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FREFACE

The extraction and use of metals has been the mainstay
for the sustained development and progress of a nation, Metals,
though fairly stable in the natural enviromnient are found in
trace quantities in water bodies, Attention has therefore
been focussed to identify the metals that impair the water
quality., In the last few decades the concern about the fate
of these metals in the aquatic system has been gaining
momentum, particularly in the industrial belts, The disasters
caused by metal poisoning in receut times have prompted an
indepth study of the irteraction of metals with aquatic biota,
Kerala, basically an agriculture orlented state has witnessed
the upsurgence of various industries as a part of the nation-
wide economic development programme, Cochin has been identified

as the industrial capital of the state,

We are unaware of the subtle and pervasive destructive
effects of the metals as pollutants on the aquatic biota when

their levels in water are not high enough to cause direct

toxicity.

Phytoplankton, as a distinct group of the aquatic biota,
form the basis of tood chain, They &are regarded as a homo-
geneous entity, which is a useful adcption in many investigations.
Neverthless, phytoplankton consists of a heterogenecus
collection of organisms, The problems posed by their dist-
ribution and succession are of economic importance, since

qualitative differences may have effects on the higher trophic



levels of the food chain, In natural waters, nutrient
requirement varies with species resulting in their succe-
ssion and is the basis of the productivity of the aquatic
ecosystem, When the ecosystem is prolluted the succession
cycle is disrupted causing the disappearance of heterogenity
leading to the imbalance in food web. The surviving resiss

tant species may cause further ecological damage,

Attempts have been made by several scientists to inves-
tigate the effect of metals on the phytoplankton in cultures
and in controlled ecosystem experiments, The results of
experiments obtained under the labo:ratory conditions can not
be directly attributed to the natural populations, But until
our understanding of the natural ecosystem is complete, the
predictions of the effect of any pollutant can be made only
by synthesizing and co-relating the results of investigations

carried out under varying laboratory conditions,

while there are wnpteen number of reports regarding the
effect of metals on the growth of phytoplankton, the informa-
tion of their effect on the photosynthetic end products is

fragmentary.

The present study is an attempt towards a better under-
standing of the metal-phytoplankton interactions with special

reference to the physiological changes in the species,
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INTRODUCTTION

The climate and topogriaphy of Kerala promote
luxurient vegetation, The prevailing monsoon rains
provide ideal conditions conducive to the uninterrupted
agricultural operations, The short but fast flowing
rivers empty their contents into the extensive back water
gsystem., Any change in the water quality at a point in the
upstream therefore is likely to affect the entire lower-
stream within a short time, The availability of good
quality water has encouraged the establishment of multi-
farious industrial complexes on or near the banks of
rivers, as a part of the nationwide economic development
programme in recent decades, Cochin with its fertilizer,
insecticide, metallurgical, oll refining, rare earth
processing, rayon and pulp manufacturing and several other
industrial concerns has been identified as the industrial
caplital of the State., The by-products, generated by these
industrial complexes together with the effluents discharged
into the opem streams, cause environmental degradation,
particularly in watasr bodies, upsetting or disrupting the
natural balance, The quality, quantity and nature of by-

products and effluents vary with the type of industry.

Since industrial revolution, the efforts of

removing pollutants from natural environment have not



been able to keep pace with the increasing amount of
waste materials produced and added to the system. The
increase in human population has aggravated the situation
still further, Nevertheless, the growing concern for
better environmental quality in recent times 1s to be
regarded as/Fedeeming feature,

The water bodies are considered as a resource
for developmental activities as well as acceptors for the
wastes generated, The capacity of these water bodies and
sediments below them , to accommodate the wastes must be
continually assessed inorder to find out ways and means
to maintain as well as to improve both environmental
quality and industrial development.

The ma jor reason for the particular sensitivity
of aquatic systems to pollution influences lies in the
structure of their food chains (stumm 1976, 1977), Compared
to the terrestrial systems, the relatively small biomass
in aquatic environment generally occurs in a greater
variety of trophic levels to facilitate enhanced accu-~
mulation, The quality of inland water bodies, which act
as receipients of toxic wastes and effluents are thus
advergely affected, Experts estimate that industrial and
domestic wagtes introduce about million different pollu-

tants into natural waters (Forstner and Wittmann 1979).



Pollution is mainly caused by excessive plant
nutrients as well as by sparingly degradable synthetic
chemicals entering the aquatic environment through diffe-
rent sources. Forstner and Wittmann (1979), have identified
metals as the largest group of chemical pollutants. Accor-~
ding to Wood (1947), metals causing environmental pollu-
tion fall under three categories. Non-critical, toxic
but very rare, relatively accessable and very toxic,
Mercury, cadmium, lead, copper and zinc, the metals chosen
for the present study come under the last category.

The water bodies in the industrial belt of
Kerala receive these metals in various combinations through
the by-products as well as through the effluent discharge
from chloralkali plant (cadmiggrrgzéc and lead), insec-
ticides and inorganic chemical industries (m2rcury, lead, -
zinc and copper), Metallurgical industry (zinc, lead,
cadmium and copper), 01l refinery (lead) Rock phosphate
and phosphatic fertilizers (cadmium), pulp for rayon and
paper industry (mercury), Textile dyeing and several small
scale industries (zinc, copper, mercury, lead, cadmium,
cromium and others),

Urban storm water run off has long be=en
recognised as a major source of pollutants to surface
waters (Bradford, 1977) as the concentration of lesad, =zinc

and copper increase after storm event'(whipple et al., 1977).



All these metals have profound influence on
the physiology of phytoplankton, the primary producers,
in aquatic food chain and therefore affect the water
quality. Hence the study of the effects of these toxi-
cants on different phytoplanktonic organisms is imperative,
As a prelude to this, an indepth study of the changes
produced in the physiology and biochemical composition,
by these metals individually and in combination, on the
two selected algal species, S. bijugatus and N, palea
was undertaken under laboratory conditions.

Preliminary experiments were carried to deter-
mine the effective range of metals producing meesurable
changes in the selected species grown in matural waters
under laboratory conditions, since the change is dependent
on background load of metal in the species selected as well
as other variables in the medium,

Various parameters such as temperature, salinity,
pH, nutrients, number of cells, photosynthetic pigments,
carbohydrates, protein and lipid were studied to highlight

the complexity of metal . phytoplankton interaction,

The results, analysed statistically indicated that
different metals produced harmful effects which varied with
organisms, concentration of metals and their combination.s.
The results also showed the antagonistic as well as syner-

gistic action of metals in certain combinations,
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Materials and lMethods

The present work was carried out with

pure cultures of Scenedesmus bijugatus (green

alga) isolated from a small river connecting
Chitrapuzha and Cochin Back water which receives
effluents from sewage treatment nlant at Elankulam

and tiitzschia nalea (Diatom) isnlated from Cochin

Back water,

The former species was maintained in the
vater collected from the river at the noint where
e effluent 1s discharged. ‘he water was filtered
through hatman o, 4 filter paner and sterilized,
The algae was grown in the sterili-ed water without
any addition of EDTA, Vitamines or nutrients, as the
growth of this species, in tle absence of above

was found satisfactory. litzschia nalea was

maintained in filtered and sterilized water having

a salinity of 15°/,, - 17°/,, . The vater frowm
Cochin Back waters was collected when the salinity
was in the above range, To this medium apnropr-
iate amount of nutrients were added as mner Ketchum
and Redfield (1938). Since diatems have an absolute

necessity of silicon, 70mg of Sodium metasilicate/1



was added to the medium and shaken well till
dissolved.

It is well documented that addition of
chelating agents like EDTA to culture medium binds
the metals in solution to a large extent. Hence
the experiments were conducted wlthout adding EDTA
or other chelating agents.

Axenic cultures of the selected algae
were obtained using standard phycological methods.
The media and the inocula were tested by standard
plate count mentod for bacteria at regqular intervals.
The cultures were exposed to a light intensity of
17 x 1015 Quanta/sz/Sec. with 10 - 14 hrs light
dark regime,

Stock solutions of mercuric chloride,
cadmium nitrate, lead nitrate, copper sulphate, zinc
sulphate and ferric chloride were prevared afresh
every month to eliminate any substantial difference
in storage in the metal concentration. The stock
solutions were diluted orior to addition to the
medium to give the desired concentrations of the
metals,

Experiments were carried out in 21 boro-
silicate glass culture flasks, each with 1 1 medium,
Known quantity of metal solutions were added to the

medium just before inoculation. Hutrients were also



added wherever necessary just before inoculation,
Algal cells in exoonential growth phase were used
for inoculation, Initial cell numbers varied

between 21200 - 36000 cells/ml for Scenedesmus

bijugatus and between 13200 - 64200 cells/ml for

Nitzschia palea. All observations were made during

the exvonential growth ovhase, which was 12 days for

Scenedesmus bijugatus and 10 days for Nitzschia nalea,

The mean of 25 observations contributed control
values for all the parameters studied., The effect
of the selected metals in different concentrations was
studied in triplicate and the mean values were
compared with those of control.

Preliminary experiments to determine the
effective range of metals and their combinations for
each organism were carried out. The criterion for
the above was mainly'number of cells present.

Visual changes like yellowish or rale colour of
culture and clumoving of cells were also considered
when observed as these changes indicated abnormal
growth.

The objective of the present study was
mainly the investigation of the changes in
physiology and biochemical composition nf the algae

in presence of the metal ions as they caused "stress"



on the algae. Hence the lourst effective sublethal
range of metal concentrations ware the choice for
present investigation.

211 experiments were carried out in
trinlicate, Only analvtical grade chemicals were
used, Care was taken to minimise metal contamina-
tion,

Ob«ervations on temnerature, DH, cell
numbers, nroduction, respiratisn ond »igwents were
made on alternate days, starting from second day
after inoculation. Carbohydrates and nroteins were
estimated every other day from fourth day onwards,
Salinity, nhosnhate and nitrate were ~stimated both
at the beginning and end of the experiments., The
linids were estimated on the last day. All obser -
vations were made afler exposure of the culture to
light for about three hours.

The ambient temperature was 27.5 + 1,5°C
throughout the period of experimentation.

pH was measured by a digital pH meter
(Model 1400 of Industrial electronics corporation).

Chlorinity was estimiated using Knudsen's

method and salinity was read from the computed tables,



Number of ¢ells were counted using a
haemocytometer, Dense cultures were diluted before
counting and actual number computed.

Gaarder and Gran's (1927) method was
adopted for determining the rates of nroduction
and resviration. Modified winkler (azide) wmethod
was used to cover interference by nitrate and
permanganate method,by iron, Oxygen values were
converted into Carban equivalents apnlying a P) of
1.25 and expressed as mgC/l/hr. The oebtained values
for nroduction were raised by 101 and those of

respiration by 102 for grarhic mresentation.

Known volume of algal culture was
filtered through GF/C (0,45um pore sizek One
drop of magnesium carbonate suspnension was added
before filtration to prevent dejradation of pigments
The pigments were then extractel with 90% acetone
and 0.D, measured spectroohotomatrically (Spectronic
21 UV-D). Equations of Lorenzen (1967) for chloro-
phyll a and nheophytin, jeffrey and Humohrey

(1975) for Chl.b and C (c,;+c,) and strickland and
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Parsans (1968) for carotenoids, after correcting for
turbidity as required, were emnloved to quantify the
pigments. Concentration of nigments was expressed

as ug/lO6 cells. The values obtained for S. bijugatus

1 for

were rais=d by 107 and those of (1, palea by 10
granhic representation., Carbohydrates were estimated
as total free sugars using Sulphnric acid - Anthrone
nethod (Roe, 1955). Samnles wers centrifuged, weigh-
ed, freezedried and ~xtractmd with 2 )l of 80%
ethanol. 10 ml of the anthirone reagent was added to

1 1 of the extract and ths mixture was heated in a
walter bath for 10 - 15 min and ¢o21=2d in dark at
roomn temperature for 39 minutes Th~ oplical density
was medasured at 620 nm., The conc=ntration of sugars
was read from standard granh obtalned u=ing glucose
in benzoic acid.

In the case of 'litzachia nmalea, the carbo-

hydraetes were fractioned and the analycis was carried
out in 3 steps. The centrifuged, weighed, freezedried
sample was first extracted with 0.1 W sulnhuric acid
and andalysed as stated anove to measure the acid
soluble fraction, The residue .at the second step was
treated with 0,1 N WAOH to extract alkalil soluble
polysaccharide fraction which was analysed, The

optical density of both these fractions was read
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fmediately after extraction and treatment. st the
third sten the insoluble residue was l=ft in 90%
sulphuric acid overnight to dissolve all the remain-
ing carbohydrates and the optical density was
determined after apnropriate treatment to estimate
the insoluble carbohydrate fracticn,

Proteins were sstimdted using biuret
method (Gorpall et al., 1949), Secaples cellected by
centrifugation were werlghed, frerczedried and were
washed with 80% ethanol to denrotenize as well as to
remove the nijment, Two ml of 1 I 1204 was added
to the washed residue to extract nroteins, To the
extract 8 ml of freshly precared binret reagent was
added and optical density measured at 540 nm.
Concentration of protein was computed from standard
gravh obtainsd using Bovine Serum 3lbumin.

When the biuret method (which measures
proteins by binding to their Carbamyl group) was

employed most of the treated samvles of S, bijugatus

gave higher values when comndred with that of control,
inspite of low oroduction. Hence the "Heated Biuret-
Folin assay" method (Dorsey =t al., 1978) was
employed to measure total protein on the basis of

nitrogen at the end of the growth ohase., 1In the
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case of Witzschia pilea only the latter method was

employed.

Samvles were concentrated by centrifuga-
tion, washed with double distilled water and stored
at 4°C for one week. To each samnle 5 ml of freshly
prepared biuret reagent was added ind heated to 100°C
for 100 minutes in water bath and to this hot solution
0.5 ml of Folin reagent was added and the solution was
bré@ht to room temmerature by cooling and ontical
density was measured at 460 nm. The concentration of
proteins was computed from standard graph obtained
using Bovine Serum albumin.

Linids were measured orly at the end of
growth nhase for control and trrated samnles by
extracting with Chloroform methanol wixture and
determined by weighing.

Carbohydrate, protein and linid were
estimated on the basis of dryweight and exnressed as

ug/mng. Phosnhate_(POd) and nitrate (MO,-N) of the

3
medium were determined before and after the experi-
ments. For this, cultures were filktered using
Ahatman SF/C filters of pore size 0.45 nm and the

filterates were used for the estimation. Phosphate

was measured by Ascorbic acid method and nitrate by
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Hydrazine reduction method as specified in "Standard
methods for water and waste water analysis" (APHA,
AWWA, WPCF 1983).

The algae under study are known to
concentrate the toxic metals used in the present work.
The amount of metals accumilatecd were also quantified
at the end of growth phase using standard methods,

For analysing mercury the samples were
collectnd by centrifugdtion, washed twice with all
glass double distilled water to remove traces of
mercury, if any, 1in the samples other than those
taken up by the algae and weighed, tiet digestion was
carried out in Bethges aonaratus, specially designed
for the purpose using sulphuric acid and nitric acid.
The digested samnles were then oxidised using pota-
ssium permanganate and mercury concentration was
determined using Mercury analyserv (I 5800 B of ECIL
make). All samples except a few were analysed afresh,
The remaining were kept in deep freezer and analysed
within a week., 1In no case samnles were stored after
digestion. Analysis was carried out in trinlicate
for all samrles,

In the case of cadmium, lead, copner,
zinc and iron analysis was carried cut only in du»nli-

cate, Samnles wece concentrated by centrifugation
Yy
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after washing with all glass double distilled water and
digested using a mixture of nitric acid and perchloric
acid in the ratio of four to one., The digestion was
carried out in 50 ml borosilicate conical flasks
covered with funnels., The metals were concentrated
by evaporating the acid to near dryness, care being
taken to see that the acid did not boil., The metals
were then extracted into all glass double distilled
water by washing the flasks thrice, and the solution
collected and stored in borosilicate containers,
Metals were quantified using AAS (model
varian techtron) and expressed as ppr/100 mg of dry wte
The data were analysed statistically using
a micro computer and represented graphically. Since
the toxic metals may influence the length of lag
phase, growth rate in logarithmic phase and also cell
density, graphical expression in the form of growth
curves was selected, Gross production was also
represented graphically, though was not described in
the treatise to project a comprehensive picture of
the effect of the selected metals on the production
of the species, Variance ratios were calculated
using two way analysis of variance technique and were

presented in tabulated form at the end of eag¢h chapter,
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REVIEY OF LITBERVLURE

The living systems contaiin several
elements in varying concentration=s., Some of thaese
elements in trace quantities are indispensable for
normal healthy functioning of the organism. The
requirement of Lhese elements varies with species
and stage of growth., The information on triace metal
requirement of algae is well documented, Iron,
Manganase, lolybdenum and Conner were found to be
essential for all algas (Round 1973). “Vanadium,
Cobalt and Zinc are necessary for heialthy growth and
reproduction of some algal species (floda and Horiguchi
1971).

Some of the trace metals are known to
have definite [unctional roles, Tron jis an important
constituent of electren transgport systems and an
activator of several respiratory enzymes (Harvey,1937),
Experiments on algal culture by Gold boerg (1952);
Menzel and Ryther (1961); Hayward (1968); Davies (1968
and 70): Burton and Nead (1970): have proved that this
element is essential for phyloplankton,.

Zinc acts as an activatér of dehydrogenases.

It was renorted to help in the untake of silicic acid
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in diatom= (iHayward 1969, Ruelor Jir, #nd Morel, 1981)
and for fresh watar «lgae (I nanss ani norter, 1954),

Copner is essential for algas belng a
constituent of plastocyvanin which brings about
electron transport in nigment svsten I (Green et al .,
1939; Provasoli and Pintner 1953; lalker 1953;
Johnston 1963 ; Markley et.al., 1975; Gregory., 1977).

Manganese is necessarv for growth of
Ditylum (Havvey, 1939) and in general important for
algae (Knauss and Porter 1954; Hayward 1969).

The caltionic untake mechanisms enable these
primary producers to absorb and concentrate both
essential and non-essential elements to a great
extent, ceven when the metal concentration of ambient
wat«»r is very low,

It coul:si be gathaer~d L[rom literature that
all metals, with increase -in their concentration,
show inhibitory effects leading te changes as revea-
led in parameters like cell number:, net vhotosvnthe-
sis, respiration rates, nigment concentration etc,

Toxicity studies of various metals have
conclusively nroved that it is not the total metal
concentration but the narticular physical and
chemical form of the m=tal, that ffects the

oraganisms, The term "species" is used to desiygnate
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this effective form of metal.

Forstner and w:httmdnn (1979) have stated
that "It is hardly possible to envisage a more abrupt
change in natural systems than the one which takes
place in Lthe mixing zonm between river and sea and it
is exnected to affect the heavy metal loads of the
water, 2t the site of mixing two nrocesse=s oxidation
and complexation seem to be effective in the releacse
of trace met4ls",

In an estuarine system there is continuous
movement of some metdals in and out of solution but
little is actnually lost from the system (Turekian,
1977) and that the dominant cycle of heavy metals is
internal (Benninger et al., 1975; Evans et al,, 1977)
Natural waters are reported to possess high capacity
for comnlexing metals.

Greater part of dissolved heavy metals
transnorte:l by natural water systems under normal
conditions is rapldly adsorbesd on to particulate
matter. But they do not remain so in the same condi-
tion and are transferred between solid and amqueous
phases. Clav minerals, freshly nreci»itated iron
hydroxides anorphouS'siliéiacid adsorb metal ions.
In aqueous phase metals may form sulphides,

hydroxides, or carbonates (Forstner and W:;ttmann
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1979). i, temnerature and salinity inFiuence the
chemical comnlexation of metals in sea water, At
pH, 7, 51% of zn" remains uncomplexed, At lower pH
than sea water Cu and 7n are releas>1 into water
from varticnlate phase (Zirino and Yamamoto, 1972).
Temnzrature and dissolved oxyyen content
are vitaul facters for aquatic crganisms, Heavy
metal toxicity increases with increass» on water
temneraturve (Lloyd, 1265). Huisman et al,, (1980)
have shown thﬁt increase in toxicity of mercury with
increase in tewperature elevaled respiratory activity

of BZcendrsimns acntus. More cadmimn «will he released

under oxidised conditinons with incr=ase in salinity.
(Forstepner an:d “Thittmann (1972). They also reported
that in estunaries where fresh and zalt water intermix,
salinity nlays a dominant role in increasing the
metal concentration., In case nf organisms in brackish
water the ion transport into organism increases with
increasing salinity (Fletcher, 1970,on Neries
diversicolor).

pH of the water plays dn important role in
the interactions between heavy metdls and narameters
such as hardness cansed by carbonates and concentra-

tion cf organic comnounds, “tumn and Morgan (1970)
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have stated that it higher levels £ pH Liead may be
precipitated,

Hohne and Kroontje (1973) have stated that
pH and chloride ion concentration are inmortant fact-
ors as the chloride and hydroxy comnl 2xes contribute
to the mobilization of mercury, cadmirun, ~inc and
lead ions in the system.

