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A B S T R A C T

Metals such as Cd, Pb, Cu and Zn were analysed in five seagrass species from five locations of the Palk Bay coast
of south-eastern India. The maximum Cd concentration (2.83 ± 0.08 μg g−1) was recorded in Syringodium
isoetifolium on the Mallipattinam coast in the post-monsoon season, and the Cu (29.54 ± 1.03 μg g−1) in
Enhalus acoroides of the Thondi coast during monsoon season. The maximum concentrations of Pb
(3.12 ± 0.14 μg g−1) and Zn (52.66 ± 0.88 μg g−1) were observed in S. isoetifolium and Cymodoceae rotundata
on the Devipattinam and Karangadu coasts, respectively, during the monsoon season. The metal concentrations
obtained in different seagrass species varied significantly among species, and no clear monsoon season had a
clear effect on the accumulation of heavy metals in the investigated seagrass species. S. isoetifolium has higher
capacity for Cd and Pb accumulation than other tested seagrass species.

Seagrasses are specialized marine flowering plants growing abun-
dantly in the tidal and subtidal coastal areas of all marine ecosystems
except in the polar environment, and they are well developed, with
roots, stems, leaves and flowers. Seagrasses are among the most widely
distributed plants and are found along the tropical, subtropical and
temperate seas at a depth of up to 90 m (Manikadan et al., 2011;
Bharathi et al., 2014). There are> 60 species of seagrasses distributed
all over the world, belonging to four families (Posidoniaceae, Zoster-
aceae, Hydrocharitaceae and Cymodoceaceae), all in the order of
Alismatales and the class of monocotyledons (Bharathi et al., 2014).
Among them, 14 different species, such as Enhalus acoroides, Halophila
ovalis, H. ovata, H. stipulacea, H. beccarii, H. ovalis, Thalassia hemprichii,
Syringodium isoetifolium, Cymodoceae serrulata, C. rodundata, Halodule
pinifolia, H. uninervis and H. wrightii, have been reported in the near-
shore, middle zone region of Palk Bay and the Gulf of Mannar (Bharathi
et al., 2014).

The seagrass beds are the most ecologically important system in the
marine environment; they are the primary producers to nearby coral
reefs. Mangrove communities and the seagrass beds supply a large
component of the diets of many marine organisms, including fishes,
small invertebrates, sea turtles or sea cows. It is well known that

seagrasses have the ability to stabilize sediments and support diverse
floral and faunal communities. The seagrass meadows present in the
coastal environment play a significant role in nearshore dynamics,
nutrient cycling and re-mineralization and are a sink for pollutants
(Smith, 2018).

Seagrass is also used as a valuable folk medicine for the treatment of
fever, skin diseases, muscle pains, wounds and stomach problems, as
well as a remedy against the stings of different kinds of ray fishes and as
tranquilizers for babies (De la Torre-Castro and Ronnback, 2004). In
Indian and Asian countries, many seagrass species are used for medic-
inal purposes, as nutritious food, biofertilizer and livestock feed for
sheep and goats (Newmaster et al., 2011). These applications are de-
rived from their composition: seagrass contains polysaccharides, amino
acids, proteins, carbohydrates, lipids, fatty acids, phenols, tannins,
chlorophylls a and b and minerals (Pradheeba et al., 2011). More recent
studies have shown that seagrass could be used in food biotechnology to
produce low-calorie foods that might be important in body weight
control. Additionally seagrasses could be used in the prevention of
gastrointestinal and cardiovascular diseases, and have antibacterial,
antiviral, anti-inflammatory, antidiabetic or antioxidant properties
(Rowley et al., 2002; Gokce and Haznedarogly, 2008; Ragupathi Raja
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Kannan et al., 2010; Newmaster et al., 2011; Ragupathi Raja Kannan
et al., 2012; Yuvaraj et al., 2012).

