Pak. J. Bot., 42(6): 4177-4181, 2010.

ELEMENTAL COMPOSITION IN VARIOUS THALLUS PARTS
OF THREE BROWN SEAWEEDS FROM KARACHI COAST

MUHAMMAD AFZAL RIZVI' AND MUSTAFA SHAMEEL?

'Hamdard Research Institute of Unani Medicine, Faculty of Eastern Medicine,
Hamdard University, Karachi-74600, Pakistan
Department of Botany, University of Karachi, Karachi-75270, Pakistan
E-mail: marizvipk@gmail.com

Abstract

Three brown seaweeds Stoechospermum polypodioides (J.V.F. Lamourourx) J. Agardh, Jolyna
laminarioides Guimardes in Guimardes et al., and Sargassum tenerrimum J. Agardh were collected
during January 1997 and July 2002 from coastal areas near Karachi-Pakistan, dried powdered and
ashed. From ashes of lower, middle and upper parts of their thalli 11 elements were quantitatively
estimated. The results indicated that each species behaved differently. Average quantity
tremendously increased more than 4 times in the middle part but suddenly decreased in the terminal
part which was lesser than basal portion.

Introduction

Seaweeds concentrate minerals and trace elements from seawater and convert them
in organic forms as they grow in mineral rich medium. The numerous elements coming
from the sea are Ca, Cl, Co, I, Mn, Mg, P, K, S, Na, and Zn (Jarvis, 1976). Seaweeds
selectively absorb elements such as Br, Ca, me, K, Mg, Na, and | from seawater and
accumulate them in their thalli. The composition of accumulated elements varies from
species to species (Kaur, 1997). The thalli of brown seaweeds are generally rich in K, Na,
Ca, Mg, P, Fe and Zn (Mahran, 1991). Therefore, it was felt necessary to investigate the
elemental composition in different thallus parts of three brown seaweeds, collected from
the coastal areas of Karachi, Pakistan.

Materials and Methods

Ashing and digestion of seaweeds: The locality along the coast of Karachi (Pakistan)
and date of collection of the investigated algal species are mentioned in the Table I. They
were initially dried under shade at room temperature and later in an oven (Memmert,
Germany) at 60-80° C for 1 hr. The material was then powdered through a grinder. Two g
of the ground sample was taken in a porcelain crucible and ashed at 500°C in a muffle
furnace to constant weight for 2 hrs as described earlier (Rizvi et al., 2000). The ash was
cooled at room temperature, moistened with 10 drops of distilled water and carefully
dissolved in 3 mL HNO; (1:1, 65% RDH). The acid solution of each sample was then
heated gently on a hot plate (IKAMAG, Germany) at 100-120° C till nearly dry. The
crucible was returned to muffle furnace and ashed again for 1 hr at 500° C. It was then
cooled and dissolved in 10 mL HCI (1:1, 37% RDH) and the solution was filtered
through Whatman filter paper no. 42 (Schleicher & Schuell, Germany) into a 100 mL
volumetric flask (Jones, 1984). If the concentration was very high, it was further diluted,
mixed well and made ready for the Atomic Absorption Spectrometric Analysis.
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Table 1. Locality and date of collection of the investigated algal species (systematically
arranged according to Shameel, 2001, 2008).

No. Marine algae Locality Date of collection
Phylum Phaeophycota
Class: Dictyophyceae
Order: Dictyotales
Family: Dictyotaceae

1.  Stoechospermum polypodioides (J.VV.F Lamou.) J. Agardh  Buleji 20-01-1997
Class: Laminarophyceae
Order: Scytosiphonales
Family: Scytosiphonaceae

2. Jolyna laminarioides Guimardes in Guimaraes et al., Buleji 27-07-2002
Class: Fucophyceae
Order: Fucales
Family: Sargassaceae

3. Sargassum tenerrimum J. Agardh Manora 27-12-1997

Elemental assay: The flame Atomic Absorption Spectrometer (AAS, Model Perkin-
Elmer 3100, USA) was used at Environmental Studies Centre, Hamdard University,
Karachi for the purpose of estimating Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Na, Pb and Zn
(Rizvi & Shameel, 2005). The studies were restricted to the qualitative as well as
quantitative estimation of these eleven elements only because their corresponding Hollow
Cathode Lamps were present in the centre, while other lamps were not available. The
various instrument parameters for these elements have been presented in the Table 2.
Instructions for instrument setting calibration and assay for specific elements were
strictly followed as laid down in the operational manual.

