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Na and Mg dominate over K and Ca respectively in seawater, but a reverse trend is observed in many seaweeds.
This preferential accumulation of one element over another similar element is adjudged on the basis of differential per
centage enrichment factor (DPEF). It is positive for Kover Na (3986) and Ca over Mg (359). It reflects lower residence
time ( r) values of K and Ca which are preferentially accumulated than Na and Mg possessing higher To CI and I are more
in brown seaweeds than in red and green seaweeds. Br is generally high in red seaweeds followed by brown and green
seaweeds. The halogen content of investigated seaweeds is in the order CI > Br > I > F, whereas in seawater the
trend is CI > Br > F > I [F values, lndian J Mar. Sci, 13 (1984) 47]. Their concentration factors, CF (median values),
in seaweeds are in the order I > F > Br > Cl. DPEF of I, F, Br and Cl in seaweeds in relation to their other halogens of
higher r also show descending order:1 over CI > lover Br > lover F > F over CI > Br over Cl > F over Cl. The
trend ofconc.:ntration of halogens in seaweeds compared to ambient medium (median values) suggests their relative
uptake rates pattern. Br:F ratio in seaweeds indicates that the' accumulation of one halide is independent of the other. In
general, shorter the r, more is the CF of cationic and anionic elements in seaweeds.

Though there are several reports 1.2 on the mineral
constituents of seaweeds from Saurashtra coast, the
relative amount of a group of elements in a single
seaweed species with respect to seawater and their
biogeochemical behaviour are not known. Distribu
tion of F, Mn, Zn, Cu, Ni, Co and Mo in seawater
and seaweeds collected from Diu, Porbandar and
Okha along the Saurashtra coast (NW coast of In
dia) has been reported3-s. In the present study, Na,
K, Mg, Ca, el, Br and I contents of the same sam
ples3-S are presented and Na:K, Ca:Mg, Br:F and
Br:I ratios, their significance and the CF (concentra
tion factor) of all the above cationic and anionic ele
ments in relation to their reactivity (residence time6,
'l') in seawater are discussed.

Materials and Methods
The location of the sampling sites3 and the topog

raphical and hydrochemical features of these sites
have already been reported4•7• Ambient seawater
samples were directly collected in clean plastic
buckets, filtered through GF/C filter paper and used
for atomic absorption spectrometer (Varian Tech
tron model AA-6) analysis subsequent to separating
Na, K, Ca and Mg by ion-exchange technique8• CI,
Br and I were directly analysed in filtered seawater
as per the standard methods9-11• Coefficient of var-
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iation as a percentage of standard deviation between
the triplicates for Na, K, Ca, Mg, CI, Br and I re
spectively was 0.3, 1,0.6,0.5,0.1,0.6 and 1. After
handpicking from their natural habitat in the inter
tidal region, seaweeds were cleaned with seawater
and tap water (free from bleaching powder) fol
lowed by distilled water. Air dried samples were
powdered, sieved and used for alkali and alkaline
earth metals and halide analyses. Na, K, Ca and Mg
were analysed 12 by AAS technique subsequent to
oxidative decomposition of organic matter with acid
digestion. Alkali salts (Na2C03, KN03, NaOH)
were used in digestion to prevent the volatilisation
of halogen elements. CI was estimated by Volhard
silver nitrate titration method 13. Br by the method of
Saenger14 and I as per the Larsen's IS procedure. Co-

fficient of variation as percentage of standard devi
tion between the triplicates for Na, K, Ca, Mg, CI,
r and I was 1-2.
Enrichment factor (EF) or concentration factor

CF) was calculated-the content of an element (dry
t basis) in seaweed divided by its concentration in

eawater. Differential percentage enrichment factor
DPEF) between two similar elements, X relative to
, was calculated using the equation 16,

DPEF = (enrichment)x-(enrichment)y x 100
(enrichment )y

he conventional term EF or CF does not give any
linformation on relative accumulation between two
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similar clements. However if the right hand side of
the above equation is rewritten as

X/Y in seaweed
------------ 1 x 100
X/Y in seawater

then the ratio X/Y in seaweed: seawater (discrimin
ate factorl7) signifies the selective accumulation of
element X over Y. Expression of discriminate factor
in its differential percentage form is advantageous as
it shows positive values as well as negative values
with a greater dimension. Calculation I~ of least
square fitting line between CF (log Y) and r(log X)
was also made.

Results and Discussion

The present values of Ca and Mg of seawater
agree with those of the reported values for northern
Arabian Sea waterl~, Br with those of central west
coast of India20 and I with those of shoreline waters

of Gujarat coast II. Thus the elemental distribution
of coastal waters of Saurashtra is similar to that of
rest of Indian west coast.

