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� Cd, Pb, Cu and Zn were analysed from 13 seaweeds by AAS.
� Green seaweeds showed higher concentrations of metals.
� Chaetomorpha linum exhibited higher metals than other tested seaweeds.
� Health Risk Assessment study disclosed lower risk to human consumption.
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a b s t r a c t

This study aimed to monitor the concentrations of metals including Cd, Pb, Cu and Zn in commercially
important and commonly edible brown, red and green algal species collected from Thondi coast,
southeast India. Green seaweed Chaetomorpha linum contained higher (Cde 8.51 mg kg�1, Pbe 5.24 mg
kg�1, Cue 15.38 mg kg�1, and Zne 22.34 mg kg�1) concentrations of metals than other tested seaweed
samples. The concentrations of metals significantly varied within and between the investigated species
of seaweed samples (P< 0.05). It was revealed that Cd, Pb, Cu and Zn metals were present in the species
of seaweeds at different concentration. The residual levels of metals were less than the maximum
allowable levels specified for human consumption compared to PTWIs, JECFA, FAO/WHO, FSSAI and EC.
This study suggested that exposure to the analysed metals (Cd, Pb, Cu and Zn) through seaweeds con-
sumption does not raise serious health effects to consumers and it is safe for human consumption.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Marine algae or seaweeds have been consumed since ancient
times and widely used as food supplement in Asian countries, and
to a lesser extent in Europe and USA (Khan et al., 2015). The variety
of seaweeds are known worldwide by name such as Kombu
(Laminaria spp.), Wakame (Undaria pinnatifida) and Nori (Porphyra
spp.) has been used in food industries (Kato et al., 2016; Jimenez-
Escrig et al., 2011). Seaweeds are also used as valuable medicine
ms@alagappauniversity.ac.in
for the treatment of iodine deficiency (goitre, Basedow's disease
and hyperthyroidism) and intestinal disorders (vermifuges, hypo-
cholesterolemic and hypoglycemic agents) (El Gamal, 2012). Many
seaweed species are used in food, pharmaceutical, agriculture and
cosmetic industry, principally for the extract of phytocolloides such
as agar and carrageenan to be used as thickening agents, and also
phytochemicals in pharmaceutical industries, bio fertilizer in agri-
culture sector (Jimenez-Escrig and Sanchez-Muniz, 2000; Khan
et al., 2015). Among these compounds, there are polysaccharides,
essential and non essential amino acids, proteins, carbohydrates,
lipids, saturated and unsaturated fatty acids, omega 3 fatty acids,
phenol, chlorophylls a and b, carotenoids, carrageenan and mineral
content (Sakthivel and Pandima Devi, 2015; Chan and Matanjun,
2017). They provide numerous ingredients to the food such as
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natural pigments, multi essential water and fat soluble vitamins,
chelated micro-minerals (selenium, chromium, nickel and arsenic)
and prebiotic substances in the form of complex carbohydrates
(alginates, fucose-containing polymers, mannitol and laminarin)
and phlorotannins (Evans and Critchley, 2014).

Indeed, now-a-days seaweeds are used in food biotechnology
for the acquisition of low-calorie food and might be important in
body weight control, as well as in the prevention of gastrointestinal
and cardio-vascular diseases, anti hypercholestrolemic, anti hy-
pertensive activity, antitumour, anti angiogenic, antiviral, antibac-
terial and anticoagulant activities (Taboada et al., 2012; Gupta et al.,
2011). Recent studies shows that metals accumulation, radioactive
isotopes, ammonium, dioxins and pesticides (Van Der Spiegel et al.,
2013) found in alarming levels in edible seaweeds (Rubio et al.,
2017) and spirulina (Al-Dhabi, 2013).