Heavy metals in the air, soil, and water have become a global en-
vironmental issue because of the increasing human impact on the en-
vironment in the last few decades (Charlesworth et al., 2011;
Arulkumar et al., 2019). Because of their toxic, cumulative and non-
biodegradable nature, heavy metals are potentially hazardous to ter-
restrial and aquatic ecosystems and thus affect human communities and
aquatic life (Tchounwou et al., 2012). Seagrass has been affected by
human interference, including oil spills, boat anchorage, and discharge
of domestic wastes, agricultural runoff, industrial discharge, and heavy
metal pollution, which leads to many adverse health effects on the
marine organisms that feed on seagrass (Smith, 2018). Heavy metal
pollution is a severe threat to the marine environment, and metals can
be transferred through the food chain to marine animals and humans.
Seagrass can be used as a biomonitoring tool to measure heavy metal
pollution in Palk Bay. Hence, the present study was aimed to assess the
heavy metal concentration in six different seagrass species collected
within the Palk Bay regions (Mallipattinam, Kottaipattinam, Thondi,
Karangadu, and Devipattinam coasts) of south-eastern India during the
monsoon and post-monsoon seasons (Fig. 1).

Mallipattinam (10°27′ N and 79°31′ E) is a small coastal town lying
along the Northern shore of Palk Bay. Due to fishing activity, oil spills
from fishing vessels have been observed. Sewage is discharged directly
in this region along with land runoff. Boat construction and repair ac-
tivities also take place. This coast has rich seagrass and seaweed bio-
diversity.

Kottaipattinam (09°58′N and 79°11′E) is located 39 km southward
of Mallipattinam. Many mechanized fishing boats are operated from the
Mallipattinam fishing harbour, and fishing boat repair and construction
work is performed here. Oil and sewage pollution levels are high in this
locality. Seagrass meadows are found in the nearshore area.

Thondi (09°44′N and 79°10′E) is located between Kottaipattinam
and Karangadu. Seagrasses are predominantly found in the nearshore
area. Oil pollution, sewage, and agricultural runoff are discharged into
the seawater. Fishing boat repair and other anthropogenic pressures are
also found in this region (Arulkumar et al., 2019).

Karangadu (09°63′N and 78°95′E) is known for the richness of its
mangroves. Many shrimp farms are located along the banks of the Kotai
River. The Karangadu and Pudukadu villages border the mangroves.
The mangrove sediments are clay and silt in nature. Avicennia sp. is
predominantly found all along the channels with a few Rhizophora sp.,
and other mangrove-associated species. This area receives sewage and
agricultural runoff from adjoining villages and oil spills from fishing
vessels. Tourist boats are also operated within the mangrove area. Crab
processing facilities are also located in this region. Seagrass meadows
are abundant in the nearshore region of Karangadu.

Devipattinam (09°46′ N and 78°88′ E) is a small coastal town lo-
cated 25 km away from Karangadu. It is well known for the Navagraha
or Navabashanam temple, which is located in the sea. Therefore, many
devotees and tourists visit this region. Municipal sewage, pilgrim ac-
tivities, oil spillage from boats, fishing and other anthropogenic activ-
ities are carried out in addition to shrimp farming. The shore is very
shallow and muddy in nature. Seagrass meadows are found in the

Fig. 1. Map showing the study area.
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nearshore regions of Devipattinam.
Seagrass samples of Cymodoceae serrulata, C. rotundata, Syringodium

isoetifolium, S. filiforme, Halophila ovalis and Enhalus acoroides were
collected from five different localities (Mallipattinam, Kottaipattinam,
Thondi, Karangadu, and Devipattinam) along the Palk Bay. A total of 40
seagrass samples were collected by handpicking from all five stations
during the monsoon (October to December 2018) and post-monsoon
(January to March 2019) seasons. The identification of seagrasses was
performed based on the standard manuals (Seagrass Watch, 2012;
Ramamurthy et al., 1992). Freshly collected samples were washed
thoroughly in seawater and transported to the laboratory immediately.
Epiphytes, sediment particles and other debris were removed by
washing using potable water. The sample specimens were deposited in
the Department of Oceanography and Coastal Area Studies, School of
Marine Sciences, Alagappa University. The collected seagrass samples
were dried under shade at room temperature (25 ± 2 °C) for 7 days,
powdered with a mortar and pestle and stored at room temperature in
an airtight container for further analysis.

