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Abstract: The present study was carried out the growth of Amphora coffearformis found to be influenced by
the heavy metals Copper and Cadmium. The effects of heavy metals on this diatom have measured by the
growth and biochemical compositions. Growth was measured in terms of chlorophyll contents and it was
increased (0.2, 0.5, 1, 2, 5 and 10ppm).The heavy metals drastically reduced the carbohydrate and protein
content from (0.2 to 10ppm). The Amino Acid and lipid content were also decreased except at low
concentrations (0.5 and1ppm). Diatoms posses highly metal absorption capacity and high multiplication rate.
This character encouraged the application of this microbial biomass in detoxification of effluents. These diatoms
in the water polluted environment will solve metal toxicity problem in aquatic ecosystem. Present study
indicated that, high concentration of heavy metals Copper and Cadmium could affect the A. coffearformis by
reducing its growth and biochemical compositions. Further research on this organism with different heavy
metals is needed to consider and use this organism as an indicator of heavy metal pollution.
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INTRODUCTION Diatoms one of the unicellular algae which have main

Recently marine biological research has emergent greens and some other phytoflagellates. Diatoms occupy
deals with environmental pollution and monitoring both different types Viz., pelagic, benthic and surface of living
marine plants and animals. In heavy metal polluted waters, and non- living substrates. Diatoms are essential members
diatoms play an important role as biosorbents influencing of the phytoplankton communities in the marine and fresh
metal concentration and metal speciation [1] they are of water environment and very often form a dominant
increasing concern as pollutant of marine and especially component of macro and micro plankton [7]. These heavy
coastal environments. Heavy metal pollution of the metals are toxic to many of the microorganisms include
natural environment consistently increase due to release algae which formula iniquitous component of the
of various metal ions by the industrial wastes, agriculture biosphere. Diatoms are sometimes exposed to the
runoff; sedimentation  of  rocks  and  mining activities. environmental pollution to which they are highly
The metallic elements that can be present in the effluent susceptible. However, the selection of culture medium is
at measurable concentration as a result of corrosion of often a difficult step since most of the media routinely
materials of construction are copper, chromium, iron, used contain creators and absorbents such as phosphate,
nickel and zinc. All these metal ions are accumulative in citrate, silicate and irons, which can bind heavy metal ion
nature and are toxic at elevated concentrations [2]. being tested rendering it less toxic [8]. Recently, algal
However, in the case of Cu deserves special attention bioassays using unenriched seawater for  a  shorter
because of its relatively higher concentration in the brine period of time are recommended to overcome this problem
and toxic property at significantly lower levels compared [9, 10]. This communication details the results of field
to other heavy metals under considerations [3-6]. observations  and  laboratory  studies  on impact of toxic

components being the diatoms are dinoflagellates, blue
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heavy metals present in the selected species of diatom. particles which interfere while making permanent slides, a
Hence, in the present study find out an attempt to study new method of density gradient centrifugation was
the effect of Copper and Cadmium on the growth and attempted in which 95% of the cladistic particles were
biochemical composition of the marine diatoms A. removed. 5-8 ml of 100% glycerol (BDH-make) was taken
coffeaeformis. in a clean centrifuge tube and the cleaned sample stored

MATERIALS AND METHODS above the glycerol. The cleaned diatoms were also

Physiographic of the Study Area: The site selected for following the procedure [12]. Toxicity assays of Cu and
the present  investigation is Nagappattinam coast Cd were conducted using a mixed culture of diatoms.
(Lat.10° 49’N, Long 79°43’E) which is located 320 km Algal cultures were maintained in unenriched seawater
south of Chennai. The study area is situated on the east except in the case of Cu. All the toxicity tests were carried
coast of India which is present in the deltaic region of the out in duplicates and the results were compared with
Cauvery river. respective controls. Optical density was measured at 450

