2001, which stipulates the &S prepared by dissolving Sn(owder in 33% v/v HCI (17). The
maximum content of certain contaminants in food produt ( matrix modifier used fqr deotermlnlng Cd and Pb was a mixture sf H
does not include algae food products; however, some countries,PO“'\“_|4 and Mg(NQ)z in 1% HNO,

h E &1 do h i lati ina th All glassware was treated with 10% v/v HN@r 24 h and then
such as France], do have specific regulation concerning the rinsed three times with deionized water before use. The following

use of seaweeds for human consumption. There is currently acetified reference materials were employeglicussp. (International

lack of legislation in this field in Spain. Atomic Energy Agency, Analytical Quality Control Services, Vienna,
Most research into macroalgae has focused on the study ofAustria); BCR 060 (aquatic plahtagarosiphon major) and BCR-279

minerals rather than on toxic elements. What little information (sea lettuceUlva lactuca), both from the Institute for Reference

is available about the lead and cadmium contents of such Materials and Measurements (IRMM), Brussels, Belgium.

products sold in Spain is restricted to certain specific aspects Sample Collection and PreparationIn Spain, macroalgae are rarely

(1, 8), but none covers mercury content. With respect to arsenic, Sold fresh; most of them have undergone some form of processing

algae are a primary accumulator in the marine environment andvaying from simply drying in the sun to being baked in an oven or

represent an important stage in arsenic metabolism through theﬂame-drled. These products tend to be sold under a specific name that

; . . . . refers to a certain alga processed in a particular way. In this study, 18
;onodd ggg:er;zgil?.rler}fe?’snl?)tllcg/glg tgflstgfar;tgggﬁgt 'stﬁll;? zfgrrslgt products derived from samples of brown algae (12 samples), red algae

” > . . ; . 7" (4 samples), and green algae (2 samples), bought in stores in the city
useful for evaluating the toxicological risks associated with of valencia (Spain), were analyzed. The following derived products
consumption. The safety of edible algae with respect to this were included: wakame and kombu, obtained respectively by drying
metalloid can be evaluated only after determining the content and cooking the brown alga&indaria pinnatifida and Laminaria
of inorganic arsenic, a term that includes the most toxic speciesjaponica; hijiki (Hizikia fusiforme) and arame (Eisenia bicyclis),
of arsenic [As(lll) + As(V)], based on which the WHO has obtained by drying fresh algae; nori and yakinori, obtained respectively
established a Provisional Tolerable Weekly Intake b50f by drying and baking the red algorphyrasp.; dulse, obtained by
inorganic arsenic/week/kg of body weight) (14). dry!ng the red alg@almaria palmata(2); and AO-nori, obtamed by
The quantification of inorganic arsenic in edible algae drying the green algallva pertusa. The samples are sold in a dried
. . .. form, and therefore they were not freeze-dried. They were crushed in
products is faced with the problem of a lack of specific

. a mill and stored at 4C until analysis.
methodologies. Our laboratory has developed a methodology ' unt vo!

. . o . . . Determination of Total Arsenic (16). The samples (0.25 g) were
involving the solubilization of the sample with hydrochloric acid  aated with an ashing aid suspension (20% m/v MgNO2% miv

and extraction by means of organic solvents (15) that has beemygo) and nitric acid (5 mL of 50% v/v), evaporated to dryness, and
applied successfully to a wide range of fish produd#)(One mineralized at 450C with a gradual increase in temperature. The ash
of the main objectives of the present study was to assess thewas dissolved in hydrochloric acid (6 mol}) and prereduced (5%
suitability of this methodology for determining inorganic arsenic m/v ascorbic acidt- 5% m/v KI). The analytical conditions used for
in edible algae products. The contents of lead, cadmium, arsenic determination by flow injectierhydride generation—atomic
mercury, total arsenic, and inorganic arsenic in a range of absorption spectrometry (FI-HG-AAS) were the following: loop
samples of algae sold in Spain were therefore determined. TheS@mPple, 0.5 mL; reducing agent, 0.2% (m/v) NaBH 0.05% (m/v)

