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ABSTRACT

The loss of mercury added extrancously as an inorganic source to the algal cultures {fsochrysis sp.) and
to the scawater containing i situ phytoplankton populations off Cochin was determined quantitatively.
Such loss of mercury was attributed to uptake as well as volatilisation of mercury (FHg®) by the activity
of phytoplankton and micro - organisms. The rate of removal of mercury in the culture system was 54%

per day and that by in situ phytoplankion was 38%.

Mercury gained its importance as a
major hazardous pollutant since the Mina-
mata Bay incident. Mercury is known to get
transformed through biological or nonbiol-
ogical means into toxic organic forms like
methyl and dimethy! mercury (Brinckman
and Iverson, 1975; Wood, 1974) or into vola-
tile forms. Volatilization of mercury involves
formation of Hg®, which is less toxic than the
other forms of mercury, a process termed as
detoxification (Fenchel and Blackburn, 1979),
Mercury resistant micro - organisms isolated
from various environments have been found
to transform mercury compounds into cle-
mental (Hg®) mercury (Magos et al., 1964;
Wood, 1974). Volatilization of organic and
inorganic forms of mercury mediated by
bacteria has been extensively reported (Bhat-
tacharya and Mandal, 1989; Nakamura ¢t al.,
1988; Nakamura, 1989; Nelson et al., 1973;
Sprangler et al., 1973; Summers and Lewis,
1973). Effect of mercury on the phytoplank-
ton has been exhaustively studied (Davics,
1978; Nuzzy, 1972). Algae (Ben-Bassat and
Mayer, 1975) and Dunaliella tertiolecta (Betz,
1977} are also known to volatilize mercury.

Here we report volatilization of inor-

ganic mercury by (1) axenic culture of Isochry-
sis galbana Parke, a unicellular marine micro-
alga and (2) in situ population of phytoplank-
ton and micro - organisms in the natural sca
water.

Purc culture of Isochrysis galbana Parke
was maintained in filtered sca water (through
GF/C glass fibre filter, 045 pm pore size),
supplemented with Miquells solution (Sol. A
:20.2 g KNO, in 100 mi distilled water and
Sol. B: 4 g CaCl,, 2 g FeCl,, 4 g NaHPO,, 2 ml
conc. HC1 in 100 ml distilled water; 0.55 ml
and 0.5 ml cach of solutions A and B respec-
tively were added to onc litre sca water) and
10 ug/1 cach of Biotin and Vitamin B-12. The
pH was adjusted to 7.8 and salinity to 32-33
ppt. The culture was grown under 15,000 hux
12/12 light/dark regime at 30°C (Joseph,
1983). Growth of the culture was recorded by
hacmocytometer. Leg, of mereury for Isochry-
sis galbana Parke was 25 ppb (Kaladharan ¢!
al., 1989). For volatilization experiments, to
a log phase culture of one litre of the alga, a
sublethal dose of 20 pg of mercury in the form
of HgCl, was added (Stock sol. of HgCl, :
0.1354 g in 100 ml distilled water = 1 mg/ml
of Hg; working sol. : 1 ml of stock solution
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diluted to 100 ml = 10 pg/ml of Hg). The
culture was continuously acrated by blowing
mercury free air obtained by passing through
a 5% KMnOQ, sol. The rate of volatilization of
mercury was measured by estimating the
amount of mercury remaining in the whole
medium and the culture supernatant {ob-
tained by centrifugation at 11,000 g at 4°C for
10 min} at periodic intervals upto 48 hr. The
difference of Hg concentration in the whole
culture and the culture supernatant was
attributed to uptake (bicaccumulation) by the
cells of the alga.

The rate of volatilization of mercury
was measured in the sea water collected from
off Cochin, in the Arabian Sea. To a 201 tank
of sea water, mercuric chloride solution was
added to get a concentration of 20 pg/1 of
moercury.  The system was kept aerated
continuously with mercury free air. A similar
experiment with filtered (GF/C glass fibre
filter, 0.45 pm pore size) sea water was also
set up. The volatilization of mercury was
measured by estimating mercury remaining
in the sea water at periodic intervals. Extrac-
tion of mercury was done by digesting 25 ml
each of whole culture of the alga and its
culture supernatant and 50 ml of sea water.
Mercury content was analysed by cold va-
pour atomic absorption spectrophotometry
(Hatch and Ott, 1968). The recovery of
mercury extraction was 84 per cent.

At the time of addition of mercuric
chloride solution to the culture, the cell count
was 3.8X 10/ mland at48 hr,2X 10*/ml. The
volatilization experiments revealed that the
amount of mercury both in the culture super-
natant as well as in the whole culture de-
creased rapidly during the initial hours (Fig.
1), and at the same time the amount of
mercury bound (bioaccumulated) by the cells
of the microalga (as measured by difference
in the mercury concentration in the whole
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culture and the culture supernatant} during
the initial hours was also high (Fig. 2). After

. the eighth hour, the amount of mercury

removed from the culture broth was slow,
and it reached a minimum of 1 ug/1in 48 hrs,
The amount of mercury bound (bioaccumu-
lated ) by the cells of the alga also sharply
decreased from 0.12 ng/cell in the second hr
t00.05 ng/ccll at48 hrs. Itisalsoinferred that
the amount of mercury taken up by the cells
of Isochrysis galbana Parke is directly propor-
tional to theamount of mercury present in the
culture broth which follows the monomol-
ecular curve (Von Slykes, 1942).

The loss of mercury from the filtered
sca water accounted to 39% and 82.7% at 24
and 48 hrs respectively, though at a slower
rate than the pure culture of Isochrysis galbana
Parke. The rate of volatilization of mercury
from the sca water was relatively slower than
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Fig. 1. Removal of mercury from sea water, filtered sca
water, whole culture and culture supernatant.



in the algal culture system (Fig. 1), though
more than 80% of the metal was eliminated in
48 hrs. This observation is obviously due to
small numbers of phytoplankton and micro -
organisms resistant to mercury, endowed
with the enzymes capable of volatilizing
mercury in the natural seca water. Loss of
mercury from the filtered sca water, which is
devoid of phytoplankton and to some extent,
bacteria, can be attributed to aeration. This
phenomenon has been observed earlier (Betz,
1977). Hence, aeration, augmented with
microalgae like Isochrysis galbana Parke and
other bacteria viz., Pseudomonas, Vibrio,
Moroxella, Flavobacterium, Bacillus, Micrococ-
cus etc., (Nakamura, 1989) with capacity to
volatilise mercury will be of immence impor-
tance in the aquatic environments to reduce
mercury pollution in a short duration.
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Fig.2. Amount of mercury bound by the cells of Isochrysis
galbana Parke in 11 culture.
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