Isolation of Diatom: Sediment samples were collected from estimated at the beginning of the experiment and
the intertidal area of Nagappattinam coast during low tide subsequently at 3 days interval. Carbohydrates in the
time and were transferred to the laboratory for the cultures were measured adopting the phenol-sulphuric
isolation of A. coffeaformis as following method. In brief acid method. An aliquot of the sample was treated with 2
the collected diatoms were diluted twice with filtered ml of phenol reagent followed by 10 ml of sulphuric acid
seawater. From that, 1 ml was transferred to an S-R reagent. The mixture was allowed to cool by keeping for
Counting chamber. A single diatom cell was picked up 1h under room temperature and optical density was
from the Petri dish by using micropipette under an measured at 490nm. A suitable volume of culture was
inverted microscope (Olympus IX71). The single cell was filtered through what man GF/C filter paper under mild
transferred to a test tube containing 10 ml of culture media vacuum. The filter paper with collected diatoms was
for culturing and sub-cultured species was transferred extracted with 90% acetone in cold, dark conditions for
into  a  conical flask containing 100ml of F/2 medium [11]. 20hours.The extract was centrifuged and supernatant

Mass Culture of Diatom: F/2 medium was used for the sensitivity flurometer. Concentration of chlorophyll a was
mass culture of A. coffeaeformis in 5l conical flask under calculated applying the door factor derived using
uniform culture conditions. Then it was centrifuged at
1500 rpm for 10 minutes and the aqueous phase was
separated. The precipitated cells were washed with sterile
sea water and they were used for the heavy metal
analysis.

Diatom-Cleaning: 5 ml of diatom rich sample was taken in
a centrifuge tube and it was washed to distilled water.
Sample was centrifuged at 1500 rpm for 5 minutes and the
resultant supernatant containing the formalin vapor was
discarded. Again it was centrifuged with distilled water to
remove further traces of formalin vapor. To the pellet in
the centrifuge tube 10ml of 80% acetone was added to
remove the pigments from the cells and centrifuged at
1500 rpm for 5 minutes and the supernatant was
discarded. Then 5 ml of 30W/V hydrogen peroxide was
added to oxidize the organic materials present within the
diatoms frustules. A few crystals of potassium dichromate
were also added. To remove any inorganic cladistic

in 70% alcohol is slowly added to it which forms a layer

maintained in 70% alcohol to make permanent slides by

nm. Carbohydrate and chlorophyll a content was

used for fluorescence measurement in a Turner M10 high

chlorophyll standard method [13].
Stock solution of the heavy metal cadmium was

prepared in sterile media (Guillard f/2 medium) from which
different concentration of cadmium were prepared viz, 0.2,
0.5, 1, 2, 5 and 10ppm respectively. The test organism
treated with different concentrations of copper and
cadmium was observed under microscope and was taken
to record the morphological characteristics including
abnormalities. All the data were employed for the study
by using the statistical package of SPSS 11.5.

RESULTS AND DISCUSSION

Effect of the different concentrations of Copper and
Cadmium on the growth and biochemical composition
(Carbohydrate,   Protein,   Amino   Acid   and   Lipid)   in
A.  coffeaeformis  was  significantly  varied.  Growth  of
the  Chlorophyll  a  in  all  the  studied  concentrations
(0.2, 0.5, 1.0, 2.0, 5.0, 10 ppm and control) and it showed in
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Fig. 1: Effect of different concentrations of Copper on the different concentration of cadmium on the growth and
growth and biochemical composition biochemical composition (carbohydrate, protein, amino
(Carbohydrate, Protein, Amino acid and Lipid) in acid and lipid) of A. coffeaeformis are presented. Growth
A. coffeaeformis was measured in terms of Chlorophyll a in all the

control the growth was maximum up to 21 days of (Fig- 2a). Growth was inhibited right from the initial
inoculation followed by a lag phase up to 15 days and concentration of 0.2 ppm to then maximum concentration
then  there  was   decrease   in   growth   till   the  end of of 10 ppm tested in the present study. Carbohydrate
the  experimental  period  (Fig. 1a).  In  other treatments content, there were gradual reduction from 0.2 to 10 ppm
(0.2, 0.5, 1, 2, 5 and 10ppm) there was a lag phase of 3 days and the maximum reduction (398 µg ml ) as compared to
followed by an increase in the growth up to 15 days and control was noticed 10 ppm (Fig-2b). With there were no
stable refuse up to 21  day. Maximum growth was protein, amino acid and lipid contents there was nost

observed in control on the 12 day; whereas maximum regularity. Maximum reductions of protein were noticed atth

reduction to growth was notice in 10-ppm concentration. 5 ppm and 10 ppm as compared to control (Fig-2c).
Chlorophyll content in diatoms showed a wide range of Whereas the amino acid content (60 µg ml ) and the lipid
response to composition of culture medium and the heavy levels (150 and 155 µg ml ) were more at 0.5 and 1 ppm
metals. Overall growth values calculated on the basis of concentration respectively (Fig-2d,e).