Metals such as magnesium (Mg), copper (Cu), iron (Fe) are
essential elements for living organisms because of their important
role as coenzyme, vitamins and in several metabolic paths (chlo-
rophyll a and b synthesis, electron transfer during photosynthesis,
nitrogen fixation, seed maturation, stimulation of germination and
growth). But other metals such as aluminium (Al), cadmium (Cd),
mercury (Hg), chromium (Cr) and lead (Pb) are also important for
plant metabolism, but due to their potential toxicity it may harm to
the plants if it accumulated by them (Rubio et al., 2017; Lamai et al.,
2015). Sivaperumal et al. (2007) reported that essential metals can
also produce negative effects at high residuals concentrations. Only
few metals with proven hazardous nature are to be completely
excluded in food for human consumption. Metals including Hg, Cd,
Cu, Pb and Zn are the most common contaminants in biological
products. Consumption of elements like Pb cause severe health
risks such as fatigues, irritability, myalgias, coma, kidney, liver and
brain damage, seizures, encephalopathy, dysfunction of nervous
system or development of tumor and cancer; the toxicity of cad-
mium cause Itai-Itai disease in Japan, bone disease, anosmia and
yellow discoloration of the teeth and loss of olfaction abilities and
Hg also cause health risks viz. visual and hearing impairment,
tremor andmuscle spasticity, coma and death (Sanders et al., 2009;
Sankar et al., 2014).

The study onmetal contents and nutritional quality of seaweeds
are valuable field of research, which is indispensable for both safety
assessment as well as knowledge of their proximate composition.
Several researchers havementioned that the capacity of seaweed to
accumulate metals depends strongly on species, location, season,
wave exposure, temperature, salinity, light intensity, pH, nitrogen
availability and age of the plant (Smith et al., 2010; Brito et al., 2012;
Chakraborty et al., 2014; Astorga-Espana et al., 2015). Various
analytical methods are developed for the determination of metals
in seaweeds.

Though seaweeds are important diet to human in most Asian
countries, it is not yet monitored properly for toxic metal
contamination in different parts of the world (Giusti, 2001;
Ruperez, 2002; Lazano et al., 2003; Subba Rao et al., 2007; Morrison
et al., 2008; Kamala-Kannan et al., 2008; Rodenas de la Rocha et al.,
2009; Karthick et al., 2012; Al-Dhabi, 2013; Khaled et al., 2014;
Fernandez-Martinez et al., 2015; Khan et al., 2015; Jarvis and
Bielmyer-Fraser, 2015; Rubio et al., 2017; Sanchez-Quiles et al.,
2017; Perryman et al., 2017). Hence, it is important to study the
bioaccumulation of metals in commercially important seaweeds.
Therefore, this study aimed to determine the levels of metal resi-
dues (Cd, Pb, Cu and Zn) in brown, red and green seaweed species
to evaluate the degree of contamination in the Palk Bay to compare
with other area and to assess the health risk by standard guided
values of US EPA guidelines.
2. Materials and methods

2.1. Study area description

Thondi is situated in the Palk Bay region of Tamilnadu, South-
eastern India and lies in the latitude of 9� 44' N and longitude of 79�

10' E (Fig.1). The rainfalls in this region aremainly due to North East
and Southwest monsoon. Thondi coast has a very minimal wave
action and sediments are muddy in nature. Average depth of the in
shore water is below one meter. Turbidity of the seawater is
moderately high and also they are rich in nutrients. It serves as a
treasure house for valuable marine resources such as seagrass,
seaweeds and invertebrates like coelenterates, echinoderms and
shell fishes viz. shrimps, crabs and squids. There are some impor-
tant developmental and socioeconomic activities such as aquacul-
ture, agriculture and fishing activities and oil spills from the fishing
boats were noticed. Beside the above action, the ecosystem
received ample of untreated solid and liquid of municipal wastes
from the nearby residential area.