Due to osmotic regnlation in armatic
organisms, th~ flux of ion incorporatinn ind excreticn
is principally different 4as it is dependent on whether
water is fresh, brackish or marine. (Florey, 1970).
Therefore, heavy metal concentrations cf fresh water,
brackish witer «and mavine organisms moust be considered
separatelv,

Besides all the factors wmentionad above,
metals in natnral waters are also comnlexed hy
chelators. Organic substances »nossess 3 high degree
of affinity towards metal ions. Many alyiae are known
to release certain metabolites that would successfully
tie up the metal ions. (Johnston 1964; Barber and
Ryther, 1969; Steemann Mielsen and Wium inderson, 1970)
organic chelators s=zem ho be n=cessarv for the onroduc-
tion in arpatic environmant (Barber and Ryther, 1969),
Grazing also may release some Hf the orgarnic matter

into water due Lo disruntion of cells.
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The synthetic comnle:ons BTN, NIT, DTPa
are now widely usad in industries as chelating agents
for metal ions owing to their versaiility (Pollard
1966; -iall.ace, 1971). Some are offective against
metal moisoning as, TV again~k copper and zinc
(Sprayue, 1968), =DTA against copper (Hishikawa and
Tabata, 1968). 1In addition both calciam and citrate
have been repvorted to nassess inhibitary effect on
metal uptake by algae (sSchecher and Driscoll, 1985),

The mass of alyae present in water can
influence the availabllity of weldls becduse as
primary producers they can strongly affect the
dissolved metal content in onen waters (Morris, 1971;
Murphy et al., 1976). But mechanisms of algal metal
interactions are nct well understouod. Various
parameters like pH (Steemann Nielsen et al., 1969;
Hargreaves and whitton., 1976; Mierle and Stokes.,
1976), the nature and concentration of organic
solutes (Fogg and Westlake 1955; Lrickson 1372;
Morris and Russell., 1973; Stokes an.d Hutchinson.,
1976) and ionic solutes (Stokes., 1974; Overnell.,1976.,
Mierle and Stokes:,1976), have all b=en observed to
influence algal metal azsociations. andersen and

Morel (1978) have clearly stalted that toxicity of
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copper is due to cupric ion -activity.

Twio mechanisms of untuke of metal ions for
algae have vbeen nostulated. One is ran»id initial
reaction with the surlace of the cell and absorption
into membranes, without intervention of metabolic
processes, known 4s .nassive untake mechanism, This

has been reported for Chaetoceros spn  (Glooschenko,

1969) . Also for the species, Pheodactylum

tricornutum and Cladoonhora (Burkett, 1975)) Chlorella

vulgaris (Fillipis and Pallaghy, 1976). The

untake of 65zn in Dunaliella tertiolecta was

influenced only by the chemistry of the medium.
Passive untake mechanisins vely on the canacity of
cell menbranes and intercellular subslances to comp-
lex cations (Skiones et al., 1975). 1t has been
suggested by laclean et al., (1972) that nroteins act
as cationic hinding sites in membranes, The other

is metabolic untake mechanisn, wnizh is de?endent;on
a number of external factors, such as npi, back ground
metal concentrations, light intensity and chemical
composition ~f the wedium, blological variables such
as the growth phase ard stage »f <211 Jdivision
(Skipnes et al,, 1975), letabolic uptake mechanisms

in algae are renorted by Nuzzi (1972), Burkett (1975)



20

Fujita & Hashizume (1975) and Layser (1976),

A comuon characteristic of heavy metals is
that they interact with and hind themselves to
biological macromolecules, wnarlticularly enzymes,
This is the determinant factor of their toxicity
(Eichorn 1974) and they may inactivate the enzymes
and interfere seriously with wetabolic ~rocesses,

vdith reference Lo algar, metal toxicity
was studied by various workers and Lhie parameters
sucn as cell numbers, nett ohotosynthesis, reswira-
tion rates, Chloromhyll, AT, Dily, R1IA, dvy matter
content, wel welght ind Carbon bal ance were consi-
dered. The harunful affects »rodae=d by various
metals like mercury (Kamn Nielsen, 1971; Ben Bassat
et al., 1972; Nuzzi, 1972; Rice et al., 1973; Ben
Bassat and Mayer, 1275; Overnell, 1975; agarwal and
Kumar, 1975; Davies, 1976)) conper (Mandelli, 1969;
Steemann Nielsen and Jium Anderson, 1970; Steemann
Nielsen and Kamp Nielsen 1970; liartin and Olander,
1971; Erickson, 1972), Cadmium (Bruland et al.,
1978), lead (Baldes and Lewin 1276; larchetti, 1978)
zinc (Parrv and Hayward 1973; Jensen et al., 1974;
Anderson and tMorel, 1978) have been stndied exten-
sively. Growth resoonse of nhytoolankton was

studied by Subba Rao (1081),
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Alagal cells are known to tie up the metal
ions and reduce the toxicity by wnroducing various
extracellular substances., The onrcduction of extra-
cellular acids for comnlexing conrer in eukaryotic
algae and blue greens, (Swallow et al., 1978) extra-
cellular detoxification by corganic substances
released from cell (Fogg and West Lake 1955;

Steeman Nielson and wWam» Nielsen 1970), and the

vhenomenon has been tested in Fheodactvlum'

tricornutun  {(Sunda and Guillard 1976). Once

entered,metal ions are blocked by Lhe cell wall
(SteemannNielsen et al,, 1969; Iliirle and Stokes,
1976; Davies, 1976; Button and lostetter, 1977)
internally denosited at non w=tuabolic sites within
the cell (Silverberg et al., 1976).

Combined effects of co»ner and zinc
(Braek et al., 1976) manganese and co»oner (Sunda
and Huntsman,1983) mercury and iron (Smith,1972)
have 4lso been worked ouk.

The sensitivity of algal snecies to metals
varies with smecies and concentrations. Tolerance
for three marine nhvtonlankton was worked out by
Jensen et al., (1974) showing copner as less toxic

with zinc, zinc with magnesium. When Thalassiosira

species was subjected to 20" ng/l zinc, it did not
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show any effect but 299 ng/l <omer was lethal and
together they showed qynergistic action,

Considering the ecolnygical aspect of heavy
metal vrollution, sovecies comnosition of »hytoplankton
is reportedly affected, sensitive sahecies being

renlaced by tolerant ones., -wimhora colfeaformis has

been renorted to ke highly tolerant to conner
(Robinson et al,, 19385) and Chaetocoeros te mercury
(Hirota et al., 1974), rheo~hvariae rore resistant
than chloronhyceae te heavy metals (Tsekos et al.,
1972).

The relative toxicity of heavy metals for
different snecies has been renorted differently.

For chlorella (Hannan and Patouillet 17272) as

Hg » Ag > Cd = Pb > Cu, for 3cenedesmus

quadricauda (Rzewuska and ‘lernikowska,1974)

Ag 2> Cu > 111 > Cd > Pb > Zn > Co >»,Cr and for
marine ohytoplankton (Berland et al,, 1976)
Hg > Cu 7 Ph, has heen demonstrated,

Desnite the fact that resistant snecies may
replace seusiﬁive ones, with increasing metal loads,
nroductivity of the water bodies may also be impaired.
Increase in the industrial waste »nrovides an added
stress. The water quality of Cochin backwater
systems which 1is the renository »f many of the indus-

trial wastes has been investigated by several workers,
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The Hydroyranhy (Wellershaus 1271; Balakrishnan and
Shynamma 1976), organic production (Qasim et al.,
1972, 1974, 1979; Nair et al,, 1975; pPillai et al,,
1975), plant nigments (2asim and Reddy 1967), phyto-
plankton (Gopinathan et al,, 1974; 1lair and Josenh,
1975; Josenh and Pillai, 1975) and dAissolved carbo-
hydrates (Sumitra et al,, 1972) are the parameters
which have attracted the attention »f the scientists.
Sankaranarayanan and Sterhen (1973) studied the metal
content of the narticulate matter in Cochin back-
waters, Balakrishnan and Devi (1933) discussed the
disastrous effect of industrialization on Cochin
backwater systein.

The determination of tolerance 1limits of
phytoplanktonic organisms whicihh form the base of food
chain, to heavy metals,is of naramount immortance from
biological as well as economic noints of view, There
is already considerable literature conaerning the
effect of heavy metals on the growth and develommnent
of nhytoplankton in culture, The effect of metals
could be assessed only Ly a comprehensive study of
varjious aspnects, The results of the pravious 1nves-
tigations made,have revealed that the effect of the

metals mercury, cadmiuwn, lead, co-m=2r and zinc were



well studied but only a few narameters were taken
in to consideration, Tt is with these in view

the nresent work wias undertaken,



k. Description of the selected

phytoplanktonic gpecies
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4.\ Scenedesmus bijugatus (Turpin) Kuetzing (Chlorophyceae)

(Philipose, 1967, page 252 Fig., 164 f)

Description ¢ Colonies flat, consisting of four to
eight cells, Cells ellipsoidal with
ends broadly rounded, in sub-alternat-

ing series,
Length - 18 um
Breadth - 7 uam

Qccurrence - Fresh water

The mophology of the genus was investigated
by several w&kers, notably, Trainor (1966 and 79);
Shubert (1975); Mathew and Chowdary (1977) and Siver
and Trainor (1981), Reports on its use, as a source
for protein were published by Venkataraman et al.,
(1977) and Venkataraman and Nigam (1979); as a feed
for biogas plant by Nair et al., (1982) and as a means
for nutrient removal from sewage effluents by Nair

et al., (1981),



TABLE I

Crowth parameters of S. bijugatus

Second Fourth Sixth Eighth Tenth Twelfth

Parameters Pay Day Pay Day pay pay

pH 8,660 9,840 10,640 10,350 10,520 9,670
Gross
production 0.179 0.263 0,52 0,894 0.767 0.856
‘mg C/l/hr.) - - TT/T==
Nett 0,143 0.230 0.539 0,853 0. 706 0.763
production - ==z==
Respiration 0.037 0.033 0.023 0.042 0,061 0,093
Chlorophyll a 4 439 0.067 0,022 0,010 ©0.014 0.013
(ug/10° cells) s=s== 77777
Chlorophyll b  0.149 0.056 0,022 0.024 0.020 0.024
Carotenocids 0.08} 0.051 0.022 0.025 0.016 0.017
Pheophytin 0,025 0,010 ©.004 0,025 0,014 0.016
Carbohydrate
(pg/mg dry wt.) - 458,860 13,210 16.550 12,230 9,130
Protein

- 5.6 25 2

(Biuret) 32;222 6,510 15.890 8,250 ELJ?
bProtein _ _ -
Total - -~ 253.4
Lipid - - - - - 221, ¢

=====x= Denotes Maximum ~=—e—e Denotes Minimum,
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TABLE I

Crowth parameters of S. bijugatus

Second Fourth Sixth Eighth Tenth Twelfth

Parameters Pay Day Day Day Day Day
pH 8,660 9,840 lg%ggg 10,350 10,520 5.670

Gross

production 0,179 0.263 0.562 0.894 0. 767 0,856

(mg C/1/hr.) T

Nett 0,143 0.230 0.539 0,853 0. 706 0.763

production == =====

Respiration 0.037 0.033 0,023 0.042 0.061 0.093

e - -, ===

Chlorephyll a o j3g 0.067 0,022 0,010 0.014 0,013
(ug/10° cells) S=ez= T mee=s

Chlorophyll b  0.149 0.056 0,022 0,024 0,020 0.024

Carotencids 0.081 0,051 0,022 0,025 0.016 0.017
Pheophytin 0.025 0,010 0,004 0,025 0,014 0,016
Carbohydrate
(pg/mg dry wt.) -~ 48,860 13.210 16.550 12.230 9,130
Protein - 20.090 6,510 15.890 8,250 5,200
(Biuret) =::::—== ° o T —.—-——
Protein _ _ _

Total - - 253.430
Lipid - - - - - 221,090

====== Denotes Maximum ==e~ee Denotes Minimum.
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Nitzschia palea (kutz) W. Smith (Pascher, 1930,

page - 416. Fig, 801)

Description ¢ Valves tapering from middle to sub
acute ends,

Length of the cell - 55.5 am
Breadth - 4,5 um
Keel punctae - 18 in 10 um

Occurrence In brakishwater with a salinity range
12 °/°°to 16 c’/c.n:»
The specles is frequently found in polluted

waters, The physiology of the species under nitrogen

stress was studied by Denffer (1948) and Manny (1969),



31

TABLE 1II

Growth parameters of N. palea

Parameters/ Second Fourth Sixth Eighth Tenth

Day Day Day Day Day Day

pH 8,740 8,260 9, 240 9,270 8.920
Gross
production 0.124 0, 245 0, 415 0,361 0,625
(mg. C/l/hr) sTes= ===z
Nett
production .118 0.240 ©.3296 ©.335 0.801
Respiration 0,006 0,005 0,019 0.026 C.025
Chlorophyll a

orophyll a4 430 0,452 0. 409 0.252  0.192
(ng/10° cells) =s====: -
Chlorophyll ¢ 0,268 0. 208 0.163 0. 186 0.087
Carotenoids 0,570 0. 741 0,633 0.564 0,260
Pheophytin 0,180 0.191 0,180 O.}gg 0,085
Acid soluble
carbohvdrate - 3,033 3.804 7.382 14,480
(pg/mg. Dr‘y wt. ) ————— ===
Alkali soluble - o
carbohydrate 1.354 2.048 3,970 2;223
Insoluble - 7.013 7.179 21.500  47.220
ca rbohydra te 0 acece- ==n==r
Protein - 6,530 9,230 50, €50 83,380
Lipid - -~ - - 464,84

===== Denotes Maximum; =  ~ce=ec-- Denotes Minimum
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5. Metals selected and their effect on test species

The metals, mercury, cadmium, lead, copper
and zinc, which enter the.waters of Kerala through
the effluents discharged by various industries
located on the banks on rivers, The effect (Table 1)

was studied in relation to the control,
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TABLE 1
S. bijugatus N. palea
sl No., of Concen- No, of Concen=
N * Metal treat- tration treat- tration
O. ments in ppm ment in ppm
1 0,02 5 0,005
\ 2 0.03 6 0.01
@ Mexcury 3 0.04 7 0,02
(Hq) 4 0.05 8 0.03
9 0.04
10 0,01 13 0,02
<§> Cadmium 11 0.03 14 0.03
(ca) 12 0.05 15 0.04
16 005 19 0,02
<§> Lead 17 0.1 20 0.04
(Pb) i8 0.3 21 0,06
22 0.08
23 0.1 25 0.01
Copper 24 0.2 26 0.02
(Cu) 27 0.03
28 0.05
29 0,05 33 0.02
<§> Zinc 30 0.1 34 0,04
(zZn) 31 0.3 35 0.06

32 0e5 36 0.08
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5401

(Figs., I, 1Y and III)

- -~

Sl. No, of Number cf Selected
the metal treatment concentration

0,02
0.03
0.04
0.0%

@)

SWw N

Production: (Fig. T)

The nett production of the alga was affected
by mercury in all selected concentraticns. 1In C,02 ppm
concentration the production was maximum on fourth day
whereas 1n contrel it was only orn eighth day, On fourth
day the treated sample showed an increase of 233% over
the control valves of the same day. This valve was 29%
more than the maximum value recorded for the contirol,.

The 0,02 ppm treated sample exhibited gradual decrease

in production from fourth day onwards reaching 32% lower
level in relation to contrcl, at the end of growth phase,
The production of the alaga was maximum on sixth day in
0.03 and 0.04 ppm treatments, the percentage increase
being 38 and 7 respectively, in r=2lation to control, It
declinad gradually in the former to be 53% less than
control at the end of growth phase where as in the latter
did not register any change upto tenth day but declined

thereafter to be 35% less than that of control., When



the alga was exposed to 0.05 ppm mercury, its production
was reduced to @ greater extent whe:n compared to that of
contrcl throughout growth phase. I'rom its maximum on
eighth day, which was 50% less than that of control, it
declined gradually to 75% lower level on tenth day.
Production maxima in 0,02, 0,C3 and 0,04 ppm treatments
were attained earlier than that of control.

Respiration of the treated alga eventhovgh
varied in the early phase, was reduced in the latter
growth phase without exception, whareas in control it
always showed an increase, When the alga was exposed to
0.02 ppm mercury)respiration was maximum on fourth cday
with 239% increase over the controi values. It then
declined till sixth day and thereafter remained steady
till tenth day. Though 1t increas:=d once again towards
the end of growth phase it remained 15% less than that of
control. Respiraticn of the alga grown in 0,03 ppm mercury
reached maximum on sixth day when 1t was 174% higher than
that of control. It declined therzafter till eichth day
but increased once again gradually towards the end of
growth phase. It was less than that of control on the
last day. However, from sixth day onwards it remained
higher compared to other treatments, When the alca was
cultured in 0.04 ppm mercury the ra2spiration fluctuated

with two peaks on second and sixtk day. The respiration
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was 16% less on second day but 113% more on sixth day in
relaticn to control. From the maximum level on sixth day
it declined to minimum level on eichth day with 76 %
reduction. Respiration remaired same on eighth and tenth
day of growth. Further reducticn, to 30% lower level was
observed on tenth day. Gradual elevation in the respira-
tion was observed, when the alca was exposed to 0,05 ppm
mercury to maximum level on sixth day with 22% increase
when compared to control, It then decreasad till tenth
day and increased thereafter towards the end of growth
phase but was found reduced by 5Z% in relation to control
on the last day,

Owing to the higher rate of netf production
pH of the culture in 0.C2 and 0,.C3 ppm treatments was
found to be higher than that of control in the early
phase. 1In general pH of the culture decreased with
increase in the concentration of mercury. In no treatment
it attaired the maxdimum level of pH (10.64) reached by the
control. pH of the culture was less than that of control
throughout for C.C4 and 0,05 ppm treatments. Inspite of
reduced rate of producticn in the latter growth phase,
pH of the cultures in 0,C2, 0,C4 and O,C5 ppm treatments
was observed to be higher than that of control at the

end of growth phase.
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Pigmentsg: (Fig, II)

Total ploment content of the alca increased
with the age of culture in all except the 0.C5 ppm treat-
ment. Increase in the concentration of mercury delayed
the development of pigments and the maxima were attained
subsequently later in growth phasz, The increase in
pheophytin followed the same pattern as that of chlorophyll a,.

When the alga was grown in 0,04 and 0.C5 ppm
chlorophyll a and chlorophyll b were not detected on the
second day of growth., Maximum amount of chlcrophyll a was
produced on second day by the alga in 0.C3 ppm treatment
and this was at a slightly higher level than the maximum
level attained by control on the same day., The «<oncen-
traticn of chloreophyll a remained higher in treated alga,
at the endof growth phase. Also the concentration of
chlorophyll a and chlorophyll b fluctuatedzgighpeaks in
all treatments, Chlorophyll b was less than that of
control only in O0,C5 ppm treatment at the end of growth
phase,

Carotenoids were not suppressed in any of the
treatments, The alga grown in O0,C3 and 0.,G4 ppm mercury
produced maximum amount of carotenoids on fourth day which
reachad a slightly higher level than that of control,.

When the alga was grown in 0,C2 and 0,05 ppm mercury

pheophytin was not detected till second day in the former
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and till fourth in the latter. It wa:; suppresced te a
greater extent in 0,05 ppm treatment. Maximum amount was
produced on fourth day by the alga in 0.C3 ppm and 0.C4 ppm
treatments,

Total pigment content of the alga decremsed
with increase in mercury level. The alga grovwn in 0.C3 ppm

mercury produced maximum amount of all pigments.

Photosynthetic end products: (Fig.I1l)

When the species was exposed to mercury, the
carbohydrate content increased and was higher than that
of control throughout growth phase except. in 0,C5 ppmn
treatment, Total carbohydrate decreased with increasing
concentration of mercury as the culture aged. The amount
of carbohydrate produced was almost same in O0,C2 and
0.C3 ppm treatments. The percentage increase was 104
and 100 on fourth day, 14z and 167 on eighth day and
261 and 185 on twelfth day, in relation to control. Also
carbohydrate lavel fluctuated in these two treatments,
When the alga was exposed to 0,04 ppm mercury, 47%
increase was noted in the carbohydrate content on fourth
day. It was 3% less than that of control on elghth day.
Thereafter it registered an increase towards the end of
growth phase reaching 196% higher lewvel on the last day
in relation to control., The alga produced least amount

of carbohydrate during the early growsth ph2se, when
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grown in 0,05 ppm mercury but gradual ircreasa was
noticed from sixth to tenth day, the maximmum level belng
203% higher than that of control on tenth day, It
declined towards the end of growth phase and was only
31% higher than that of control on the last 8ay,

Protein content of the alga when estimated
using Bjuret method, was found in creater proportion during
early growth phase, Protein decreased with the ageing
of culture but in all treated samples it was found to
be higher than that of control, inspite of low productlion
rate. When total protein was measur=2d on the basis of
nitrogen, most of the treated sanples were found to
contain less protein than that of control, The discre-
pency may b2 expleined as, either the treated alya pro-
duced greater amount -of carbamyl containing protein
(with which biuret reagent reacted) or the cells were
weak and 'leaking' rendering the proteln more amenable
for extraction than that of control. It is well documen-
ted that protein content of alga increasss with the age
of culture, But in the present investigation, when the
protein was estimated using the hiuret method, it was
found to decrease with the age of culture which can be
explained on the basis of partlal recovery of the cells
from their initial 'sensitivity'. Since estimation of

protein was not satisfactory as pointed out above,
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total proteln was separately measured for this spzcles
at the end of growth phase to give a better explanation
of the metal interaction.

When measured on the basis of nitrogen total
protein content of the alga decreesed with inerease in
mercury concentration., When exposed to 0.02 ppm marcury
protein was 11% more than that of control, 1In 0.03 ppm
treatment it was equal and in the oth2r two treatments
it was reduced by 14% and 21% respectively, in relation
to control,

Lipid generally increased with increasling
mercury concentration and was generally higher when
compared to that of control, The percentage increase
was found to ke 81 and 112 for the 0,02 and 0.05 ppm

treatments respectively and 62 for the others,

Growths:s (Fig. I)

The rate of multiplication of the alga was
enhanced in the early growth phase only at 0.02 and
0.03 ppm mercury level but by sixth day, the biomass in
all treatments reached higher level than that of control,
From eighth day onwards no further increase was noticed,
At the end of growth phase biomass in treatments was
found reduced,

The nutrient uptake was studied for all the

treatments, When the prepared medium was tested under



41

experimental conditions, without algal growth, no loss
of nutrients was observed and hernce it was assumed that
when the test species were grown in the medium, any
change in nutrient concentration could be attributed to
the uptake by the algae.