The metal concentrations were determined according to the
European Commission (2014) standards. From each homogenized sea-
grass sample, a 0.5 g powdered sample was mixed with 5 ml of reagent
at a 5:2:1 ratio (nitric acid: perchloric acid: sulfuric acid) on a hot plate
for 10 min. Then, 5 ml of 2 N HCl was added to the sample and placed
on the hotplate for a further 10 min. After acid digestion, the sample-
containing beakers were cooled. Then, the samples were filtered using
membrane filter paper (0.45 μm). The residues were collected and
stored in a plastic container (Tarsons, India). When digestion was
complete, the sample volume was adjusted to 25 ml with deionized
water, and the sample was stored at room temperature for further
analysis (Food and Agriculture Organization/Swedish International
Development Authority) (FAO/SIDA, 1983). Cd, Cu, Pb and Zn were
determined by Atomic Absorption Spectroscopy (AAS) (Shimadzu
7000, Japan) at wavelengths of 213.85 nm for Zn, 324.75 nm for Cu,
228.80 nm for Cd and 217.00 nm for Pb. Heavy metal standards were
prepared and run to check the precision of the instrument throughout
the analysis. Quality assurance (QA) and quality control (QC) protocols
set by the US Environmental Protection Agency (EPA) for metal analysis
were used. Quality assurance testing relied on the control of blanks and
yields for the chemical procedure. All reagents used during the analysis
were of analytical grade, and de-ionized water was used throughout the
study. All the plasticware and glassware was washed in nitric acid for
15 min and rinsed with deionized water before use in each experiment
(Arulkumar et al., 2019). The chemicals used in these experimental
sections were of ultrapure grade and diluted using water obtained from
the Millipore MilliQ system. The standard of each metal was prepared
as per our previous report, and the calibration curve was maintained
throughout the analysis (Rajaram et al., 2017). To avoid false-positive
results, internal standards were analysed every five sample readings.
Sea lettuce (BCR/CRM 279) was used to evaluate the quality of the
extraction method and the recovery percentage fell between 91.24 and
96.49% (Aljahdali and Alhassan, 2020).

The results obtained from this study were analysed (Cd, Pb, Cu and
Zn) by analysis of variance (ANOVA), and differences among heavy
metals in seagrass species during monsoon and post-monsoon seasons
were considered significant at P < 0.05. In all cases, analyses were
carried out using SPPS 14 for windows (SPSS Inc., USA).

Six species of seagrass were recorded from five sampling sites, of
which three species each were recorded from the Mallipattinam and
Kottaipattinam coasts. Six species of each seagrass were recorded from
the Thondi and Karangadu coasts. Four species of seagrass were re-
corded on the Devipattinam coast. The concentrations of heavy metals
such as Cd, Cu, Pb and Zn in different species of seagrass were analysed
from five locations (Table 1). There were no significant differences in
heavy metal concentrations between the monsoon and post-monsoon
seasons: in 19 samples, the concentrations of heavy metals were higher
during the monsoon season, whereas in 21 samples, these levels were

higher during the post-monsoon season.
The concentrations of Cd in the seagrasses analysed ranged from

0.58 ± 0.13 to 5.24 ± 0.99 μg g−1, with an average of 0.51 μg g−1.
The minimum concentration of Cd (0.22 ± 0.12 μg g−1) was recorded
in E. acoroides on the Thondi coast during the monsoon season, and the
maximum of 2.83 ± 0.32 μg g−1 was recorded in S. isoetifolium from
the Mallipattinam coast during the post-monsoon season.

Regarding Pb, it was found in all tested seagrass samples, and the
concentration varied from 0.08 ± 0.01 to 3.12 ± 0.14 μg g−1, with
an average of 1.52 μg g−1. The minimum Pb concentration of
0.08 ± 0.01 μg g−1 was recorded in S. filiforme on the Thondi coast
during the post-monsoon season, and the maximum Pb concentration of
3.12 ± 0.14 μg g−1 was recorded in S. isoetifolium on the Devipattinam
coast during the monsoon season.

The concentration of Cu in the present study varied from
0.24 ± 0.08 to 29.54 ± 1.03 μg g1, with an average of 6.47 μg g−1.
The lowest Cu concentration of 0.24 ± 0.08 μg g−1 was observed in S.
isoetifolium from the Thondi coast during the monsoon season, and the
highest Cu concentration of 29.54 ± 1.03 μg g−1 was recorded in E.
acoroides on the Thondi coast during the monsoon season.