2.2. Seaweed sample collection

A total of 13 edible algae samples were collected by hand picking
from single site in Thondi coast, Palk Bay, Southeastern coast of
India during January and April in 2018 (Fig. 1). The sample
comprised of three groups viz. brown alage (Sargassum whitti n¼5
and Turbinaria conoides n¼5), Red alage (Hypnea musciformis n¼5;
Gracilaria edulis n¼5; Gracilaria verrucosa n¼5; Gracilaria corticata
n¼5; Sarconema filiforme n¼5; Kappaphycus alverizii n¼5; and
Acanthophora muscoides n¼5) and Green alage (Ulva lactuca n¼5;
Ulva reticulata n¼5; Caulerpa scalpelliformis n¼5; and Chaetomor-
pha linum n¼5) were collected. From each species five replicate
samples were taken for analysis. The freshly collected seaweeds
were washed thoroughly in seawater and transported to the labo-
ratory immediately. Epiphytes, sediment particles and other debris
were removed by washing thoroughly using potable water. Sea-
weeds were identified using the standard manual of
Umamaheshwara Rao (1987); Jha et al. (2009). The voucher spec-
imens were deposited in the Department of Oceanography and
Coastal Area Studies, School of Marine Sciences, Alagappa Univer-
sity. The collected seaweed samples were shade dried at room
temperature 25± 2 �C for 4 days, powdered with mechanical
blender and stored at room temperature in an airtight container
(Tarsons, India) for further analysis.

2.3. Metal extraction and analysis

The metal concentrations in the samples were determined ac-
cording to the European Commission (2014). Each homogenized
seaweed sample, 0.5 g of powdered seaweed was added with
mixed reagent at 10:4:1 ratio (nitric acid: perchloric acid: sulphuric
acid). Mineralizationwas performed in hot plate at 50 �C for 30min.
After the end of digestion, 1ml samples made up to 25ml with
distilled water, stored at room temperature for further analysis
(FAO/SIDA, 1983). Cd, Cu, Pb and Zn were determined by atomic
absorption spectroscopy (AAS), (Shimadzu 7000, Japan) at the
wavelength of 213.85 nm for Zn, 324.75 nm for Cu, 228.80 nm for
Cd and 217.00 nm for Pb. The metal standards were prepared and
run to check the precision of the instrument throughout the anal-
ysis. Quality assurance (QA) and Quality control (QC) protocol set by
the U. S Environmental Protection Agency (US EPA, 2007) for metal
analysis was used. Quality assurance testing relied on the control of
blanks and yield for chemical procedure. All reagents used during



Fig. 1. Map showing the sampling site of Thondi coast.
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analysis were of analytical grade and de-ionized water was used
throughout the study. All the plastic wares and glass wares were
washed in nitric acid for 15min and rinsed with de-ionized water
prior to each experimental use.
2.4. Health risk assessment

Health risk assessment was calculated based on exposure dose,
the targeted hazard quotient (THQ) and hazard index (HI) described
by US EPA (2007). The HI was obtained from the mean concentra-
tion of metals present in the seaweeds of the current study along
with standard guided values of US EPA guidelines. The sum of all
THQs for each element is referred to as the HI. The formulas are as
follows:

Exposure Dose ðEDÞ ¼ Ci� Di� Ed
Bw� At

Targeted Hazard Quotient ðTHQÞ ¼ Exposure Dose
RfD

Hazard Index (HI)¼ Sum of THQ.
Ci - mean concentration of the heavy metal present in the
seaweeds (mg/kg); Di - daily intake of seaweeds (5.2 g/capita/day);
Ed - average exposure duration (e.g., 70 years); Bw - averageweight
(e.g., 70 kg); At - average lifetime (e.g., 70 years). RfD - recom-
mended reference dose (RfD); Based on the US EPA (2007) guide-
lines HI< 1 seems to no health risk is expected to occur; If HI� 1,
there is moderate or high risk for adverse human health effects.

2.5. Statistical analysis

The results obtained from this study were analysed (Cd, Pb, Cu
and Zn) using analysis of variance (ANOVA) and differences among
the metals were considered significant for a confidence interval at
95% level (P< 0.05). In all the cases, analyses were carried out using
the SPSS statistics 14 for windows (SPSS Inc., USA).

3. Results and discussion

3.1. Metals accumulation in seaweeds

The physico-chemical parameters (Table 1) and metal residues
observed in the brown, red and green seaweeds (Fig. 2) collected
from the Thondi coast. In the present study, the concentration of Cd
in the seaweeds ranged from 0.58± 0.13 to 5.24± 0.99mg kg�1. The



Table 1
Physico-chemical features of Thondi coastal waters.