chlorophyll contents (initial chlorophyll a final
chlorophyll a).The levels of pigments were analyzed in
response to these heavy metals at various concentrations
at every 3days intervals for a period of 21 days. In control,
the amount of chlorophyll a of A. coffeaeformis was
5.05µgml  after the growth. This increased to µgml1 1

after 25 days of growth. There was a gradual reduction in
the level of chlorophyll a with increase in the
concentration of copper.

Morphological changes were also observed in heavy
metal treated cultures of A. coffeaeformis. The filaments
were  found  to  be  less  branching  with very few in all
the  concentration presence of many small vacuoles
within  the  cells  was  noticed  in the present study. At
10-ppm concentrations the algae was bleached partially
and  Proximate  composition  (carbohydrate, protein,
amino acid and lipid) of A. coffeaeformis at different
concentration of copper (Figs. 1a, b, c, d and e). There
was a gradual reduction in the level of carbohydrate
content in 0.2, 1, 2, 5 and 10 ppm and slight increase as
compared to control was notice 0.5 ppm. There was a
greater  reduction  in the level of protein (200µg ml ) at1

the  highest  concentration  of 10ppm on the 15  day.th

With regard to the amino acid content there was no
regularity  but  maximum reduction (36µg ml ) was1

noticed at 10ppm as compared to control. Similar to the
trend seen in the protein level, increase in copper
concentration decreased the amino acid level of the test
algae.  Maximum  reduction of lipid content was noticed
at the highest concentration of 10ppm whereas lipid
content  was  more  (130 and 180µg ml ) at 0.2 and1

0.5ppm concentrations respectively. The effect of

concentrations  (0.2,  0.5,  1,  2, 5, 10 ppm and control)

1

1

1
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Fig. 2: The effect of the different concentration of ppm [15]. This reduction was suggested to be due to the
Cadmium on the growth and biochemical blocking of toxic groups by heavy metal ions. Cymbella
composition (Carbohydrate, Protein, Amino acid austrica, Eunutia arcus, E. pectinata, Anomoensis
and Lipid) of A. coffeaeformis. serians and Tabelaria flocculosa are very sensitive

Growth of A. coffeaeformis was found to be heavy metal stress on primary productivity [20]. This may
influenced by heavy metals copper and cadmium. Heavy be of particular concern in water may discharge metal
metals are inhibited the growth of the diatom right from toxicants into the aquatic environment. Fragilaria
the initial concentration from 0.02 ppm to highest intermedia and Synedra ulna are most resistant to heavy
concentration (10 ppm). The diatom algae as promontory metal pollution. Effect of copper and cadmium on the
because of the unique feature of bioaccumulation of amino acid content of the test alga was decreased
heavy metals their internal compartments by tens of concentrations. Similar findings were reported [21] who
thousands times through various Physico-ecological showed that free amino acid content decrease
process. The results on growth revealed that both Copper significantly with the increasing concentration of mercury
and cadmium earlier had inhibitory effect on A. contaminated soil.

coffeaeformis concentrated tested. The growth was
noticed on day onwards up to 21  day followed by hiddenst

decline afterwards. Similar findings were reported and
treated with Nickel [14] It was reported and exposed to 2.0
µ/ml of chromium [15]. It was suggested that the metals
might cause disruption of hyracoid membrane resulting in
the decrease of chlorophyll pigments[16].