The concentration of Zn in the seagrass ranged from
3.77 ± 0.16 μg g−1 to 52.66 ± 0.88 μg g−1, with an average of
22.8 μg g−1. The minimum Zn concentration of 3.77 ± 0.16 μg g−1

was noted in C. serrulata on the Devipattinam coast, and the maximum
Zn concentration of 52.66 ± 0.88 μg g−1was observed in C. rotundata
on the Karangadu coast during the monsoon season.

Heavy metal pollution has increased in the past few decades due to
industrialization and agricultural runoff, as well as the chemical,
pharmaceutical and paper industries, in addition to other anthro-
pogenic activities (Velusamy et al., 2014). In the marine environment,
seagrasses are widely used to monitor heavy metal pollution in the
nearshore environment and to bio-monitor metal and non-metal con-
tamination in the marine ecosystem (Caccia et al., 2003). Heavy metal
pollution is a serious health problem in many developing countries and
is caused by the disposal of untreated industrial effluent and municipal
waste into the seawater, where it becomes toxic for seagrass, seaweeds
and marine animals (Caccia et al., 2003; Ferrat et al., 2003; Velusamy
et al., 2014). It has been reported that seagrasses are one of the im-
portant contributors to the primary productivity of the marine en-
vironment and are capable of taking up metals from both seawater,
through their leaf surfaces, and sediment and interstitial water, through
their roots (Ferrat et al., 2003). Cd has unknown effects on biological
function and can produce toxic effects even at very low concentrations
(Bonanno et al., 2017; Hu et al., 2019).

The lowest concentration of Cd in seagrass on the Thondi coast
might have been due to the poor inflow of freshwater during the
monsoon season. The highest concentration of Cd on the Mallipattinam
coast might have been due to oil spillage from mechanized boats.
Palanichamy and Rajendran (2000) reported a high concentration of Cd
in seawater (0.68 μg g−1) and in sediment (2.0 μg g−1) collected from
the Gulf of Mannar, Palk Bay, Southeast Coast of India. This may be a
reason for the accumulation of Cd in surface leaves of seagrass. Simi-
larly, Thangarajdou et al. (2010) reported the lowest Cd concentration
of 2.24 μg g−1 from E. acoroides and a higher Cd concentration of
6.92 μg g−1 from H. univervis in Andaman and Nicobar Islands, India.
Likewise, Bonanno et al. (2017) reported lower Cd concentrations
(0.86 μg g−1) in Posidonia oceanica and (0.31 μg g−1) in C. nodosa in
Sicily, Italy. Smith, (2018) reported lower Cd concentrations
(1.56 μg g−1) in T. testudinum, (1.53 μg g−1) in H. wrightii and
(0.58 μg g−1) in S. filiforme in Florida, USA. Sidi et al. (2018) reported
lower concentrations of Cd residues (0.05 μg g−1) in E. acoroides in
Merambong shoal, Johor Strait, Malaysia. The metal concentrations in
C. serrulata, C. rotundata, E. acoroides, H. ovalis, S. isoetifolium and S.
filiforme varied significantly according to species, location and season,
which suggested that different seagrass species are capable of accu-
mulating heavy metals differently from the environment.
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Pb is a toxic heavy metal that exerts adverse effects on the mor-
phology, growth and photosynthetic processes of plants (Nagajyoti
et al., 2010). In the present study, the Pb concentration varied from
0.08 ± 0.01 to 3.12 ± 0.14 μg g−1, with an average of 1.52 μg g-1. A
lower concentration (0.08 ± 0.01 μg g−1) of Pb residues was recorded
in S. filiforme on the Thondi coast during the post-monsoon season, and
a higher concentration (3.12 ± 0.14 μg g−1) of Pb was recorded in S.
isoetifolium on the Devipattinam coast during the monsoon season.
Krishnakumar et al. (2017a, 2017b) reported average Pb concentrations
of 348.4 and 496.7 μg g−1 from surface sediment on Van Island and
Kaswari Island of the Gulf of Mannar Biosphere Reserve, Southeast
coast of India. Similarly, Palanichamy and Rajendran (2000) reported a
high concentration of Pb (2.64 μg g−1) in seawater and sediments
(8.85 μg g−1) collected from the Gulf of Mannar and Palk Bay, South-
east coast of India. Bonanno et al. (2017) reported a lower Pb con-
centration (1.96 μg g−1) in Posidonia oceanica and a high Pb con-
centration (2.42 μg g−1) in C. nodosa, from Sicily, Italy. Moreover,
Birch et al. (2018) reported a lower concentration of residual Pb of
0.3 μg g−1 in H. ovalis from Sydney estuary, Australia. In a similar
finding, Thangarajdou et al. (2010) reported a higher concentration of
Pb (4.16 μg g−1) in E. acoroides and (17.72 μg g−1) of H. pinifolia in
Andaman and Nicobar Islands, India. Higher values of Pb
(20.23 μg g−1) in T. testudinum, (21.67 μg g−1) H. wrightii and
(17.06 μg g−1) S. filiforme were reported by Smith (2018) in Florida,
USA. However, Lin et al. (2016) reported a high Pb (4.52 μg g−1)
concentration in Z. japonia in the Yellow River Estuary, China. Com-
pared with the present study, Sidi et al. (2018) reported lower Pb
concentration residues of 0.7 μg g−1 in E. acoroides in the Merambong
shoal, Johor Strait, Malaysia.