SI. No Physico-chemical parameters Values

1 Atmospheric temperature (�C) 29.5
2 Surface water temperature (�C) 26.8
3 pH 7.79
4 Salinity (psu) 33.0
5 Dissolved oxygen (mg/l) 4.70
6 Biological oxygen demand (mg/l) 0.893
7 Nitrate (mg/l) 0.328
8 Nitrite (mg/l) 0 .539
9 Total nitrogen (mg/l) 2.645
10 Ammonia (mg/l) 3.185
11 Total dissolved solids (ppm) 16.8
12 Electrical conductivity (ms) 33.8
13 Light extinction coefficient (m) 0.25
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higher concentration of Cd (5.24± 0.99mg kg�1) was observed in
C. linum and lower concentration of Cd (0.58± 0.13mg kg�1) was in
C. scalpelliformis. The Cd concentrations of the different group of
brown, red and green seaweeds are statistically revealed positive
significant (P<0.05) differences. The concentration of Pb in the
present study varied from 14.20± 0.87 to 17.33± 0.90mg kg�1.
Higher concentration (17.33± 0.90mg kg�1) of Pb was observed in
S. whitti and the lower concentration (14.20± 0.87mg kg�1) of Pb
was found in G. corticata. However, the average Pb concentration in
the present study was 15.98mg kg�1.

In the present study, Cu was observed in all tested seaweeds
samples, and the concentration varied from 0.87± 0.07 to
8.62± 0.77mg kg�1. The higher concentration of Cu was observed in
U. reticulata (8.62± 0.77mg kg�1) and lower value was observed in
U. lactuca (0.87± 0.07mg kg�1). The average Cu concentration was
4.50mg kg�1. The higher concentrations of Zn was observed in
K. alverizii (23.45± 1.03mg kg�1) followed by C. linum
(22.34± 1.00mg kg�1), U. reticulata (19.69± 0.80mg kg�1) and
S. whitti (19.59± 0.63mg kg�1). The lower level of Zn residue was
observed in T. conoides (5.49± 0.98mg kg�1) and C. scalpelliformis
Fig. 2. Concentration of metals in the commercially important brown, red and green seawe
this figure legend, the reader is referred to the Web version of this article).
(7.65mg kg�1). The average values of Zn concentration in the brown,
red and green seaweed samples examined in the present study was
14.09mg kg�1. Pollution by metal is a very serious health problem in
many developing countries and is caused by the disposal of indus-
trial effluent into the seawater, where it becomes toxic for many
flowering plants i.e seagrass, seaweeds and marine animals
(Velusamy et al., 2014). Green seaweeds showed a tendency to have
higher concentration of toxic metal than brown and red seaweed. In
contrast to the present findings, Rubio et al. (2017) reported the
lower Cd concentration ranged from 0.10mg kg�1 in European
seaweed and 0.44mg kg�1 in Asian seaweeds. Likewise, Giusti
(2001) reported lower Cd concentration (0.28mg kg�1) in Fucus
vesiculosus, Holy Island, UK. But, Kamala Kannan et al. (2008) re-
ported higher concentration of Cd (38.07mg kg�1) from U. lactuca in
the Pulicate lake, Chennai, Southeast India. However, the above
mentioned concentration of Cd in the studied seaweeds species
were lower than those reported in other geographical location,
including the Irish coast, Ireland, Ascophyllum nodosum
(0.105mg kg�1) (Morrison et al., 2008); Bay Carmarones, Southern
Atlantic, Macrocystis pyrifera (1.07mg kg�1), Lessonia fuscescens
(2.23mg kg�1) and Gigartina skottsbergii (1.13mg kg�1) (Muse et al.,
1995). The Venice lagoon, Italy, Fucus sp. (0.6mg kg�1); South
Andaman Island, Bay of Bengal (0.092 to 0.121mg kg�1) in seaweeds
species (Karthick et al., 2012); South Korea Cd ranged from
0.038mg kg�1 in Laminaria japonica to 0.119mg kg�1 in Hizikia
fusiforme (Khan et al., 2015). In addition, Sanchez-Quiles et al. (2017)
reported lower level of Cd concentration 0.49mg kg�1 from Chlor-
ophyta and 0.59mg kg�1 from Rhodophyta. The high level of metals
in the green seaweed (U. lactuca) reflects the high bioavailability of
metals and the capacity of the algae to accumulate metals (Karez
et al., 1994). The metal concentrations in brown, red and green
seaweeds significantly varied from species to species, which sug-
gested that different seaweeds species are capable of accumulating
heavy metals differently from environment. In the present study
revealed that green seaweed has higher concentration of Cd as
compared to brown and red seaweeds. Similarly, Karthick et al.
ed samples (mg kg�1) of Thondi coast. (For interpretation of the references to color in
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(2012) also reported that green algae have more capacity to uptake
of heavy metal as compare to red and brown algae.