_ > det 0 ) . A’ .
results obtained have been analyzed from legislative and health2OH: 5 ML min™ flow rate; HCI solution 10% (v/v), 10 mL mirt

. - flow rate; carrier gas argon, 100 mL mirflow rate; wavelength, 193.7
safety viewpoints.

nm; spectral band-pass, 0.7 nm; electrodeless discharge lamp system
2; lamp current setting, 400 mA; cell temperature, 900
MATERIALS AND METHODS Determination of Inorganic Arsenic (15). Water (4.1 mL) and
Instruments. Determination of total lead and cadmium was per- concentrated HCl (18.4 mL) were added to 0.50 g of sample. The
formed by graphite furnace atomic absorption spectroscopy (GF-AAS) mixture was left overnight. The reducing agent was then added (1 mL
with a Perkin-Elmer (PE) longitudinal AC Zeeman (Analyst 600) atomic of 1.5% m/v hydrazine sulfate solution and 2 mL of HBr), and the
absorption spectrometer, equipped with a transversely heated graphitesample was agitated for 30 s. CHGLO mL) was then added, and
atomizer and a built-in, fully computer-controlled AS-800 autosampler after 3 min of shaking and 5 min of centrifuging (2000 rpm), the
(Perkin-Elmer Hispania, S.A., Madrid, Spain). Pyrolitic graphite coated chloroform phase was separated. The extraction process was repeated
tubes with an integrated L'vov platform were used. two more times, and the chloroform phases were combined and filtered.
The determination of total and inorganic arsenic was performed with The inorganic arsenic in the chloroform phase was back-extracted by
an AAS model 3300 (PE) equipped with an autosampler (PE AS-90) shaking for 10 min with 10 mL of 1 mol t* HCI. The phases were
and a flow injection system (PE FIAS-400) in order to provide hydride separated by centrifuging at 2000 rpm, and the aqueous phase was then
generation in continuous flow mode. The determination of mercury aspirated and poured into a beaker. This stage was repeated once again,
was performed with a flow vapor generatieatomic fluorescence and the back-extraction phases obtained were combined. The inorganic
spectrometer (AFS; Millennium Merlin PSA 10.025, PS Analytical). arsenic in the back-extraction phase was determined by means of the
Other equipment used included a Moulinex Optiquick Duo domestic following procedure: 2.5 mL of ashing aid suspension and 10 mL of
microwave oven (Moulinex, Valencia, Spain), with a maximum power concentrated HN@were added to the combined back-extraction phases,
of 900 W; a PL 5125 sand bath (Raypa, Scharlau, S.L.); a K 1253 dry-ashed, and quantified by FI-HG-AAS in the conditions described
muffle furnace equipped with a Eurotherm Controls 902 control previously for the determination of total arsenic.
program (Heraeus S.A., Madrid, Spain); a KS 125 basic mechanical Determination of Lead and Cadmium. The sample (0.20 g) was
shaker (IKA Labortechnik, Merck Farma y Quimica, S.A., Barcelona, placed in a high-pressure poly(tetrafluoroethylene) (PTFE) vessel. Two
Spain); and an Eppendorf 5810 centrifuge (Merck). milliliters of 65% HNGO; and 1 mL of 35% HO, were added. The
ReagentsDeionized water (18 2 cm) was used for the preparation  vessel was sealed with a screw cap and placed inside the microwave
of the reagents and standards. All chemicals were of at least pro analysioven. Samples were irradiated at a 700 W power setting for three cycles
quality or better. Commercial standard solutions (1000 m¥) af As- of 1 min. After digestion, the vessel was cooled in an ice bath. The
(V), Pb, Cd, and Hg were used (Merck). Calibration standard solutions solutions were filtered and diluted with water to a final volume of 50
of As(lll) were prepared from a reduced standard solution of As(V). mL. The quantification of Pb and Cd in GFAAS was performed using
As a reducing solution for arsenic hydride generation, sodium the standard additions method. The oven program employed is described
tetrahydroborate(lll) solution (1% m/v) was prepared by dissolving in Table 1.
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Table 1. Graphite Oven Operating Conditions for the Determination of highest results (115141 mg kg'! As dw). After hijiki, the
Cd and Pb in Algae Products samples of. vesiculosug50 mg kg As dw) and kombull(.
japonica 47—53 mg kgt As dw) show the next highest levels
wavelength (nm) 228.8 (Cd), 283.3 (Pb) of arsenic content. The remaining products derived from brown
Zgﬁﬁggfﬁ; g‘g’r'?ég"(g;n ) ggeman algae present lower contents: wakanie pinnatifida), 32—
measuring mode integrated absorption caled by software 42 mg kg As dw; and aramefjisenia bicyclis), 23.8—30 mg
oven tube transverse heated graphite tubes kg’1 As dw.
- with integrated L'vov platform In general, analyses of red algae revealed total arsenic
'Snaentqr;)(l’g \%Ica"brat'on igi:iard additions method contents of<30 mg kg! dw. Mention must be made of the
chemical modifier 0.067 mg of H:POsNH, and 0.003 mg differences observed in the total arsenic contents found in the
of Mg(NO3), in 10 zL of HNO3 1% two types of red algae studiel. tenerahas arsenic concentra-