The nutrient consumption of the alga was
estimated at the end of the experiments. Results are

given in the following. table,

A m e A e e st . e

Selected Nutrients ahsorbed

concentration by the alga (ug/l) N/ P
of metal Phosphate Nitrato
0.902 936 1494 1,50
0.03 932 1490 1.60
0.04 930 1484 1,50
0,95 972 679 0,70
Control 945 1290 1.37

—— e T R A e M L | A Al

The uptake of phosphate by alga was not
affected by the metal as the difference between any two
treatments and between any treatrent and control was
not considerable. But the nitrate uptake increased
considerably with increase in metal concentration
except at the highest level of mercury employed when it
was reduced nearly by 50%. The N / P ratio was higher
for the treated alga except when the highest level of

mercury was employ=d.
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Effect of mercury on N, palea

(Figs. I, IT and III)

e - ‘-

Ssl. No. of Mumber of Selected
the metal treatment concentration
(in ppm)

0.005
0.01
0.02
0,03
0,05

®

B A IS R LR V)

Production: (Fig. I)

Mercury has affected the nett production of
the dlatom at all the concentrations studied., Production
of the diatom increased gradually till the end of growth
phase in 0,005 ppm and 0,01 ppm treatments. It was
higher than thit of control except on the second day.
But on the last day it was 5% less in 0,005 ppm whereas
it was B% more in 0,01 ppm in relation to control, 1In
the 0.02 ppm treatment, production of the alga was severely
Inhibited upto sixth day but recovery was observed there-~
after, It gradually increased but remained 50% less than
that of control at the end of growth phase, The nett
production was inhibited in 0,03 and 0.05 ppm treatments.
In the 0,005 and 0,01 opm treatments respiration

of the diatom was reduced considz2rably in the latter phase
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of growth by 20% and 44% in relation to control, reg-
pectively on the last day. Respiration fluctuated when
the diatom was cultured in 0,02 ppm mercury, with 233%
and 581% increase respectively cn second and eighth day
but at the end of growth phase it was 44% less ‘han that
of control, When the diatom was grown in 0.03 ppm
mercury respiration was elavated consicderably and re-
mained higher than control excert on sixth day. It was
540% and 276% more than that of control on fourth and
twelfth day respectively,

The effect of mercury on production vas
reflected in pH., Increased production and reduced res-
piration have resulted in increes=d pH of th2 culture
in 0,005 and 0,01 ppm treatments when compared with that
of control from fourth day onwards., RBut in 0.02 ppm
treatment pH was lowered from sccond to sixth d3y and
increased subsequently with increase in production,
Though the rate of production remained much reduced in
this treatment, pH reached higher level at the end of
growth phase when compared with control. pH of the
culture in 0,03 ppm treatmentwas lower than that in
0,05 ppm due to elevated respiretion and also the lack

of any activity in the latter,

Pigments: (Fig. II)

The effect of mercury on the pigments varied

with concentration,
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The development of chlorophyll a did not
exhibit any difinite pattern and also the concentration
of chlorophyll a fluctuated with two peaks except in
0,01 ppm mercury, In 0,005 and 2,02 ppm treatments
production of chlorophyll a was 2nhanced and the maxima
were found on second day, This pigment was maintained
at a slightly higher level than control in the diatom
exposed to 0,01 ppm mercury. Chlorophyll a was less than
control in the early phase in the 0.03 and 0,05 ppm
treatments but towards the end of growth phase it was
higher than control in the latter.

In pregence of mercury chloropbhyll c (cl + cz)
was developed to a greater extent than control by the
diatom, 1In 0,0C5 and C,01 ppm treatmerts, the concentra-
tion of this pigment was maintained at a slightly higher
level than control and also did not fluctuate during the
growth phase. At 0,02 ppm mercury level it reached
ma¥imum on fourth day with sharp rise but declined
rapidly and was not detected on sixth day. 1Increasing
once agaln it reached a higher level than control on
eighth and tenth days. 1In the diatom exposed to 0,03 ppm
mercury though it reached a higher level than control in
early growth phase, was not detected on sixth and eighth
days but increased sharply there after and at the end of

growth phase remained higher than in any other treatrent.



In the 0,05 ppm mercury treated diatom it was l2s5g than
contrel on second and fourth day but exhihited a sharp
rise to maximum on sixth day. 1t reached slightly lowver
level than the one in 0.03 ppm treatment at the end of
growth phase, The concentration of chlorophyll c was
higher in all treatments, when comparad to control on the
last day.

The diatom produced more carotenoids when
exposed to 0,005 and 0,01 ppm mercury, than control and
the concentration was found to be higher than control
through out growth phase. At 0.02 ppm level of mercury,
concentration of carotenoids was less thin control both
at the beginning and end of grovth phase. The level of
carotenoids was much lower than control throughout agrowth
phase, when the concentration off mercury employed was
0.03 ppm. In 0,05 ppm it increased from fourth day
onwards reaching maximum on eighth day, Jdeclined there-
after but remained hicher than control at the end of
growth phase,

When the mercury level was 0,005 and 0,01 ppm
phaeophytin content was more thin control in early phase
and was develcped to a greater oxtent in the latter
reaching maximum on second day and in the former on
fourth day and decreased in both as the culture aged,

but remained higher than control at the end of growth
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phase.  Pheophytin was detected in the eacly and late
growth phase when the mercury level was 0,03 ppm., The
diatom produced more pheophytin in 0,05 ppm than in 0,02
and 0,03 ppm but it was not detected on fcurth and tenth

day of the growth phase,

Fhotosynthetic end products: (Fig, III)

The carbohydrate content (acid soluble, alkali
soluble and insoluble fractions) was less than that cf
contrcl in the later growth phas::.

The acid soluble fract.ion was slightly hicher
than that of control when the level of mercury wvas
lcwest (0.005 ppm), upto sixth day. At C,0l1 ppm mercury
laevel it was less than that of control throughout., This
fraction was estimated only on the last two days, due to
supperssed growth of the diatom, in 0.02 ppm mercury.
The percentage reduction was found to be 57, 49 and 72
respectively for the 0,005, 0.Cl and 0,02 treatments, at
the end of growth phase. Due to the severe irhlkiticn
of growth, this fracticon coulc not be estimatad in the
other two treatments,

The alkali soluble frection did not show much
variation between any two treatrents and between any
treatment and control during early growth phase but it
was reduced by 85% in 0,005 ppm and 0,01 ppm treatments
and by 67% in 0,02 ppm treatment, at the end of growth

phase,
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The insoluble carbohydrate fracticn of the
dilatom was more than that of control in the early growth
phase, when the mercury level was lowest but remained
less than that of control in the latter phase, 7This
fraction was less than that of control in 0,Cl ppm
mercury. The respective reduction was 4% and 83% in the
tvo treatments at the end of grow:h phase. It wzs esti-
mated only on eighth and tenth day of growth in 0.02 ppm
treatment because of the inhidition of growth of the
diatom. This fraction was 80% less than that of control
on the last day.

Total carbohydrate contant of the diatom
decreased with increase in mercurv level,

Total protein content of the diatom
exposed to 0,CO5 ppm and 0,01 ppm mercury increased by
267% and 176% respectively by fourth day of growth,
Though it registered an increace towards the end of
growth phase, remained 40% and 69% less than control on
the last day. Further reducticn in protein was observed,
by 83%, when the mercury level was 0,C2 ppm,

Lipid content of the diatom wasg adversely
affected in presence of the metal. The amount of lipid
increased with increase in mercury upto C.C2 ppm/but digd
not reach the same level as that >f control in any instance,
The percentage reduction was 64, 58 and 48 respectively

in 0.C05, 0.C1 and 0.02 ppm treatments,
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Growth: (Fig. I)

The rate of multiplication of the diatom was not
affected when the mercury level was 0,C0% and C,Cl ppm,
Lag phase was observed upto second day when the diatom
was exposed to 0.02 ppm mercury, from which the species
recovered and grew exponentially from sixth day onwards.
Graowth was severely inhibited inr the other two treatments,
The apparent lowering of cell numbers in 0.04 ppm, treat-
ment was not due to disintegration of cells since no
empty frustules were observed under the microscope. The
diatom cells were seen attached to the walls of culture
flask and did not enter the medium when culture flasks
were shaken,

Nutrient consumption of the alga in different

treatments is given in the following table,

Selected Nutrients absorbed
concentration g /1) : N/ P
of metal Phosphate Nitrate
0,C05 1720 821 0. 48
0.01 1700 936 0.55
0.02 1565 863 0.55
0,03 1430 380 0,27
0.C4 1375 175 0,13

Control 1350 763 0,57
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In general phosphate absorpticn of the diatom increased
when exposed to mercury but graiual decrease in the
uptake of this nutrient was obs2rved with increasing
metal concentration., Nitrate ahsorption of diatom was
highest in 0.Cl ppm mercury. Nitrate uptake was reduced
by about half when exposed to 0,C3 ppm mercury and by

about 70% in 0.04 ppm treatment in relation to control.
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Effect of cadmium on S, bijugatus
(Figs. I, II and III)

81, No. of No, of Selected con=-
the metal treatment centration in
ppm
10 0.1
(2) 11 0.03
12 0.05

Production: (Fig.I)

Nett production of the alga was enhanced in the
early growth phase and the production reached peak earlier
than that of control in all the treatments. When the
level of cadmium was 0,01 ppm ard 0,03 ppm, production
increased gradually till sixth day to 30% and 11% higher
than that of control regpectively. 1In both instances it
declined thereafter, falling well short of control, by 45%
and 40% respectively on eighth day. It increased once
again towards the end of growth phase but not to the same
extent as that of control and exhibited respective reduc-
tion by 12% and 8% on the last clay. When the cadmium
level was 0.05 ppm inspite of initial depression it
increased sharply to be 58% higher than that of control
by forth day and declined thereafter to 28% lower level
on sixth day. Once again an increase was observed to 19%

higher than that of control,at the end of growth phase,
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Respiration of the alga was reduced to a large
extent in 0,01 ppm cadmium treatment and was slightly
higher than that of control only on sixth day. It
fluctuated with two peaks on second day and eighth day
with 24% and 10% reduction respectively. It wwas reduced
further, by 70%, at the end of growth phase, 1In the
second treatment turther reduction was observed and
respiration of the alga remained less than that of
control through out the growth period. From 60% lower
level on second day it declined to lowest on forth day.
Gradual increase in respiration wis noted from sixth day
onwards but on the last day it was found to be raeduced
by 27%. When the alga'was exposed to 0,05 ppm cadmium
respiration increased significantly unlike in th2 other
two treatments except in the late growth phase, Severe
fluctuation in respiration with two peaks, on second and
eighth day was observed recording an increase of 165%
and 528% respectively. Respiration was minimum on tenth
day. 1t registered an increase towards the end of growth
phase to 9% lower level than that of control.

Enhanced'production durring the early growth
phase in first and second treatm2nts was reflected in
increased pH upto sixth day, which remained without much
variation except on the last day when it was slightly
higher in the second. 1In the third treatment pH of the

culture increased at a low pace till forth day and
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remained steady thereafter but wvas less than that of
control, It was also lower than in other two treatments
throughout growth phase, except on the last day. The
maxinum level of pH attained by the control (10,€64)was

not reached in any of the treatments,

Pigments: (Fig.II)

Pigment production was not delayed when the
concentration of the metal was 0,01 ppm and 0,03 ppm,
In these two treatments peaks were found on second day
as in control, Total pigment concentraticn decreased
with the aging of culture, It remained higher than that
of control throughout. Between the two treatments, more
chlorophyll a and chlorophyll b were produced by the
alga in second treatment whereas carotenoids and
pheophytin were produced to a greater extent in the
first treatment. At 0.05 ppm cadmium level chlorophyll a
and pheophytin were initially suppressed and very little
chlorophyll b and carotenoids were produced, when com-
pared to those of control, Neverthless pigment level
in this treatment was highest during later phase of growth,
Pbheophytin content was mininum in this treatment during
growth phase but did not differ much from that of control
or other two treatments, at the end of growth phase, The
level of pheophytin decreased with increase in metal

concentration,



Photosynthetic end products: (Fig, 1I1I)

In all treatrments, carbohydrate content of
the alga was reduced in early phase. Also it fluctuated
with two peaks during the growth phise. In the first
treatment the two peaks were found one on other and
eighth with forth day with 40% reduction and 20% increase
in relation to control., In the other two treatments it
reached maximum level later than that of control, on
sixth and tenth days respectively with 126% and 138%
increase. 1In the third treatment 80% increase was
recorded on both sixth and tenth day3 of growth., But
the maximum concentration of this product attained by
that of control was not reachéd by the alga in any treat-
ment. The variaticn was only marginal between any two
treatments, At the end of growth phase it was higher
than that of control by 53%, 75% and 86% respectively
in the three treatments,

In the selected concentratiomnsof cadmium,
protein content of the alga was reduced. It did not
differ between 0,01 ppm and 0,03 ppm treatments consider-
ably but in the 0,05 ppm treatment further reduction
occurred. The observed percentage raduction was 24, 18
and 40 in the three treatments respectively,

The lipid content of the alga increased in

the 0,01 ppm and 0,05 ppm treatments by 30% and 75%



respectively, in relation to control whereas it was 8%

less in 0,03 ppm treatment,
Growth: (Fig.I)

Growth rate of the alca was enhanced when the
cadmium level was 0.01 ppm and 0.03 npm, resulting in
increased biomass in the early growt! phase, when com-
pared with that of control. From sixth to tenth day, it
was same and steady in both the treatments but at the
end it was slichtly higher in the first treatment. The
growth rate of the alga exposed to 0,05 ppm cadmium, was
lowered and hence the biomass, when compared to that of
contreol but the final yield did not differ much between
the treatments. Biomass decreased with increasing cadmium

concentration. Details of the nutrient uptake are given

below:
Selected Nutrients absorbed
concentration by the alga (ug/l) N/ P
of metal Phosphate Nitrate
0,01 1095 607 0.55
0,03 1563 1235 0.79
0,05 1461 423 0,29
Control 945 1290 1,27

Phosphate uptake of the treated alga increased
where as nitrate uptake decreased. But the uptake was

not directly proportional to increasing metal concentration,
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Above and balow 0.C3 ppm levei, thengh the uptake of
both the nutrients was reduced, that of nitrate was

reduced to a greater extent.



mg C/l/ hr

L0G. OF CELLS

20

10

A\

TAST

Gross production

C /1/ hr

mg

AN

Nett production

[N

Fig.

l
2 4 6 8 10 12
DAYS

S. bijugatus Cd @

10. 0-01 O— - —0
11. 0-03 o0——o0
12 - 005 o—0

Control o —-o
I



6
Mg/ 10 CELLS

20 Chl a { N Chl b
10 N\
8 \\. : W\
\ N
) - \e
L— \ K
° . a \
- \
. \ i \\\ '
\ /
Y. .o B \ .
v N D& \ 720 SUN
4 NI Al
\\.’/,_.—— -
0 t l ] | T \ 1 ] ]
S .bijugatus Cd @
10 -0-01 0—-—0
11 -0-03 o0——o
12 -0-05 O0—-0
Control e —-e
20 Carotenoids r Pheophytin
-

10

f




U g/ mgldry wt;)

Carbohydrate I Protein (Biuret) @

S .bijugatus Cd
10- 0-01 &——o

11. 003 o—o0
12 . 005 O0—04
Control ©&—-—@

M g/magldry wt)

400

300

200

100

L

ipid Protein (Total)

10 12C

10 12C
Fig. TIII



()
op]

Effect of cadmium on N. palea

(Figs. I, II and I11)

Sl. No, of No. of Selected
the metal treatment €Eoncentration
(in prm)
13 0,C2
@ 14 0.03
15 0,04

Producticn: (Fia, I)

The nett production and resniration of the
diatom variced with the concentration of the metal,

“Then expnosed to 0.02 ppm cadnium gradual increase
in producticn was observed from fouvrth day onvards. In
relation to control, it remained higher by 63% on fourth
day, 10% on sixth day and by 1% on the last day. Production
was enhanced when diatom exposed to 0,03 and 0.C4 ppm levals
of cadmium in the early phase as indicated by the maxima
reached earlier than that of contvol, It increased
gradually in both treatments and was 34% higher than control
on fourth day, declined thereafter to he 74%.and 643 less

respectively on sixth day,.



Once again producticn registered an iincrease, till the
end of growth phase when it was 4% higher than control in
0.03 ppm treatment, but only upto eighth day in 0.C4 ppm
treatment remaining steady thereafter to be 31% less than
control on the last day.

Respiration of the diatom was elevated to a
higher level than that of control, in all treatments upto
sixth day. It was increased by 300% on second day by 94%
on sixth day, declined thereafter to be 60% less than that
of control at the end of growth phase,ééirst treatment,
Respiration in 0.03 ppm and 0,04 ppm freatments was 66%
more than that of control on forth day. It increased to a
greater extent thereafter in 0,04 ppm treatment upto sixth
day and was 5% and 74% higher than that of control resgpec-
tively. It was steady upto eighth day and once again
increased by 32% at the end of growth phase in 0.C3 ppm
treatment. Whereas slow and steady decline was observed
in 0.,C4 ppm treatment to 4% lower level on the last day,
in relation to control,

pH of the culture remained higher than that of
control in 0,C2 ppm treatment owing tc high rate of produc-
tion, In the other two treatments it did not deviate much
from that of the control though it was comparitively
reduced than in early growth phase, inspite of enhanced

production rate,
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Pigments: (Fig.II)

At the lowest concentration of the metal

chlorophyll a increased., When the diatom was exposed
to 0.C3 ppm and 0.04 ppm cadmium, chlorophyll a was pro-
duced to a lesser extent in early growth phase, Neverth-
less, a higher concentration than that of control was
attained towards the end of growth phase., Fluctuation in
the level of chlorophyll a was common to all treatments,
Total chlorophyll a decreased with increasing metal con-
centration.

Considerable increase in chlorophyll c level
was noted only in first treatment on second day. From
fourth day onwards in all treatments its level did not
deviate much from that of control except on the last day
when it was considerably higher. 1In all treatments an
increasing tendency was recorded in the concentration of
chlorophyll c towards the end of growth phase,

Enhancement in the production of carotenoids
was observed in the early growth phase at 0,02 ppm. It
reached maximum concentration on second day whereas in
others on fourth day as in control., 1In all instances the
level of carotenoids registered a decline from their
respective maxiinea but increased once again towards the
end of growth phase., Total carotenoids decreasad with

increase in cadmium concentration,
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Pheophy¥in content of the diatom did not
increase to the same extent as that of control in the
early growth phase except in the last treatment. It was
higher than that of control on sixth and tenth day at
0.02 ppm cadmium level, on sixth and eighth day at 0,03 ppm
level and on second day at 0,04 ppm level. Total pheophytin
decreased with increase in cadmium concentration.

Total pigment content of the diatom decreased

with increase in metal concentration.

Photosynthetic end products: (Fig.III)

In all treated samples, acic soluble carbohydrate

J
fraction was more than that of control in early phasa,
The concentration was highest in 0.03 ppm treatment
followed by 0,02 ppm and 0,04 ppm treatments. At the end
of growth phase the concentration of this fraction fell
short of control by 50%, 16% and 27% respectively in the
three treatments.

The alkali soluble fraction was severely
inhibited at 0.92 ppm cadmium level and it was negligible
onfourth and tenth day of growth, At 0,03 ppm and 0,04 ppm
levels,the production of this fraction did not differ much
from that of control except at the end of growth phase
when it was 50% less,

The insoluble carbohydrate fraction of the

diatom was adversely affected at 0,02 ppm and 0.03 ppm
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cadmium levels in the later phas2 of growth, From 447% and
39% higher level on fourthday, inspite of gradual increase
towards the end of growth phase (t was found to be reduced
to 60% and 64% lower level than “hat of control respec=-
tively on tenth day. 1In the third treatment it was 30%
more than that of control onfourth day and continued to
increase gradually till eighth day and quickly thereafter,
surpassing that of control by ninth day. It was 777%
higher at the end of growth phase in relation to control,

Protein content of the diatom was promotad in
the early growth phase, 117% increase was recorded for
the first and second treatments and 100% for the third
treatment on sixth day. 1In all fthree, protein level
declined upto eighth day to increase once again, but not
to the same extent as in control and on the last day 60%,
70% and 74% reduction was registered respectively. Total
protein of the diatom decreased with increase in metal
concentration,

Toxic effect of cadmium is evident when the
lipid, major photosynthetic product of the diatom was
congidered, 1In all treated samples it was reduced con-
siderably. Among the treatments maximum quantity was
recorded when the diatom was exposed to 0,03 ppm: cadmium
with only 44% reduction. 1In the other two treatments

respective reduction of 78% and 0% was recorded,
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Growth: (Fig,I)

Growth proceeded at a quicker pace in the
early phase and the biomass in treatments was higher
than that of control. At 0,93 ppm level cadmium delayed
the multiplication of cells between second and fourthday
but subsequent recovery was recorded. Neverthless, by
the end of growth phase the biomass in all treatments
was found reduced, when compared to that of gontrol,

The variations in the absorption of phosphate

and nitrate are given below:

Selected Nutrients absoirbed
concentration _ _  (ng/l). L N/ P
of metal Phosphate Nj.trate
0,02 1735 933 0.54
0,03 1735 922 0,53
0,04 1685 913 0, 54

Control 1350 763 0.57

Both the nutrients were absorbed in greater
quantity in presence of cadmium when compared to that of
control. Very little variation was noticed between
treatments though a tendency of reduction in uptake was
found. Phosphate was taken up in greater proportion

than nitrate,
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5.1.3
Effect of lead on S. bi jugatus

(Figs, I, II1 and II1)

Sl1. No. of Number of Selectad
the metal treatment concentration
(in ppm)
16 0.05
© 17 0.1
18 0.2

Producticn: (Fig, I)

At all test concentrations, lead enhanced
the nett producticn in early and late growth phase,

At 0,05 ppm level lead enhanced the rate of
nett production to a slightly higher level than that of
control upto fourth day. Further change was not observed
till sixth day. It was 6% more than that of control on
fourth day. Production increased sharply from sixth
day reaching 163% higher level on the last day of growth.
When the concentration of lead was O.,1 ppm the nett pro-
duction increased by 18% on fourth day. It declined
till sixth day but increased shiarply thereafter till
tenth day. It was steady from tenth day onwar:ds and
was 137% more in relation to control on the last day.