Khan et al. (2015) reported the concentration of Pb varied from
0.032 to 0.998mg kg�1. Higher concentration (0.998mg kg�1) of Pb
residues was observed in Hizikia fusiforme and lower concentration
(0.032mg kg�1) of Pbwas recorded in Laminaria japonica. Similarly,
Rubio et al. (2017) reported Pb concentrations ranged between
0.04mg kg�1 in Asian coastal seaweeds and 0.05mg kg�1in Euro-
pean seaweeds. In contrast to the present findings, Khaled et al.
(2014) reported higher levels of Pb as 29.14mg kg�1 in Posidonia
oceanica, 159.39mg kg�1 in Enteromorpha compressa, 18.63mg kg�1

in Gelidium crinale, 41.16mg kg�1 in G. verrucosa except
13.94mg kg�1 in Jania rubens at different locations of Romila,
Keleopatra and Agiba respectively at Egypt. Higher value of Pb
81.8mg kg�1 was reported by Lazano et al. (2003), who reported in
Punta Barbero, Tenerife Island. Karthick et al. (2012) reported lower
Pb (1mg kg�1) concentrations in Andaman and Nicobar Island,
India. Similarly, Kamala Kannan et al. (2008) reported lower Pb
concentration (11.56mg kg�1) in U. lactuca at Pulicat Lake, South-
east India.

Rubio et al. (2017) reported the Cu concentration ranged be-
tween 0.54 and 2.99mg kg�1. The higher concentration of Cu was
noted in Porphyra and lower in Gelidium. Khaled et al. (2014) re-
ported higher Cu concentration of 8.39mg kg�1 in Posidonia oce-
anica, 65.72mg kg�1 in Enteromorpha compressa, 9.40mg kg�1 in
Gelidium crinale, 6.00mg kg�1 in G. verrucosa, 4.53mg kg�1 in Jania
rubens at different locations of Romila, Keleopatra and Agiba,
respectively at Egypt. Sanchez-Quiles et al. (2017) reported that
lower Cu concentration in the brown seaweed (6.93mg kg�1), red
seaweed (5.19mg kg�1) and green seaweed (7.67mg kg�1) and
Giusti, (2001) reported that lower Cu concentration in Fucus ves-
iculosus (5.7mg kg�1) Holy island, England. The ability of seaweeds
to accumulate metals may depend on a variety of factors such as
location, wave exposure, salinity, temperature, pH, light, nitrogen
content, seasons, age of plant, metabolic processes and the affinity
of the plant for each element among others (Sanchez-Rodriguez
et al., 2001). Higher values were observed by Khaled et al. (2014)
from Enteromorpha compressa (58.47mg kg�1), Gelidium crinale
(43.44mg kg�1), G. verrucosa (59.13mg kg�1) and Jania rubens
(54.40mg kg�1) at different locations of Romila, Keleopatra and
Agiba, respectively at Egypt. Higher concentration (560mg kg�1)
were observed in F. vesiculosus (Giusti, 2001) Roker, England and
37.7mg kg�1 by Sanchez-Quiles et al. (2017) in green seaweed,
58.9mg kg�1 in brown seaweed and 29.8mg kg�1 in red seaweed at
hotspots of coastal contamination worldwide. Caliceti et al. (2002)
reported higher residual concentration of Zn (31mg kg�1) in Olea
europea from Venice lagoon, Italy. But Rubio et al. (2017) reported
lower Zn levels in Chondrus (9.33mg kg�1), Eisenia (6.08mg kg�1),
Gelidium (2.21mg kg�1), Palmaria (5.05mg kg�1) and Porphyra
(13.6mg kg�1) and Perryman et al. (2017) reported the lowest
values of Zn concentration (12.7mg kg�1) in Caulerpa sp. from
Table 2
National and International standard regulatory limits (mg kg�1) of toxic heavy metals in

