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ABSTRACT

Many marine algae are being used by human beings, in many edible, me-
dicinal and commercial products. Sargassum W ghtii, Dictyota dichotoma,
Hypnea musciformis, Jania Rubens, Halimeda, Kappaphycus Alvarezi,
Turbinaria conoides, Cylindracea and Padina Gymnospora were collected
from Palk bay, mandapam, Tamilnadu, India. Toxic (Pb, Cd, Pt, Pd and Cr)
and essential (Zn, Mn, Ni, Co, Cu and Fe) metalsin eight algae were deter-
mined by Flame atomic absorption spectrometry (FAAS). Our results showed
that Fe, Zn, Pb, Mn and Cd were found insignificantly more than the other
assessed elements in the studied algae. Of all the studied seaweed species
the concentration of Cd, Ni, Cu and Cr were abovethe ADI limitsexcept in
Kappaphycus alvarezii (Cu and Cr<ADI). Palladium concentration in
Dictyotadichotomawas bel ow the detection limit, whereasin all other algal
species it was observed above the ADI limit. Lead content in Dictyota
dichotoma (28.5ppm), Hypnea musciformis(22.5 ppm), Jania Rubens (54.8
ppm) and Halimeda Cylindracea (78.8 ppm) was observed to be above the
ADI limits. The trace elements Zn, Fe, Co and Mn were a so found in some
edible and non edible algae beyond the ADI limits.
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INTRODUCTION

Seaweeds are one of the commercialy important
marineliving and renewableresourcesin India. Algee
areenriched with many trace elements, protein, vita-
mins, severa bioactive substances and secondary me-
tabolites*® which arehaving economicimportance as
well asfeed for different typesof animalg%. Seaweeds

have been used since ancient times asfood®, fuel®”
fertilizer®, and as source of medicing®. Now adays
seaweedsaretheraw materia for many industria prod-
uctslike agart’?14, algin'® and carrageenan'sl, Many
countriesintheworld consumea gae asfood*”.. Cer-
tain edible seaweeds arewith low caloric val ue*® but
richinproteins, lipids, minerals, vitaminsand daily fi-
bres®¥. They arenutritionaly va uableasfresh or dried
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vegetables, or asingredientsin awidevariety of pre-
pared foods. Depending on the type of species,
seaweeds are generally suitablefor making cool, ge-
|atinous concoctions. The composition of thetraceele-
mentsinthe seaweedsiseffected by species, geographic
area, and season of theyear and temperature of water.

In recent years, with enhanced awareness of the
importance of trace elementsin health and disease, an
increasing number of reportson theroleof traceele-
ments in seaweeds have been reported. K.
Manivannan?. reported that different group of
seaweeds such as Chlorophyceae (Ulva lactuca,
Enteromorpha intestinalis) Phaeophyceae
(Turbinaria ornata, Padina gymnospora) and
Rhodophyceae (Hypnae valentiae, Gracilaria
folifera) were collected from Mandapam coastal re-
gions, Southeast coast of Indiafor analyzing minera
composition. In their study, P. gymnospora showed
the maximum content of mineral composition such as
Cu, Cr, Fe, Pb, S and Ca content and K than other
seaweeds. H. valentiae showed theminimum level of
minera content such asCd, Fe, Mgand Ca. Therange
of Cr content wasreported between 0.308-1.378 ppm.
Thehighest level of Cr was observed in brown sea-
weed P. gymnospor a and the minimum content was
observed in green seaweed E. intestinalis. The high-
est Cu concentration was observed in the brown sea-
weed P. gymnospora and the lowest level was ob-
servedinred agaGfolifera. Karthikai Devil® reported
theelemental concentrationin various seaweeds such
as Codium tomentosum, Enteromorpha clathrata,
Enteromorpha compressa, Turbinaria conoides,
Colpomenia sinuosa, Sargassum tenerimum, Sar-
gassum wightii and Acanthophora spicifera, col-
lected from Gulf of Mannar marinebiospherereserve,
Southeast coast of India. They reported that S wightii
showed thehighest level of eementa composition such
as Cr, Cu, Mn, Ni, Pb and Zn content than other
seaweeds and A. spiciferarecorded the lowest level
of element content such as Cr, Cu, Pb and Zn. R.
Riosmena-Rodriguez? determined the concentration
range, and the spatial and temporal variation of heavy
metal concentrationsin the seaweeds and seagrasses
of Magda enaBay. They found that significant tempo-
ral and spatid variation of heavy metal concentrationin
seaweeds and seagrasses speciesand also found Fe,
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Cuand Mg werethe most abundant metals.