In 0.3 ppm treatment production increased by 72% on
fourth day., It declined to minimun on sixth day with
88% reduction and increasced thercafter gradually to

95% higher l2vel by the end of growth phase,
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Respiration of the alga exhibited severe
fluctuation in presence of lead with two peaks on second
and eighth day. Also it was elevated to a large extent,

In the first treatment respiration increased
by 265% and 566% respectively on second and eighth day
but declined to 66% lower level by twelfth day. In the
second trzatment 386% and 619% increase was observed on
second and eighth day resgpectively. It declin=d there—
after sharply to minimum level on tenth day and increascd
once again to be 4% less than that of control by the end
of growth phase., When the alga was exposad to 0,03 ppm
lead, respliration was elivated hy 39% on scecond day and
by 562% on eighth day. 1In this instance also the respira-~-
tion exhibited sharp reduction to minimum level on tenth
day, increased thereafter but was 17% less than that of
control on twelfth day.

pH of the culture did not vary from the
initial level on second day at 0,05 and 0,3 ppm level
of lead., 1In all treatments it increased gradually towards
the end of growth phase, Among the treatments, it was
least in 0.05 ppm level and highast in 0.3 ppm level
during growth phase bhut reached same level at the end in
alllwhich was slightly higher than the maximmum reached

by the control (10,64).
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Pigments: (Fig. II)

[
—r - 2 . ea

Total pigment content of the alga increased
in presence of the metal, All four pigments were com-
pletely suppressed upto second day in 0.1 ppm. The
total pigment content was least in 0.1 ppm when compared
to other treatments.

When the alga was treated with 0,95 ppmn lead
its chlorophyll a content was slightly higher than that
of control in the later phase, where as in 0.1 ppm
tre2tment it increased from second day to maximum level
on fourth day. It remained less than that of control
except on eighth and twelfth day., Concentration of
chlorophyll a fluctuated with two peaks on second and
sixth day when the lead concentration was 0,3 ppm and
was higher at the end of growth phasa, when compared to
other two treatments.

Chlorophyll b was the most adversely affected
pigment by this metal. All treated samples were found
to contain very little chlorophyll b during growth phase,
In 0.05 and 0.3 ppm,the pigment vas detected on all days
but it was not detected on second, sixth and eighth day
in 0,1 ppm treatment, Inhibition was maximum in 0.1 ppm
lead and minimum in 0.3 ppm.

Severe fluctuations were obscrved in carotenoid

content of the treated alga. Concentration was generally



less than that of control upto fourth day, 1In all
instances the treated alga had greater amount of cactenoids
at the end of growth phase in relation to control, Inhi-
lition of carotenoids was less. in 0.3 ppm in the latter
phase than in 0,05 and 0.1 ppm. )

Pheophytin of alga was suppressad to a consi-
derabl2 extent except towards the end, It was not detected
on sixth and eighth day in 0,05 ppm, upto eighth day in
0.1 ppm and from sixth to tenth day in 0.3 ppm.

The alga when grown in O,1 ppm lead (an inter-
mediary level) was found to produce pigments to least

extent,

Photosvnthetic end products: (Fig, I11)

In the first and second treatments, the
carbohydrate content of the alga was maximum on fourth
day but with 30% and 40% reduction when compared to that
of control, It decreased as the culture aged, to a 20%
lower level in first treatment, In the second treatment
another peak on eighth day was observed with 25% increase
but it was lowered to 7% higher level by the end of growth
phase. In the third treatment eventhough the carkohydrate
was 60% less than that of control on fourth day it increasecd
by 326% on tenth day. But the amourt of carbohydrate drcp-

ped to 37% higher level at the end of growth phasc,
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Protein content of the alga was promoted by
lead and the percentage increase was 18 for first and
second treatments and 27 for the third treatment.,

The lipid content did not show much variation.
It was equal to that of control in the first treatment
but was reduced by 14% in the other two treatments.

Even when the concentration of lead was high
protein and lipid contents of th2 alga were not much

affected.

Growth: (Fig., I)

The algal biomass was less than that of control

throughout the growth phase in all treatments,

Snlected Nutrients aksorbed
concentration by the alga (ung/1) . N /P
of metal Phosphate Nitrate
0.05 1132 980 0.87
0.1 1130 963 0,85
0,3 1121 360 0.86
Control 945 1290 1.37

It was found that the addition of selacted
concentrations of lead to the culture medium increased
the absorption of phosphate whereas that of nitrate
decreased when compared with control. Only marginal
variation was observed between any two treatments,
Corresponding to this the N / P ratio did not vary between

the treatments,
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(Figs. I, II and III)

S1. No. of Number of Selected
the metal treatment concentration
‘ (in ppm)
19 0,902
<:> 20 0,04
21 0.06

22 0.08

Production: (Fig, I)

The nett production of the diatom was adver-
sely affected by lead at all doge concentrations and
remained less than that of control throughout growth
phase except on eighth day in the third treatment,
Production reached maximum level on sixth day but
remained 21% less than that of control and declined
thereafter to 77% lower level by tenth day in the first
treatment, When exposed to 0,04 ppm lead, production
increased gradually to be equal to that of control by
fourth day, It increased further to its maximum lead
on sixth day but was less than that of control by 37%.
The production declined thereafter and it was 70% less
in relation to control on the last day. Production in
0,06 ppm and 0,08 ppm treatmente was almost samz2 upto

fourth day.. In both instances it reached maimum level
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on eichth day with 7% incrcase in Lthe form2r and 2%
rednction in the latter, in relation to control, It
Jeclined thereafter to 73% and 75% lowar level respac-
tively at the end of growth phase,

Respiration of diatom varied with the concen-
tration of the metal. It was higher throughout arowth
phase in the first treatment and evhibited an increase
of 500% onr s2cond day and was minimum, at slightly higher
level than control on fourth da-r, It increased oncz agaln
aradually to 100% higher level at the end of arowth phase,
In the second treatment from 1015 higher level on fourth
day, at declined to the minimum on sixth day, It increased
sharply to 176% higher level at the end of arowth phagce,
which was highest, For ths third and fourth treatments it
was 1009% more than that of control on second day. Very
little variation was observed there after in third treatment
and it exhibited 50% reductlion at the end of growth phase
whereas in the fourth treatment it declined to minimum
level by fourth day. Thbough it showed gradual increase
thereafter, the value was 48 less than that of control on
the last day,

pH of the culture in 0,02 and 0,04 ppm treatments
remained higher than that of cortrol, throuvghout in the
latter and from sixth day onwards in the former. In 0,06
and 0,08 ppm treatments pH remained generally less than

that of control except on the lest day.



Figments: (Fig. II)

Pigment content of the diatom was considerably
higher than that of control during the middle of c¢rowth,

In all the treatrents the diatom developed
maximum amount of chlorophyll a little later than that of
contrel. When the maximum was reached on gixth day in
the first and second treatments, it occurred on fourth day
in third and fourth treatments, Considerabhle fluctuaticon
in the picment level was observed in second and third
treatments, In the last treatmert the concentration was
equal to that of control at the e€nd of growth phase
vhereas in the others,slightly.hjgher.

The diatom grown in 0.04 ppm lead developed
chlorophyll ¢ to larger extent when compared to other
treatments and was slightly less than that of control
only on the last day. 1In the other instances the con-
centration of chlorophyll ¢ was g2nerally higher than that
of control fourth day onwards, Total chlorophyll c was
almost equal in first and second treatments and decreased
with increase in the metal concentraticn. Fluctuation
in the level of chlorophyll c was observed in second and
third treatments,

Cartonoid content was more than that of
control when the diatom was exposed to 0,02 and 0.04 ppm

lead throughout growth phase, except at the end when it
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was short of control in the latter, In the 0,06 and
0.08 ppm treatments it exceeded that of contrc) by fourth
day. Maximum amount of this picment was found on fourth
day in these two treatments, In the second treatment
the concentration was slightly less than that of control
at the end of growth phase wherz2as in others it was higher.
FPheophytin content of the 4diatom was greater
than that of control throughout growth phase in the first
treatment and was maximum on fourth day. In the second
treatment it reached maximum level on sixth day,declined
thereafter towards the end of growth phase and was not
detected on the last day. In the third and fourth treat-
ments pheophytin was less than that ¢f contrel except on
sixth and tenth days. 1In the third treatment it was not

detected on second and fourth caya.

Photosynthetic end products: (Fig. I11)

The acid soluble carbohydrate content, was
generally hicher than that of contrel towards the end of
growth phase in all treatments. The carbohydrate con-
centraticn was 86% more on sixth day when the diatom wvas
exposed to 0.02 ppm lead. 1Inspite of further increase
it was found tc be only 66% higher on tenth dey in rela-~
tion to control. It was less than that of control upto

sixth day in the second treatment but increased sharply
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thereafter reaching 445% higher level by tenth day. At
0.C6 ppm level of lead, the carbohydrate was 57 more than
that of control on sixth day and decreased till eighth day,
to increase once again to 72% higher level at the end of
growth phase, When the diatom was exposed to 0.,C8 ppm
iead, carbohydrate content was more than that cf control,
Increasing from 242% hicher level on sixth day to 79%
hicher level by tenth day.

The concentration of alkali soluble carbohydrate
of the treated diatom did not show much variation between
any two treatments and also between any treatment and
centrol, It was 44% more than that of control in the
diatom exposed to 0,C4 ppm lead but was reduced by 60%,
32% and 3% in the other treatments respectively, at the
end of growth phase,

The insoluble carbohydrate content of the
diatom increased when exposed to 0,04 and 0,08 ppm lead
and decreased in 0.02 and 0,C6 ppm treatments, in rela-
tion to control in early phase. It was 57% more than
that of control on fourth day in the second treatment,

In other treatments it was 53%, 94% and 81% more respec-
tively on si»th day. 1In the above three treatments the
level of carbohydrate decreased till eighth day and
increased once again but was less than control by 73%,

78% and 73% respectively on the last day. 1In the second
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treatment it increased sharply from sixth day to 30%
higher level by eighth day and gradually thereafter, but
not to the same extent as cont:ol and was redvced by 27%
on the last day. Among the treatim2ants insoluble fraction
level was highest in this instance.

Total protein measured on the basis of nitrogen
was higher than that of control in all treated samples
upto sixth day. When the diatom was cultured in 0.C2,
C.C6 and 0.,C8 ppm lead, percentége increase was 101, 181
and 163 respectively on sixth day of growth, But towards
the end of growth phase protein level was lowered con-
siderably in these three treatments when compared to that
of control by 75%. The diatom was exposed to 0,04 ppm
lead produced maximum amount of protein when compared to
other treatments, It was 252% more than that of control
on fourth day and exhibited only 58% reduction at the end
of growth phase.

Lipid, the major photosynthetic end product
of the diatom was adversely affected at all experimental
dos2 lavels of lead., The percantage reduction was 63 and
73 for first and second treatrents where as 54 for the

other two,
Crowth: (Fig.I)

The biomass was reduced in presence of lead

inspite of initial stimulation in growth in 0,C2 ppm
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and 0,04 ppm treatments., Growth was delayed in the
early phase at 0,C6 and 0,C8 ppm levels of lead, but
subsequent recovery was observed when it proceeded at a
better pace than that of control, Generally from sixth
day onwards not much differencec was observed batween
any two treatments and the final yield was less than
that of control.

Details of nutrient uptake are given belcw,

Selected Nutrients absorbed
concentration . fugsy) N /P

of metal Phosphate: Nitrate
0,02 1045 768 0.74
Oo.C4 975 763 . 13
G, C6 10C0 765 0.77
0,08 996 760 0.76
Control 1350 763 0 27

The treated diatom absorbed phosphate to a
lesser extent (by 300 ng/l) when compared to that of
control.

The nitrate absorption was nct affected, The
N / P ratio varied little in the treatments and gene-

rally remained higher than tha:. of control,



8 Gross production - Nett production
4
o 1 pH
£
S 1 | ] |
0 2 4 6 8 10
D AYS
N. Palea Pb @
n 19.0.-02 o—.-—0
3 20- 0-04 o—0
[¥Y]
© 21- 0-06 0——~0
S 22. 0-08 b—1
§ Control *— — -
1 | | i |
0 2 /A 6 8 10



6
Mg/10 CELLS

20
10

Chl

Chl c

.palea Pb @

Control

Pheophytin




M g/mgldry wt)

557 Carbohydrate j ~ Carbohydrate
50 |- (Acid soluble) - (Alkali soluble)

80} Carbohydrate - Protein /
70 F (Insoluble) L

8
DAYS 475[ Lipid

400+ N.palea Pb @
- Control - —-o
:"; 300 | 19.0.-02 O0— -0
- i 20-0-04 o0—0
E 200 1 — ©21.0:-06 O0—0
S L 22.0-08 A—A

2 100

Q

19 21 ¢

Fig. 111



d

74

Ak

Effect of copper on S. bi jugatus
(Figs.I, II and III)

- s s -

S51. No. of No, of Selected

the metal treatment concentration
(in ppm)
<:> 23 0.1
24 0.2

Production: (Fig I)

Preliminary experiments with S. bi jugatus
revealed that tolerance range tc copper Was ten times
higher than that of N, palea,

Nett production of the alga was adversely
affected by copper in selected concentrations of 0,1 and
0.2 ppm, Considerable difference was observed between
the two treatments in the early phase of growth, It
remained less than that of control in the first treatment.
44% and 84% reduction was observed on second day in the
two treatments respectively., Production was found to
be 9% more in 0.1 ppm treatment whereas 52% less in
0.2 ppm treatment on fourth day. From sixth day onwards
production did not vary much between the two treatments,
In both, maximum production was recorded on tenth day with
10% and 23% reduction respectively in relation to control,
Further reduction was observed, by 32%, in both instances

on the last day.
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Congiderable reduction in the respiration of
the alga was observed during the growth phase. It remai-
ned less than that of control throughout in the first
treatment with 88% reduction at its minimum on tenth day.
It increased thereafter to 38% lower level on the last day.
Respiration of the alga was further reduced in the second
treatment except on tenth day when it was 8% higher than
that of control. It was reduced by 42% at the end of
growth phase,

Consistent with low production,pH of culture
in both treatments did not attain the maximum level
reached by control, at any stage of growth. 1Inspite of
high production on fourth and sixth day pH of culture in
first treatment fell short of control by sixth day and
did not show much variation thereafter, It was slightly
higher at the end of growth phase, 1In the second treat-
ment it was further lowered in the early phase, From
eighth day onwards pH declined reaching the same level

as that of control at the end of growth phase.

Pigments: (Fig.II)

Total pigment content of the alga increased
to a large extent during the growth phase, when exposed
to copper.

Chlorophyll a in both treatments remained

generally higher than that of control from fourth day
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onvards except when it was slightly less than that of
control at the end of growth phase in the second treatment.
Chlorophyll a reached maximum level on fourth day in O.1 ppm
and on second day in 0,2 ppm. It declined thereafter but
from sixth day onwards it remained almost steady im the
first treatment, whereas gradual reduction was noted till
the end of growth phase in second treatment,

Concentration of chlorophyll b was maximum on
fourth day in the first treatment. It registered gradual
reduction till eighth day to a lower level than that of
control, increasing thereafter to a slightly higher level
by the end of growth phase. In the other treatment it
fluctuated with two peaks)on second and eighth day but
decreased to be just short of control by the end of growth
phase,

Carotenoids reached their maximum on fourth and
sixth day respectively in the two treatments, at a higher
level than that of control, The level of carotenoids
once again increased from eighﬁh day onwards in the first
treatment but decreased with the age of culture in second
treatment.

Pheophytin content of the treated alga vas
higher than that of control only on fourth and sixth day
of growth, It developed to a large extent at O,1 ppm
level, It was not detected on the last day of growth in

ejither treatment,
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At 0.1 ppm level of coppzr, chlorophyll a,
chlorophyll b and‘carotenoids were more than those of
control at the end of growth phase but when the level
was O.2 ppm only carotenoids remained higher. Also in
the latter all piaments exhibited decreasing stendency

towards the end of growth phase.

Fhotosynthetic end products: (Fig,II17)

Total carbohydrate contznt of the alga remained
same in both the treatments and was higher than that of
control in later growth phase, It wasg 63% less than
that of control on fourth day but was 268% more, at
maximum on tenth day in the first treatrment. 1In the
second treatment carbohydrate content was maxinmum on
fourth day but with 33% reduction when compared to that
of control and 72% more on tenth day At the end of
growth phase little variation was observed between the
‘treatments, with 130% and 119% increase respectively
in reletion to control,

At 0.1 ppm level of copper, protein content
of the alga was not affected, It was equal to that of
contrel. At 0.2 ppm level, this product was lowered
by 20%.

Lipid content of the alga was most affected
at the selected concentration of copper., It was reduced
by 64% when the species was exposed to O.1 ppm copper

where as increased by 44% at 0.2 ppm level.
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Growth: (Fic.I)

Growth was stimulated by copper in the first
treatment and the biomass was more than that of control
upto sixth day. Thereafter it remained steady till the
end of growth phase but was found to be short of control
on the last day. Negligible variatlicn in biomass was
recorded between second treatment and control, upto fourth
day. Further crowth was not observaed till sixth day but
the subsequent recovery by the alga resulted in increased
bliomass to the same extent as in first treatment. However,
considerable reduction in biomass was observed in the
treatments when compared to that of control, at the end
of growth phase,

Details of nutrient uptake of the alga are

given below,

Selected Nutrients absorbed )
concentration by the alca (ma/l1) N §pP
of metal Phosphate Nitrate
0.1 + 3536 1752 0,50
0.2 1190 648 0,55
(711 NO, was
.absorbgd)
Control 245 1290 1,27

Four fold increase in phosphate uptake was

observed when the alca was exposed to 0.1 ppm copper.
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Also nitrate uptake increased by about 50% at this level,
Neverthless at a higher level of 0.2 ppm, nitrate uptake
was reduced by 50%. Phosphate abscrption was also con-
siderably reduced in 0,2 ppm when compared to the other,.

Nitrate level of the natural medium, at the
time of experimentaticn with 0.2 ppm copper was found to
be very low and at the end of experiment no nitrate was
detected in the medium. Hence the actuval uptake could
not be measured,

During experiment, resporse of alga to copper
varied with batches. In seven out of ten observations
the alca reacted positively to 0.2 ppm copper, This may
be due to some factor in the medium prepared from natural
water, which remained active even after sterilization.

The information gathered from the present
study does conclusively prove that nitrate is not the
causative factor for such variations since the alga
responded positively to 0.2 ppm copper when the nitrate

concentration in the medium was 648 ng/l.
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Effect of copper on N, palea
(rigs. I, II and III)

S1.No. of Number of Selected
the metal treatmant concentration
(in ppm)
25 0,01
<:> 26 0.,C2
27 0,03
28 0.05

Production: (Fig.I)

The nett production of the diatom was generally
reduced by copper at the selected levels except at 0,02 ppm,
where the production was 43% higher on fourth day. Even-
though the production continued to increase, on the last
day it was 2% less in relation to control. When the
diatom was grown in O,Cl and 0,C3 ppm copper, production
increased gradually till sixth day but was less than that
of control by 28%., In both instances production declined
gradually thereafter and at end of growth phase it was
77% and 67% less than that of control respectively on the
last day. Production was severely inhibited by copper at
0,05 ppm level upto fourth day and improved subsequently
reaching maximum on elghth day with 30% reduction in
relation to control, It decreased thereafter reaching

lowest level by tenth day.the observed reduction being 85%.
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Respiration of the diatom was elevated in the
early phase of growth in presence of the metal, It was
slightly higher than that of control at its maximum in
the first treatment on sixth day, exhibiting 27% increase,
It was reduced to 64% lower level by tenth day. At 0,03 ppm
the respiration was sllghtly higher than that of control
upto fourth day and also on last day. It was minimm
on eighth day being.?O% less than that of control, but
was 80% more on tenth day, The respiration was elevated
in 0,05 ppm treatment, and was 26% higher on fourth day,
and in the 0.02 ppm treatment with an increasedéag% in
relation to control. The respiraticn declined therzafter,
in the former reaching minimum by sixth day and in the
latter it was steady bhetween sixth and eighth day,

Towards the end of growth phase it increased in both
instances and on tenth day it was 76% and 42% higher than
that of control respectively.

pH of culture reached a higher level than that
of control by sixth day in 0.01, 0,02 and 0,03 ppm treat-
ments and continued to increase upto eighth day, Declining
thereafter towards the end of growth phase, it remained
higher than that of control. pH remained lowest in
0.05 ppm treatment which was higher than that of control
only on the lagt two days. 1Inspite of low rate of produc-
tion in 0.01, 0.03 and 0,05 ppm treatments, higher level

of pH was attained,
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Pigments: (Fig.II)

In general pigment content of the diatom
increased in presence of this metal,

Chlorophyll a was more than that of control
when 0,01 ppm and 0,02 ppm copper was employed and its
concentration generally remained higher throughout growth
phase except on the last day in the former treatment, In
both instances maximum chlorophyll a was observed on
second day. Fluctuation in pigrent level was noticed
only in 0,02 ppm treatment. When the copper level was
0.03 ppm and 0,05 ppm chlorophyil a reached maximum level
on sixth and fourth day respectively, declined thereafter
rema2ined higher than that of control on the last day,
Considerable variation in concentration of chlorophyll ¢
occurred between any two treatments in the early phase,
At 0.01 ppm and 0,05 ppm copper level concentration of
chlorophyll ¢ was lowered, It was much higher than that
of control in 0,03 ppm level, 1In the latter growth phase
the concentration of chlorophyll ¢ did not vary much
between any two treatments and remained higher than that

of control at the end of growth phase.