Cu and Zn are essential micronutrients that act as important co-
factors and activators of enzyme reactions, for example, by aiding in the
formation of the enzyme-substrate-metal complex or serving a catalytic
function (e.g. as the prosthetic group in metalloproteins). The con-
centration of Cu in the present study varied from 0.24 ± 0.08 to
29.54 ± 1.03 μg g−1, with an average of 6.47 μg g−1. The lowest Cu
concentration of 0.24 ± 0.08 μg g−1 was observed in S. isoetifolium

from the Thondi coast during the monsoon season, and the highest Cu
concentration of 29.54 ± 1.03 μg g−1 was recorded in E. acoroides
species on the Thondi coast during monsoon season. Krishnakumar
et al. (2017a, 2017b) reported higher Cu (57.81 and 54.2 μg g−1) and
Zn (52.5 and 16.9 μg g−1) concentrations, recorded in sediments col-
lected from the Gulf of Mannar and Palk Bay, Southeast coast of India.
Asha et al. (2010) reported higher concentrations of Cu (6.84 μg g−1 in
seawater; 9.78 μg g−1 in sediment) and Zn (7.59 μg g−1 in seawater;
17.94 μg g−1 in sediment) in Tuticorin, Southeast coast of India. The
higher concentration of Cu and Zn present in water and sediment might
be the reason for the metal concentration in seagrass leaf. In the present
study, a higher concentration of Cu was noted in E. acoroides and a
lower concentration in S. isoetifolium. Similarly, Birch et al. (2018) re-
ported a lower concentration of Cu residue 0.3 μg g−1 in H. ovalis in a
Sydney estuary, Australia. Furthermore, Thangarajdou et al. (2010)
reported higher Cu concentrations of 30.52 μg g−1 in E. acoroides and
109.5 μg g−1 in S. isoetifolium on the Andaman Islands, India. Smith
(2018) reported lower Cu concentrations in T. testudinum (9.55 μg g−1),
H. wrightii (12.85 μg g−1) and S. filiforme (11.11 μg g−1) in Florida,
USA. Similarly, Sidi et al. (2018) reported a lower Cu concentration
(8 μg g−1) in E. acoroides in a Merambong shoal, Johor Strait, Malaysia.

The ability of marine plants (seaweed and seagrass) to accumulate
metal and non-metal may depend on a variety of environmental factors
such as geological location, ocean currents, metal exposure, salinity,
temperature (atmospheric and surface), pH, light penetration, nitrogen
percentage, seasonality, plant age, metabolic processes, and the affinity
of the plant for each element, among others (Catsiki and Panayotidis,
1993; Sanchez-Rodriguez et al., 2001). The results suggested that the
concentration of heavy metals between seagrass species within the
monsoon and post-monsoon seasons indicates that the accumulation
rate of Cu in the present study varied from species to species.