tions similar to those found in brown algae (2330 mg kg!

oven program dw), whereasP. palmatahas far lower values (7.56 mg kY

time (s) internal Ar dw). The samples of green algae analyzed in this study have

step temp (°C) ramp hold (mL min~?) the lowest contents of all the algae studied {5317 mg kg'*
drying 90 10 20 250 dw).
drying 120 10 20 250 In general it can be said that, of the products analyzed, those
drying 130 5 40 250 derived from brown algae have higher total arsenic contents
rying 300 5 5 250 than the products derived from red algae, results similar to those
pyrolysis 500 (Cd), 850 (Ph) 10 20 250 . . . .
cooling 20 10 20 250 of Morita and Shibatal@). The total arsenic contents described
spraying 1400 (Cd), 1600 (Pb) 0 5 0 in the bibliography for edible algae range between 2.0 and 172
cleaning 2450 1 5 250 mg kg™t dw (6—8,13,18—24), levels similar to those found in

this study.

As mentioned above, Spain does not have any legislation

high-pressure PTFE vessel. Two milliliters of 65% HN&hd 1 mL concerning algae food products, so that there is no legal

of 35% HO, were added. The vessel was sealed with the screw cap impediment to .the Sa}Ie of the products analyzed. With respect
and placed inside the microwave oven. Samples were irradiated at al© Nealth considerations, the absence of data concerning the

700 W power setting for three cycles of 1 min. After digestion, the consumpti_or_] of macroalgae fPOd products in Western cquntries
vessel was cooled in an ice bath. The solutions, filtered and diluted makes it difficult to calculate intake levels, and most estimates
with water to a final volume of 25 mL, were left for 12 h to eliminate ~ are based on the consumption of the population of Japan, with

nitrous vapors. The analytical conditions used for mercury determination a daily average consumption of brown algae ef3g and a
by continuous flow vapor generation AFS were the following: reducing maximum consumption of 12 g, dv2%).