Carotenolds were developed toééreater extent
than any other pigment. The concentration of this pigment
fluctuated with two peaks on second and sixth day in

0.01 ppm and 0.02 ppm and also remained higher than that
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of control throughout growth phise. At 0,03 and 0.05 ppm,
concentration of cartenoids was slightly lower than that
of control in the early phase, Neverthless it attained

a higher level than that of control reaching maximum by
sixth and fourth day respectively. Towards the end of
growth phase the level of carotznoids declined in all

and on the last day it was lowest in first treatment and
highest in the second treatment,

Pheophytin content of the diatom in all
treatment but the second one did not deviate much from
that of control, Only in the s2cond treatment its level
fluctuated with two peaks which are at higher Jlevels
than that of control on second and eighth day. At the
end of growth phase pheophytin content of treated diatom

remained slightly higher than that of. control,

Photogynthetic end products: (Fig.IXI)

The acid soluble carbohydrate fraction of the
diatom did not show much variation in the early phase
between any two treatments and between any treatment and
that of control. When the diatom was exposed to 0.0l ppm
copper, this fraction was more than that of control from
sixth day onwards and 10% higher on the last day. At
0.02 ppm level it remained less than that of control
throughout: Its concentration was negligible on eighth

day but increased by tenth day when it was found to be
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40% less, At 0,03 ppm this fraction increased sharply
from sixth day onwards and was 232% higher than that of
control on tenth day. This fraction was found to be more
than that of controllfrom fourth day onvards when the
diatom was exposed to 0,05 ppm copper and at the end of
growth phase it reached a 100% higher level,

The alkali soluble carbohydrate fraction of
the diatom was least affected, and generally did not
deviate much from that of control except when it was not
detected on fourth and sixth day in the first treatment
and on eighth day in the second treatment,

The insoluble carbohydrate fraction of the
diatom registered a gradual increase when the copper level
was 0,01 ppm but was slightly higher than that of control
only on sixth day. It was 53% less than that of control
on the last day. This fraction was almost equal to that
of control in 0,02 ppm and 0,05 ppm treatments upto fourth
day. Thereafter it remained steady till eighth day in the
0.02 ppm treatment and though increased towards the end of
growth phase found to be reduced by 50%., In the 0,05 ppm
treatment it increased to a maximum level on sixth day,
declined thereafter, was steady between eighth and tenth
day of growth with 79% reduction on the last day. 1In
0,03 ppm treatment it was eyual to that of control upto
sixth day increasing thereafter to @ greater extent reached
maximum level on eighth day but fell 52% short of control

by tenth day.



Protein content of the diatom was promoted in
the early phase in relation to control, 1In the first and
second treatments it was higher than that of control by
176% and 112% respectively on fourth day. 1In both
instances it declined and was observed to increase once
again towards the end of growth phase but remained 67%
and 55% less than that of control respectively, The
diatom, maintained in 0,03 ppm copper exhibited rapid
increase in protein content upto fourth day and there-
after gradually increased to its maximum on eighth day
with 46% reducﬁion from where it declined to 72% lower
level in relation to control, Protein content of the
diatom compared to other treatments Increased to .a large
extent when the copper level was highest (0,05 ppm)
reaching its maximum on sixth day. From 176% higher
level on sixth day it declined to 67% lower level on
tenth day.

Adverse effect of copper was evident in the
lipid content of the diatom, It was reduced by copper
at all dose concentrations. Among the treatments lipid
increased except in the last one, The percentage reduc-
tion was 62, 33, 24 and 64 respectively in the treatments,
On the whole insoluble carbohydrate fraction, protein and

lipids of the diatom were adversely affected by copper.
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Growth: (Fig. I)

Growth of the diatom was stimulated in the
early phase and inspite of low d2nsity indcula used, the
biomass was equal to that of control by fourth day, when
copper level was 0,01 and 0.02 ppm and slightly higher
when copper level was 0,03 ppm. In 0,05 ppm treatment
biomass remained less than that of control throughout the
growth phase., It neverthless reached by sixth day the
same level asg recorded for other treatments. Cenerally
from sixth day onwards little variation was observed
between any two treatments and the hiomass remained less
than that of control till the end of growth phase.

Petaills of nutrient absorption of the diatom

are given below.

Selected Mutrients ahsorbed
concentration g/l N/ P

of metal Phosphate Nitrate

0,01 1605 940 0,59

0.02 1895 932 0,49

0,03 17775 934 0.53

0.0¢% 1769 936 0,53
Control 1350 763 0.57

Nutrient abscrption was promoted in presence of
copper. The guantity of nitrate absorbed did not -vary
widely with the concentration of copper but phosphate was
taken up to a lesser extent at 0,01, C¢.,03 and 0,05 ppm

levels when compared to that of 0.02 ppm treatment.
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Effect of zinc on S.bi jugatus
(Figs. I, II and III)

Sl., No. of Number of Selected

the metal treatment concentration
(in ppm)»
29 0.05
<:> 30 0.1
31 0.3

32 0.5

Production: (Fig.1)

Nett production of the alga was enhanced in
presence of zinc. 1In the first treatment (0.05 ppm
zinc)it was slightly higher than that of control upto
fourth day and though continued to increase till tenth
day it was less than that of control from sixth day
onwards.éogenth day it was almost equal to that of
control but declined to 13% lower level at the end of
growth phase, When the zinc concentration was 0.1 ppm
and 0,3 ppm., production was elevated by 20% and 6%
respectively on sixth day but decreased to 40% lower
level in both,by eighth day. Thereafter it increased
once again to 4% and 3% higher level respectively at

the end of growth phase. When the alga was exposed to

0.5 ppm zinc, nett production increased to a large
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extent and was much higher than that of control through-
out growth phase, It increased sharply upto fourth day
and thereafter gradually and was higher than that of
control by 182% on sixth da¥’92% on eighth day and 222%
on twelfth day.

Respiration of the alga was reduced consider-
ably except in the 0.5 ppm treatment, In 0,05, 0.1 and
0.3 ppm treatments it remained gererally less than that
ogéontrol throughout growth phase, At 0,05 ppm level of
zinc, respiration fluctuated with two peaks. On sixth it
was 35% more but on tenth day 50% less, in relation to
control, It was reduced further to 76% lower level by
the end of growth phase, Respiration was minimum in
0.1 ppm treatment with a reduction of 74% on sixth day
and 88% on twelfth day, At 0,3 ppm level of zinc, res-

piration was reduced by 75% on sixth day, but increased

thereafter to 44% lower level than that of control towards

the end of growth phase. 2inc, at 0.5 ppm level, accele~

rated regpiration to a very large extent. It was less

than that of control on fourth day but thereafter increased

sharply to maximum level by sixth day being 1743% higher.
It declined thereafter till tenth day. Increasing once
again it reached 1567% higher level in relation to control
on the last day.

The increased rate of production and lowered

rate of respiration were reflected in the higher pH
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during early phase of growth upto fourth day in 0,95,
0.1 and 0,3 ppm treatments, But in 0.5 ppm, the pH of
the culture was considerably lowered and was less than
that of control except on twelfth day inspite of consi-
derable increase in the rate of nett production, 1In the
other treatments it remained le2ss than that of control at
the end of growth phase, 1In none of the treatments it

reached the maximum level attalned in the conitrol,

Pigments: (Fig. II)

Maximum pigment concentration was noted in the
early phase of growth in all treatments., Piginent content
varied with the concentration of the metal and hence no
definite pattern could be discerned.

ChlorOphyl%;;as maximum on second day and was
slightly more than that of cortrol when 0,05, 0,1 and
0.3 ppm zinc was employed. But it reached to a lower
level at the end of growth phase in relation to control,
Fluctuation in the pigment level was noted in 0,5 ppm
zinc treatment with two peaks on second and eighth day.
Also delay in production of pigment was observed in
this instance where the maximum amount of chlorophyll a
was found on eighth day. Total chlorophyll a during the
growth phase decreased with increase in metal concen-

tration,
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Chlorophyll b was suppressed in the early
stage of growth and was not detected on second day in
the first and second treatments. In both instances it
fluctuated with two peaks,on forth and tenth day but was
produced to a greater extent in the first treatment., It
was less than that of control on the last day, in both.

Fluctuation in the chlorophyll b was also
observed in the third treatment where it declined from
maximum on second day to almost negligible level on
sixth day, to increase once again to.a slightly higher
level than control on eighth and tenth day and decreased
to lowest level at the end of grcwth phase. Chlorophyll k
was adversely affected by 0,5 ppm zinc but as in other
treatments exhibited fluctuation. It remained less than
that of control throughout growth phase except on the
last day, when it was equal to that of the control.

Carotenoids of the alga fluctuated during the
growth phase in all treatments, The difference between
that of control and treatments was more pronounced in the
early phase. 1In all treatments naximum concentration of
pigment was observed in the early phase, on fourthday in
first treatment, and on second day in others. Total
carotenoid content decreased with increasing concentra-
tion of the metal during the growth phase but on the last
day pigment content of the alga was found to be directly

related to metal concentration,
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At 0,05 ppm level of zinc pheophytin content
of the alga fluctuated with twopeaks on fourth and tenth
day but fell short of control on twelfth day. It was not
detected on second day when the level of zinc was 0.1 and
0.3 ppm but increased to a large extent reaching maxxftimum
on fourth day. It declined in both instances to a negli-
gible level on sixth day and remained less than that of
control thereafter. When the zinc level was highest
(0.5 ppm) pheophytin was suppressed. It was less than
that of control throughout growth phase and also was not
detected on sixth and eighth day. At the end of growth
phase pheophytin content in all treated samples remained
less than that of control,

Total pigment content was almost equal to
that of control when z;nc level was Ool ppm. Above and
below this level (0.05 and 0.3 ppm zin:z) pigment content

was more than that of control,

Photogynthetic end products: (rig, 1I11)

In general the total carbohydrate content was
less than that of control in the early phasé. Also the
concentration of this product fluctuated with two peaks,
on forth and tenth day respectively except in 0,5 ppm
treatment, Carbohydrate concentration increased with
increase in zinc level upto 0.3 ppm, It was maximum on

forth.day when the alga was exposed to 0,3 ppm zinc with
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only 6% reduction when compared to control value, 1In
the first treatment it was reduced by 60% and in second
and last treatments by 53% on fourth day. The concentra-
tion of this product decreased thereafter in all treat-
ments., But in the first three treatments it increased
once again from eighth day to tenth day to 97%, 807% and
72% higher level respectively,and declined thereafter
to 53%, 64% and 75% higher level :iespectively by the
end of growth phase, In the last treatment from 53%
lower level on fourth Jday it decreiased gradually t.o the
same level as that of control by the end of growth phase,
Wwhen the total protein was analysed on the
basis of nitrogen,it was found to be less than that of
control in all treatments but not much variation was
ohserved between any two treatmerts., The percentage
reduction was found to be 21, 26, 20 and 23 respectively

in the four treatments.

The 1ipid content of the alga decreased with
increase in zinc level, The alga grown in O0,0%f ppm and
0.1 ppm zinc produced 32% more lipid. A reduction of 4%
and 38% was observed when the alca was cultured 0.3 and
0.5 ppm zinc, respectively.

Zinc was found to affect all three end products

adversely inspite of high rate of production,
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Growth: (Fig. 1)

Growth of the alga was stimulated at 0,05, O.1
and 0.3 ppm levels and the biomass in these three treat-
ments was more than that of control except on the last
day of growth, Even when the zinc level was 0,5 ppm
the growth rate and bidmass were not adversely affected,

Nutrient uptake of the alga is given below.,

Selected Nutrients absorbed
concentration by the alga (ug/1) N/ P
of metal Phosphate Nitrate
0.058 1101 612 O, 56
(All the NO,
absorbed)
0.1 1540 1188 0.77
0.3 1530 .1206 0.79
0.5 1360 1200 0.88
Control 945 1290 1.37

The metal did not exert any adverse effect on the nutrient
uptake of the alcga. Phosphate uptake increased with
increase in metal concentration except at the highest
level (0.5 ppm) of zinc, The amount of nitrate absorbed
did not differ much from that of control, Due to very low
initial concentration of this nutrient, the actual amount
of nitrate taken up by the alga could not be worked out

in the case of first treatment,
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Effect of zinc on [I. palea
(Figs. I, II .and III)

Sl.No.of Nunber of S?lected
the metal treatment Congentration
(in ppm)
33 0.02
(:> 34 0.04
35 0,06
36 0,08

Production: (Fig. I)

2zinc affected the production of the diatom
adversely. The production decreas2d with increase in
metal concentration upto 0.06 ppm level., Gradual rise
in production was observed ceaching maximum on sixth day
with 10% reduction in the first treatment,and it declined
to 77% less than that of control ky the end of growth
phase, Production ketwcen second and third treatments
did not show much variation. It was slightly higher than
that 2f control only on second day. From 45% lower level
at its maximum on sixth day, production declined to 705
lower l=vel at the end »f growth phase in the second
treatment. In the third, production rrached maximum
leyel on fourth d4ay but remained 20% lzss than that of
controsl and declined there after to 77k lower level by
tenth day, Productioan £ the diatom was suppreszed to
a large extent, upto faurth day when the zinc level was

0.08 pprie Frow a 72 lower level on forth day production
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increased, reaching maximum on eighth day at 12% higher
level)and declined thereafter to 65% lower level at the
end of growth phase. Production was highest in this
instance at the end of growth phase when compared to
other treatments,

Respiraticn of the diatom varied with concen-
tration of the metal., When the level of zinc was

?
eighth days with a respective increase of 300% and 150%

0.02 ppm, it fluctuated with two peaks,on fourth and

and declined to 44% lower level by tenth day, in rela-
tion to control. When the diatom was cultured in

0.04 ppm and 0,06 ppm zinc, respiration was maximum on
fourth day being 800% higher, but declined thereafter
reaching 52% lower level in the former and increased to
128% higher level in the latter,by the end of growth
phase. Respiration of the diatom was slightly higher
than that of control when the level of zinc was 0,08 ppm,
upto sixth day. Two peaks,on second and sixth day with
100% and 26% increase were recorded., It increased towards
the end of growth phase to 48% higher level, Respiration
of the diatom exhibited a decreasing tendency and was
less than that of control at the end of growth phase in
0,02 and 0.04 ppm treatments, But in 0,06 and 0,08 ppm
treatments it increased reaching higher level at the end

of growth phase.
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Not withstanding the lower rate of production
and elevated respiration, pH ¢f the culture in first
three treatments remdined gencrally higher than that of
control upto seventh day, though declined later tc a
slightly lower level, by the end of growth phase. In the
fourth treatment pH of the culture increased upto sixth
day., It was almost steady thereafter being slightly

hicher than that of control at the end of growth phase,

Pigments: (Fig. II)

Pigment content of the treated diatom was
more than that of control. Maximum chlorophyll a was
recorded on seccnd day in 0,C2, 0,C4 and 0,C6 ppm treat-
ments, In the first three, chlorophyll a was slightly
higher than that of control on sixth day and declined
thereafter in all treatments towards the end of growth
phase, It was slightly less than that of control in first
treatment and slichtly more ir others on the last day.
Generally, total chlcrophyll a increased with increase
in concentration of zinc.

Chlorophyll ¢ content of the diatom was
slightly more than that of control when the zinc level
was 0,C2 ppm and 0,04 ppm, It was produced to a greater
extent during early phase in C,C6 and 0.C8 ppm treatments.

Towards the end chlorophyll ¢ level of the treated diatom
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did not differ much from that of contreol. 1In the third
treatment chlorophyll ¢ remainad highet than that of
control througﬁ:but the growth phase.

At all experimental dos= levels of this metal,
the diatom produced more carotenoids than that of control,
The concentration of these picments fluctuated in all
but first treatment, The carctenoid contents of the
diatoméxii directly correlated with the metal concentration
and was slightly more in first and last treatments when
compared to the other two, Generally at the =nd of
growth phase treated diatom contained more pigment than
that of control,

Total pheophytin content of the treated diatom
did not show much deviation from that of control, It vas
initially suppressed in the first treatment, 1In all but
first treatment it fluctuated during growth phase, It was

not detected on sixth day when the zinc level was 0.C8 ppm,

Photosynthetic end products: (riqg., IIT)

The acid soluble carbohydrate fraction increased
tc a large extent in treated diatom towards the end of
growth phase and did not vary much between any two treat-
ments and between any treatment and that of control in the~
early phase, At the lowest level of zinc, this fraction

was not detected on furth day of growth but by sixth day
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it increased to be 163% more, reaching maximum on eighth
day with 270% increase, but was only 38% higher at the
end of growth phase, This fraction in the diatom was
equal to that of control by sixth day. But in the diatom
exposed to 0.C4 ppm zinc it increased sharply thereafter
to 369% higher level than that of control on tenth day.
In 0,06 ppm zinc the diatom contained 100% more of this
fraction than that of control on sixth day and increased
thereafter sharply to 341% on the last day. This fraction
was found to be 74% more in the diatom exposed to 0,08 ppm
zinc on gixth day but declined thereafter reaching minimum
level on eighth day with 57% reduction and increased once
again to 52% lower level on last day in relation to control.

The alkali soluble fraction was least affected
and did not differ much between any two treatments and
between any treatment and that of control. The percentage
reduction was 47 and 68 respectively in 0.02 ppm and
0,08 ppm treatments whereas only 3% reduction was observed
in 0.04 ppm treatment and 10% increase in 0.06 ppm treat-
ment at the end of growth phase,

The insoluble carbohydrate fraction was
affected by zinc and was found to be higher than that of
control in the early phase except at the lowest level of
this metal, By sixth day, this fraction reached higher
level than that of control in all treatments with a res-

pective increase by 53%, 27%, 838% and 61%, In the first
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treatment it increased further reaching maximum on eighth

day at 33% lower level and decreased to 72% lower level
at the end of growth phase, In the second and third
treatments it increased sharply reaching 86% and 58%
higher level respectively on eighth day. It declined in
the former and increased in the latter and was 35% and
26% less than that of control respectively on the last
day. In the last treatment the concentration declined to
90% lower level by the end of growth phase,

Exposure of this diatom to zinc resulted in
enhanced production of protein in the early phase,
Neverthless, it remained much less than that of control
at the end of growth phase., When exposed to 0.02 ppm zinc,
protein content increased gradually reaching a maximum
level on sixth day the value being 162% more than that of
control and declined thereafter to 75% lower level by the
end of growth phase, Proteln content was maximum on forth
day in the second treatment with 329% increase. From its
maximum it declined to 132% higher Jlevel by sixth day and
increased thereafter gradually towards the end of growth
phase exhibiting 65% reduction. Protein concentration
was highest when compared to other treatments on fourth
day in the third treatment with 528'% increase. It was
118% higher on sixth day. IQ was 606%less on the last day.

The diatom exposed to 0.08 ppm zinc produced least amount
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of protein, compared to othefs. 162% increase was
recorded on sixth day for this treatment. It increased
further to reach maximum on eighth day but was 45% less
than that of control and declined tovards the end of
growth phase to 78% lower level,

Among the end products, lipid was most
adversely affected by zinc., It was highest in 0.04 ppm
treatment when compared to others being 66% less than
that of control. 1In the first and last treatments it

was reduced by 82% and in the third by 85%.

Growth: (Fig. 1)

Growth of the diatom was stimulated except

at highest level of zinc. 1Inspite of the use of low
density inoculum)biomass reached higher level than that
of control in second and third treatments by fourth day.
In the first three treatments biomass was egual to that
of control on sixth day. It showed no further increase
in second and third treatments where as in the first
treatment, increased to higher level than that of control
by eighth day. 1In the last treatment it remained less
than that of control throughout but reached the same
level as in second and third treatments by the end of
growth phase, The final yield was reduced in all treat-

ments when compared to that of control,
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Nutrient uptake of the diatom is given below.

Selected Nutrients absorbed
concentration _ . fumg/l) , ... N /P
of metal Phosphate Nitrate
0,02 1655 940 0.57
0,04 1790 938 0.52
0,06 1690 9400,56 0,56
0.08 1755 940 0.54
Control 1350 763 0.57

Zinc was enhanced the uptakz of phosphate and
nitrate, but the former to a greater extent, Nitrate
uptake did not vary with the concentration of zinc, But
phosphate uptake though varied did not show any corre-

lation with the concentration of the metal,
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DISCUSSION

Mercury:

The influence of mercury on algal growth and
production was extensively studied (Kamp Nielsdn, 1371;
Ben Basgsat et al,, 1972; Nuzzi, 1972; Rice et al,, 1973:
Ben Bassat and Mayer, 1975). Mercury was reported to
cause initial lag in growth but subsequent recovery of
alga resulting in expcnential growth was observed by
Kamp Nielson (1971) and Aubert & Pesando (1375).
Accumulation of mercury and its distribution in the cell
was also investigated in short tarm experiments (Overnell
1975; Agarwal and Kumar 1975) and in long term experiments
(Kamp Nielson 1971: Ben Bassat et al,, 1972; Aubert &
Pesando, 1975).

In the present investigation no lag phase was
obgserved in the case of S. bijugatus but it occurred when
HN. palea was treated with 0.02, 0,03 and 0.04 ppm of
mercury.

The results showed that all the pigments
studied were developed to a greater extent, than in the
untreated samples of both the species in most of the
treatments, This is in agreement with the results
obtained by Betz (1977) who reported increase in chloro-

phyll a, Though a definite pattern of influence could not
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be discerned with individual pigments, total pigment
content decreased with increasing metal concentration,
but always remained higher than that of control,

Fogg (1956) found high proportion of carbon
fixed photosynthetically, within 30 seconds in protein

fraction in actively growing diatom Navicula pelliculosa.

In the present investigation the reduction in protein in
most cases except in S. bi jugatus grown in 0.02 ppm
mercury, in spite of high nitrate uptake, was observed.
More of carbon seems to be assimilated into lipids and
photosynthetic pigments with increasing concentration of
mercury. The increased flow of carbon into lipids and
photosynthetic pigments was reported by Harding et al.
(1985), when algae were grown in decreased light inten-
sity. Fogg (1956), Konpka and Schnur (1981) reported

14 flow into

that nitrogen starvation pfomoted enhanced C
Polysaccharides and non-N-containing storage products.
It is interesting to sce that in the present investigation
an increase in lipids and pigments occurred, even when
nitrate and light were not limiting factors,

Kayser (1976) reported that mercuric acetate
even at sublethal concentration produced impairment of
growth rates, cell densities and that morphological and

physiological effects of mercury are not evident immediately

after addition of this toxicant. The present results agree
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with the above. The toxic effect was evident only in the
latter phase of growth. On the contrary it was found
that mercury caused slight stimulation of growth
initially.