The concentration of Na, the major cationic in
gredient in seawater, is about 27 times more than K
concentration. Mg is about 3 times more than Ca
concentration. However, in seaweeds Na and Mg
are less accumulated than K and Ca respectively
(Table 1). More Na than K is observed in Cladopho
ra fascicularis, Bryopsis plumosa, Caulerpa mcemo
sa, Hypnea musciformis and Laurencia sp. Similarly
Enteromorpha intestinaiis, Valoniopsis pachynema,
VIva fasciata, Sarconema filiforma, show high accu
mulation of Mg than Ca while no definite trend is
observed in Cheatomorpha antennina, C. fascicula
ris, Sargassum tenerrimum and H. musciformis. The
earlier reports from the Saurashtra coast 1.2.21and
elsewhere22 also reveal low and inconsistent ratios
ofK:Na and Ca:Mg in certain seaweeds. However, it
is interesting to note that whether K:Na ratio is more
or less than one, all the seaweeds show positive
DPEF values (Table 2) demonstrating the preferen
tial accumulation of Kover Na. Similarly, for Ca
over Mg the DPEF values are also positive (with few
exceptions - not shown in Table) manifesting the
preferential accumulation of Ca over Mg. In this
study certain species such as E. intestinalis, V. pa
chynema are designated as Mg rich plants in relation
to Ca on the basis of their negative DPEF for Ca
over Mg.

Halides not only show variation from species to
species, but also in the same species collected from
different places. Similarly no definite relation exists
between the contents of all the halides (Table 1).
Such variations have been reported earlier22.23.
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These variations may probably be due to the differ
ences in relative uptake rates of halide ions, species
specificacity, environmental conditions, and differ
ent phenological stages characterised by differential
rate of metabolic activities2!'::'::'.

In the present study (Tablc 1) the observed Br:l
ratio in seaweeds is in general > 1. In brown sea
weeds Br:l ratio is lower than in green and red sea
weeds. This may be due to the high conceniration of
I in the former than in the latter. Similar trend of Br:l

ratios has also been reported in cold water species23.
Though Br:l ratio is > 1 in seaweeds, DPEF calcul
ations show that seaweeds preferentially accumulate
lover Br, 3 to 5 orders magnitude (Table 2). This is
further supported by the depletion of I and conser
vative distribution of Br in productive waters24.

The observed DPEF values (Table 2) for the indi
vidual halides in relation to other halides exhibit the

sequence lover Cl > lover Br > lover F > Faver
Cl > Br over Cl > Faver Br which follows closely
their r descendency. From the above data it seems
that CI is not accumulated by seaweeds whereas I, F
and Br are being accumulated one order to several
orders of magnitude.

CI, Br and F are the major anionic elements in
seawater and their ratio to salinity is constant24.
They are interrelated as Br:CI and F:Cl ratios are
constant24, which signifies their geochemical distrib
ution. Similarly Br:F ratio should also be a constant.
However, in seaweeds Br:F ratio is never a constant
as it varies from 7.8 to 286 (Table 1). Therefore it is
presumable that in seaweeds the internal concentra
tion of CI, Br and F are not interrelated, whatever
may be the mechanism of their uptake/accumula
tion probably independent of other halogens pres
ent in the tissue.

Variations in the concentrations of F, CI and Br in
ambient seawater are negligible when compared
with that of I {Table 1). Similar pattern is observed in
median values of CF of these elements (Table 3). It
is within one order of magnitude for F, Br and CI
whereas it is 3 orders of magnitude for I. Hence, ac
cording to Liebig-Blackman law of minimum25 it
can be tentatively presumed that the lowest concen
tration of I in ambient medium and its relatively high
concentration in seaweeds probably makes I, a li
miting element among the halogens for certain phy
siological process. On the basis of its high CF or
high seaweed concentration against ambient con
centration it can be said that uptake rate of I might
be more than that of other halogens. The relative
uptake rates of halogen ions in seaweeds are not
known so far. However, on the basis of the present
data, median values of individual halogen content in
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Table I-Chemical constituents of seawater and seaweeds (mg. kg-I) and K:Na, Ca:Mg, Br:F

and Br:I ratios in seaweedsName of the Sample

PlaceNaKCaMgCIBrIK:Na Ca:Mg Br:P"Br:I
of

(xl~Kxl~Kxl~Kxl~Kxl~) (x 10)
collec- tionSeawater

D1.077 0.040 0.042 0.129 1.942 67.50 0.052
P

1.084 0.040 0.043 0.130 1.947 67.70 0.060
0

1.100 0.041 0.043 0.132 1.980 68.82 0.056
CHLOROPHYTA Enteromorpha intestinalis (Linn.) Link

