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ABSTRACT

Generally, heavy metals enter into the aquatic environment through atmospheric deposition, erosion of geological
matrix or due to anthropogenic activities caused by industrial effluents, domestic sewage and mining wastes. The
present study analyzed the concentration of seven elements (Cd, Cu, Mn, Ni, Pb, Zi and Hg) in eight seaweeds such
as Centrocerous clavutum, Sargassum wightii, Colpemenia sinosa, Spyridia hypnoides, Valoniopsis pachynema,
Ulva reticulata, Gelidialla acerosa & Turbinaria ornata and two seagrasses such as Syringodium isoetifolium &
Cymodocea serrulata collected from three stations along southeast coast of India. Among the seaweeds, S
hypnoides could be effectively capable to uptake the heavy metals in Kanyakumari coast. U. reticulata recorded as
less ability to absorb these heavy metals in Ervadi coast, whereas seagrasses S. isoetifolium and C. serrulata in
Thondi station moderately absorbed the heavy metals. Snce almost all the metals were tested and reported in these
seaweeds and seagrasses species.
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INTRODUCTION

The increasing significance of heavy metals distglthe environment is especially evident in aquatistems.
Although most of the investigations have been nm@denicroalgae and macrophytic algae and they amsidered
as valuable indicators because of their accumulatapacity [1]. Trace elements like manganese, egpead and
zinc are present in very less quantities and ansidered as the essential micro-nutrients for propewth of the
plants. It is well known that elements such as Mo, Ni, Cl and Zn are essential for plant growth law

concentrations [2]. Nevertheless, beyond certaiastiold concentrations, these same elements betmxicefor

most plant species [3,4]. Certain plant speciecapable of tolerating high concentrations of heaegals and thus
opened new possibilities to use these plants t@dete contaminated soils (phytoremediation). Mstuglies have
been conducted to determine the toxic levels ofheaetals for certain plants, especially those feetansidered
as public health threats [2,5]. At the low concatibns some of the heavy metals excite some bicdbgirocesses,
but at threshold concentration these become td@eéing non biodegradable, these metals accumulataraius

tropic levels through food chain and can cause muhsalth problems [6]. In humans, these metalschimaliving

tissues and thus multiply the danger. Some metalsec physical distress while others may causdHhifsatening
illness, damage to vital body system, or causerathmages. Thus, it is very essential to contraksion of heavy
metals into the environment. Seaweeds are excelgmits of filtering the metals like zinc, cadmiwopper, nickel
and iron and some potential carcinogens from seawahey remove the toxic materials from the envinent and
accumulate in the body cell, which may be 4,00®Q0 times more than the surrounding watére ability of algae
to accumulate metals depends on a variety of factoch as the bioavailability of metals in the sunding waters
and their uptake capacity. The uptake of metateaweeds and seagrasses depends on the surfdimnrieawhich

metals absorbed through electrostatic attractiomegatives sites. This is independent of factoffiencing
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metabolism such as temperature, light, pH or agheplant, but it is inclined by the virtual abamde of elements
in the surrounding water [7]n the present study, an attempt has been madieddhe possibility of using the
seaweeds and seagrasses as biomonitoring ageats#ssing various heavy metals like Cd, Cu, Fe \¥riPb and
Zn which are released from the industrial effluedtsmestic sewage and seafood industries.

EXPERIMENTAL SECTION

Sampling Sites

Seaweeds were collected from three different statalong the southeast coast of India. Five spedisgaweeds
viz. Centrocerous clavutum, Sagassum wightii, Colpemenia sinosa, Spyridia hypnoides andValoniopsis pachynema
were collected from Station 1 (Kanyakumari - La8°@4'N; Long. 77°36’E) and two species of seagrasse.
Syringodium isoetifolium and Cymodocea serrulata were collected from Station 2 (Thondi - Lat. 09™4long.
79°02'E). Three species of seaweeds Uila reticulata, Gelidialla acerosa and Turbinaria ornata were collected
from Station 3 (Ervadi - Lat. 9°15’ N; Long. 78°’E3.

Deter mination of metal concentration

After collection, seaweeds and sea grasses wereutloly washed with seawater and tap water follovegd
distilled water to remove the epiphytes, sand and particles. They were allowed to shadow dry drh tfinely
powdered by using mixer grinder. 1 g of the sampés weighed and digested in 100 ml glass beakdr wit
concentrated nitric acid (20 ml) overnight. It vthen mixed with 10 ml of concentrated nitaicdperchloric acid
(4:1) solution followed by evaporating the acid e by keeping the beaker on a hot plate 120°G:éonplete
dryness. The residue was then made up to 20 nmticgoloy Milli-Q water with 20 % conc. nitric acidtar filtering
through No. 1 Whatman filter paper and then theaimebncentrations were determined by using Indebtiv
Coupled Plasma Optical Emission Spectrometer (Rétkiner, Optima 2100DV). All acids and chemicalsavef
analytical reagent grade. Laboratory glass warag wept overnight in a 10% nitric acid solution amtsed with
de-ionized water and air dried before use.