In the present study, Zn was present at a higher concentration
(52.66 ± 0.88 μg g−1) in Cymodocea rotundata on the Karangadu
coast. Contrastingly, Thangarajdou et al. (2010) reported 85.52 μg g−1

of Zn in S. isoetifolium, which is higher than the present study. Similarly,
Smith (2018) registered 82.36 μg g−1 of Zn in S. filiforme and

Table 1
Heavy metals accumulation in the seagrass of different localities along Palk Bay coast during the monsoon and post-monsoon seasons (μg g−1).

Area/Name of seagrass Monsoon Post-monsoon

Mallipattinam Cd Cu Pb Zn Cd Cu Pb Zn

Cymodocea serrulata 0.87 ± 0.03b 18.70 ± 3.34a 1.75 ± 0.13a 35.98 ± 5.19a 2.04 ± 0.13a 3.57 ± 0.24b 1.02 ± 0.07b 21.84 ± 0.19b

Syringodium isoetifolium 0.56 ± 0.06b 2.68 ± 0.31b 0.75 ± 0.06a 22.03 ± 1.13b 2.83 ± 0.32a 7.65 ± 0.22a 0.47 ± 0.03b 29.33 ± 0.21a

S. filiforme 0.28 ± 0.07b 7.53 ± 1.28 0.96 ± 0.09 10.54 ± 0.64b 1.75 ± 0.06a 6.24 ± 0.15 0.97 ± 0.03 45.73 ± 0.26a

Kottaipattinam
C. serrulata 1.09 ± 0.08 8.56 ± 0.17 0.44 ± 0.03b 15.50 ± 0.52b 0.93 ± 0.05 8.68 ± 0.16 1.38 ± 0.26a 32.84 ± 1.61a

S. isoetifolium 1.61 ± 0.09a 4.68 ± 0.26a 1.16 ± 0.05b 34.82 ± 1.05a 0.38 ± 0.07b 3.66 ± 0.41b 1.56 ± 0.34a 8.32 ± 0.55b

S. filiforme – – – – 1.55 ± 0.15 9.28 ± 0.32 1.74 ± 0.30 28.15 ± 1.50
Thondi
C. serrulata 1.23 ± 0.06 18.59 ± 0.67a 1.74 ± 0.15 34.63 ± 0.52a 1.38 ± 0.04 4.62 ± 0.69b 1.48 ± 0.15 7.49 ± 0.101b

C. rotundata 0.51 ± 0.12 6.62 ± 0.59a 0.80 ± 0.06a 13.96 ± 0.71b 0.58 ± 0.05 4.27 ± 0.15b 0.59 ± 0.04b 35.13 ± 0.99a

S. isoetifolium 0.63 ± 0.03 0.24 ± 0.08b 0.89 ± 0.07 27.52 ± 1.33 0.54 ± 0.16 2.67 ± 0.12a 0.66 ± 0.037 ND
S. filiforme 1.52 ± 0.45a 4.57 ± 0.33a 0.65 ± 0.11a 22.38 ± 0.56a 0.32 ± 0.09b 3.35 ± 0.17b 0.08 ± 0.012b 1.48 ± 0.17b

Halophila ovalis 0.35 ± 0.13 3.98 ± 0.53 1.47 ± 0.37a 9.42 ± 0.51b 0.36 ± 0.08 3.79 ± 0.29 0.56 ± 0.02b 38.56 ± 0.46a

Enhalus acoroides 0.22 ± 0.12 29.54 ± 1.03 1.74 ± 0.21 23.17 ± 0.98 – – – –
Karangadu
C. serrulata 0.54 ± 0.02a 13.47 ± 0.03a 1.79 ± 0.13 30.04 ± 1.64b 0.34 ± 0.02b 3.58 ± 0.29b 1.64 ± 0.19 42.03 ± 2.86a

C. rotundata 0.95 ± 0.05a 17.35 ± 0.38a 6.14 ± 0.27a 52.66 ± 0.88a 0.34 ± 0.005b 4.76 ± 0.15b 1.54 ± 0.08b 4.19 ± 0.06b

S. isoetifolium 0.30 ± 0.38b 4.67 ± 0.12a 2.18 ± 0.33a 10.56 ± 0.48b 0.54 ± 0.06a 2.61 ± 0.12b 0.78 ± 0.03b 47.98 ± 1.60a

