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TRACE METAL CONCENTRATION IN SOME MARINE ALGAE OF
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ABSTRACT

74 marins elgel specion representing Chlorophyta, Phasophyla and Rhodophyla from ten different stations along the
Maharasiza coast wers snetvsud for the concentration of Mn. Fe, Co. Ni, Cu, Zn and Pb. Concentration varies with
spacies and also from s1at:6n ta station, The concentration of Fe shows & wide range from 115-31380 ppm, foliowsd
by Mn from 31739 ppin. Co. Ni, Cu. Zn and Pb ware camparatively lower than Fe and Mn,

Statiaticel snalyels indicaias signiticant variation of trace-metal cencenteation in different specios and no vasiation with
sigel groups, In general filamentous sigae shaw mors concantration of all the ssven metais. The stisct of pollution o
. slgae Ia discuksed in relation ta the concentration of trace maetals,

INTRODUCTION

Marine algyae are considered as important
primary producers in the coastal region, Several

marine algal species are baing used as raw
material for various economicatly important products
and this has resulted in their increasing demand.

“Marine algal species also have been suggested
1 be the indicators of naliution (Bryan & Hummer-
stone 1973, Preston et &/ 1972, Nickies ot al. 1972,
Melhus et al. 1978, Morris and Bale 1976).
-Kesping in visw ths importance of marine algal
species for diract or indirect human as
welt as cattle consumption, it is necessary to
monitor the bicaccumulation of certain toxic trace
elamants in these spocies,

Uantawale et a/. (1979) have surveyed the
Makarashtra coast for the marine algal resources,
and indicated the possible sffect of pollution on
seaweeds, and Patel et a/ (1980) have studied some
trace and heavy metals in a brown alga Sargassum
teneurimum from Tarapur (Maharashtra) ares.
Along the wast coast of India, Zindgse et al. (1976)
have studied the concentration of Arsenic, Copper

Zinc and Manganesse in marine fiora and fauna of
the Goa coast while Agadi eof a/ (1978) have
analysed about 33 marine algal species of Goa coast
for seven trace metals.

MATERIALS AND METHGDS

74 algal samples waere collected from the ten
different stations along the Muaharashtra coast
(Fig. 1).

All the stations were free from industrial poliution,
except Bombay, in the northern region of
Maharashtra coast.

During seaweed survay of Maharashtra coast
1977, 74 algal species balonging to Chlorophyta,
Phasophyta and Rhodophyta group; were collected.
The sam.ples were prepared for the analysis of Mn,
Fo, Co, Ni, Cu,2n and Pb (Agadi et al. 1978) by
abseorption spectrophotometry. The results are the
mean valuas of triplicate determinations and are

~ expressed as ppm dry weight (Table. 1).
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o Tobh 1. Trace Metal Concentration in the Marine Algas of Maharashtra Coast

(Values expressed in ppm dry weight)