Organization/Country He

Cd

European Commission Regulation (EC) No 629/2008 3
European Commission Regulation (EC) No 488/2014 3
European Commission Regulation (EC) No 420/2011 e

CEVA, France 0.5
Indonesia (Badan Standardisasi Nasional (BSN ICS 67.220.20) guideline 0.2
Codex standard (FAO/WHO) 0.2
Australia and New Zealand Food Authority e

FSSAI, India e
coastal ponds in Sulawesi, Indonesia. Karthick et al. (2012) reported
lower value of Zn concentration (0.3mg kg�1) in South Andaman
Island, India, which was comparatively much higher
(23.45mg kg�1) than the present study. The present study noted
that green seaweed has higher concentration of Zn as compared to
red and brown seaweeds. The cell wall polysaccharides and pro-
teins of seaweed contain sulphate, anionic carboxyl and phosphate
group, which act as binding sites for metal retention and accu-
mulation (Rocha et al., 2009).

Standard regulatory limits of heavy metals (Table 2) and their
accumulation in the marine seaweeds of this region (Table 3) was
compared with different regions in the world. The European
commission regulation (EC) No. 629/2008 (EC, 2008) and European
commission regulation (EC) No. 488/2014 (EC, 2014) regulated the
maximum level for Cd (3mg kg�1) in different food supplements
consisting exclusively of dried seaweeds. Centre d’Etude et de
valorization des Algues (CEVA, 2014) regulated the maximum level
for Cd (0.5mg kg�1) in French edible seaweeds. In the present
study, all the seaweeds samples showed lower levels of Cd as
regulated by EC (2014), except C. scalpelliformis, which contained
5.24± 0.99mg kg�1 of Cd. The Provisional tolerable weekly intake
(PTWI) values specified both Joint FAO/WHO Expert Committee on
Food Additives (JECFA) and EC, for Cd 25mg kg�1 of body weight
(bw) (EC, 2014; JECFA, 2003). European commission (EC, 2011) has
recommended 3mg kg�1 of Pb and CEVA (2014) have suggested
5mg kg�1 of Pb maximum permissible limit in seaweeds. The PTWI
values specified both JECFA and EC, for Pb 7mg kg�1 of body weight
(bw) (EC, 2004; JECFA, 2003). Australia and New Zealand Food
Authority recommended 10mg kg�1 of Cu and 14mg kg�1 of Zn
levels as maximum permissible limit and recommended daily
intake limits in fresh seweeds respectively (Smith et al., 2010).

3.2. Risk assessment

Since there is no valid report available on the rate of con-
sumption of seaweed level by Indian, the standard values for
calculating US EPA based human risk assessment was calculated
based on Anandkumar et al. (2018) and Chen et al. (2018). Table 4
shows the exposure dose, Targeted Hazard Quotient, Hazard in-
dex of seaweed from Thondi coast. For Cd and Cu, the exposed dose
was comparably lesser than 1 but it was higher than 1 for Pb and Zn.
Also themean concentration of Pbwas several folds higher than the
permissible level set by the international agencies. But the overall
Hazard index was< 1, which confirmed that the exposure of heavy
metals from the seaweeds has no hazards risk to the human.

4. Conclusion

Marine edible seaweeds tested in this study can be considered
as supplementary diet to human due to its rich sources of natural
antioxidants, antibacterial and other nutritional potential such as
brown, red and green seaweed samples as reported by different countries.

avy metals References

Pb Cu Zn

e e e EC (2008)
e e e EC (2014)
3 e e EC (2011)
5 e e CEVA (2014)
0.5 Perryman et al., 2017
0.3 e e FAO/WHO (1995)
e 10 14 Smith et al. (2010)
10 e e FSSAI (2011)



Table 4
Guideline based estimated exposures and human health risk of certain seaweeds from Thondi coast.