It is further evident from the morphological
observation that cells of A. coffeaeformis treated with
copper and cadmium. This is in agreements with the report
[17] who observed that small rounded translucent bodies
in a marine diatom Nitzschia obtuse var. scalpelliformis
and this was attributed to the synthesis or accumulation
of some metabolic products as results of stress. Toxic
effect of Cu on diatoms is largely affected by the
composition of culture medium. The growth inhibitory
effect of chlorophyll content is substantially more
pronounced in unenriched seawater than in f/2 medium.
The absolute value of biomass in all the Cu (f/2 medium)
culture groups are many times above that of Cu groups,
toxic effect computed in terms of respective controls
confirms growth inhibitory action of copper at all the
concentrations tested. It is obvious that the presence of
nutrients supplement in f/2 medium resulted in very
significant amelioration of Cu toxicity. Copper and
Cadmium showed maximum inhibition of the total
carbohydrate content at low concentration of 0.5 ppm
except where it showed an increase. It was reported the
increase of carbohydrate in low concentration but
significantly reduced in by increasing herbicide
concentration, which contain heavy metals like copper as
an ingredient [18]. The protein content was decreased
with increased concentration of Cu and Cd from 0.2 to 10

heavy metal concentration [19], the potential effect of
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In both heavy metals, the lipid contents were 3. Mandelli, E.F., 1969. The inhibitory effects of copper
decrease at higher concentration but increased on marine phytoplankton. Mar. Sci., 14: 47-57.
production of lipid content was noticed at lowest 4. Erickson, S.J., 1972. Toxicity of copper to
concentrations.  Similar  increase has  also been reported Thalassiosira psudonana in unenriched inshore
in algae under drought and pollution stress [22]. It was seawater. J. Phycol., 8(4): 318-323.
reported that the most polluted sediment layers heavy 5. Sunda, W. and R.R.L. Guillard, 1976. The relationship
metal accumulation was too little to be related to the between cupric ion activity and the toxicity of copper
toxicity of these layers [23]. It was noted that the to phytoplankton. J. Mar. Res., 34: 511-529.
phosphorus and heavy metal (Cd, Cu, Ni and Pb) 6. Doucent, C.M. and E.J. Maly, 1990. Effect of copper
concentrations, accompanied by a rapid increase in on the interaction between the predator Didinium
diatom species indicative of eutrophication and a decline nastutum and its prey Paramecium caudatum. Can.
in a diatom species diversity[24]. Thalassiosira sp. was J. Fish. Aquat. Sci., 47: 1122-1129.
used as bioindicator to test the toxicity of digested sludge 7. Fogg,  G.E.,  N.G.  Carr  and  B.A.  Whitton,  1982.
samples. Nutrients levels do not appear to be causative The Biology of Cyanobacteria. Blackwell Science,
but heavy concentration have increased and reached Oxford, pp. 491-514.
values substantially above back and level [25]. 8. Stauber, J.L. and T.M. Florence, 1989. The effect of
Organizations tolerant of heavy metals, including several culture medium on metal toxicity to the marine diatom
diatoms and desmids species have either disappeared or Nitzschia closterium and the freshwater green alga
become extremely rare. Other more tolerant forms several Chlorella pyrenoidosa. Water. Res., 23: 907-911.
diatom species Navicula cryptocephala, Synedra acus, 9. Stauber, J.L. and T.M. Florence, 1986. Reversibility of
S. ulna, Cyclotella bodanica and C. glomerata have copper-thiol binding in Nitzschia clostetium and
increase accompanied by a decrease in species diversity Chlorella pyrenoidosa. Aquat. Toxic., 8(4): 223-229.
and species number [26]. 10. Stauber, J.L. and T.M. Florence, 1987. Mechanism of

CONCLUSION algae. Mar. Biol., 94(4): 511-519.

The present investigation concluded that, the feeding marine   invertebrates.   In   W.L.  Smith,
diatoms posses' high metal absorption capacity and M.H. Chantey (Eds.), Culture of Marine Invertebrate
heavy high multiplication rate. Such characters have Animals. Plenum Publishers, New York, pp: 29-60.
encouraged the application of this microbial biomass in 12. Parkinson, J. and R. Gorden, 1999. Beyond micro
detoxification of effluents. These diatoms must be matching: the potential of diatoms. Trends
identified from the laboratory as well as in the water Biotechnol., 17: 190-196.
polluted environment will solve metal toxicity problem in 13. Strickland,    J.D.H.     and      T.R.    Parsons,  1972.
aquatic ecosystem. A practical handbook for seawater analysis.
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