Table 1. Operating parametersfor the Inductively Coupled Plasma Optical Emission Spectrophotometer

Parameters Conditions
Plasma capacity (w) 1300
Plasma flow rate (L mif) 15
Nebulizer gas flow rate (L mi) 0.8
Sample flow rate (mL mif) 1.5

Table 2. Wavelength used for ICP-OES analysisfor each metal

Element | Wavelength
Cd 228.802
Cu 324.752
Fe 238.204
Mn 259.372
Ni 231.604
Pb 220.353
Zn 213.857

Statistical analysis
Pearson Correlation Coefficient and one way ANOVAswemployed for better understanding of relatignshi
between the concentration of various metals wisipeet to different seaweeds and seagrasses.

RESULTSAND DISCUSSION

Environmental pollution has turn out to be a sesi@oncern in both nationally and internationallynéng the
various environmental pollutions, pollution of watesources is a matter of great anxiety. Wateidsoget polluted
with the accumulation of many pollutants includitoxic metals. Major pollutants are introduced itite aquatic
systems significantly as a result of various indakbperations. Remediation of contaminated efftaebefore their
discharge into water bodies is, therefore, a gyidroth in current environmental research and latien [8]. In the
present study, concentrations of Cd, Cu, Mn, Nj, Ztand Hg (ug g) were determined in eight seaweeds such as
Centrocerous clavutum, Sargassum wightii, Colpemenia sinosa, Spyridia hypnoides, Valoniopsis pachynema, Ulva
reticulata, Gelidialla acerosa & Turbinaria ornata and two seagrasses such 3gingodium isoetifolium &
Cymodocea serrulata which were collected from three stations along Beast coast of India. Metals showed
significant variations in concentration with respéo species and areas. According to Pearson Gtioel
Coefficient, the metals were significantly correldtto each other at each sampling area at 0.0% I@ne way
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ANOVA revealed that the concentration of metals wagificantly varied with respect to different sps P <
0.05). Several possible mechanisms such as atsgrpitracellular compartmentalization of metalkelation and
secretion of extracellular exudates have been stiggedor metal tolerance/resistance by algae [91102]. The
above said mechanisms make algae tolerant/resistaatds heavy metals present in the polluted wateies and
thus they may also have potential to remove/accatauhetal ions. In Kanyakumari station the Cd levas$ highly
accumulated irS. hypnoides (0.3+0.05 pg §) and no trace level was recordeddirclavutum (0.006 + 0.001 ugd.

The Cu and Mn level was highly accumulatedSnhypnoids and lowest was recorded . sinuosa and V.
pachynema respectively. In Ni and PB are contain <1 ppm inttz¢ seaweeds species studied. The Zn was highly

recorded in S hypnoides (1.2240.021 g g'l) and lowest was recorded in
S wightii (0.71+0.018.g ¢g*) Table 3.
Table 3. Distribution of heavy metal accumulation in different seaweeds at Kanyakumari
Heavy metals Station (1)| C. clavutum S wightii C.snuosa | S hypnoides | V. pachynema

cd 0 0.023+0.015] 0.006+0.001L  0.300+0.050  0.034+0.040

Cu 4.16+0.080| 3.17#0.23] 0.300#0.10  6.55+0.1p5 4050

Mn 2.42+0.158| 1.58+0.072 2.86+0.119  3.03+0.018 £0621

Ni Kanyakumari| 0.463x0.63| 0.803x0.57] 0.16+0.03%  0.452+0.38 62224

Pb 0.26+0.026]  0.2+0.026 0.3+0.019 0.34+0.04 0.5,

Zn 1.04+0.039] 0.71+0.01§ 0.85:+0.026  1.22+0.0P1 0883

Hg 0.01+0.009 0.00 0.01+0.001  0.01%0.002 0.01+0.001
In Ervadi station the concentration of Cd, Ni and Rvere recorded <1 ppm irJ. reticulata,

G. acerosa and T. ornate (seaweeds). The Cu and Mn were highly recorde@. iacerosa 1.04+0.024 pg gand
11.38+0.752 pg §and lowest recorded ifi ornata 0.31+0.019 pug gU. reticulata 1.09+0.011 pg g

Table4. Distribution of heavy metal accumulation in different seaweeds at Ervadi

Heavy metals| Station (2) U. reticulata | G. acerosa T. ornata
Cd 0.024+0.002| 0.161+0.022 0.138+0.017
Cu 1.03+0.017 1.04+0.024 0.31+0.019
Mn 1.09+0.011 11.38+0.752 2.5+0.296
Ni Ervadi 0.25+0.029 0.54+0.041]  0.1940.04L
Pb 0.42+0.024 0.52+0.03( 0.2+0.19
Zn 0.48+0.066 1.24+0.044 0.45+0.049
Hg 0.00 0.01+0.001 0.04