agent, 2% m/v SnGin 15% viv HCI, 4.5 mL mirt* flow rate; 5% viv Although total arsenic is not a useful parameter in the study
HCI, 9 mL min~? flow rate; carrier gas argon, 0.3 L rmhflow rat_e, f the toxicological implicati derived f th ti
sheath gas argon, 0.3 L mihflow rate; dryer gas, air, 2.5 L mir o the toxicological Implications derived from the consumption
flow rate; specific Hg lamp; fixed 254 nm filter. of edible algae, it is nevertheless still used today. Consumption
of 3 g ofalgae per day would give total arsenic intake for each
of the samples analyzed ranging from 7 to 4&8day. This
consumption is similar to data obtained in studies of total diet
Methodologies.The suitability of each of the methodologies in which intake was evaluated on the basis of all the food
used was checked by evaluating their analytical characteristicsconsumed by the population studied {1245ug/day) (26 27),
(limit of detection, precision, and accuracklucussp.,L. major, which show that the highest arsenic content is ingested by eating
andU. lactucawere used as reference materials to quantify total fish and shellfish. When a consumption of 12 g of edible alga/
As, Pb, Cd, and Hg. In the case of inorganic As there are day is considered, intake ranges from 29 to 176@day—a
currently no certified materials, and therefore recovery tests werehigher level than that recorded in total diet studies. One may
carried out on the certified reference materials specified and therefore say that even if algae is a product that is not very
on samples bought in shops to evaluate accuracy. In the casevidely consumed by the general public, regular consumers of
of commercial samples, samples of high and low inorganic edible algae would be considered as a particular group with
arsenic contents were selected for the recovery test. Therespectto contaminant arsenic, something that should be studied
additions carried out were in accordance with the level of in more detail.
inorganic arsenic present in the samples. Inorganic Arsenic. The inorganic arsenic contents found
The analytical characteristics of the methodologies used to range from 0.15 to 88 mg kg dw, levels that are similar to
determine Pb, Cd, Hg, and As are showi able 2. The results those described by other authors (0.68@ mg kg* dw) (19,
obtained were satisfactory and demonstrate that it is possible23, 28). A high proportion of the samples analyzed show
to employ these methodologies to quantify the contaminants inorganic arsenic contents efl mg kg (0.15—0.57 mg kg*
mentioned in commercial samples of macroalJadle 3 shows dw). However, products derived from the brown albla
the contents of total arsenic and inorganic arsenic, lead, fusiformehave very high contents of inorganic arsenic{83
cadmium, and mercury in each of the samples analyzed (meanmg kg™! dw), which constitute 6672% of the total arsenic
of three independent analysis). The category to which each ofpresent in the sample. These results coincide with the data
the samples belongs is also indicated, together with its scientific reported in the literature, which reveal that inorganic arsenic

Determination of Mercury. The sample (0.20 g) was placed in a

RESULTS AND DISCUSSION

and commercial names. represents between 50 and 70% of the total arsenitl.in
Total Arsenic. The contents of total arsenic found varied fusiforme(13) and between 28 and 63% in ribbon keg#Y.
over a wide range of concentrations [2841 mg kg?, dry The sale of edible algae is permitted in Spain regardless of

weight (dw)]. The highest values were found in products derived its total or inorganic arsenic content. The situation is very
from brown algae, with hijiki, fronmH. fusiforme showing the different in other countries in the European Union and elsewhere
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Table 2. Analytical Characteristics of the Methodologies Used To Determine Total Arsenic, Inorganic Arsenic, Lead, Cadmium, and Mercury in
Macroalgae

As inorganic As Pb Cd Hg
limit of detection (mg kg™) 0.025 0.014 0.05 0.003 0.003
precision? (%) 1 4 3 4 4
accuracy”
Fucus sp.
found value 42.3-46.2 1.21-1.33 2.09-2.19 0.528-0.550 0.036-0.040
certified value 42.2-46.4 - 1.91-2.47 0.500-0.574 0.032-0.044
Lagarosiphon major
found value 7.2-7.6 450-4.72 61.6-67.2 2.06-2.17 0.314-0.346
certified value 8.00d 60.6-67.0 21-23 0.30-0.38
Ulva lactuca
found value 2.99-3.17 1.27-1.37 12.6-13.8 0.25-0.29 0.037-0.043
certified value 2.89-3.29 13.12-13.84 0.252-0.296 0.041-0.066¢
recovery®
Fucus sp. (%) 100
natural samples (%) 95 (85, 95)

101 (0.25, 0.19)

aMean RSD obtained from six independent analyses of certified reference material Fucus sp. © Confidence interval at the 95% confidence level for six independent
analyses. ¢ Percentage recoveries expressed as mean from three independent analyses. Values in parentheses are the average concentration in the unspiked samples
(first value) and concentration of the As(lll) added (second value) in mg kg~* of dry weight. 9 Indicative values.