$i. No. Neme of species Mn Fe Co  Ni Cu Za [
k- 359! 1. Enteromorpha flexuoss 595.4 56020 7.7 10.0 20.1 1465 24.1
LT 2. Ulvs fasciata 88.3 17640 53 652 121 878 128
3. Chaetomorpha media 68.6 10640 94 7.2 20.3 113.2 96
4. Bryopsis hypnoides 145.2 5717.0 33 6.1 26.3 1160 0.7
5. Sphaceiaria furcigera 739.2 31380.0 10.0 223 291 10471 200
6. Padina tetrastromatica 2668 23800 94 138 148 1056 986
7. Sargassum duplicatum (1) 64.6 1200.0 10.6 17.7 140 437 17.8
8. S. polydystum (1) 163.7 1150.0 144 216 192 606 152
8. S wightii 430 2144 77 72 86 497 27.3
10. Hypnea musciformis - 287.3 5960.0 4.0 196 150 87.0 20.0
11. Centroceras clavulatum 578,3 184070 9.0 147 316 773 355
"1l = VENGURLA 1. o ffsciata 88.6 7612 126 54 115 978 7.2
: 2. Chaetomorpha media 416 1779.0 9.4 188 17.7 998 79
3. Sargassum tenerrimum 1004 21120 11.1 262 177 740 21.0
4, Gelidium pusiltum 135.4 18040 4.0 147 1286 78B 120
5. Grateloupia lithophila 66.1 6540 6.1 92 112 640 234
6. Gracilara corticata 2980 1876.0 26.0 281 106 960 386
Hi — MALVAN 1. Enteromorpha flexuosa 2122 92950 586 208 16.2 683 144
_— 2. Ulva fasciata 411 164.0 5.0 107 106 ©61.6 15.2
3. Chaetomorpha media 35.7 2220 11 7.7 11.0 677 48
4, Bryopsis hypnoides 189.2 47280 5.6 147 168 640 17.0
5. Caulerpa peltata 1254 26560 7.2 173 156 620 176
6. Sphacelaris furcigera 7541 57432 160 316 277 580 161
7. Dictyota dichotoma . 1452 21980 7.2 208 165 1150 234
8. D. dumosa 2043 72920 304 284 366 731 288
c. Padina tetrastromatica 6255 4111.0 230 16.2 142 754 373
10, cargassum flicifolium 977 4046.0 202 294 200 80.8 7.6
1. Gelidium pusiflum 835 573.0 11.0 114 118 431 115
12 Grateloupia filicina 54.7 1164 207 176 6.7 40 220
13. Gracilaria corticata 1847 6972 96 116 650 21.2 192
14. MHypnea musciformis 2917 65140 268 182 171 550 348
15. Centroceras clavulatum 3199 5738.0 207 264 1756 220 220
IV - VIJAYDURG 1. Padina tetrastromatica 487.0 88460 221 128 181 1313 165
. 2. Sargassum ilicifolium 2698 B886B.0 174 441 218 Bt8 180
3 S. wightii 646 1140.0 193 156 21.0 1415 334
4, Gelidiopsis variabilis 3696 26050 185 243 213 738 142



Table. 1. (Cantd.)

Stations Sl. No. Name ol species Mn Fe Co Ni Cu Zn Pb
V — RATNAGIR! 1. Enteromorpha flexuosa 714 1590.0 19.3 176 181 828 230
2. Ulva fasciata 76.1  2963.0 110 176 185 676 000
3. Chastomorpha media 400 9430 124 19.0 185 408 103
4. Caulerpa peltata 1795 68550 10.4 142 137 1833 170
5. Sphacelaria furcigera 1737.0 394960 31.4 344 9685 926 26.0
6. Dictyota dumosa 167.3 3468.0 151 83 107 742 220
- 7. Padina tetrastromatica 456.6 23120 241 6.0 110 9886 210
8. Sargsssum tenerrimum 1956 27490 12.7 6.0 82 335 14.0
8. S Wightii 43.6 7980 131 23 6.1 904" 210
10. Gelidium pusitium 176.5 7540 176 23 1.8 837 220
11. Gracilaria corticata 267.4 1381.0 88 60 1.0 318 210
12. Hypnea musciformis 313.0 23190 127 83 64 763 260
13. Centroceras clavulatum 642.0 13609.0 167 195 316 86.6 20.0
14. Acanthophora spﬁ:i’fe ra 3847 6037.0 215 83 192 679 220
15. Gelidiopsis variabilis 2734 7920 16,7 157 64 692 325
Vi - HARNAI 1. Enteromorpha flexuosa 89.7 90040 176 160 123 537 190
2, Uka lactuca 718 18080 147 71 182 728 125
VH — SRIVADHAN 1. Enteromorpha flexuosa 2291 13609.0 16.2 166 348 77.0 245
2. Rhizoclonium sp. 1106 68320 196 6.0 9.1 1795 28.0
Vi{l - HARIHARESHWAR 1. Ulva lactuca 927 23530 88 40 94 870 120
' 2. Rhizoclonium sp. 2213 49110 98 201 2.7 23855 280
3. Dictyota dichotema 83.7 26600 143 9.0 388 1251 16,0
4. Padina tetrastromatica  227.3 8083.0 (§6.1 118 73 990 100
6. Grateloupia lithophila 43.6 754.0 147 1.0 0.4 353 230
6. Gracilaria Corticata 1238 24760 88 00 00 767 9.0
7. Hypneaa muscitormis 85,7 59340 176 83 3.6 1230 270
B. Centroceras clavulatum 1513 11562.0 7.8 7.1 17.0 63.2 652
IX - BOMBAY (BANDRA} 1. Enteromorpha flexuosa 3171 188270 182 225 132 1573 230
' 2. Ulva lactuca 139.4  3u51.0 58 100 7.3 1300 200
3. Grateloupia filicina 837 33%9.0 176 41 2.7 2870 3.0
4. Centroceras clavulatum 2773 71620 104 4.7 11.4 1393.0 110
X -—ARNAL . 1. Ulva lactuca 357.2 2773.0 12.7 53 6.0 1517 16.0
' 2. Rbiroclouiuin sp. 4703 62700 9B 41 386 1693 166
3. Gracilaria sp. §8.0 1276.0 58 0.0 0.0 947 140
4. Gracilaria sp 4846 23120 117 51 1.0 805 19.0
8. Hypnea musciformis 2034 59340 111 60 36 1160 270
6. Acanthophora spgcifera 111.8 948.0 131 23 27 968 180