Atomic spectroscopic techniquesviz., AAS, ICP-
AESand ICP-MSarewidely used for analysis of trace
metals. AASisthemost extensively used techniquefor
determination of metalsin deferent sample matrices.
Generally flame-AAS (FAAS) and graphite furnace
AAS(GFAAYS) are used depending upon the concen-
tration of the analytesto be determined. The present
paper describesthe estimation of tracelevelsof Zn,
Cu, Fe, Mn, Pb, Ni, Cr, Co, Cd, Pt and Pd in eight
marineagae, which could potentidly beether danger-
ousor useful for humanswho areconsumingfor dietary
and medicina purposeand d soto herbivoreswhenfed
onmarineagee.

EXPERIMENTAL

Apparatus

Atomic absorption spectrophotometer (Perkin
Elmer Analyst 300, USA), Hollow cathodelamp was
used for detection of Pb, Cd, Cu, Ni, Fe, Co, Cr, Mn,
ZnPtand Pd. Theinstrument wascdibrated with stan-
dard solutions using the concentration mode and in-
strument conditionsweregivenintheTABLE 1. The
sandard referencemateridsof dl themetds(E. Merck,
Germany) wereused to provide cdibration and quality
assurancefor each analytical batch. Replicate (n=3)
anayseswere conducted to assess precision of theana
lytica techniques.

Reagents

All reagentswereof analytical grade. Sub-boiled
water and conc. HNO, (69%) (Merk, India) were used
for the preparation of samples. Standard stock solu-
tionsof Pb, Cd, Cu, Ni, Fe, Co, Cr, Mn, Zn Pt and Pd
containing 1000 ppm of each metal, were prepared.
Calibration standards of each el ement were obtai ned
by appropriatedilution of the stock solutions.

Samplecollection and preparation

Thea gae sampleswere collected from Palk Bay
Mandapam, Tamilnadu, and South Indiaregion. Toes-
timatethemeta sinthedifferent sesaweed samples, 1.0
g of powdered weed wastakenin 100 ml beaker, 5ml
conc. HNO, was added and kept overnight (16 h).
The solution was digested on ahotplate at 80°C for 10
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TABLE 1: Operating condition of flameatomic absor ption spectrometry

Conditions pd Fe Pt Zn Cu Mn Ni Co Cr Pb Cd
Slit width (mm) 0.2 0.2 0.7 0.7 0.7 0.2 02 02 0.7 0.7 0.7
Cathode lamp 30 30 30 15 15 20 25 30 25 10 4
current (mA)
Relative Noise 1.0 1.0 1.0 1.0 1.0 1.0 10 10 1.0 1.0 1.0
Resonance line (nm) 2448 2488 2699 2139 3247 2795 232 2407 3579 2170 2289
Air flow liter. Min™® 10 10 10 12 10 10 10 10 10 10 10
Acetylene flow 3 1 3 2 1 3 3 1 3 3 1
Liter. min
Read time 3
Read delay 1 1 1 1 1 1 1

.. OEENNEDEBHE ]

Figurel: Heavy metal concentrationsin theediblealgae

min and alowedto cool at roomtemperature. 20 ml of
sub-boiled distilled water was added to the solution
and filtered through Whattman filter paper No.42into
astandard flask. Thefina volumewasmadeupto 100
ml with sub-boiled distilled water. Necessary precau-
tionswere adopted to avoid possi ble contamination of
thesamples.