Table 3. Total Arsenic, Inorganic Arsenic, Lead, Cadmium, and Mercury Contents in Macroalgae?

type species description of product total As inorganic As Pb Cd Hg
green Enteromorpha sp. green nori flakes (dried edible sea algae) 23+01 0.37 £0.07 1.33+0.03 0.03+0.01 206+0.4
Ulva pertusa AO nori (dried edible sea algae) 5.17 +0.05 0.36 +0.06 0.93+0.02 0.17+0.01 18+2
red Porphyra tenera nori (dried edible sea algae) 237+05 0.57+£0.04 0.31+0.06 0.35+0.01 14+2
nori (dried edible sea algae) 283+0.5 0.19 £0.02 0.289 + 0.004 0.18 £0.02 4+1
toasted nori (dried edible sea algae) 30+1 0.314 +0.005 0.29 +0.02 0.38+0.01 11.3+04
Palmaria palmata Atlantic dulse (dried tender Japanese sea algae) 7.56 +0.02 0.44 £ 0.06 11+0.2 0.70 £0.03 105+04
brown Eisenia bicyclis ise wild arame (dried tender Japanese sea algae) 238+0.5 0.17 £0.02 0.15+0.08 0.75+0.01 336+0.2
ise wild arame (dried edible sea algae) 29+1 0.185 + 0.005 0.18 +0.01 0.67 +£0.03 42+3
arame (dried edible sea algae) 30.0+0.1 0.15+0.06 0.19 £0.02 0.74 £0.02 38+3
Undaria pinnatifida wakame (dried edible sea algae) 32+1 0.15+0.10 <LODb 15+01 12+1
wakame (dried edible sea algae) 42+2 0.26 +£0.03 <LOD 0.13+0.03 23+3
Japanese wakame (dried tender Japanese sea algae) 346+0.3 0.18 £0.05 <LOD 19+01 14+1
Laminaria japonica Japanese kombu (dried tender Japanese sea algae) 471 0.297 +0.001 <LOD 0.15+0.02 305
kombu (dried sea algae) 53+1 0.254 +0.005 <LOD 0.30 £0.02 37+4
Fucus vesiculosus alga fucus 50.0+0.3 0.34+£0.04 0.51+0.04 0.55+0.01 36+6
Hizikia fusiforme iziki 128+5 88+6 0.63+0.08 1.45+0.14 35+3
hijiki (dried edible sea alga) 141+6 85+6 0.89£0.15 1.46 +0.02 259+0.2
Japanese hijiki (dried tender Japanese sea algae) 115+12 83+5 0.53 £0.06 1.0+0.1 30.32+0.03

aThree subsamples were analyzed for each type of macroalgae. Values are expressed as mean + SD. Results for As, Ph, and Cd are expressed in mg kg~! dry weight
(dw). Results for Hg are expressed in ug kg~ dw. b LOD, limit of detection: Pb = 0.05 mg kg~ dw.

in the world, where arsenic contents are limited on the basis of found (50ug g1). The authors19) estimated the intake from
the inorganic arsenic contents. Thus, regulations in France andsuch kelp samples to be700 ug/day, a level 5 times higher
the United States has maximum permissible limits of 3 nigtkg  than the Tolerable Daily Intake (TDI) recommended by the
dw inorganic arsenic {5whereas in New Zealand and Australia WHO for a body weight of 68 kg (0.146 mg of inorganic
the limit is as low as 1 mg kgt dw (29). These values were arsenic/day) (14). Our study analyzed a wider variety of
exceeded by the three samplestbffusiformeanalyzed, and products, and the results obtained indicate that, in order to
therefore they could not be sold in the countries mentioned. In evaluate intake levels, the best solution is to consider two groups
this respect, McSheehy and Szpun2B)(state that algae from  of algae. With respect to algae with an inorganic arsenic content
Brittany, China, Iceland, Japan, and Spain were withdrawn from of <1 mg kg™! dw (84% of the samples analyzed), both the
the French market because their inorganic arsenic content wasaverage consumption (3 g/day) and the maximum consumption
>3 mg kg dw. The absence of legislation on this point in (12 g/day) give rise to inorganic intake levels of less than the
Spain means that this country is likely to receive products that TDI. However, the consumption of samples ldf fusiforme,
are denied entrance into other markets owing to legislation. with an inorganic arsenic concentration ®80 mg kg?* dw,