D1.121.850.763.301.4185471.650.230.971.8
P

0.941.250.912.981.3878361.330.300.872.2
0

1.841.471.033.411.9369310.800.300.782.2
Enteromorpha sp.

D1.741.021.253.682.6758390.590.341.01.5
P

1.381.631.413.522.0471501.180.401.21.4

Viva fasciata Delile

D1.191.531.632.591.27130291.290.631.44.5
P

0.732.021.482.811.83147372.770.531.64.0
0

0.942.041.983.032.00151372.170.651.64.1
Chaetomorpha antennina

D2.339.281.390.977.00647713.981.4317.59.1

(Bory) Kuetz

P1.366.840.830.876.25604605.030.9520.012.1
0

1.958.341.391.085.93688634.281.2917.310.9

Cladophora fascicularis

D3.171.680.650.242.873014930.532.717.20.61
(Mertens) Kuetz

P3.501.500.470.542.352704670.430.876.70.58
0

4.232.090.780.853.412865050.490.927,20.57

Bryopsis plumosa

D4.310.521.070.251.21257780.124.283.33.3

(Huds.)Ag
P4.500.701.300.320.93230700.164.063.13.3

0
3.980.651.090.221.98214540.164.953.14.0

Caulerpa racemosa

D6.460.891.750.902.843261100.141.946.83.0

(Forssk.) Weber V. Bosse
P5.280.921.890.852.173191170.172.226.02.7

0
7.371.332.121.033.013421350.182.066.92.5

Valoniopsis pachynema

D3.725.500.411.883.533735641.480.222.30.66

(Mertens) Boergs

P4.815.450.732.504.004005261.130.292.70.76

PHAEOPHYTA
Dictyota dichotoma

D1.193.271.831.372.41L361312.751.331.41.8

(Huds.). Lamour

P1.313.501.591.102.681951242.671.441.11.6
0

2.005.102.651.303.172431572.552.041.51.5
Padina tetrastromatica

D1.371.919.863.071.232471481.393.215.21.7
Hauck

P1.582.309.133.371.652291611.462.714.61.4
0

1.792.8710.514.011.982631801.602.624.91.5

Padinasp.

P0.891.738.932.831.353492181.943.154.61.6

Spatoglossum asperum

D1.731.880.850.533.865812351.061.609.02.5

J.Ag.

P1.311.370.700.603.576541911.051.1710.03.4
0

1.051.550.970.482.936472191.482.029.22.9

Cystoseira indica

D1.514.792.631.185.818183423.172.237.82.4

(Thivy et Doshi) Mairh

P2.204.583.681.475.747263192.082.508.52.3
0

1.684.202.901.374.227403252.502.128.42.3

Sargassum johnstonii

01.341.503.581.451.731902251.123.471.30.84

Setchell and Gardiner S. swartzii(Tum.}. C. Ag.

P2.858.111.991.336.435016262.841.505.70.80
0

1.937.261.731.405.894865893.761.245.30.82

S. tenerrimum J. Ag.

D1.577.191.231.196.854672934.581.034.01.6
P

1.908.271.481.976.215163104.350.754.71.7
0

1.839.051.681.597.474573364.941.064.61.4
RHODOPHYTA Gelidiella acerosa (Forsk.)

D1.714.911.000.631.563471192.371.593.32.9

Feldman et Hamel

P2.005.230.98(0).782.213711342.611.263.82.8
0

1.875.501.270.951.973201552.941.342.82.1

Amphiroa anceps(Lamk.)

D0.901.27 27.78 3.090.63256831.419.001.93.1

Decsne

P0.781.33 30.95 3.250.51199791.709.501.42.5
0

0.851.48 29.37 3.750.752281001.747.801.62.3

Sarconema filiforma

P1.925.851.111.512.96129703.05· 0.732.41.8

(Scond.) Kylin

02.366.300.971.833.60187902.670.532.92.1

Contd
--

39



INDIAN J MAR SCI. VOL. tH.MARCH 19H9

Table I-Chemical constituents of seawater and seaweeds (mg. kg-I) and K:Na, Ca:Mg, Br:F
and Br:I ratios in seaweeds -ContdName of the Sample

PlaceNaKCaMgCIBrIK:Na Ca:Mg Br:F'Br:!
of

(x lO4)(X 104)(X lO4)(X 104)(X 104) (x 10)
collec- RHODOPHYTA

tion

Hypnea musciformis

D7.082.450.881.814.781672610.350.493.60.64
(Wutf.)Lamour.

P6.211.981.631.153.391381980.321.423.20.70
0

4.5H1.771.690.933.H3IH62340.391.823.80.79
Gracilaria corticata

D0.934.500.H90.782.853361134.H41.143.13.0
(Agadh.)J. Ag.