7. Chondris tenuissima 146.6 27340 147 B3 13 116.0

32.0




By the two way analysis of fvariance (ANOVA)
gechnique, the variations in 7 yrace metals in the
algal species and groups wers examined. All the
calculations were  carried  out with the third
generation computer {TDC-316),

RESULTS

Analysis of 7 trace metals - Mn, Fe, Co, Ni, Cu,
-Zn-and Pb-in the 74 marine algal species collected
from 10 different places of Maharashtra coast
“{Tabte. 1) are discussed below

Station. 1. Redi

11 marine algal species,. were collected. Of
these 4 belonged 1 chiowe hyta, § to phaeophyta
and 2 to rhodophyta,

ine copcentret o of  Fe was found to be
maximum followed by Mn, Zi, Cu, Ni and Co. It
has been observed that the rhodophyta members
showed s tendency 10 concentrate trace metals in
larger quantity, excepting Co andZn which are more
ins phasophyte and chlorophyta respectively,

S$tation. 2. Venguria

Six marine algal species were collected from
Vengurla coast, out of which 2 were represented
by chiorophyta, only ons  phasophyta  and 3
i fhodophyta,

The concentration of Fe in all the 6 algal species
was the highest followed by Mn, Zn, Pb,Ni, Cu and
Co.

Among the marine algue of Vengurla coast,
chorophyta members showed mote cocentration of
Zn, while species of phasophyta accumulated more
Fe, Niand Cu. However, the rhodophyta spacies
... were observered to have more concentration of Mn,
Lo and Pb

Station. 3. Malvan

From Malvan coast, 15 marine aigal species were
- collected of which 5 each were of chiorophyta,
*phaeophyta and rhodophyta.

“The higher concentration of Fe, in all the alga
species was observed at Malvan also, which was
gtoiiowed by Mn, Zn, Ni, Pb, Cu and Co.

Marine algal species beionging to the phaeophyta
“showed higher concentrations of Fe, Mn, Co, Ni, Cu,
Zn and Pb then chiorophyts end rhadophyta.

Station. 4. Vijayadurg

Only 4 marine algai species were collacted from
this statie.n of which 3 were of phasophyta and 1
of rhodo)hyta.

Maximum concentration was found to be of Fe
followed by Mn, Zn, Ni, Pb, Cu and Co. Speciss
balonging to phaeophyta were observed with the
highest concentrations of Fe, Co, Zn and Pb.
However, rthodophyta members showed maximum
Mn, Ni and Cu accumulation.

Station. 5. Ratnagiri

In ali 15 species were coliected which consisted
of 4 chlotophyta, 5 phaeophyta and |6 rhodophyta
members.