S. filiforme – – – – 0.34 ± 0.04 8.17 ± 0.23 2.41 ± 0.26 41.22 ± 1.56
H. ovalis 0.31 ± 0.07 5.16 ± 0.24a 1.66 ± 0.29 13.95 ± 0.59b 0.34 ± 0.04 4.28 ± 0.13b 1.96 ± 0.005 34.56 ± 0.94a

E. acoroides – – – – 0.31 ± 0.05 3.23 ± 0.13 1.42 ± 0.38 13.66 ± 1.39
Devipattinam
C. serrulata 0.55 ± 0.09b 3.85 ± 0.34 2.62 ± 0.05a 10.38 ± 0.27a 0.82 ± 0.10a 3.75 ± 0.16 1.42 ± 0.05b 3.77 ± 0.16b

C. rotundata 0.56 ± 0.06b 1.86 ± 0.10b 1.49 ± 0.26b 16.60 ± 1.18a 1.53 ± 0.10a 5.32 ± 0.70a 2.50 ± 0.42a 9.52 ± 0.50b

S. isoetifolium 0.38 ± 0.03b 0.63 ± 0.03b 3.12 ± 0.14b 9.26 ± 0.27 0.58 ± 0.06a 2.11 ± 0.05a 1.82 ± 0.15a ND
S. filiforme 0.78 ± 0.14 2.65 ± 0.20b 1.89 ± 0.16 15.67 ± 0.81a 0.64 ± 0.09 8.54 ± 0.09a 1.64 ± 0.35 11.68 ± 0.59b

–: Not collected; ND: Not detected; a-b: Different letters denotes significant differences between Monsoon and post-Monsoon stations.
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86.68 μg g−1 in T. testudinum at Florida, USA. In contrast to the present
findings, Shanmugam et al. (2012) determined Zn concentrations of
1.75 ± 0.49 μg g−1 and 1.02 ± 0.004 μg g−1 in S. isoetifolium and C.
serrulata, respectively, on the Thondi coast of India. Similarly, Sidi et al.
(2018) reported a lower concentration of Zn (13 μg g−1) in E. acoroides
from a Merambong shoal, Johor Strait, Malaysia. Similarly, Birch et al.
(2018) reported a lower concentration of Zn residue of 3.9 μg g−1 in H.
ovalis at a Sydney estuary in Australia.

Standard regulatory limits of metals and non-metals are presented
in Table 2 and compared with different locations and regions world-
wide. The European Commission (EC) regulation (2008, 2014) reg-
ulates the maximum level for Cd (3 mg kg−1) in different food sup-
plements consisting exclusively of dried seaweeds. In the present study,
all the seagrass samples showed lower levels of Cd than those allowed
by the EC (2014). The EC (2011) has recommended a threshold of
3 mg kg−1 for Pb, and the (Centre dEtude et de valorization des Algues

(CEVA) of France, 2014) have suggested 5 mg kg−1 of Pb as the max-
imum permissible limit in seaweeds. The Food Safety and Standards
Authority of India (FSSAI) regulation (2011) has suggested a limit of
10 mg kg−1 of Pb in seaweeds. In the present study, all the seagrass
samples showed lower levels of Pb than allowed by the FSSAI and
CEVA. The Australia and New Zealand Food Authority(ANZFA) reg-
ulation (2005) recommends a Cu level of 10 mg kg−1 in fresh seaweed
as the maximum permissible limit (Smith et al., 2010). In the present
study, all seagrasses showed lower levels of Cu than allowed by the
ANZFA, except C. serrulata and C. rotundata, which contained 13.47 and
17.35 μg g−1, respectively. The ANZFA (2005) recommended a Zn level
in fresh seaweeds of 14 mg kg−1 as the maximum permissible limit
(Smith et al., 2010). In the present study, all the seagrass samples
showed higher levels of Zn than allowed by the ANZFA (2005) and
Smith et al. (2010).