RESULTSAND DISCUSSION

Heavy metals such as Pb, Cd, Cu, Ni, Fe, Co, Cr,
Mn, Zn Pt and Pd were estimated by FAAS. The
method was devel oped by varying dlit width, cathode
lamp current and resonancelinewidth by andyzing san-
dard reference materials supplied by E.Merck, Ger-
many. Theoptimizedinstrumenta parametersaregiven
in TABLE 2. The method was validated in terms of
accuracy, precision, linearity and range, thelinearity of
detector response was estimated by each metal stan-
dard solution of 1.0, 2.0, 5.0, 10.0 ug/ml. By plotting
absorbance Vsmeta concentration, alinear relation-
ship was obtained. The results were found to bein
agreement with RSD<4% (average of three determi-

Figure2: Heavy metal concentrationsin thenonediblealgae

nations). TheRSD vauesinal measurementsof drug
sampleswere <5%.

Toxicmetals

Acceptabledailyintakelimit (ADI) of Pdwas0.015
ppm. Theobserved level s of concentration werevery
highinthemarineaga samples. Themaximum|levd of
Pd concentration was observed in Halimeda cylindreca
and lowest concentration was observed in Sargassum
wightii (Table.3). Among the edible algae, Jania
rubens was having the highest level of Pd and in
Dictyota dichotoma the concentrati on was below the
detection limit (Figure 1). Among thenonediblea gae,
Turbinaria conoideswas having the highest concen-
tration and the Halimeda cylindreca was having the
lower level (Figure 2). Except Dictyota dichotomaall
other a gae were showing the Pd concentration beyond
theADlI level.

Themaximum concentration of Pt wasobservedin
Halimeda cylindreca and thelowest concentration was
observed in Sargassumwightii. Among theedibleal -
gee, thehighest leve of Pt wasobservedin Janiarubens
whereasthelowest level was observed in Sargassum
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TABLE 2: Heavy metalsunder investigation: Name, accept-
ability daily intakeand disorders

Acceptable
Metal daily Intake

name (ADI) for adult Disorders
(PPM)
Cd 0.3 Osteomalacia and pylenephrities
Irritation of gastrointestinal tract, nausea, diarrhea,
Co 8 -
lung and heart diseases
Cr 154 Respiratory cancers
Cu 215 Vineyard sprayer’s lung and Wilson disease
Vomiting, cardiac depression, metabolic acidosis
Fe 231 > }
and Hepatic cirrhosis
Ni 185 Dermatitis, pulmonary fibrosis, reduces sperm
’ count and nasopharyngeal tumors
Zn 169 Anemiaand neurological degeneration
Mn 69.2 Parkinson like syndrome, respiratory and Euro

psychiatricdisorders
10 Adverse effects on the renal and nervous systems

Induces lung malfunction and produces abnormal
fetuses. Cause appetite loss, hemoalysis, renal
deposition and bone marrow damage

Pd 0.015

wightii (Figure 1).and, in non ediblealgaethe higher
level was observed in Halimeda cylindreca (Figure
2).

The highest Pb concentration was found in
Halimeda Cylindreca followed by Jania Rubens,
Dictyota dichotoma, and Hypnea musciformis. The
least concentration was found in Kappaphycus
alvarezii and, Sargassum wightii. Turbinaria
conoides, sea grass and Padina gymnospora were
having below thedetection limit of Pb (TABLE 3). Ac-
cording to the WHO=3, apermissible limit of Pbin
human beingsand the acceptable Daily intake (ADI) is
10 ppmi?23 (TABLE 1). Halimeda cylindracea,
Jania rubens, Dictyota dichotoma, and Hypnea
musciformis contained in therange 22.5 ppb to 78.8
ppm, higher than the permissiblelimit 10 ppm.

The observed Cd concentration wasintherange
of 1.5ppmto 5.7 ppm. Thehighest concentrationwas
foundinthe Halimeda cylindracea followed by Jania
rubens, Sargassumwightii and Dictyota dichotoma
and, least was found in Turbinaria conoides and
Kappaphycus alvarezii (TABLE 3). All the studied
ageewerehavingthehigher concentrationthantheADI
of Cdis0.3ppm (TABLE 2). Thismight beduetothe
abundance of Cdinthe seawater and high biosorption
ability of dgee.

