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Abstract
Seaweeds or marine macro algae constitute one of the commercially important renewable marine living resources. They are one of
the ecologically and economically important living resources of the world oceans. Seaweeds contain different vitamins, minerals,
trace elements, proteins and bioactive substances. They are an extraordinary source of colloidal minerals and trace elements.
Analysis of heavy metals such as Manganese (Mn), Copper (Cu), Cobalt (Co), Zinc (Zn), Chromium (Cr), Nickel (Ni), Lead (Pb)
and Cadmium (Cd) were done in three Ulva species viz, Ulva reticulata, Ulva lactuca and Ulva fasciata of the class
Chlorophyceae. Algal samples were collected from Thikkody from Kerala and Mandapam from Tamil Nadu coast. There was a
comparable variation was found in heavy metal concentration among the studied seaweed samples and location wise difference
was also noticed. The results indicated that different species possessed various degrees of metal accumulation. Among the heavy
metals studied, Mn was found to be high in all the algal samples in both localities. It was observed that Zn concentration was found
to be high in all the species of Ulva from Tamil Nadu compared to Kerala. It was found that the concentration of Pb was below the
Acceptable daily Intake (ADI) in all the studied samples from Tamil Nadu coast. General trend found in the present study was that
more quantity of heavy metals from Thikkody compared to Mandapam.
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1. Introduction
Seaweeds are simple plants widely distributed from the tidal
level to considerable depths, floating freely or attached to
substrates. They grow in the intertidal as well as in the sub
tidal region up to a certain depth where 0.1% photosynthetic
light is available. They are one of the ecologically and
economically important living resources of the world oceans.
Seaweeds contain different vitamins, minerals, trace elements,
proteins and bioactive substances [1]. About 20,000 species of
seaweeds are distributed throughout the world, of which 221
are commercially utilized, which includes 145 species for food
and 110 species for phycocolloid production [2]. Algae are very
closely associated with the human health are being
exhaustively used in numerous ways as a source of food, feed,
fertilizer, medicine and chiefly for economically important
phycocolloids3. The pharmaceutical industry has shown great
interest in the use of algae as a source of biochemically active
substances4. The fact that algae may produce chemical
prototypes of new therapeutic agents has stimulated bio
prospecting for new algal secondary metabolites and the
synthetic modification of compounds with potential
pharmaceutical applications [5]. In addition to novel
biologically active substances, algae also provide compounds
essential to human nutrition [6].
India is one of the 12 leading bio-diversity centers with the
presence of over 45,000 different plant species. From this flora
15,000 to 20,000 have good medicinal values [7]. Amongst all
of these herbal alternatives algae, especially marine algae are
least explored for their medicinal properties. The identification
of bioactive compounds present in marine algae is a new
potential area [8]. About 221 seaweeds are utilized

commercially world-wide of which 65% are used as human
food [9]. From nutritional point of view, seaweeds are
characterized by high concentrations of fiber and minerals [10,
11]
, low fat content and in some cases relatively high protein
levels [12]. Seaweeds may contain a high mineral content, as
their cell wall polysaccharides and proteins contain anionic
carboxyl, sulphate and phosphate groups that are excellent
binding sites for metal retention [13]. Seaweed could be used as
a food supplement in order to reach the recommended daily
intakes of some macro minerals and trace elements [14]. In
general, the mineral content of seaweeds is as high as (8–
40%) and this includes the essential minerals and trace
elements needed for human nutrition [15, 16]. This wide range in
mineral content is not found in edible land plants and it is
related to factors such as seaweed phylum, geographical
origin, and seasonal, environmental and physiological
variations [15].
2. Materials and Method
2.1 Sample collection and Evaluation
Ulva fasciata, Ulva lactuca and Ulva reticulata were collected
from Thikkody of Kerala and Mandapam of Tamil Nadu. All
the samples were harvested manually from their respective
sites during low tides, washed with seawater to remove the
foreign particles, sand particles and epiphytes and then
transported to the laboratory in wet condition in an ice box.
They were thoroughly cleaned using tap water followed by
distilled water to remove the salt on the surface of the sample.
Algal samples were spread on blotting paper to remove excess
amount of water and shade dried at room temperature until
constant weight was obtained. The dried algal samples were
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subjected to grinding to make fine powders for the present
studt. Heavy metal analysis was carried out using Inductively
Coupled Plasma – Atomic Emission Spectroscopy (ICP-AES)
[17]
. Heavy metals like Mn (Manganese), Cu (Copper), Co
(Cobalt), Zn (Zinc), Cr (Chromium), Ni (Nickel), Pb (Lead)
and Cd (Cadmium) were evaluated. All determinations were
performed in triplicate and data represented in ppm on dry
weight basis as mean values (Mean ± standard deviation).
3. Result and Discussion
Heavy metals being non-biodegradable can accumulate at
various tropic levels through the food chain and can cause
human health problems [18]. In humans, these metals build up
in living tissues and thus increase the dangers they pose by
causing physical distress and life threatening illness such as
damage to vital body systems [19]. Seaweeds are excellent
agents for filtering heavy metals such as zinc, cadmium,
copper, nickel and iron from the sea. Seaweeds are able to
accumulate these metals from their environment into body
cells to as much as 4,000 to 20,000 times more than in the
surrounding waters [19].
Many studies have been conducted to determine the toxic
levels of heavy metals for certain plants, especially those
metals considered as public health threats [20]. At the low
concentrations some of the heavy metals excite some
biological processes, but at threshold concentration these
become toxic. Being non-biodegradable, these metals
accumulate at various tropic levels through food chain and can
cause human health problems. The composition of heavy
metals such as Manganese (Mn), Copper(Cu), Cobalt (Co),
Zinc (Zn), Chromium (Cr), Nickel (Ni), Lead (Pb) and
Cadmium (Cd) were studied in Ulva fasciata, Ulva lactuca
and Ulva reticulata collected from Mandapam (Tamil Nadu)
and Thikkody (Kerala) coast.
Acceptable daily intake for Mn is 69.2 ppm. Among the
studied green seaweeds collected from Thikkody,
concentration of Mn was found to be high in U.reticulata
(21.85± 0.17) compared to U.lactuca (11.49±0.45), but the
quantity was found to be almost of the same in U.fasciata
(21.72±0.27). Distribution of Mn from Mandapam coast was
found to be maximum in U.reticulata (90.73±0.1) which is
much higher than the acceptable daily intake level. It was
noticed a species wise and location wise difference in the
quantity of Mn in all the Ulva species collected from both the
sites selected for the study. Concentration of Mn in the
selected species from Thikkody decreased in the order as:
Ulva reticulate > Ulva fasciata >Ulva lactuca and from
Mandapam
as
U.reticulata>U.lactuca>U.fasciata.
Occurrence of higher concentration of Mn in plants is a