Metal Mean metal concentration RfD Exposure Dose Targeted Hazard Quotient

Cd 1.85 1.00 0.14 0.14
Pb 15.98 3.60 1.19 0.33
Cu 4.50 40 0.33 0.01
Zn 15.19 300 1.13 0.003

HI¼ 0.48

RfD, recommended reference dose for chemicals provided by US EPA; HI, Hazard Index.

Table 3
Comparison of toxic heavy metal concentrations (mg kg�1) in brown, red and green seaweeds from published data.

Samples Study area Toxic heavy metals References

Cd Pb Cu Zn

Brown seaweed
Cystoseira crinita Mediterranean coast, Egypt 0.34 19.75 3.46 27.0 Khaled et al. (2014)
Laurencia obtusa 0.49 41.55 7.73 111.70
Himanthalia sp Spain 0.10 0.05 0.94 4.29 Rubio et al. (2017)
Sargassum fulvellum South Korea 0.114 0.409 e e Khan et al. (2015)
Undaria pinnatifida 0.072 0.050 e e

Laminaria joponica 0.038 0.032 e e

Hizikia fusiforme 0.119 0.988 e e

Sargassum duplicatum South Andaman, India 0.2 0.5 e e Karthick et al. (2012)
Sargassum whitti Thondi coast, India 7.67 2.68 17.33 19.59 Present study
Turbinaria conoides 1.92 2.09 15.64 5.49
Red seaweed
Gracilaria verrucosa Mediterranean coast, Egypt 0.26 41.16 6.0 59.13 Khaled et al. (2014)
Jania rubens 0.31 13.94 4.53 54.40
Chondrus sp Spain 0.40 0.11 2.20 10.1 Rubio et al. (2017)
Corallina sp South Andaman, India 0.2 0.9 e e Karthick et al. (2012)
Hypnea musciformis Thondi coast, India 5.59 2.36 16.57 14.28 Present study
Gracilaria edulis 4.56 0.86 15.58 11.53
Gracilaria verrucosa 2.66 1.55 16.64 18.69
Gracilaria corticata 2.39 0.90 14.20 16.49
Sarconema filiforme 4.70 0.94 16.30 15.28
Kappaphycus alverizii 5.68 2.58 16.42 23.45
Acanthophora muscoides 1.85 2.46 15.63 7.49
Green seaweeds
Enteromorpha compressa Mediterranean coast, Egypt 1.34 159.39 65.72 58.47 Khaled et al. (2014)
Ulva sp Spain e e 10.21 20.8 Villares et al. (2002)
Enteromorpha sp e e 8.95 36.8
Ulva rigida Venice lagoon, Italy 0.2 7.3 13 64 Caliceti et al., 2002
Acetabularia caliculus South Andaman, India 0.2 0.9 e e Karthick et al. (2012)
Caulerpa sp Sulawesi coastal pond, Indonesia e 0.35 e e Perryman et al., 2017
Ulva lactuca Pulicat lake, India 38.07 11.56 e e Kamala- Kannan et al. (2008)
Ulva lactuca Thondi coast, India 0.87 1.49 15.48 15.52 Present study
Ulva reticulata 8.62 0.40 16.37 19.69
Caulerpa scalpelliformis 3.54 0.58 16.28 7.65
Chaetomorpha linum 8.51 5.24 15.38 22.34
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protein, carbohydrate and lipid. However, due to industrial and
anthropogenic discharge into the marine and coastal environment,
the tested edible seaweeds accumulated toxic heavymetals (Cd and
Pb) near to the maximum permissible limit for human consump-
tion as suggested by national and international regulatory organi-
sations. However, care should be taken to identify the
contamination sources along with regional and race specific
guidelines are needed to recommend the seaweed as alternative
sources to overcome the nutritional competition of the nation.
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