Among all the studied algae, Kappaphycus
alvarezii was having highest concentration of Cri.e.,
52 ppm, higher thanthepermissiblelimit 1.54 ppm. All
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nonedible a gae and edible a gae except Kappaphycus
alvarezii were having the bel ow the detection of Cr
concentration (TABLE 3).

Essential metals

Acceptabledaily intakefor Mnis69.2 ppm. The
maximum concentration was found in the Padina
gymnospora (525.3ppm) whileminimumwasfoundin
the Turbinaria conoides (9.8ppm) (TABLE 3). The
highest total Mn concentration wasfoundintheedible
algaerather than non edible plants. Among theedible
algae, Padina gymnospora (525.3ppm) was having
the highest concentration and Kappaphycusalvarezii
(10.6ppm) was having the lowest concentration (Fig-
ure 1). Among the non edible algae Halimeda
cylindreca was having the highest concentration
(92.1ppm) and Turbinaria conoides was having the
lowest concentration (9.8ppm) (Figure2). Inedibleal-
gae Sargassum wightii, Dictyota dichotoma, and
Padina gymnospora were having beyond the ADI
concentration limits(Figure 1). Amongst thenon edible
algae Halimeda cylindreca was having more concen-
trationlevelsof MnthantheADI limits(Figure 2).

The maximum Ni concentration wasfoundinthe
Kappaphycus alvarezii followed by Dictyota
dichotoma, Halimeda cylindracea and Jania
rubens(TABLE 3). Thetota highest Ni concentration
wasfound inthe edibleagae. Amongal theediblea-
gae Kappaphycusalvarezii was having high content
of Ni (44.9ppm) whereas|ow content of Ni was ob-
served in the Hypnea musciformis(3.1ppm). Whilein
non edible algae, highest amount of Ni wasreportedin
the Halimeda Cylindracea (24ppm) (Figure 2). ADI
limit for theNi is1.85 ppm (TABLE 2). All thealgae
were having more concentration levelsof Ni thanthe
ADI limits.

ADI for Cuis21.5 ppm (TABLE 2). The maxi-
mum concentration of Cu was found in the
Kappaphycus alvarezii (31.9 ppm) while minimum
concentration was found in the Sargassum wightii
(2.6ppm) (TABLE 3). The Cu concentration reported
in Hypnea musciformisand Janiarubenswas below
the detection limit. In edible algae, Kappaphycus
alvarezi washaving thehighest Cu concentrationwhere
asinnon edible agae, Turbinaria conoideswas hav-
ing the high amount of Cu concentration (11.8ppm).
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TABLE 3: Heavy metal concentrations(ppm) inthealgae

Edible/non

Essential elements

Toxic elements

Algae name

edible Mn Fe Zn Co Ni pt Pb cd cr Cu Pd
Sargassum Wightii 2552+82 468.4+152 9.9+04 0.8+0.1 111402 9.4+03 05£0.1 4602 B.D 26+04 0.6+0.1
Dictyota dichotoma 259.1+4.9 504124 11.7403 55+0.2 27+04 40.1£0.4 285+3.5 3.9+03 B.D 6.4:03 B.D
Hypnea Musciformis Edible 49.8+2.8 326.2+10.2 8.6+04 5.7+03 3.1+0.2 45.2+0.3 225+2.5 3.5+02 B.D B.D 25+0.1
Jania Rubens 52.8+2.4 205.2+29 135+0.6 15.9+0.2 22.7+0.3 259.6+3.6 54.8+2.5 5106 B.D B.D 6.8+0.3

Padina Gymnospora
10.6+0.5
9.8+0.2
92.1+£3.4

Kappaphycus Alvarezii

Turbinaria conoides 65.2+3.1 9+0.2
Non edible

Halimeda Cylindracea

525.3+16.2 654.6+12.1 21+0.6 11.6+0.3 21.1+0.4 10.3+0.5

B.D 25+0.2 B.D 10.1+0.9 2.3+0.2

438.7+6.5 25.5t0.5 3.9+0.3 44.9+0.5 42.1+1.5 4.8+0.2 1.5+0.2 52+2.8 31.9+2.5 3.6+0.3
6.6£0.3 9.9+0.4 112.2+3.6
496.6+6.4 13.9+0.4 22.5+0.6 24+0.7 280.9+59 78.8+3.9 5.7+0.5 B.D

B.D 19+02 B.D 11.8+0.6 4.9+0.3

6.9+0.8 8.1+0.5

B.D=below detection limit

Among all stated algae, Kappaphycus alvarezii was
having beyond the ADI limits of Cu concentration
(TABLE?3).