The morphological changes such as cell emlarge-
ment, increase in cell volume and cell deformities repor-
ted by Nuzzi (1972); pDavies (1973) were not observed.

The cells of N, palea grown in 0.04 ppm mercury were

seen attached to the culture flask and did nbot enter into
medium when the flasks were shaken resulting in apparent
decrease in cellnumber. When this culture was observed
under microscope no empty frustules were noted and hence
it was asgssumed that cell disruption 3id not occur.

The adverse effect of the metal at low con-
centration was not seen in either phosphate or nitrate
absorption. But generally when production, pigments and
cell numbers were low, uptake of nitrate was also low,
The phosphate absorption, however, was not affected.
Density of culture generally decreas2d with increasing
mercury concentration., The difference was seen only in
the latter growth phase. The biomass of S. bi jugatus
exhibited a gradual decrease, whereas severe suppression
of growth was obgerved in N. palea at 0,03 and 0.04 ppm
levels of mercury. At 0,02 ppm level, though an initial
lag phase was present, the growth of the diatom subse-

i amcunt cf
quently recovered. The accumulated, mercury did not
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differ much by either species between any two treatments
when compared with other metals. Davies (1976) stated
that cells detoxlfy mercury by precipitation and hence
the uptake is restricted after first day of growth.,

This may be the reason for low mercury level in the

test species.

Mercury appears to lower the rate of production
and protein content but increage the pigments, carbo-
hydrate and lipid except in the case of S. bi jugatus when
exposed to 0,02 ppm mercury. But at the same concentra-
tion it suppressed production upto eixth day. In the case
of S. bijugatus when the rate of producticn decreased,
the efficiency of the alga to build the macromolecules
such as carbohydrate, protein 1ipid and pigments was not
affected and there was only marginal reduction in biomass
and protein content. S. bijugatus is more teplerant and
efficient than N. lea, In the diatom, the higher rate
of production at low concentration of mercury was reflec-
ted only in the increased production of carbochydrate but
not protein and lipid. Increased toxicity resulted in
further reduction of protein, 1lipid and biomass.

The toxic effect of mercury resulted in
physioclogical disturkance as exhibited in the changes in
the proportion of macromolecules and biochemical composi-
tion of cells., The effect is both qualitative and

quantitative,
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Cadmium:

Cadmium is not an essenti2l micronutrient for
algae (Kelley, 1968). Reports on varied effects of the
metal on algae are found in literature. Measurable
inhibition of growth, photosynthesis and respiration at

l,ug"l level in the diatom Cylindrothica closterium was

reported by Lehman and Vas Cancelos (1979). 5 uM of
cadmium was reported to cause slight stimulation in

growth and chlorophyll level of Chlorella ellipsoidea

by Lue~Kim et al- (1980). Thomas et al* (1980) reported
the interference of cadmium with cell division in

Thalassiosira aestivalis, Hart and Scaife (1977) reported

that cadmium at 1 ppm level inhibited growth rate appre-
ciably in Chlorella,

In the present investigation cadmium at 0,04
and 0.05 ppm level has inhibited tre growth of the test
species, 1Increase in the level of cadmium resulted in
increasing inhibiticn not withstanding the slight stinmula-
tion in the initial phase. At lcwer levels of this metal
(0.01 and 0.02 ppm), nett production was.enhanced but
respiration wag reduced, At 0,04 and 0,05 ppm cadmium
both respiration and production were elevated in
S. bijugatus but nett production was reduced in N. palea.
Fluctuation in respiration was another effect of the metal

on N, palea at 0.02 and 0.C4 ppm levels., Pigment
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concentration increased as the culture aged, without
excepticn. .Initial delay in production was noted in
some instances. But the stimulation, in pigment develop-
mentPhen occurred, was not reflected in the final yield
of proteins and lipids, 1In the present toxicity study
a direct correlation between photogynthetic pigments
and production was not found. Increase in pigment con-
centration was not limited to chlorophylls. Carotenoids
also exhibited the same trend where as pheophytin was
not much affected.

High affinity between cadmium and algae was
reported by Fayed et al., (1983) and Les and Walkeir (1984).
Fhysicochemical interaction between algae and the metal
was reported by Soeder et al- (1978); Hasset et al-,(1980)
and Fayed et al- (1983) leading to increased accumulation
of cadmium in active growth phase than in decline phase.

Diatoms Asterionella farmosa (Conway, 1978) and

Phaeodactylum tricornutun (Cossa, 1976) were reported to

accumulate cadmium to a very large extent, accumulation
factors being 14 to 85000 and 10,000 respectively. 1In the
present study cadmium was observed to affect the species
adversely during the exponential growth phase. Les and
Walker (1984) has observed the binding of all the cadmium

by the blue green Chroococcus paris; in 10 minutes, But

the green alga Scenedesmus obliquus concentrated most of

the metal in culture medium in 2 hours (Fayed et al-,1983),
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Deviprasad and Deviprasad (1982) have stated

that cadmium was lethal to Scenedesmus obliguus and

Ankistrodesmus falcatus above 5 ppm level and for

Chlorococcum sp, above 10 ppm level. The present inves-

tigation showed that cadmium was not lethal to test
species at the concentration selected, but their physio-
logical efficiency was affected adversely.

Another feature of interest was the enhanced
uptake of phosphate and nitrate by test algae. Bruland
et al.,(1978) found that in natural waters, high cadmium
levels do not occur in plankton in the absence of signi-
ficant amounts of phosphorous, Cadmium and phosphorus are
correlated in microplankton. Present observation revealed
increase in uptake of phosphate and nitrate by N. palea
whereas uptake by S, bijugatus varied with concentration
of the metal. At an intermediary level of 0,03 ppm, this
species absorbed nutrients to a greater extent. Also in
this treatment its behaviour was only slightly different
from that of control but when grown in 0,01 ppm cadmium,
it was found to be physiologically nore efficient when
total end products were considered.

The present study revealed that S. bi jugatus

was found to be more tolerant than l. palea to cadmium.
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O'Kelley (1968, 1973) tas reported that lead
is not essental for the growth of algae, Stewart (1977 a)
has reported that lead upto 10 mg"l produced no visual
effects on the vegetative morphology or developmant of
reproductive structures in three marine red algae but
affected the cell division and cell elongation in

Tiffaniella. At 10 mg' Y, it was lethal to Dunaliella

tertiolecta. Stewart(1977 b), Deviprasad and Deviprasad

(1982) have reported that between 0,1 and 10 ppm level,
lead did not show any stimulatory effect and at 10 ppm it

killed Ankistrodesmus falcatus and greatly reduced the

growth of Scenedesmug obliquus and Chlorococcum sp.

In the presant study it was observed that lead
enhanced the rate of production and respiration in
S. bi jugatus but?ﬁ. Eglgg’it increased respiration alone
at 0,02 and 0.04 ppm levels, Resplration of the diatom
in presence of lead was high and fluctuating. Lead
increased production and respiration simultaneously, when
it did as in 5. bi jugatus or lowered both as in N. palea,
as in the case of other metals.

Reports on the effect of lead on pigments of
algae are scanty. Deviprasad and Deviprasad (1382) have
reported increase in pigment level and have measured
growth as optical density of the total pigment extract

at 665 nm, on the tenth day after 1inoculation.
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Effect of lead on pigments at the present
selected levels also was not different from that produced
by other metals, In general, it increased the pigment
concentration in both the species. 1Initial suppression
in all four pigments was observed when S. bi jugatus was
exposed to 0.1 ppm lead. Such suppeession was observed
only in pheophytin of N. palea at 0,06 ppm level of lead.
At all test levels lead reduced the chlorophyll b to a
large extent during growth phase though the situation
improved towards the end of growth phase in S. bijugatus.
In N. pal=2a it was produced to a lesser extent than other
pigments, The stimulation of pigments was not directly
correlated with actual increase in biomass or rate of
production or the total production of the species,

Reports on the effect of lead on photosynthetic
end products are lacking. When treated with lead,total
carbohydrate did not show any particular difference from
that of control in S. bi jugatus but in N, palea the acid
fraction (mainly glucose units) was generally more than
that of control and in particular increased to a very
large extent when the level of lead was 0.04 ppm. Also
in this treatment greater amount of insoluble carbohydrate
was observed.

Lead was observed to produce slight stimulation

on the protein production in S. bi jugatus alone, But the
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protein extractable by Biuret reagent remained higher
than that of control. At the highest level employed
(0.3 ppm) biuret protein was lowest. but total protein
was highest, Notwithstanding the high protein content,
cells of the treated algae must have been differept from

the cells of control, Since Scenecdesmus is known to be

a sturdy species with thick cell wall, and also only 85%
of protein could be extracted even after treating the
healthy control cells in biuret solution for 100 minutes
(Dorsey et al.,, 1978), ‘the increase in protein as per
Biuret method (urjaccomparied by growth in terms of cell
number) should be considered apparent., With regard to
N. palea protein though increased in the early phase was
invariably reduced by the end of growth phase.

Increase in lipid accompanied the reduction in

protein in S. bijugatus,. As the concentration of lead

increased lipid conten£ of the diatom increased whereas
protein content was decreased in N. palea.

Working on Selenastrum capricornutum, Monahan

(1976) reported that lead toxicity is dependent on pH and
phosphate availability, Schulze and Brand (1978) have

opined that lead killed cells mainly by depriving them of
phosphate, They observed that if lead concentration was

more than phosphate,populetion decreased.
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In the present investigaticn it was found that
even in presence of lead S. bijugatus absorbed more phos-
phate than that of control. 1In N. palea phosphate was
absorbed to a lesser extent even when lead was only
0.08 ppm and phosphate was 0.9 ng/l. 1In either cage cells
were not deprived of phosphate in presence of lead but the
biomass was reduced. Present results agree with those of
Deviprasad and Deviprasad (1982) who reported that reduc-
tion in growth of three alcal species when exposed to 1 ppm
lead even when phosphate was 2.75 ppm, During the present
investigation S, bi jugatus was cultured in a medium where
phosphate concentratiocn was 1.1 ppm and lead concentration
only 0.3 ppm.

Schecher and Driscoll (1985) working on HNostoc
mucorum have reported that the uptake of lead increased at
the pH range 4-7 but above 7 it decreased, Uptake was
more pronounced for 0-8 hrs., but was minimal in subsequent
measurements and there was rapid initial uptake which was
attributed to surface associations with the algal cells,
In presence of calcium,lead uptake was significantly low
at higher pH of 7.2 but 26% more lead was taken up in
presence of sulphate than in its aksence over a pH range
of 4-8.4, Citrate also decreased lead uptake.

Raldes and lewin (1976) have observed that

there was initial rapid increase in the lead associated
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with Phaeodactylum tricornutum and Platymonas sukcordia-

formis within a few minutes, The second phase varies
with the species, The lead content with slight decrease
in the first phase later increases or first increases
and latter decreases. This was thought to be due to
reduction in lead binding sites (probably protein) within
the cells as they go through their growth cycles, When the
alga was exposed to metal solution-for lohger periods, its
metal content increases, The lead icns are first adsorbed
to the cell surface and then translocated to within the
cell wall, to the plasma membrane and eventually to the
cytoplasm,
Marchetti (1978) has reported that tetraethyl
lead is more toxic than tetramethyl lead to marine organiems.
Muramoto (1980) has observed that toxicity of
zinc, lead, copper and cadmium reduced when synthetic
‘complexans were used to bind them. Increase in the ionic
strength of cadmium and magnesium reduced the lead uptake
(soeder et al., 1978; Harding & Whitton, 1980). Miller (1976)
reported that increase in ionic strength reduced the sen-

sitivity of Selenastrum capricornutum to the metal

Copper :
The biotic effects of copper pollution are of

particular interest because although copper is essential

trace element for both plants and animals, it is strongly
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toxic at quite low concentrations. For algae a micro=-
mutrient requirement for chelated copper has been repeatedly
confirmed (Green et al., 1939, Provasoli and Pintner 1953,
Walker 1953,;Johnston 1963, 1964). Yet, in ionic form
concentration as low as 1 ng/1 has been reported to be

toxic to the cultures of Chlorella pyrenoidpsa and

N. palea by Steemann Nielson et zl., (1969)... The
toxicity of copper to different algal groups varies
greatly. In general diatoms, dinoflagellates and blue
green algae are reported to be more sensitive than green
algae (Mandelli, 1969:; Erickson et al., 1970; Saward et al,,
1975). |

Concentration of copper as low as 1 ppb was
reported to be toxic to phytoplankton (Steemann Nielsen
et al., 1969; Martin and Olander,1971; Erickson, 1972).

At experimental dose levels copper was found to
be toxic to S. bijugatus and N. palea., Their growth rates
were impaired and biomass was reduced,

Steemann Nielsen and Wium Anderson (1970) have
reported considerable reduction in photosynthetic rate of
N. palea after 20 minutes of exposure to 1 ug Cu + 6 ng Fe,
in ionic form. The reduction was seen at all light inten-
sities and in their opinion was due to the penetration of
copper into the cell. The cell membrane becomes leaky and

the cells were found to loose considerable amounts of
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organic matter, even upto 22%. At 2.6 ng/1 photosynthesis
was reduced by 50%. The "leaky" nature of the cells may be
also the reason for reduced end products, inspite of
better overall production indicated by increase in pH in

N. palea, But both nett production and respiration were

reduced in S, bi jugatus.

Logs of mobility and reduction in photosynthetic
rate were also reported by Anderson and Morel (1978) for

Gonyaulax tamarensis. In the range of 30 and 100 ag/1,

copper was observed to reduce both standing crop and rate
of photosynthesis/unit chlorophyll a by saward et al,, (1975).
During their investigation regarding marine food chain,
no diatoms were found when copper ranged between 30-100 ug/l.
During the present investigation simultaneous reduction of
both nett photosynthetic and respiratory rates were observed
in S. bijugatus at 0.1 and 0.2 ppm levels, But for N, palea
the limit, from both biomass and quality point of view,
seems to be 0,03 ppm.

Davey et al., (1973) have reported that copper

wasg toxic to Thalassiosira pseudonana at 1 ppb level and

toxicity persisted even with copper aged in artificial sea
water, As stated elsewhere during the present study, the
upper limit for copper at added dosa concentration of 0.1
and O,2 ppm levels varied with experiments. The factor

causing such variation seems to be active in the medium



116

even after sterilization of the medium, Copper was the
only metal which recorded such variation, Hence the
upper limit as 0.2 ppm was determined on the basis of
probability,

Reports on the effect of copper on pigments
are lacking. All the pigments studiedlchlorOphyll a, b,
c and carotenoids were found to he more than those of
control in presence of this metal. For both test species
total pigment content was maximum at the respective lower
limits.

Reports on the effect of this metal on protein
and lipid of algae are lacking. 1In the present study
copper was observed to produce adverse affect on lipid
content at lower level,on protein content at higher level,

in S. bijugatus, Even then the total protein content was

not affected.Ccell numbers were found lowered indicating
that the protein when produced was not utilized for
sustained growth. 1In N. palea the anomaly observed was
with regard to the end products, Both protein and lipid
content of the diatom were lowered when the concentration
of copper was 0,01 ppm where as increased when copper was
0,02 ppm. In all parameters estimated at 0,02 ppm level,
copper produced a distinct positive effect. However this
cannot. be ascertained unless the interaction between
copper and the growth medium is studied. On the whole

S. bijugatus was found to be more tolerant than N, palea.
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One mode of copper induced injury was suggested
to be impairing the semi:bermeable osmotic barriers of
cells (Harrison et al., 1977), Two peaks of copper uptake,
one within the first 15 minutes and other between second

and fifth day have been reported by Schenck and Hull (1985)

for a dinoflagellate Gonyaulax tamarensis and efflux of
copper occurs over 3 to 4 weeks., 34% of copper in both
live and dead cells was found in cytoplasmic phase
suggesting that copper may interfere with cell metabolism,
5 to 15 ug of copper was reported to affect photosynthesis
first and presumably nitrogen fixation later by cutting
off energy supplies tO heterocysts in blue green algae
(Horne, 1978),

EDTA was found to be effectlve against copper
poisoning (Nishikawa and Tabata,1968). 1In the pH range of
2-10, calcium reportedly has mitigating effect on the
uptake of copper.

Although many recent reports discribed copper
defence systems in different species, little is known
about the source of the observed differences in algal
sensitivity. Exclusion, tying up in cell wall, secretion
of copper binding substances and production of internal
sequestering sites have all been reported to be detoxi-
fying mechanisms. Diatoms have been reported to be most
sensitive organisms. (Cvernell’1976f Thomas and Seibert,

1877, Goering et al,, 73, 1977).
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Zinc.

Detailed wcrk on the physiology of algae
related to zinc deficiency has keen carried out in Euglena
by Steward (1974). Jensen et al., (1974) observed that
though zinc is a necessary element it becomes rapidly
toxic as its activity increases and species differ widely
in their sensitivity to zinc toxicity. Anderson and
Morel (1978) observed that growth rates for low zinc
additions are difficult to interpret because they depend
on cells past history, cn varlabkle zinc contamination and
on the depletion of zinc from the medium as cells grow,
They worked out the results for cultures with higher zinc
concentrations (corresponding to activities > 10-12M.)

Farry and Hayward (1973) have reported that
the uptake of zinc65 was temperature and pH dependent and
appears to be indirectly linked with metabolism, Zinc65
is firmly bound to living cells, They suggested that the
binding sites are "proteinacious compounds", Same authors
have reported that the uptake in light at pH 9 was 50%
more in 5 hours than . at pH 7 and, at pH values greater than
9 uptake of Zn65 was markedly increased. Bachmann and
Odum (1960) have reported that zinc uptake was noticed
in light but not in dark and in marine seaweeds zinc is
taken up in proportion to the gross oxygen production and

accurulated in proporticn to nett oxygen production, It was
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suggested that zinc is taken up in direct proporticn to

the photosynthetic rate and that it accumulates in the

algae as a function nett production or of their growth,
Les and Walker (1984) have reported that zinc

was rapidly bound to Chroococcus paris. 90% of the metal

was bound in 1 minute and nearly.all within 10 minutes,
but it can easily be extracted with dilute EDTA solutiocn,
suggesting the adsorption of the ma2tal as a possibility,
Also according to them zinc has lowest affinity for cells
when compared to cadmium and copper. Significant reduc-
tion in the growth was also reported by 1 ppm zinc,

Allen et al., (1980) found 0,03 ppm zinc as

inhibitory to the growth of Microcystis aeruginosa whereas

Bartlett et al., (1974) reported 0.7 ppm zinc as algicidal

to Selenastrum capricornutum,

In the present investication zinc has affected
the growth of both the species reducing the biomass though
initially it exerted stimulatory influence.

Reports on the effect of zinc on pigments are
lacking. 1In the present experimentation, zinc stimulated
the production of pigments, to a greater extent in
S. bijugatus than in N. palea. Whereas total amount of
any one picgment increased with increasing metal concen-
tration in S. bijugatu$ (except at 0.05 ppm level) it

decreased in N, palea. Also at a particular concentration
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of zinc the pigment was minimrum but above and below
O.1 ppm in S. bi jugatus and 0.04 pom in N, palea it
increased,

This metal enhanced the rate of production and
reduced the rate of respiraticn of S. bi jugatus at. 0,05,
0.1 and 0.2 ppm levels and elevated both considerably at
0.5 ppm level. 1Interestingly the nett production rate
was very high in this instance. But without excepticn
zinc inhibited the rate of producticn and elevated the
rate of respiraticn in N, lea,

At the experimental dos2 concentrations zinc
generally reduced the protein content but carbohydrates
and lipid have increased, except at 0,5 ppm level in

S. bijugatus. In N, palea only the glucose fracticn

increacsed whereas protein lipid and other darbohydrate
fractions decreased to a large extent at all tested levels
of zinc. 1In both test species lipld was adversely affected,
Cn the whole the general efficiency of both the species

wag reduced.
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The toxic effect of the metals on the test
species was not linear at the sublethgl concentration
employed, The species reacted differently to differe
metals studied. The expression of toxicity in most
instances is delayed but could be observed by the end
growth phase,

The effect of mercury, cadmium, lead, copper
and zinc on the diatom N. palea (Fig. IV) was found to
without exception, adverse from both qualitative and
quantitative aspects. S. bijugatus (Fig. IV) was foun
to be more tolerant than the diatom studied, th2 adver
effact of these metals belng mostly restricted to the
biomass,

Mercury, at the lowest level employed (0,02
enhanced the production of carbchydrate, protein and
lipid of S. bijugatus but reduced the biomass. At highe
level (0,05 ppm) though carbohydrate and protein decrea
lipid content 1ncreésed to a large extent, The adverse
effect caused a change in the proportion of macromolecu.

At all test concentrations mercury was found !
be harmful toc N. paleca. The effect 1s more qualitative
than gquantitative. In presence of mercury, the concen-
tration of all three photosynthetic end products as well
biomass of N. palza were reduced.

The adverse effect of cadmium is more pronounc

on the protein content of both the species. Continued
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reduction in biomass was observed with increase in
cadmium concentration. 1In both species positive resgponse
was observed at 0,03 ppm cadmium level but the response
was negative above and below this concentration which
therefore may be regarded as optimum concentration for
the production of carbohydrate, protein and lipid.
However, this needs further detailed study for confirmation,
S. bijugatus responded positively to lead as far
as the quality of the cells is concerned. 1In presence of
this metal, protein content of the alga was promoted
while carbohydrate and lipid were not affected. But at all
test concentrations the biomass was reduced. Further
reduction followed with the increase in lead concentration,
On the contrary lead exerted a total negative
effect on N. palea at a much lower level,
5. bijugatus was found to have high tolerance
for copper., At the highest level employed, slight reduc-
tion of protein was accompanied by increase in lipid
content of the alga, At the lowest level of this metal,
lipid was reduced but protein was not affected. The harmful
effect was more pronounced when the photosynthetic end
products were considered, though biomass was also slightly
reduced,
Copper exerted a total negative influence both

on biomass and photosynthetic end products of N, palea,
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The effect is more pronounced at highest and lowest test
concentrations. Also this diaton 1s less tolerant to

copper than S. bi jugatus.