Fe was found to be in maximum concentration
in these algal species followed by Mn, Zn, Pb, Cu,
Co and Ni.

In general, species of phasophyta showed more
concentrations in case of Mn, Fe, Co, Cu while
chiorophyta membaers were observed to be more
rich in Nt and Zn. The rhodophycean membars were
observed to concentrate more Pb.

Station. 8. Harnal

Only two specios of chlotophyta wure collectad
and analysed. The Fe concentration was maximum
followed by Mn, Zn, Cu, Pb and Ni,

Station. 7. Shrivardhan

Two species of chlorophyta were studied from
this coast for the trace metal concentrations. High
concentration was observed in case of Fg which was

followed by other elements like Mn, Zn, Pb, Cu, Co
and Ni.

Station. 8. Harihareshwar

In total 8 marine algal species, 2 each represen-
ting chlorophyta,phaeophyta and 4 rhodaphyta, were
collected and analysed.

Phaeophyta members in general. had more Fe,
Co and Cu, while species of chlorophyta showed
tendency to concentrate more Mn, Ni, and Zn. The

rhodophyta mombers hcwaver. shmd maxunum
vatues for Pb.

Station. 8. Bombay

Oniy 4 specias from Bombay coast wera analy-
#0d; 2 each of chiorophyta and rhodophyta.



The trace metal concentration trend was Fe

foliowed by Mn, Zn, Pb, Eo N:andCu in these

mwead spocles
' ln general, ehlorophyta members were found to
concentrate more Mn, Fe, Ni, Cu and Pb than the

species of rhodophyta, which showad more Co and
Zn.

Station. 10. Arnala

Seven maring algal species were colfscted from
this nearshore istand. Among them 2 were repre-
.-sented by chlorophyta and & rhodophyta.

Ths trend of concentration was found to be Fe,
Mn, Zn, Pb, Co, Ni, Cu in all the seven species under

investigation,

In general chiorophyta species from Amala
showed a tendency to accumulate more Ma, Fe, Cu
and Zn followed by rthodophyta, whese Pb concen-
trtation was mare. Co and Ni ware found to be
in similar concentration in both these classes of
‘tg“! )

STATISTICAL AMALYSIS

Analysis of variance ("ANOVA’') showed that
for all the stations there is no statistical evidence
to reject the null hypothesis (Ho: thets is no vati-
ation in species/metals with respect to concentration
of metals/algal species) at 19, lgvel of significance
{Tablse. il).

Table. 1). Area Wise Variation in Species and Trace Matals

STATION No. of species collacted  No. of metais analy ied Variation in* species Varigtion in* matais

1. Redi " 7 NS (F = 1.06) $ (F= 543
2. Venguria 6 7 NS (F = 1.21} S (F =32.93)
3. Malvan 15 7 NS (F = 1.10) S (F =21.94)
4. Vijaydutg 4 7 NS (F = 1.06) S(F = 6.64)
5. Ratnagiri 15 7 NS (F = 1.11) S(F= 495)
6. Harnal ‘ 2 7 NS (F = 1.00) NS (F= 2.23)
Srivardhan 2 7 NS (F =« 1.01}) S(F= 6.18;

8. Harihareshwar 8 7 NS (F = 1.04) S {F = 14.35;
8. . Bombay 4 7 NS (F = 1.03) S{F = 5.25)
16. Arnala 7 7 NS (F = 1.11) S (F = 15.34)

* From ' ANOVA” Analysis §

On the other hand there is a significant varnation
in the concentration i metals, with respect to the
alga! species, at all stations, except Harnai. Parti-
cularty, the variation in metals 1s highly significant at
stations-Venguria ,Maivan, Harihareshwar and Arnala
{Tablse, 1.}, and the same is true with the Mahara-
shtra coast as a whole, '

It is also observed that the concentration of
trace meals does not vary with the algal groups

= Significant

NS = Not significant.

phasophyta & rhodophyta) 8t 5
stations - Redi, Venguria, Malvan, Ratnagiri and
Harthareshwar. The "ANOVA' tor the entire coast
also shows that there is no variation in concentra-
tion of elements with respect to algal groups.