The concentration of metals and non-metals in the reported seagrass
species from the five different study areas were compared to those of
similar and different seagrass species of the globe, and the results are
compiled in Table 3. Cd concentrations in E. acoroides and S. isoetifolium
in the Palk Bay, India were lower than in the Shandong Peninsula in
China (Hu et al., 2019). In the later study area, Cd concentrations were
less than at Lakshadweep Island, India (Thangaradjou et al., 2012).
Irrespectively, the Cd concentrations found in the present study were
comparatively higher than those in a previous study by Thangaradjou
et al. (2012). The concentration of Cu in C. nodosa from the Ebro River
Delta, Western Mediterranean (Llagostera et al., 2011) was lower than
those in the present study. Zn concentrations in S. filiforme in Florida,
USA were higher on the southeast coast than those obtained in the
current work (Smith, 2018).

Due to the discharge of sewage, oil spillage and other anthropogenic
activities, heavy metals, particularly Cu and Zn, were found in higher
concentrations in seagrasses than Cd and Pb. The present study, re-
vealed that S. isoetifolium accumulated higher metals than the other

Table 2
National and International standard regulatory limits (μg g−1) of toxic heavy
metals in seaweeds samples as reported by different organisations.

Organization/country Heavy metals References

Cd Pb Cu Zn

Codex standard (FAO/WHO) 0.2 0.3 – – FAO/WHO (1995)
European Commission (EC)

Regulation
3 – – – EC (2008)

Australia and New Zealand Food
Authority (ANZFA)

– – 10 14 Smith et al. (2010)

European Commission (EC)
Regulation

– 3 – – EC (2011)

FSSAI – 10 – – FSSAI (2011)
CEVA 0.5 5 – – CEVA (2014)
Indonesia National Guidelines 0.2 0.5 – – Perryman et al.

(2017)

Table 3
Comparison of toxic heavy metals and non-metals concentrations (μgg−1 dry weight) in various seagrass species from published data.

Samples Study area Toxic heavy metals Reference

Cd Pb Cu Zn

Thalassodendron ciliatum Flores Sea, Indonesia 1.54 6.0 2.5 20 Nienhuis (1986)
S. isoetifolium 6.16 3.9 2.6 15
Halophila ovalis 0.41 17.3 3.9 63
H. ovalis Lakshadweep, India 3.87 91.94 7.25 56.68 Thangarajdou et al. (2010)
H. uninervis 6.79 78.52 8.14 80.24
H. pinifolia 4.94 98.92 17.10 64.05
Enhalus acoroides 2.24 30.52 4.16 28.88
C. nodosa Ebro River Delta, Western Meditteranean 4.0 4.0 8.0 60 Llagostera et al. (2011)
C. rotundata Lakshadweep, India 0.97 5.18 4.87 51.69 Thangaradjou et al. (2012)
C. serrulata 1.83 7.69 7.91 55.5
H. pinifolia 2.15 17.5 16.18 60.96
S. isoetifolium 2 6.04 10.33 27.36
Ruppia megacarpa Leaf Leschenault Estuary, Australia 0.3 – 59.2 29.7 Kilminster (2013)
Posidonia oceanica Sicily, Italy 0.86 1.96 18.7 124 Bonanno et al. (2017)
Cymodocea nodosa 0.31 2.42 5.89 62.9
Zostera japonica Yellow River Estuary, China 1.74–4.52 4.32–37.3 18–36.4 33.16–43.36 Lin et al. (2016)
Thalassia testudinum Florida, USA 1.56 20.23 9.55 86.68 Smith (2018)
Holodule wrightii 1.53 21.67 12.85 79.23
Syringodium filiforme 0.58 17.06 11.11 82.36
E. acoroides Merambong Shoal, Johor Strait, Malaysia 0.05 0.7 8 13 Sidi et al. (2018)
H. ovalis Sydney Estuary, Australia – 0.3 0.3 3.9 Birch et al. (2018)
Z. marina Shandong Peninsula, China 5.12 4.90 18.28 28.11 Hu et al. (2019)
Z. japonica 4.57 3.97 14.60 18.73
Z. caespitosa 5.31 8.19 13.50 28.31
C. serrulata

C. rotundata
S. isoetifolium
S. filiforme
H. ovalis
E. acoroides

Palk Bay, India 0.58–2.83 0.08–3.12 0.24–29.54 3.77–52.66 Current work
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tested seagrass species. This may be a threat to the food-chain con-
tamination through which metals can be accumulated into higher
trophic levels and thereby adversely affect other consumers.
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