Results and Discussion

Three species of brown seaweeds viz., Stoechospermum polypodioides, Jolyna
laminarioides and Sargassum tenerrimum were investigated for the elemental
composition in basal, middle and terminal parts of their thalli. The details of these results
have been depicted in the Tables 3. The average amount of the investigated elements
were almost constant (with a slight increase in the middle portion) in different thallus
parts in Stoechospermum polypodioides. It gradually decreased from below upwards in
Jolyna laminarioides and exhibited a tremendous increase in the middle portion in
Sargassum tenerrimum. This indicates that member of the three classes of Phaeophycota
(Dictyophyceae, Laminarophyceae and Fucophyceae) differ from one another in the
distribution of elements within their thalli.

The quantities of Cd, Cr, Cu, Fe, Mg and Zn decreased from below upwards in
Stoechospermum polypodioides (Table 3). The amount of Ca remained constant in basal
and middle parts but decreased in terminal portion, Pb also remained constant in the basal
and middle parts but increased in the terminal portions. The proportion of Co was almost
similar in the basal and terminal parts but decreased in the middle portion; K was also
similar in the basal and terminal parts but increased in the middle portion. Sodium (Na)
showed a variable quantity in different thallus parts of the seaweed. The average amounts
of Na and K in its entire thallus were highest (29,418.33-30,566.66 ppm) as compared to
other elements and those of Cd and Co the lowest (8.11-8.31 ppm).
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Table 2. Instrument parameters.

Wave length Slit width Sensitivity
Elements Symbols (nm) (nm) (mg /L)
Calcium Ca 422.7 0.7 0.092
Cadmium Cd 228.8 0.7 0.016
Cobalt Co 240.7 0.2 0.078
Chromium Cr 357.9 0.7 0.041
Copper Cu 324.8 0.7 0.077
Iron Fe 248.3 0.2 0.039
Potassium K 766.5 0.7 0.043
Magnesium Mg 285.2 0.7 0.008
Sodium Na 589.0 0.2 0.012
Lead Pb 283.3 0.7 0.079
Zinc Zn 213.0 0.7 0.018

The amounts of Cd and K decreased from below upwards in Jolyna laminarioides
(Table 3). The proportion of Na remained almost constant while those of Co and Cr
varied in different parts of the thallus. The quantities of Fe and Zn were similar in basal
and terminal parts but decreased in the middle portion, while Cu, Mg and Pb were also
similar in amount in the basal and terminal parts but increased in the middle portion of
the thallus. Calcium (Ca) was found in a large proportion in the basal part, it decreased in
the middle and remained constant in the terminal portion of the seaweed. The average
quantity of Na in its entire thallus was largest (35,933.33 ppm) as compared to other
elements and those of Co and Cr the smallest (6.36-7.08 ppm).

The proportion of Co decreased from below upwards but Cd varied in different
thallus parts in Sargassum tenerrimum (Table 3). The quantity of Na remained almost
constant throughout the thallus, but that of Cu increased from basal part and then
remained similar in the middle and upper parts. The amounts of Ca and Fe were large in
the basal parts but decreased in the middle and remained similar in the terminal portion,
while that of Cr was similar in the basal and middle parts but increased in the terminal
portion. The proportions of Zn, K, Mg and Pb were almost similar in the basal and
terminal parts, but Zn decreased and K, Mg and Pb increased in the middle portion of
thallus of this seaweed species. The average amounts of Ca and K in its entire thallus
were highest (105, 216 - 117, 03.33 ppm) as compared to other elements and those of Co
and Cr the lowest (5.01-6.45 ppm). It appeared that the investigated species of brown
seaweeds presented a highly varied picture about the distribution of elements in different
parts of their thalli. Therefore, no valid conclusion may be drawn about the distribution of
individual elements.

Maximum sodium content was recorded for Sargassum swartzii from Okha Port,
India in December and a minimum in January (Murthy & Radia, 1978). Concentrations
of Fe, Al, Mn, Cu, Ni, Co and Zn were measured in Fucus ceranoides and Fucus
vesiculosus from Pontedeume, a small estuary on the north-west coast of Spain. It was
observed that the concentrations in mature tissues (lower part of the thallus) were higher
than in apices for all the metals studied except Cu, for which there were no significant
differences between the two thallus portions (Barriero et al., 1993). The reason for the
differences in the upper and lower parts may be due to slow accumulation rates, greater
number of binding sites in the older tissues, high particulate contamination or great
accumulation of epiphytes in the basal part of the thallus. The thalli of brown seaweeds
are generally rich in K, Na, Ca, Mg, P, Fe and Zn (Mahran, 1991).



MUHAMMAD AFZAL RIZVI & MUSTAFA SHAMEEL?