{chtoraphyta,

DISCUSSION

The present results show wide variation in the
scqumulated goncentration of alt the 7 metats anei-



ysed in the 74 aigai species and it is also confirmed
by the statistical analysis {ANQVA). The accumul-
ation of trace metals is stated to be unreguiated in
the marine waters (Young and Langile 1958, Gutk-
necht 1865) and the accumulation of metals in
seaweeds is probably by the nonmetabolic ahsorption
o an ion-exchange process (Gutknecht 1955, Baroda
et al, 1964) and are retained by organisms by
strong chemical bonds {(Goldberg 1957),

The highest concentration of Mn, Co and Cu
waere observed in a filamentous brown aiga-Sphace-
laria turcigera from Ratnagiri white Ni was more in
Sargassum llicifolium from Vijaydurg (Table 1).
Except some fish processing units at Ratnagiri, there
is no other prominent means of causing water
contamination and hence the high metal conce-
ntration could not be explained. The extracellular
polyanions like alginates have been shown to act as
ion-exchange maierial (Mykiestad 1969). The
maximum concentration of Fe and Mn may aiso be
due to the infiow of mine drainage, along with other
contaminants, at the southern parts of Maharashtra
coast. The concentration of Fe and Mn were found
to be higher than the earlier repoited values (Patel
et al. 1980, Agadi et al. 1978).

The.content of Zn and Pb were found to be
more in filamentous green alga Rhizoclnium sp,
and a red alya Centroceras clavulatum respectively,
collected from Harihareshwar. This can probably be

attributed to the influence of poliuted waters of
Bombay.

The present result reveals that the concentration
oftrace metals in the marine algae of Maharashtra
coast are on the highec side as compared 1o the
earlier reports on Goa <¢oast (Agadi et al. 1978,
Zingde «t al. 1976). The reasons for higher conce-
ntration may be due 10 the pH, high temperature
{Bryan 1976), salinity and other metal binding nut-
rients in seawater (Sivslingam 1978). This may
giso be due to high water movement (Provasoli
1963) and recycling of the mineral elements after
the decomposition of organisms in the sea.

It is known that in minute quantities many trace
metals are nutritive to the growth of marine algae
{Norih et al. 1972). However, the present values
are far exceeding as compared to the values for
other marine flanis {(Powen 1966).  Inspite of the
high accumulaton, of thec.: metals no harmful effect
was noticed on algae, except, towards the extreme
nothmorparts of Maharashtracoast.  The maximum
sifectof poliution on matine algae along this coast

was observed at S8ombay and nearby areas, whare
large guantities of industrial, domestic and other
types of poliutants find their way into the nearby
marine waters.The algal fiora which once flourished
at Bombay (Boergesen 1938} is now drastically re-
duced to about 16 species {(Untawale ef. al. 1972).
This is mainly as a result of increased pollution
around Bombay. The economically important brown
algae are the worst affected. Since marine algae are
useful as primary producers in coastal waters (Mann
1973} their reduction due to poliution would pose
a threat to the next link in the food chain.

Based on the present investigation, in general,
we can conclude that filamentous algae showed
ability to concentrate more amount of trace
elements, than {oliaceous algae.

ACKNOWLEDGEMENTS

The authors wish to record their sincere thanks
to Dr, S§. Z. Qasim for his comments and also facili-
ties. We are also grateful to the Science and
Technoiogy Ceit of Government of Maharashtra for
their financial assistance for undertaking the
seaweed survey of Maharashtra coast. Thanks are
also due to Dr. T.8.S. Rao, Mr. C.V.G. Reddy for
valuable suggestions and we greatly acknowledge
the assistance of Mr. S.G. Dalal n computation
analysis.

REFEREMCES

Agadi, V.V, Bhosle, N.B. and Untawale, A.G., 1978,
Metal concentration in some seaweeds of Goa
{India). Bot. Mar. 21, 247-250.