Zinc exerted definite adverse effect on both
the species at the experimental dose levels, Reduction in
protein of S. bijugatus was accompanied by increase in
1lipid only at lower levels (0,05 and O,1 ppm) whereas at
higher levels (0.3 and 0.5 ppm) the concentration of all
the three end products was reduca=d, Among the metals
studied, zinc was found to have least effect on biomass.

Zinc was more toxic to N, pal=a and the overall
effect was negative except on carbohydrate concentration
which increased at 0,94 and 0,06 ppm levels,

All the metals exerted harmful effect on the
test species affecting the biomass and photosynthetic end
products,

The relative toxicity of these metals varied
with the test species, For 5. bijugatus the order of
toxicity was 2n > Cu > Hg 7 Cd > Pb when the biomass was
considered and when the photosynthetic end products were
taken into account, a slightly different order}Zn‘? cda
Cu > Hg 7 Pb was obtained,

The relative toxicity of the metals for N, palea
wasgs in the order Zn > Cd > Pb > Ha > Cu when either

biomass or photosyntheticnend products were considered,
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Analysls of variance was carried out to
establish the significance of the metal 'interaction in
both species studied. (Snedecor and Cocharan, 1956),

The variance ratios obtained by the two way
analysis of varlance technique (Table III), for the
growth parameters studied with regard to S. bi jugatus
were found to be significant in 96 out of 110 cases.

Mercury produced significant effect on all the
parameters studied at all selected concentrations during
the growth period.

At the test levels, the effect of cadmium on
nett production, chlorophyll a, chlorophyll b, carotenoids
and carbohydrates was not significant. But the effect was
consistently significant for the period of growth.

Lead did not produce any significant effect
on carotenoids, Also at the selacted concentrations the
effect on carbohydrate was not significant.

At the experimental dose concentrations of
copper, no significant difference was noted in chlorophyll b,
pheophytin and carbohydrate.

Zinc did not cause any significant change in pH,
chlorophyll a and carbohydrate at the test concentrations.

The selected metals produced considerable effect
on N, palea (Table IV) except in few instances. For this

species 110 out of 125 values were found significant.
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Mercury did not produte significant effect on
chlorophyll a at any level during the growth period. The
effect was considerable on chlorophyll ¢ and pheophytin
at the selected concentrations but the difference was not
sianificant at any level for the entire growth period.

Chlorophyll ¢ was not affected by cadmium:
Chlorophyll a and carotenoids dild not vary significantly
during the growth phase where as the concentration of
pheophytin varied considerably with the age of the culture,

Respiration of the diatom was not affected
significantly by lead at different concentraticns during
agrowth perliod., Its effect on chlorophyll a was not
significant at the selected concentrations of the metal.

Copper was the only metal to exert totally
significant effect on N, palea.,

At the test levels, zinc did not produce any
significant difference in pH of the culture and pheophytin

content of the diatom.



100*0>d - 0

126

shep ussmisg - II 10°0>d - q
SUOTIBIJUIDUOD UDOMIDE = I 50'0>d - ®© JueoTITUDTS ION - SN
) > 5 o o5 g > o o o o e 5 gy © © > o > o9 2 SN ¥ uz AHV
) o 5 qQ © SN 99 SN © q © ey © ®© o > o 5 9 o o z no AHV
> e 5 © ©o SN O ®© S SN O© D > q o o > o > o o o € ad AHV
° > ©> © 2 SN © ® 5 SN O SN © SN q 2 5 e © gq o2 o 3 PO @
o ) 5 g o © 5 o o o o q > q ©o © 2 o 2 o o o v By A”v
IT ° 1 IT ° 1 IT ° I IIT° I IT ° 1 IT I II ° 1 IT "I II° I II'1
suoT3eIl
spT q e uoT3 uoT3 ~u22uod
- (Te30l) (3Idanyg) earapdy uy3zdyad -oual 1 1AYd ITAyd uoT3el =-dnpoxd =donpoad pa3dailas paAioTdwa °“ON
p1d1l UTe3l0ad UTe30IJ -oqaAR)  =-03Ud =01eD ~0IOTUD ~0JOTYD -fdsau 239N sso1o Hd Jo ‘'oN g1e3IsnW ‘IS

snyebnl 1q °S

- sAep U83M3I3Q PuP SUOTIRIIUSDUOD USIBMIBY I0J DTQeRI 8dUBTIPA JO STSATRUE 8Y3l UT SOTIRI 8SOURTIRA 3yl IO 9OUEDTITUBTS

III = JTdvL



127

SApp usamiay

SUOTIRIIUSDUOD UIDIMIAE = I 500 - JUEDTITUDTS JON = SN
> e ® o © o e D 9 o & oS e o 2 o = > o o2 o 5 5 o sn v uz AHV
> qQ © © q © o o5 o o 5 o o5 5 o o o > o o2 oo 5 o o > v no AHV
o o q ] o o o o] o O o o o o, > SN SN SN ° o ° O 2 O 14 qd AHV
> > @ 5 a © 5 5 e g SN SN O SN SN SN O © g © 2 2 9 2 o € o (o)
> > q o o e O o > 8N o q 9 &N q SN SN q bo) 2 b} 2 0o o o IS o 3} AHV
II I 1II I It I 1II I II I TII I I I II I II I 1II 1 II 1 II I
(stunt(s1qnios(atqnios suoT3
~OSUl) TTeXIV) DTOV) o} e uoTt3 uoT?l -eI3U32U0D
(Te30L) @23eapAy 93eapAy s3jvapiy ut3likuyd spTou TTAyd 114yd uoTt3l -dupoid =-onpoad pa3ioatras pafoTdwa *onN
PTAT1 UT®30Id -0QiIe) =0qie) =-0gqae) =-03Ud —-830JeD) —0JOTUD -O0I0TYD ~vatdsay IION ssoan  Hd 3o °*ON STeI2W ° IS

eated

°N

- SAep uU®aMIBQ pUP SUOTIPIIUSOUOD UIBIMIBQ J0F 2TQPI 20ouPTIea JO STSATRUP 8Y3l UT SOT3IRI 2DUETIPA 3yl JO BOUEDTITUDTS

ATl = 3T8VL



1235

The organisms growing in natural waters are
adopted to the set of ecological conditions of the water,
They must also be considered as adopted to the toxic
metals already present in the polluted water, Hence
the background load of any metal 1s important in metal
toxicity studies,

In the present study, natural water was
used as the medium, The concentration of s=lected
metals was found to be very low in these waters,
Phytoplankton are known to concentrate the metals and
the concentration was denerally reported to be many
times higher than in the ambient waters, In the
present study, the background load of metals in the
species was assessed from the control. The values
represent the concentration already existing in the
test specles. These values were subtracted from the
values of metal concentration obtained by exposing
the species to selected metals, to find out the actual
accumulation by the spacies during the growth phase,

The concentration of the metals as accumu-
lated by the species was found to bhe very low except
in few cases because of the lower concentration of
the metals employed for the preseni. work,

Cadmium, lecad; zinc and iron werg detected

in_E: bijugatus even when it was not exposed to the
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metals in the laboratonry, But the concentration was
very low and it was not possible to gquantify. All

the m=tals except mercury were detected in the cultures
of N. palea. But quantification was not possible except
in the case of zinc, The concentration of zinc in

the control was found to be 0,03 ppm/100 mg dry wt.
Pillail et al., (1986) reported that the concentration
of copper and lead in bivalves was low., Also the

level of cadmium was reported to he very low in
bivalves except oysters, 2inc was reported to be

the dominant metal observed in oysters of Cochin

back waters., These value was subtracted for the
experimental values of zinc and reported, Wherever

the background level of metals could not be quantified,
the observed values were consldered as the actual
uptake by the species, and reported,

From the present study it is seen that
metals like cadmium, lecad, zinc and iron are found in
the water taken from the river system which receiwves
effluents from the sewage plant and backwaters, The
phytoplanktonic species, S, bijugatus and N, palea were
found to ke considerably affected by these metals as
1s revealed by change in the propor tion of photosyn-
thetic end products, even when the metals were below
the detection limit., Any further addition of thease
metals will be injurious to the ecosystem and hence

undesirable,
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TABLE V

Concentration of metals in S. bijugatus at the end of
growth phase.

Sl.
No.

No. of Concentration

Metal employed  yreatment  (ppm/100 mg dry wt.)

1 0.0089
2 0.0038
@ Mercury (Hg)
3 0.014
4 0.0069
10 0.034 *
@ cadmium (cd) 11 0.036 *
12 0.034 *
16 0.030 *
<:> Lead (pb) 17 0.030 *
18 0.083
23 0.106
<:> Copper (Cu) 24 0.162
29 0.091
<:> zinc (2n) 30 0.109
31 0.134
32 0.160

The values represent:d are the average of three obser-
vations for mercury and two observations for others,

* Values are less than the indicated concentrations.
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TABLE VI

The concentration of metals in N. palea at the end of
growth phase

Sl. No. of Concentration
"NOe. Metal employed treatment (ppm/100 mg dry wt.)

5 0.0035
6 0.003
(:) Mercury (Hg) 7 0.0027
8 Growth was highly
9 retarded
13 0.025 *
@ Cadmium (Cd) 14 0.023 *
15 0,017 *
19 0,024 *
20 0.020 *
@ Lead (pb) 21 0.023 *
22 0,025 *
25 0.010
26 0.018
@ Copper (Cu) 27 0.016
28 0.024
33 .0,022
34 0.046
36 0.080

The values represented are the average of three obser-

vations for mercury and two observations for others,

* Values are less than the indicated concentrations.
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6. Metals selected and their effect on test species

(Two metals).

The effect of the metals in combination ( Table 2 )

studied and reported in relation to control,
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TABLE 2
Sl.No. S5, bijugatus N. palea
zgmggi Ej_é azf Conci:e ntration Egé azf 'Com;e ntration
nation ment noppm ment n ppm
<:> 37 0.03 Hg + 0.01 Ccd 39 0,005 Hg + 0.02 Cd
<:>- 41 0,05 Hg + 0.05 Pb 43 0.005 Hg + 0.02 Pb
42 0,05 Hg + 0.1 Pb 44 0.005 Hg + 0,04 Pb
45 0,03 Hg + 0.01 Cu 48 0,005 Hg + 0.0l Cu
46 0.03 Hg + 0.05 Cu 49 0,005 Hg 0.05 Cu
47 0,03 Hg 4+ 0.1 Cu
50 0.05 Hg + 0,05 Zn 52 0,005 Hg 0.05 2Zn
@ 51 0,05 Hg + 0,1 2n 53 0.005 Hg 0.08 Zn
54 0005 Hg + 0.05 Fe 56 00005 Hg 0005 Fe
55 0,05 Hg + 0,1 Fe 57 0,005 Hg 0.08 Fe
<:> 58 0.05 Cd + 0.05 Pb 60 0,04 Cd + 0.04 Pb
59 0,05 Ccd4d + 0,1 Pb 61 0,04 cd 0,08 Pb
@ 62 0,05 Cd + 0.1 2n 63 0,04 Cd 0,02 2Z2n
64 0,04 cCd 0.04 2Z2n
65 0.05 cda + 0.02 Fe 67 0.04 Cd 0002 Fe
@ 66 0.05 Cd + 0.05 Fe 68 0,04 Cd 0.05 Fe
69 0,03 Pb + 0,05 2n 71 0.04 PDb 0.02 Zn
70 0,03 Pb + 0,1 2n 72 0,04 Pb 0.05 Zn
73 . Pb + 0.05 Fe 75 0,04 PD 0,02 Fe
@ 74 . Pb + 0,1 Fe 76 0,04 Pb 0.05 Fe
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Combined effect of mercury and cadmium on

S. biiugatus

Sl. No, of No. of the Concentratidn of metals
combination  treatment (in ppm)
@ 38 0.03 Hg + 0.05 Ccd

Production: (Fig. I)

When the cadmium level was low (0.0l ppr) in the
combination rate of production was lowered upto eighth day
but exceeded that of control by tenth day and remained
steady thereafter, The rete of production was lowered
to a large extent when the level of cadmium was raised to
0.05 pom and remained less than that of control throughout.
The percentage reduction was 13 and 81 on sixth day res-
pectively in two treatments. .On twelfth day it was found
to be 7% higher than the control in the former and 70%
less in the latter.

Respiration of the alga weas lowered in both
treatments (37 and 33) and was reduced by 68% on eighth
day in relation to control, increasing thereafter in
treatment 37 and decreasing in the other. At the end
of growth phase it was 25% and 92% less than control

raspectively.
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Production of the alga was reflected in the
pH of the culture, Owing to enhanced production and
lowered respiration, pH of the culture in treatment 37
was steady from eighth day cnwards and was slightly
higher than that of control at the end of growth phase,
pH of the culture was comparitively low in the oth2r due
to inhibition of production but improved from eighth day
onwards and remained less than that of control and
treatment 37 at the end of growth phase, The maximum
level of pH attained in tha control (10.%64) was not

reached in either treatmente.
Pigments: (Fig. ITI)

All four pigments were produced to a larger
extent during the early phase of growth by the alga in
treatments 37. At the maximum level chlorophyll a in
the first treatment was less than that of control whereas
chlorophyll b and carotenoids were more at respective
maxima, At the end of growth phase concentration of
chlorophyll a and chlorophyll b was less than that of
control but that of carotenoids was slightly higher,
Chlorophyll b and carotenoids were more than chlorophyll a
in treatment 37, PheOphytin content of the alga was
maximum on fourth day and was at a higher level than
that of control on fourgh and sixth day of growth phase,

but was not detected on eighth day.
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All four pigments of the alga were suppressed
in the early growth phase in treatment 38 and were not
detected on second day of growth, The concentration of
chlorophyll a, b and carotenoids increased thereafter,
but the increase of chlorophyll b was less, With the
exception of pheophytin, pigments reached a higher level
than those of control in the latter phase and remained
higher than in treatment 37 at the end of growth phase,
Severe suppression of pheophytin was noteworthy. It was

not detected on second, eighth and twelfth day of growth,

Photosynthetic end products: . (Fig. IITI)

Carbohydrate content of the treated alga was
considerably less than that of control in the early
growth phase, with respective reduction of 85% and 92%
on sixth day. Thereafter it increased, reaching maximum
on tenth day when it was 318% and 187% higher, in relation
to control, respectively. 1In both instances it declined
towards the end of growth phase but remained 152% and
163% higher than that of control respectively. At its
maximum on tenth day the carbohydrate concentration of
the alga in treatment. 37 was slightly higher than the
maximum level achieved by control on fourth day.

The protein content of the alga in treatment 37
was found to be equal to that of control whereas in the

other it was reduced by 33%.
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Lipid content of the alga improved by 3%%
when cadmium level was low and was reduced by 7% when

cadmium level was high treatment. 38),

Growth: (Fig. III)

The growth rate of the alga was lowered in
both treatments in the early phase., 1In the first it
improved after sixth day and from eighth day onwards all
biomass was equal to control. Wrereas in the other,
further growth was not observed till eighth day and
thereafter proceeded at a slow pace, resulting in con-
siderable decrease incell number at the end of growth
phase,

Details of nutrient uptake of the alga are

given in table.

Selected Nutrients aksorbed
concentration by the alga Wg/1l) NS P
of metal Phosphate Nitrate
37 2060 1430 0,72
38 2994 1738 0,60
Control 945 1290 1.37

Increase in the nutrient absorption of the alga
was recorded in presence of the metals, Unlike in control

more phosphate was absorbed than nitrate. Increase in
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cadmium concentration has promoted nutrient uptake,
Phosphate uptake was doubled when cadmium was 0,01 ppm
and trebled at 0,05 ppm., The N / P ratic varied consi-

derably between any combination and control,

Conclusion:

Inspite of slightly lowered production during
most of the growth phase, when the concentration of
cadmium was low, it exerted a positive effect on the lipid
and carkohydrate contents of the alua without affecting the
protein and growth,

But when cadmium was at higher level, treat-
ment 38/nett production of the alga was severely inhi-
bited, its protein content was reduced while the lipid
remained unaffected, 1Its growth was hindered, cn the whole
the effect was negative,

Increase in the tctal picment content seems to

be a common phenomenon.

Comparison:

When the combined effect of mércury and cadmium
on various parameters studied was compared with individual
effects of the two metals, the adverse effect of cadmium
was found to prevail at both higher and lower levels,

When the cadmium level was low, treatments 37 (0.02 Hg +
0.01 Cd) the positive effect of mercury prevailed on lipid

but not when the cadmium level increased/ treatment. 38

(0,03 Hg + 0,05 Cd).
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When the cadmium level was high (003 Hg + 005 cd)
production was comparitively lowered, Respiration was
not affected. All pigments were suppressedlexcept pheo-
phytin, to a greater extent, whereas carbohydrates and
biomass were not affected but protein and lipid were

reduced.



10

mg C/1/ hr

Gross production

mg C /1/hr

Nett production

7 Biomass o
%]
-
-
S
S
s 4r
-
I l | | |
0 2 4 6 8 10 12

37.
38.

rn

. bijugatus Hg+Cd (6

0-03Hg+0-01 Cd 0—- —0
0-03 Hg+0.05Cd o—o0
Control > — o



ug/1& CELLS

30 Chl a - Chl b

ANr——

v

10

S-bijugatus Hg+Cd ()

37. 0- 03Hg+0-01 Cd ©~-—0
38. 0-03 Hg+0:05Cd o—0
Control o —--e

30 Carotenoids Pheophytin

’ /- \

AR
VAR
Pl X T e
A
0 2 4 6 8 10 12

DAYS

II



U g/ mg (dry wt)

60

50

40

Carbohydrate

[

Protein (Biuret)

S.bijugatus Hg+Cd©
37- &-—0 0-03Hg+0-01 Cd
38. 0—o0 0-03 Hg+0-05Cd
e —- (Control

M g/mg (dry wt)

400

300 (

200

100

Lipid Protein (Total)

37

Fig. III

37



140

Combined effect of mercury and cadmivm on

N. palea

S1. FO‘ of the N?' of the, noncentration of metals
combination treatment (?PWQ

. e A e e e B s W e W

—— Am i e s . w ma b A e W et

©

39 ©0.005 Hg ++ 0.02 Cd

40 D,0C5 Mo + 0.04 Cd

Production: (Fic. 1)

In general production of the diator wvas
adversely affected by the metals in combinaticn, Hhen
the cadmium level was low treatment 39, proluctiocn was
promoted in the early phase of growth, with 3795 increase
at maszimum on second day, whereas in the other it was
reduced by 83% in relation to control. Decline in pro-
ducticn was obhserved from its miximum on second day in
the first)to minimum on fourth day when it was found to
be slightly less than in treatment 40, From fourth
day onwards production did not 1iffer much betuezn the
two and from sixth day onwards was nearly steady till the
end of growth phase, when it was found to be reduced by
56% and 60% respectively, in relaticn to control,

Respiraticn ¢of the diatom was elevated during
the early growth phase in both the treatments, The pesr-

centage increase was 460 and 6490 respectively on fcurth
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day, In relation to control, 1In troatwent 39 rocpira-
ticn contimued to increase to maximum on eicht!y day when
it was 119% higher whereas in the latter it exhibited
23% reducticon, Towards the end of grovth phase respira-
tion of the diatom decreased irn hoth treatmgants, but was
higher, by 8% in the form=2r and 60% less in the latter,
pH of the culture did not vary much between
the two except on eighth day but raemaired less than that
of control. It registered 2 graduzl increase till righth
day in the former and till sixth day in the latter, At
the end of agrawth phase it reached same level in both

and was less than that of control,

Figments: (Fig., I1)

Total pigment content of the diatom Increased
in both the treatments when compared to that of control,
Throughcut the except on the last day, it
remained at higher level in treatment: 39 and the
picments exhibited a tendency to decrease towards the end
of growth phase, But in treatment:i 40 only chlorophyll a
and carotenoids of the diatom reagistered a decrease towards

the end of growth phase.

Photosvnthetic end products: (Fig., I17)

Tctal carbohydrate coentent of the diatom was

lowered in presence of these metals.
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The acid soluble carbohydrate fraction of the
diatom increased by 110% and 93% respectively on fourth
day and declined upto sixth day when compared to that of
control, In both, this fraction increased from sixth
day onwards, but to a greater extent in treatment 39,
reaching its maximum on eighth day with 35% increase
whereas in the other it remained 55% less than that control.
It dwindled to a 38% lcwer level in the former and increa-
sed further in the latter but 58% less than control in
the last day.

The alkalil soluble carbohydrate fraction of the
diatom did not exhibit much variation between the treat-
ments and between any treatment and control except on
the last day of growth when it was reduced by 8% and 80%
respectively,

The insoluble carbohydrate fraction of the
treated diatom remained equal to that of céntrol on fourth
day. It did not differ much between the treatments though
in the former it was slightly more. But at the end of
growth phase was found to be 78% and 80% less than that
of control,.respectively.

Total protein content of the diatom registered
a respective increase by 122% and 51% on sixth day.
Subsequent increase in the concentration of protein was

observed, though not to the same extent as in control and
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on eighth day it reached almost the same level with 36%
and 37% reduction respectively and declined thereafter
to 67% and 64% lower level on the last day.

Lipid content of the diatom was lowered by

10% and 25% respectively,

Growth: (Fig. I)

The growth rate of the diatom was not affected
in the early phase but .as the culture aged it fell short
of control, to a considerable extent in treatment 40.
Final yield in biomass was reduced in both treatments,
Details of phosphate and nitrate uptake of the diatom

given below,

Selected Nutrients absorbed
treatments e (g1) N/ P
Phosphate Nitrate
39 1735 737 0, 43
40 1685 664 0.39
Control 1350 763 0.57

Phosphate was absorbed to a greater extent than
that of control whereas nitrate uptake was lowered. But
as in control, more phesphate was taken up than nitrate,
Phosphate uptake was reduced by 50 ug and nitrate uptake
by 100 ug, with the increase in cadmium level. The N/ P
ratio showed increasinag reduction with increase in cadmium

level.
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Conclusion:
e e ————————

Production of the diatom did not vary between
the two treatments except for a brief period in the early
~growth phase but the respiration of the diatom was eleva-
ted in the first treatment. Protein content of the diatom
did not vary with increase in cadmium level but lipid
content was reduced and also biomass. Increase in total

pigment content seems to be a common phenomenon.