4180

seyproy yum wed [eseq = ¢ ‘uontod a[ppiA = A “Med (Uil = | ‘95BIoAY = "8AV

8TTT 8LTL  €E€EE65E  99°I€L6 99°'912S01 99°C79 80°LY 10°s St'9 SS'8 €ECOLILI 93BIOAY
6T TCLL S6'tC 0999  00°006£€  00°06£6 0005 1€C 00°¥101 S 09t 06 SL'Y 00°09¢L1 d
6v'6L96C 0T'IC 0016 00°0SSLE  00°09¥01  00°00169C 0s€cry 00719 Sy €9 0¢Cl 00°S¥L8 N
ITPSIL 0L9¢ SL09  00°0S£9¢  00°Sheo 00°00t¢£C 0c0¢r 056 0€9 SOt 098 007006 L
WHIULLID U] WNSSDSIDS
£9'89 98°¢E 00S1¥ 9979086 9" LET £e'6Cl 08°CL 9€'9 80°L 99°Ct S8€01 agerany
[6°6865 0V ¥L el 0SS0T 00°S1¢T6 CCILT 007081 08°C¢ 0Lv 09°L S¥LT 01551 d
[1°6C9¢ €609 09'9L 006t 00°0£901 €8'v9¢ 00°16 SOv01 0T’¢ 0¢'8 0¢°1¢C 09LL N
erre9es  09°0L cr'o 0501+ 00°SLS6 00'9¢T 00°L11 09718 0T 11 cee col C88L L
saproupunun] pusjop
8+¥e SI'T9  99°99¢0€ 99°19¢L €€ 8167 €ETLST 91°L9 10°€T IT'8 I€°8 99°'I1S+91 a3eIany
£CTL9L 08'LS or'co  00°00SLT  00°0L68 00°STT8T 001991  09°LC1 0191 €86 €86 00°SSTLI d
05°09T8 01'es €006 00°000€E  00°S869 00°SLSTE 00°Trs1 09°19 0L €1 0s'¢ €96 00°0€SL1 N
68°LISL €ETS  STO6EL  00°00TIE  00°0EL9 00°SSH8T 00°FISI 0ecl CT'L 00711 S 00°0LS¥1 L
saproipoddjod winuriadsoys001g
AGRIIAY uyz qd BN SN b | a no) 1) 0) PO B) syred snjey,
*SPaaMeds umo.aq 3311 jo wdd ur vonisodwod [RIUIWI|T “¢ I[qeL



ELEMENTAL COMPOSITION IN THALLUS OF BROWN SEAWEEDS 4181

Acknowledgements

The study was funded by the research grant of the Office of Naval Research, USA
(ONR Res. Proj. No NP-3), which is gratefully acknowledged. We are also indebted to
the competent authority of Hamdard University for providing facilities for elemental
detection.

References

Barreiro, R., C. Real and A. Carballeira. 1993. Heavy metal accumulation by Fucus ceranoides in a
small estuary in north west Spain. Mar. Environ. Res., 36(1): 39-61.

Jarvis, D.C. 1976. Folk Medicine. Pan Books p. 120-132.

Jones, J.B. 1984. Plants. In: An Official Method of Analysis. (Ed.): S. William. Assoc. Official
Analyt. Chem., USA, pp. 38-64.

Kaur, 1. 1997. Potentials and future prospects In: Brown Algae. (Eds.): M.R. Vijayaraghavan and 1.
Kaur APH Publishing, India, pp. 277-294.

Mahran, G.H. 1991. Recent research in medicinal plants in the African region In: The Medicinal
Plants Industry. (Ed.): R.O.B. Wijesekera. CRC Press Florida pp. 209-221.

Murthy, M.S. and P .Radia. 1978. Eco-biochemical studies on some economically important algae
from Port Okha (India). Bot. Mar., 21(7): 417-422.

Rizvi, M.A. and M. Shameel. 2005. Pharmaceutical biology of seaweeds from the Karachi Coast of
Pakistan. Pharmaceut. Biol., 43(2): 97-107.

Rizvi, M.A., S. Farooqui and M. Shameel. 2000. Bioactivity and elemental composition of certain
seaweeds from Karachi Coast. Pak. J. Mar. Biol., 6(2): 207-218.

Shameel, M. 2001. An approach to the classification of algae in the new millennium. Pak. J. Mar.
Biol., 7(1&2): 233-250.

Shameel, M. 2008. Change of divisional nomenclature in the Shameelian classification of algae in
the new millennium. Int. J. Phycol. Phycochem., 4(2): 225-232.

(Received of publication 10 November 2009)