Boerg sen, F., 1935, Alist of marine algas from
Bombay. Dansk Vedensk. Seisk. Biol, Meddelels.
12: 1.64 Kobenhavn.

Bowan, H.J. M., 1968, Trace Matals in Bio-
chemistry, Academic Press inc., London,
pp. 241.

Broada, E., Dresser, H. and Findenegg, G., 1964,
wirkung von Dinitropenol, Azid, Und Anasro-
biose suf die Zinkaufnahme durch Algan,
Naturwissenschaffen 51 361-362.

!

Bryan, G. W,, 1976, Heavy metai contamination in
the sea. In: Marine Pollution (Ed.) R. Johnston,
Academic Press Inc., London. pp. 185-302.



Bryan, G. W. and Hummerstone, L. G., 1973, Brown

1. - seaweeds as indicators of Heavy mstais in’

' ssturies in south west England. J. mar. biol.
Ass. U, K. B3, 705,720

Goldberg, E. D. 1957, Biochemistry of trace
metals. Geol. Soc. Amer. Memoir. 67 (1),
345 - 356,

Gutknecht, J., 1465, Up‘f‘i(e and retention of Casium-
137 and Zinc-65 by seaweeds. Limnol,
Oceanogr. 10:; 58-66.

Mann, K. H., 1973, Seaweeds . their preductivity and
strategy of growth. Science 182, 975-981.

Melhuus, A, Seip. K. L., Seip, H. M. and Myklestad, §.
1978, A preliminary study of the use of benthic
algae as biologicsl indicators of heavy metal
pollution in Sorfjorden, Noerway, Environ.
Poliut. 15: 101-107.

Morris, A. W, and Bale, A. J. 1975, The accumu-
iation of cadmium, copper, manganese and zinc
by Fucus, vesicuiosus in the Bristol channet,
Estuar. Coastal mar, Sci. 3 : 163-163.

Mykiested, S.. 1969, lon-exchange properties of
sulphated polysaccharides in brown algase. Proc.
tntl, Seaw Symp, 6 545.-62,

Nickless, G.. Stenner, G,  and Terrille, N,, 1972,
Distribution of cadmium, lead and zinc in the
British channel. Mar. Poll. Bull. 3: 188-190.

North, W. J. Stephens, G. C. and North, B. B., 1972,
Marine algae and their reiation to poliution
problems. In: Marine Poliution and Sea Life
{gen. ed. M. Ruiva) F. A, O. Publication, London:

-

Patel, B., Pawar, §., Balanii M. ¢. and
Patel, §., 1980, Macroalgae as *sentinel’ of
trace and heavy metals in the management of
(Ed.) Environment 8. Patel. Witey Eastern Ltd.,
New Delhi, pp. 371-388.

Preston, A., Jefferies, D.F., Dutton, J. W. R_, Harvey,
B. R. and Steels, A.K., 1972, British Isles
coastal waters: the concentrat:on of the selec-
ted heavy metals in seawater, suspended matter
and biological indicators a pilot survey.
Environ. Poliut, 3: 69-82.

Provasoli, L, 1963, Growing marina seawseads.
Proc. Intl. Symp. 4: 9-17.

Sivalingam, P. M., 1978, Bio-deposited trace metals
and mineral content of some tropical marine
algae, Bot. Mar. 21: 327-330.

Untawale, A, G., Dhargalkar, V. K., Agadi, V. V. and
Jagtap, T. G., 1979, Marine algal resources of
Maharashtra coast. Techmical Report, Nati, Inst
Oceanography, Dona Paula, Goa. pp. 48.

Young E. G., and Langille, W. M., 1958, The
occurrente of inorganic  elaments In manne
algae of the atlantic provinces of Ganada. Can.
J. Bot. 36: 301-310.

Zingde, M. D., Singbal. S. Y. S. Moraes, C. F. and
Reddy, C. V. G. 1976, Arsenic, Copper, Zinc and
Manganese in the marine flora and fauna of
coastal and gstuarine waters around Goa. Indian
J. Mar. Sci. 6: 212-217.