In Thondi station the Cu and Mn content was higl09%0.042 pg 0§, 14.38+0.34 pg 9 in S isoetifolium and
lowest level inC. serrulata (3.84+0.127 pg § 4.21+0.127pg ¢). Whereas Zn was highly recorded $

isoetifolium (1.75+0.049 pug 9 and low inC. serrulata, (1.02+0.004 pg§. The metals such as Cd, Ni, Pb and Hg

were recorded at <1 ppm in both the seagrassese(bab

Table5. Distribution of heavy metal accumulation in seagrasses at Thondi

Heavy metals| Station (3 Sea grasses
S isoetifolium | C. serrulata

Cd 0 0.012+0.003
Cu 5.09+0.042 3.84+0.127
Mn 14.38+0.34 4.21+0.11
Ni Thondi 0.18+0.023 0.10+0.024
Pb 0.3+0.026 0.26+0.022
Zn 1.75+0.049 1.02+0.004
Hg 0.00 0.03

Increasing industrialization, along with the desdion of effluent disposal norms, has caused heawyamination
of water bodies. Marine algae, seagrasses and adjugtic biota in the vicinity of industrial ardzeve been used to
absorb the metals for gauging the level of pollutin the present study, the heavy metal accunamdti eight
different seaweeds in three different stationsthis concern accumulation of heavy metals in reghalaffect
several biological processes such as cellular mésa and inhibition of photosynthesis [13] any hibwas absorb
the metal from the water and uphold it. These finthroad application in foods, pharmaceutical ansihiic
industries as gelling, thickening, emulsifying asthbilizing agents [14]. Sathya and Balakrishnah] [have
reported that Cd even at very low concentration cause the physiological disturbance like protearbohydrate
and pigment concentration. Copper is an essent@bmnutrient but when the concentration of coppér increase
it will affect the photosynthesis and leads to depntation as well as it could be depressing tbevtlr of algae. In
the present study copper accumulation is very higiong eight seaweeds and two seagrasses speceéhighh
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level of copper accumulation indicates the lipiddypaf the plant cell. Different species of the @&gavealed
considerable difference in metal concentrationnetaden from the different sampling sites [16]. Banhy tolerant
concentration of Zn was tested in various seawtetbrown seaweed®dina, Sargassum andSpyridia were more
tolerant, among them the brown seaweed absorbégtdtidevel of Zn. The green algbkva and Enteromorpha,
which presented similar responses to the increagmiconcentration, were not tolerant to a conegiotn of 1000
mg liter * [17]. In the present study, the Zn was moderaaelsorbed by the seaweeds and seagrasses. Thetabilit
uptake of heavy metals in any one species of digaed upon cell wall polysaccharides [18]. It mayshggested
that the variability of metal accumulation was mbly the result of competition flanked by the metal bind with
such polysaccharides. The binding affinity of sopodysaccharides to the various metals has beemntegpto be
preferential [19]. Rashida qari [20] has reporteat the red seaweed has more ability to uptakeethestals (Fe,
Mn, Cu, Ni, Zn, Cr & Pb) when compared to brown arden seaweeds. Seaweeds have regulated the aftake
these metals and hence it does not accumulate tihesuch a great extent. Previouly Thangaradjou [ been
reported that concentration of heavymetals (Mn,F&l, Cr, Cu, Zn, Pb, Cd, Co and Ni) in eight défetr seagrasses
Enhalus acoroides, Halophila ovalis, Halophila ovata, Thalassia hemprichii, Cymodecea rotundata, halodule
uninervis, Halodule pinifolia, Syringodium isoetifolium among these species the Mn was maximum in allrassgs
and Co was found in minimum concentration which wagcide in the present repoi$. isoetifolium absorbed
more Mn content. Vande and Groot [22] Bower [23Védeen deliberated the metal uptake, translocatiah
effects in plants growing on naturally polluted antpolluted sediments. Marine macro algae growmgalluted
water were selected keeping in mind that algad@dd habitats may have more metal removal potesitiek these
have adapted themselves to grow in such environréetbioaccumulation of metals by a plant depamdgme of
year as there are seasonal variations in growthtchathical composition influencing the pattern ofwoulation in
addition to variations in the activity concentratioin the environment. In the present study greesh,and brown
algae might be regarded as species dependentioaneth respect to heavy metal assimilation.
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Figl. Over all heavy metal accumulation in Seaweeds and Seagrasses
CONCLUSION

The need for an understanding of the kinetics efdbcumulation of the metal in each species previid®rmation
on the time of period, reflected in the integratedasurement presented by the accumulated meta¢mivaton.
The study reveals that the level of Cd, Cu, Mn,Rh, Zn and Hg are moderate in Kanyakumari, Thandi Ervadi
stations. In the present study we suggested thihlgae have more capacity to uptake of heavy sethlen
compare to green and red algae and moderate irasseg.
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