The maximum concentration was found in the
Halimeda cylindracea followed by Jania rubensand
Padina gymnospora(TABLE 3). Among ediblea gee,
Janiarubens (15.9 ppm) was having the highest con-
centration of Cowherelowest concentrationwasfound
inthe Sargassumwightii (0.8ppm) (Figure1). Innon
edible algae, Halimeda cylindracea was having the
highest concentration of Co (Figure 2). Halimeda
cylindracea, Jania rubens and Padina gymnospora
were having thehigher concentrationthantheADI i.e.
8 ppm Theaverage concentration foundintheagaeis
3.5 ppm. Thehigh concentration of Coin algae might
be duetothephysiological participation of Cointhe
certain enzymes.

AcceptableDally intakeof Znis169 ppm (TABLE
2). Theobserved Zn concentration inthe studied algae
wasintherangeof 8.6 ppmto 25.5 ppm. The highest
concentration wasfound inthe Kappaphycusal varezi
followed by Halimeda cylindracea and Janiarubens.
Hundred percent of the studied algae were below the
acceptableDaily intakelimit of Zn (TABLE3). Onthe
basisof ADI it could be suggested that the algae are
safeintermsof Zntoxicity.

Asamicro nutrient, the observed Fe concentration
wasintherangeof 65.2 ppmto 645.6 ppm. The high-
est concentration wasfound in the Padina gymnospora
(654.6ppm) followed by Dictyota dichotoma
(504ppm), Halimeda cylindracea (496.6ppm) and
Sargassumwightii (468.4ppm) (TABLE 3). The per-
missiblelimit of Feis231 ppm. Padina gymnospora,

Hnalytical CHEMISTRY o

Dictyota dichotoma, Halimeda cylindracea, Sargas-
sum wightii, Kappaphycus alvarezii and Hypnea
musciformiswere beyond the permissiblelimit. The
highest concentration of Fe presentsintheedibleand
non edible algae were Padina gymnospora and
Halimeda cylindracea, respectively (Figure 2 & 3)
and it might be dueto the most abundance of Feinthe
earth crust and seawater.

CONCLUSIONS

The present study gives a new picture about the
presenceof heavy metasinthemarinea gae. Themaxi-
mum Pd concentration was observed in Halimeda
cylindreca and minimum concentration wasfoundin
Sargassum wightii and, Dictyota dichotoma was
having the higher concentration than ADI Pd concen-
trationlevel. The highest total Mn concentration was
foundintheediblealgae rather than non edible plants.
The maximum Cu concentration was found in the
Kappaphycusalvarezi whileminimum concentration
wasfound inthe Sargassumwightii. Amongall algae,
Kappaphycus alvarezii was having beyond the ADI
limits of Cu concentration. The observed Cd concen-
tration wasin therangeof 1.5 ppmto 5.7 ppm. The
highest Cd concentration wasfound inthe Halimeda
cylindracea whereas least was found in Turbinaria
conoides and Kappaphycus alvarezii. Halimeda
cylindracea, Jania rubens, Dictyota dichotoma, and
Hypnea musciformis contained Pb concentration in
the range of 22.5 ppb to 78.8 ppm, higher than the
permissiblelimit 10 ppm. All the studied algae were
having the higher concentrationthan theADI limits of
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Cdand Cu. Thisinvestigation providesastatusof heavy
metal concentration in various marine agae. There
should be periodical assessment of heavy metal con-
centrationinmarinealgae, in order to have quaity as-
suranceand safer useof marinea gae.
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