P1.004.230.980.583.363141234.231.693.02.5
0

1.285.951.150.903.793591454.651.283.32.5
Acanthophora spicifera

D1.276.252.3H0.9~6.4114255714.922.407.12.5
(Vehl.)Boergs

P1.537.612.911.345.H5154249H4.972.178.03.1
Chondria armata (Kuetz.)

P3.764.932.231.221.9330771051.311.8328.529.3
Okamura var. plumaris Boergs

02.H54.251.971.001.3731H3H71.491.9728.636.6
Laurencia sp.

D4.672.895.271.290.904601510.624.089.23.0
P

3.262.H56.001.600.745191380.873.7510.03.8
0

3.912.335.851.730.854431210.603.387.83.7

Range

0.730.520.410.220.515H290.120.220.780.57
to

totototototototototo
7.37

9.2H30.954.017.4731H36265.039.5028.636.6
Median

I.H32.451.481.302.6H3191341.491.503.802.3

D = Diu; P = Porhandar; 0 = Okha
*Fluori<)evalues taken from earlier data1

Table 2-Differential percentage enrichment factors (DPEF) of elements
Kover NaCaover Mg loverF overSr over CIClover

total halidesCI
BrFCIBr

Median

3986359203100524004730034614223-1.5 1
Range

226-332580032007700- 28-82-37-19
to

totototototototo
13479

2H23642900216700299600409656766030

*Goldherg et a{."

seaweed to seawater concentration ratio (Table 3), it
can be stated that the relative net uptake rates of ha
logens tentatively follow their CF patterns I > F >
Br > Cl.

Distribution of clements in marine environment
reveals an inverse relation between bioaccumula

tion (CF) of elements in seaweeds with their T in

seawaterlS. In the present investigation the observed
values (Fig. I) of a (intercept), b (slope), Y (correla
tion coefficient) are in agreement with those of the
Japanese seaweedsch.

The inverse relationship between CF and TOftwo

similar elements, verified in the present study by

DPEF concept, shows preferential accumulation of
lower T element over higher T clement.

Why the seaweeds should preferentially accumul
ate Kover Na and Ca over Mg proportionally from
the ambient medium in which Na and Mg are domi
nant ingredients than K and Ca respectively, is not
known, even though the physiological significance
of these elements is well established27• However, it
can be assumed that the selective accumulation of K

over Na and Ca over Mg is due to the difference in
the geochemical reactivities between 2 similar cle
ments.

The concept of DPEF bctween :2 similar ele
ments, X relative to Y. has bccn used to explain the

r(y)*

6.8 x 10"

7 x IOh

I X IOh

1.2 X lO'

1 x lO'

1 x 10'

5.2 x I()'

4 x 10'

Table 3-Concentration factors, CF (median values) of
cationic and anionic elements and oceanic residence

time (T) of elements
CF

1.62
5H.92
34.33
10.26
1.37
4.84
6.77

2450

Element

Na

K

Ca

Mg
CI
Br
F
I
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Fig. I-Relationship between con'centration factor (median va
lues) and oceanic residence time of elements in seaweeds

lower percentage concentration of K than Na in
seawater compared to river water16• It explains that
between Na and K, the element K is geochemically
more reactive (low r) and changes more quickly
than Na (higher r) from dissolved to particulate
phase, as a consequence of which it leaves the seaw
ater system as sediment. So, it can be presumed that
K and Ca, the geochemically more reactive ele
ments, have a better chance to enter the biological
system than Na and Mg, the geochemically less
reactive elements.

DPEF values (Table 2) reflect the percentage
abundance of Kover Na (3986) and Ca over Mg
(359) in seaweeds against their percentage enrich
ment over the seawater concentration. DPEF of K

(lower r) relative to Na (higher r) and of Ca (lower r)
relative to Mg (higher r) shows a wide extent of posi
tive values (except for the latter pair of elements in
few samples, not shown in Tables). Therefore, it can
be inferred that K and Ca are geochemically more
reactive and they change faster than Na and Mg re
spectively from dissolved phase in seawater to parti
culate/biological phase in seaweeds, thus maintain
ing their preferential accumulation, proportionally
in seaweed tissue. Similarly I, enters biological sys
tem quicker than F, Br and CI; F faster than Br and
0; and Br faster than CI according to their geo
chemical reactivity i.e. the accumulation of lower r
clements over the high r elements. Thus, on the ba
sis of DPEF calculations of individual halogens in
seaweeds in relation to other halogens it is con·

a (Intercept = 6.92 b (Slope) = -0.83

Y (Correlation coefficient) = -0.90

eluded that the relative uptake or bioaccumtilation
pattern of halogens would follow the sequence I >
F > Br > Cl.
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