common feature for maintaining osmotic balance, ion
regulation and for enzyme catalysis [21]. The earlier
report 22 also observed the high concentrations of manganese
in seaweeds. Although they are essential micronutrients for
plants it became more toxic at higher concentrations than the
amount required for normal growth [23].
Copper which also fell within the toxic range is an essential
micronutrient in plants but at high concentrations can affect
photosynthesis and lead to de-pigmentation as well as
depressing growth in plants [24]. All algal species from Kerala
coast showed approximately similar pattern of Cu levels Ulva
lactuca > Ulva reticulata >Ulva fasciata and maximum
quantity of Cu was found in U.lactuca (7.91±0.32). Compared
to the distribution of Cu in all the species of Ulva from
Thikkody and Mandapam, maximum was reported in Ulva
fasciata (15.20±0.23) from Mandapam. All the algal samples
studied from both the locations were found to be below the
ADI (169 ppm). It was observed the Zinc concentration was
found to be high in all the species of Ulva from Mandapam
compared to Thikkody and maximum in U. lactuca
(85.66±0.21). The range of Zn concentration of the studied
samples from Kerala varied from 5.84 ppm to 7.91 ppm. The
concentration of Zinc may be attributed or controlled by
activators of dehydrogenases and protein-synthesis enzymes in
this species25. The ADI for Cr is 1.54 ppm. It was observed
that the concentration of Cr was above ADI in all the studied
samples from both the locations. There was not much
variation in the concentration of Cr among Ulva species from
Thikkody. But a comparable difference was observed in the
studied samples from Mandapam. The maximum
concentration of Cr from Mandapam was (10.64±0.35) in
U.lactuca.
Maximum concentration of Ni was observed in U.lactuca
from Thikkody (4.27±0.29) which is above ADI of Ni (1.85
ppm). From Mandapam coast, the level of Ni was found to be
(1.67±0.39) and (1.38±0.29 ppm) in U.fasciata and U.lactuca
respectively. But in U.reticulata the concentration of Ni was
below detection level. Heavy metals, such as Cd and Pb have
unknown roles in living organisms, and are toxic even at lower
concentrations. It was found that the concentration of Pb was
below the ADI (10ppm) in all the studied samples from
Mandapam coast of Tamil Nadu, and it ranges from (0.55
±0.38) to (6.11±0.20). The concentration of Cd was found to
be more than ADI (0.3ppm) in all the species from both
Kerala and Tamil Nadu except for U.lactuca (0.3±0.22ppm).
The order of decreasing concentration of Cd from Thikkody
was U.lactuca > U.reticulata > U.fasciata. (Figure 1 – 3
represents the distribution of heavy metals in three Ulva
species from selected coast of Kerala and Tamil Nadu)
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Fig 1: Distribution of Heavy metals in Ulva fasciata from Kerala (Thikkody) and Mandapam (Tamil Nadu)

Fig: 2- Distribution of Heavy metals in Ulva lactuca from Kerala (Thikkody) and Mandapam (Tamil Nadu)

Fig: 3- Distribution of Heavy metals in Ulva reticulata from Kerala (Thikkody) and Mandapam (Tamil Nadu)
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4. Conclusion
The present study indicated that there was species wise and
location wise difference in heavy metal concentration among
the Ulva species. It was also found that less content of heavy
metals were present in Ulva species from Thikkody coast,
Kerala compared to Mandapam coast, Tamil Nadu. The
investigation of heavy metal concentrations in the Ulva
species may provide useful information on the transfer of
potentially toxic elements from biotic compartments (water
and sediments) to higher consumers, including human beings.
However, even if the use of Ulva species as bio monitors for
heavy metals seems advantageous for many reasons, further
studies are needed in order to strengthen the routine use in
marine bio monitoring, aiming to fully clarify their actual
accumulation pattern.
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