With respect to the evaluation of risks, previous studies are would mean intake levels of between 2 (consumption of 3 g/day)
rare. A study carried out on kelp supplements (tablets, capsulesand 7 times (consumption of 12 g/day) the TDI.
and powder) sold in the United Kingdomq) estimated the The effects that continuous high intake of arsenic due to algae
intake of reducible arsenic by assuming a daily intake based may have on consumers’ health have not been studied. A
on the manufacturer's recommended maximum dose, which toxicological evaluation carried out by Watanabe et ) (did
ranged from 4 to 14 g, according to the product. The results not find that arsenic produced adverse effects in rats fed with
showed an intake of 1 ug/day in most of the samples analyzed. diets containing species dfizikia. However, the metabolic
However, there was one exception, with a sample of kelp differences between species mean that the conclusions cannot
capsules in which a very high content of reducible arsenic was necessarily be extrapolated to humans. Furthermore, it should
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be borne in mind that epidemiological and clinical studies the amount received from a single food product. Perhaps it
indicate that arsenic is a paradoxical human carcinogen that doesvould be advisable to study the toxicological risks related to
not easily induce cancer in animal mode8)). Because no intake of Cd to which population groups who eat substantial
toxicological studies are available as yet, it would seem to be quantities of algae food products are exposed, because, as they
a priority to protect the consumer by carrying out a monitoring are mainly extreme edible algae consumers, most of whom
program to establish maximum limits of inorganic arsenic follow macrobiotic diets, they also eat large quantities of
content at an international level. The advisability of withdrawing vegetables, a food group that also makes a considerable
from the market products that systematically have very high contribution to Cd intake.
contents of the contaminant should not be ruled out. Mercury. The algae food products analyzed have mercury
Lead. The products derived from the brown aldagaponica levels ranging from 4 to 429 kg™ dw. The lowest concentra-
andU. pinnatifidahad lead contents below the detection limit tion was found in a sample of norP( tenera) and the highest
of the test method used (0.05 mg#giw). In the other samples  in a sample of arame (E. bicyclis). The level in brown algae
the lead content varied between 0.15 and 1.33 mgt kiy. (12—42ug kg™t dw) was higher than in red algae—<{44 ug
The lowest values were found in three samples of arame, madekg™ dw) and green algae (18—20u@ kg™* dw).

from the brown algaE. bicyclis (0.15—0.19 mg kg! dw), These contents are lower than those previously described (
whereas the highest content was found in green nori from the 21) and do not exceed the maximum limit permitted by French
green algaeEnteromorphasp. The products derived fromd. regulation (0.1 mg kg' dw) (5). A consumption of 3 or 12

fusiformevaried more (0.530.89 mg kg?! dw) than the other g/day of the alga with the highest mercury content would mean
brown algae products analyzed. Finally, in the products made an ingestion 500 and 100 times lower, respectively, than the
from red algae the lead content varied between 0.289 and 1.1TDI recommended by the WHO (0.049 mg of mercury/day for
mg kg dw. a body weight of 68 kg).

The differences in lead content are not very pronounced, and Conclusions.A significant number of the macroalgae food
it cannot be said that particular types of algae have higher leadproducts analyzed exceed the contents of cadmium and inorganic
contents: green algae, 0:93.33 mg kg! dw; red algae, arsenic permitted by the few specific laws that have been enacted
0.289—1.1 mg kg! dw; brown algae, 0.050.89 mg kg* dw. with respect to these products. The high contents of inorganic
We must remember that the differences recorded for arsenicarsenic found irH. fusiforme, much higher than those of the
were as high as 100 mg k§ dw. The existing data in the  other edible algae analyzed, demonstrate the need to carry out
bibliography indicate contents that vary fron0.01—163 mg a more in-depth, tailor-made study of the toxicological implica-
kg~ dw (1, 6—8, 21,31, 32), with levels generally much higher  tions of inorganic arsenic in algae, which could give rise to
than those found in this study. specific restrictions on their sale.

The lead content in the samples analyzed in this study did
not exceed the content permitted by specific legislation, such LITERATURE CITED
as that enacted in France, which limits the concentration of Pb

to 5 mg kg'* dw (5). With respect to the estimate of intake (1) Ortega-Calvo, J. J.; Mazuelos, C.; Hermosin, B.; Saiz-Jiménez,
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