Comparison:

When the combined effect of mercury and cadmium
on various parameters studied was compared with individual
2ffects of the two metals, production was found to be
lowered and respiration was elevatede.Concentration of
chlorophyll a, chlorophyll b and carotenoids was increased.
Carbohydrates were not affected, but protein content was
reduced. Lipid content of the species improved to a

large extent, Blomass was not affected.
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L-i‘GJ\
Combined effect of mercury and lead on
S. bijugatus
Sl.No,of No., of

combinaticn treatment GConcentration of metals

(in _ppm)
@ 41 0.05 Hg + 0.05 Pb
42 0.05 Hg + C.1 Pb

Production: (Fig, I)

Production of the alaga was inhibited by the
metals in combination, It increased gradually to reach
maximum on tenth day in treatment: 41. But in the
sharp rise was noted from sixth day to maximum on eighth
day. It was less than control by 32% and 3% on eighth
day and more by 1% and 8% on tenth day respectively., It
declined in former to 10% lower level and increased in the
latter to 8% higher level at the end of growth phase.

Respiration of the alga exhibited considerable
fluctuation during the growth phése in both treatments which
was found to be generally reduced, It exceeded that of
control, only on sixth day in the first treatment and on
fourth day alone in the second treatment., At the two
peaks on second and sixth days it was 19% less and 43%
more than control respectively in the former treatment

but declined to a minimum on eighth day. 1Increasing once
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1igain thereafter it reached 27% lower level than that of
control at the end of growth phase. In the second treat-
nent at the two peaks respectively on fourth and =2ighth
Jays it was 36% more and 5% less than that of control, It
Jecreased by tenth day and remained steady thereafter, It
vas 77% less than that of control a2t the end of growth
phase,

pH of the culture was less than that of control
in the first treatment except at the end cf growth phase,
In the second treatment pH was considerably lowered than
that of control except on eighth day when it was equal.
Inspite of increased production ani reduced respiration
pH decreased steadily from eighth day onwards in the second

treatment,

Pigments: (Fig. IT)

Pigment content of the alga was maximum in the
early phase in first treatment, The total amount: of any
pigment in the alga did not differ much between the treat-
ments at the end of growth phase but was slightly more in
the second treatment,

In the treated alga the concentration of chloro-
phyll a and chlorophyll b was less than that of control at
the end of growth phase whereas carotenoids and pheophyting

have increased to a greater extent., Initial suppression
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of chlorophyll b and phHeophytin was observed in first
treatment whereas pheophytin was not detected on sixth
day in the second treatment, Considerable fluctuation

in the pigment level was noted during growth phase in the
second treatment. The metals in combination have suppres-—

sed the pigment content to some extent in the early phase,

Photosynthetic end products: (Fig. III)

Carbohydrate content of the alga was reduced
in the early growth phase in both the treatments but was
found to be more than that of control in the latter phase,
From a respective 80% and 24% lower level than control on
fourth day it increased to 285% and 130% higher level on
tenth day. It was reduced in both treatments by 135% and
64% respectively at the end of growth phase,

Total protein of the alga was less than that of
control in the treatments but was found to decrease with
increasing lead concentration. 21% and 47% reduction was
observed in protein content of the alga in the two treat-
ments respectively,

Lipid content of the alga was adversely affected
by the metals in combination and was. 46% and 48% less than

control respectively in the two treatments,
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Growth: (Fig. I)

Growth of the alga was stimulated between
second and fourth day in both the treatments and also
between sixth and eighth day in the first treatment. But
the biomass was reduced slightly whan compared to that of

control at the end of growth phase,

Sl.No, of No. of the Nutrients absorbed N/P
combination treatment® _by the alga ua/l)
Phosphate Nitrate

41 2028 2788 1,38

(:) 42 1980 1781 0.80

Control 945 1290 1.37

i % e A M e e e t———

Both the nutrients were absorbed to a far
creater extent when the alga was exposed to the metals in
present combination, Though 50% increase in phosphate
absorntion was observed. Between the treatments, uptake
decreased with increase in lead corcentration. The N/P
ratio decreased when compared with that of control in the

latter treatment,

Conclusicn:

The metals in combination have reduced the pro-
duction and respiration of the algi and also the chlorophyll
piaments. Whereas th2 carbohydrat«a concentration has
improved protein and lipid contents were adversely affected.

The combination was found undesirasle.
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Comparison:

When the lead level was low in combination
(0.05 Hg + 0.05 Pb), the positive effect of mercury was
evident in reduced respiration and increased carbohydrate
content. Total protein concentration was not affected
by the presence of lead, The positive effect of lead was
seen in increased production, increase in chlorophyll a,
Pheophytin concentration was not affected by the presence
of mercury.

The combination increased the carotenoid con-
centration of the species and decreased the lipid content.

Wwhen the lead concentration was increased in
combination (0,05 Hg + O.1 Pb), the rate of nett production
increased than when either metal was employed alone, Fluc-
tuation in respiration occurred to a lesser extent than
was seen when Pb alone was employed. The influence of Pb
prevailed cn chlorophyll a and carbohydrate content,

The combination increased the concentration of
chlorcphyll b and carotenoids, and reduced the lipid and
total protein content of the alga, Also biomass was

lowered.
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Combined =ffect of mefcury and lead on

N, palea

N _
1. mo. of No. of the Concentration of metals

combination treatment (Ppd
@ 43 0.005 Hg + 0.02 Pb
44 0,005 Hg '+ 0.04 Pb

Production: (Fig. I)

Production of the diatcm was adversely affected
by the metals in combination., The overall production
exhibited little variation between the treatments and
was steady from fourth day onwards at 0,04 ppm lead. From
50% lower level on fourth day it increased to 5% lower
level on eighth day in the first treatment, wher=2as in the
second treatment little improvement was noted for 26% lower
level to 35% lower level, Thereafter production declined
in the former and very little difference was observed
between the two treatments Wwith the respective reduction
of 74% and 64%, in relation to control,

Respiration of the alga in the two treatments
was slightly hicher than the control upto fourth day,

From sixth day onwards it was equal in both the instances.
on second day 100% increase was observed and it gradually

declined to 60% lower level at the end of growth phase.
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The pH of the culture in both the treatinents
was less than that of control throughout growth phase,
but there was no significant difference between the

treatments,

FPigments: (Fig. II)

Pigment content of the cdiatom was slightly
more than that of contrcl in both the treatments, at the
end of arowth phase, Concentraticn of all the pigments
was minimum on fourth day in both the treatments. Chloro-
phyll a and carotenoids were considerably less than those
of control during the middle phase of growth, and also
‘exhibited fluctuation. Chlorophyll b and pheophytin. of
the treated diatom were less than that of control in early
growth phase. Total pigment content of the treated diatom

was slightly reduced when compared to that of control,

Photosynthetic end products: (Fig., IIT)

All the three carbohydrate fractions showed
little variation between the two treatments but were
considerably reduced than those of contreol,

The acid soluble carbohydrate fraction of the
treated diatom was less than that of control except on
fourth day in the first treatment. It was reduced by
83% and 74% respectively in the two treatments, at the

end of growth phase.
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The alkali soluble carbchydrate fraction of
the diatom increased in the early phase when compared with
that of contrcl. It was not detected on sixth day in the
second treatment., At the end of growth phase concentra-
tion of this fraction was lcw, reduced by 85% and 66%
respectively.

Insoluble carbohydrate wa:; the most affected
product. In the first treatment from 403 higher level
it declined to reach the minimum lesnl on sixth day and
increased once again to 55% lower level by eighth day.
Towards the end of growth phase it was reduced further by
85% in relation to control, 1In the second treatment it
was 20% less than control on fourth day but'continued to
increase to maximum on eighth day with 57% reduction and
declined thereafter to 81% lower level at the end of
growth phase.

The amount ©0f each fraction at the end of
growth phase in the treateddistom was nearly equal and was
guite low when compared with that of control,

The protein content of the diatom was also
affected adversely by the metals. It fluctuated with
two peaks on fourth and eighth day in the first treatment,
but found to be gradually increasing till eighth day in
the other. 221% and 105% increase was found on fourth day

respectively. Despite continued increase it was found
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to be 35% and 39% less than control by eichth day and
decreased further to 74% and 68% lcwer level by the end
of growth phase.

The lipid content of the diatom also decreased
when exposed to the metals in combination by 13%.and 19%
regpectively in relation to control,

All three end products were adversely affected

by the metals,

Growth: (Fig. TI)

The growth rate did not vary much between any
treatment and control, except tcwards the end of growth
phase. The final yield was slightly reduced. Between
second and sixth dJday of growth, biomass was slightly
higher than that of control in the second treatment.

Nutrient uptake of the diatom in the treatments

1s given below:

' Mutrients absorbed
No. of the
treatment ___,y-;mgflikl_~d,;,_ N/P
' Phosphate Nitrate
43 1475 743 0, 5O
44 1520 755 0.0
Control 1350 763 1.77

Phosphate uptake increased in the treated diatom

whereas nitrate uptake was lowered, when compared to that
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of control, Between the treatments, the diatom in the

latter has taken up both the nutrients to greater extent.

The N / P ratio was reduced in the treatments.

Conclusion:

The adverse effect of the metals was evident
in the inhibition of production, pigments, biomass,
carbohydrate, protein and lirid. The physiological

efficiency of the diatom was generally reduced.

Comparisons

Effect of mercury prevailed on respiration and
first and second fractions of carbohydrate whereas that
of lead on production and third fraction of carbohydrates,

The combination has reduced the protein,
lipid and biomsss Wwhen compared to the effect of either

metal on these parameters.
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Combined effect oOf mercury and copper:on

S. kijugatus

S. No. of No. of |
* * . . C entration of metals
combination treatment onc (in ppm)
45 0.C3 Hg + 0,01 Gu
@ 46 0.C3 Hg + 0.05 Cu

47 0.3 Hg 4+ 0.1 Cu

Production: (Fig. I)

Nett production of the alga was adversely
affected in the earlv stages of growth and was negligible
on second day in first and second treatments. It was
less than that of control throughout in the second
treatment, Gradual increase was noted from second to
eighth day in both instances but it was 6% more in the
first treatment whereas 8% less in the second treatment,
Froduction then declined in the first treatment to 29%
lower level on twelfth day. Inspite of continued
increase it was 8% less in the sacond treatment on the
last day. 1In the third treatment production was enhanced
from second day onwards and it was 42% and 4% higher
respectively on fourth and sixth day, in relaticn to
control but fell 8% short of control by eighth day inspite
of continued increase., Production remained steady there-

after and was 2% higher than that cf control on the last

day.



Respiraticn of the alga fluctuated in all
treatments with two peaks, It was less than that of
control throughout in the second treatment., In the first
treatment it fluctuated with two peaks on fourth and
eighth day of growth with 64% and 52% increase rguspec-
tively in relation to control. 1In the second treatment
it showed two peaks, on fourth and tenth day with 12%
and 54% reduction respectively 1in relation to control.

In the third treatment the respiration was considerably
reduced upto fourth day but increased thereafter to 187%
higher level by sixth day. It showsad a second peak on
tenth day with 43% reducticn., Towards the end of growth
phase respiration increased in the first treatment but
remained 47% less than that of control, 1In the other
two treatments it decreased to 81% and 60% lower level
respectively at the end of growth nhase.

Considerable variation in the pH was not
observed between any two treatmentsexcept at the end of
growth phiase., Inspite of hicher rate of production, the
pH of the culture in the third treatmant remained less
than that of control throughout, whereas in the other two
treatments it wasg slightly higher only at the end of growth
phase. In no treatment maximum level of pH attained by

the control (10.64) was reached,
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Pigments: (Fig. II1)

Total pigment contént of the alga was not
correlated with the concentration of metals., Chlorophyll a,
chlorophyll b and pheophytin were not detected on second
day in the first and second treatments, But these pig-
ments were developed to greater extent in the alga in
second treatment by the end of growth phase. High2st con-
centration of all piaments was achieved by the alca in
third treatment on sixth day.

In the first treatment the concentration of
chloronhyll b was minimum and was less than that of control
throughout. Chlorophyll a, chlorophyll b and carotenoids
exhibited an increasing tendency towards the end of growth
phase in the second treatment. Concentration of carote-
noids was higher than thet of control in all treatments
but that of phe0phytin wes less, 1n relation to control
at the end of growth phase. Total pheophytin increased

with increase in copper concentratlon.

Photosynthetic end products: (Fig, I117)

The carbohydrate concentration of the alga
fluctuated during the growth phase in the first and third
treatments. In the first and second treatments it was
low, reduced by 91% and 76% respectively on fourth day,

whereas in the third treatment it was highest with 24%
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increase. The carbohydrate concentration declined there-
after in all treatments, A second p2ak was observed on
tenth day with an increase of 241% and 64% in the first
and third treatments. In the second treatment the con-
centration remained rmuch lover to that of contral through-
out growth phase with a reduction of 48% and 22% respectively
on eighth day and twelfth day. In the first and third
treatments, the alga showed 141% and 64% increase at the
end of growth phase,

Frotein content of the alga was reduced by 2%,
7% and 23% respectively in the first, second and third
treatments,

Lipid content of the alga was reduced by 15%,

., and 38 respectively in the first, and third

treatments, amd increased by B2 in the secomd .

Crowth: (Fig. I)

Growth of the alga was retarded by the metals
in combinaticn and the bhiomass wis reduced towards the
end the growth phase, the reduction being more in the
third treatment. The growth rate was stirulated initially
between fourth and sixth day in the first , between second
and fourth day in sécond treatrent and third treatments.,
Details of the nutrient uptake are given in

the follcwing table,
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Nutrients absoaorbed

No., cf o -
v the alga (Wag/l) N /P
t
treatmen Phosphate Nitrate
45 2030 1828 0,90
46 2215 5030 2,27
47 1686 1794 1,06

Control 945 1290 1,37

The treated alga absorbed both the nutrients
to a greater extent than that of control. The upteke was
maximum in the second treatment. Unlike in control, more
phosphate was absorbed by the treated alca than nitrate.

The N | P ratio varied considerably between the treatments.

Conclusion:

Nett production of the alga closely followed
that of control in the second treatment and respirztion
was reduced., Only slight reduction in protein was observed
whereas lipid increased., Combination O,C3 Hg + 0,05 Cu seems

to be the limit for the alga with minimum adverse cffect,

Comvnarison:

The influence of mercury prevailed when level of
copper was lowest (0,Cl ppm). As the level of copper in-
creased, its influence was evident. At the lowest level of
copper, protein was not affectad buk lipid was sliahtly
reduced. At 0,C5 ppm level, copper 1id not affect the pro
tein but increased the lipids., At 9,1 ppm copper affected

both protein and carbohydrate,



mg C /l/ hr

LOG. OF CELLS

mg C/t/ hr

Nett production o

6
D AY S

S. bijugatus Hg + Cu

45. 0-03Hg+0.01 Cu 6—-—0
46- 0-03Hg+0.05 Cu 0—0°

47- 0-03Hg+0-1Cu o0——O
Control - — -9



6
g/ 10 CELLS

M
N
o

10

Chl a

45. 0-03 Hg+0-01Cu
46- 0.03 Hg +0-05Cu
47. 0-03 Hg+0-1Cu

1

T

S-bijugatus Hg+Cu

o— - —0
o—o0

Oo0—0a
—--o

Pheophytin

Control
- R Carotenoids ﬁg’
B N
B /R\ —
- II \\ .
— \ \,
u \\ \
_I/ . N\ \\
1/ N

L/ j | Sk e,
/ - ——

1 | | | |
0 2 4 6 8 10




Mg/ mgldry wt)

Carbohydrate Protein (Biuret)
)y S.bijugatus Hg +Cu

T-45.0-03Hg+0-01 Cu ©—-—®
| 46.0-03 Hg +0-05 Cu 0—o
| 47.0-03Hg +0-1 Cu O—O
| Control o — -0
— / .—-\‘
- /4 \\ 7/ N \
2 AN
- 4 /, N
/, . o _
— / T
o 1 | |
0 2 4 6 8 10 1
DAYS
Lipid Protein (Total)
400 [ ] B
300 |- —
Y — = M=
>~ 200+ L
E 100 :
I |
45 47C 45 47C

Fig. III



160

Ccmbined effect of marcury and copper on

N. ‘palea

Sl, No, of No, of
treatment Concentration of metals

combination
_ (ppm) -
48 0.005 Fg + 0,01 Cu
' 49 0,005 Fg + 0.05 Cu

[}

Production: (Fig. I)

The nett production of the diatom was consider-
ably reduced and was lass than that of control throughout
growth phasa in both the treatments, Production was
slightly higher in the first treatment compared to the
other, It was 52% and 80% less respectively on sixth day
in relation to contrcl, in the two treatments., Between
sixth and eighth day no considerable change occurred. From
eighth day onwards production increased in both treatments
but remained 38% less than that of controlon the last day,

Regpiration of the dlatom was higher than that
of control in the early pvhase, Tt increased to a greater
extent in the first treatment. Respliration was 600%
higher in the first treatment on sccond day but in
the second treatment the oxygen values in the dark bottle
were higher than the initial boctle, It gradually decrease
in the first treatment and increas=2d in the second treat-

ment to be 24% hicher on sixth diy. There after It
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remained steady in the first treatment and was 45 less
on the last day in relation to controul, It declined and
was negligible in the second treatpent on eighth day but
increased to 4% lower level by the end of growth phase.
Owing to the low production, pH of the .

culture in both the treatments was less than that of
control and did not vary much in the two treatments
except at the end. Sharp decline was not=d towards the

end of growth phase in the first treatment.

Pigments: (Fig. II)

el A sl that

Total pigment content increased when the diatom
was exposed to the metals in combination, With the
exception of chlorophyll a in the first treatment which
remained less than that of control throughout growth phase,
all pigments increased, to a greater extent in the second
treatment. But at the end of growth phase the concen-~
tration of any piogment did not vary much between the two

treatments and between any treatment and control,

Photosynthetic end products: (Fig. III)

The acid soluble cérbohydrate fraction in the
treated diatom was found to 137% and 283% more on fourth
day in relation to control, It declined gradually there-
after till eighth day to 79% and 57% lower level respec-
tively., It increased once again but was found to be 51%

and 38% less than that of control on the last day,
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The alkali soluble carbohydrate fraction did
not vary qreatly from that of control. 1If was slightly
higher in the early phase. It was not detected from
eighth day onwarde in second treatrent, Whereas in the
first treatment from a negligible Jlevel on eightlt day it
increased to 81% lower level on tenth day.

The concentration of insoluble carbohydrate
frgction in both the treatments was equal throughout the
growth phase, It did not show much variation from that
of control in the early growth phase and waS'reduéed by
75% in relation to control on the last day,

Protein content of the diatom showed consi-
derable increase in the early crowth phase, It was 176%
and 304% higher on fourth day in the two treatments
respectively. It declined thereafter and was steady
between sixth and eighth day. Eventhough it increased

towards the end of growth phase, was fcund to be 49% and

)

68% less than that of control respectively on the last day.,
The metals in combination affected the lipid

content of the diatom adversely reducing it by 72% and

33% respectively, in the two treatments,
Growth: (Fig. I)

Lag in growth was noted between second and
fourth day in both treatments. The biomass remained less

than that of control in the two treatments.
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Datails of the nutricont uptake are given in

the following table.

NMutrients absorbed

No, of

treatme'nt ——— e (A}_g__/ l_) e e imem N / p
Phosphate Nitrate
43 1735 706 0,41
49 1725 700 0, 40
Control 1350 763 0.57

Not much variation was observed between the two
treatments in nutrient uptake. When compared with that
of control, phosphate uptake increasezd by 28% but nitrate
uptake was decreased by few ug., The N ¢ P ratio varied
very little between the treatments and was less than that

of control,

Conclusion:

The toxic effect of the metals was evident in
all the parameters studled. Both biomass and end products

were lowered,

Comparison:

The comman individual effect of both th2? metals
prevailed on production on respiration, Production was
lowered and respiration was elevated. TFurther reduction

in chlorophyll a was observed tharn when mercury alone was
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employed whereas other piagments incrvased, But when
compared with the effect of copper, &ll piaments except
pheophytin were found reduced. Inflvence of mercury on
carbohydrate was evident, Protein wes improved when
compared with that of copper alone, Lipid was further
inhibited by the metals in combinaticon when copper level
was 0.01 ppm, but increased when 0,05 ppm copper was
employed. The growth rate and biomass both were lowered

when compared to the effect of either metal.
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bl b

Combined effect of mercury and ginc on

S bitugatus_

Sl. No. of No, of Concentration of metals

combination treatment (in ppm Y
@ 50 C.,05 Hg 4+ 0,05 Zn
51 0,05 Hy + 0,1 2n

Production: (Fig. TI)

Production of the alca ircreacsed steadily till
the end of the arowth phase hut remained less than that
of control except on sixth day in the second treatment.
In both the treatments production was reduced by 28% and
33% in relation to control on eighth day- and by 3% and
2% on twelfth day respectively,

The respiration of the alga was generally
reduced, to a greater extent in the first treatment, and
remained less than that of control throughout growth
phase, 1In both the treatments respiration fluctuvated
with two peaks on fourth and eichth day. On fourth day
it was 64% and 12% less and on eighth day 50% and 5% less
respectively, in relation to control, 1In both instances
it decreased till tenth day and increased once again till
twelfth day. The reduction was 60% and 31% respectively

on the last day.
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pH of the culture showed marginal variation
between the two treatments, Except on the last day it

remained less than that of control,

Pigments: (Fig. 11)

Total pigment content of the alga did not
vary much bhetwvween the two treatments and also between
any treatment and control. The maxima were attained at
a latter stage, on fourth dav by the treated alga whereas
in control they occurred on seccond day. Concentration
of chlorophyll a and pheophytin was n=aligible on
fourth day in both the treatments., Also chlorophyll b
was not detected on second day in the first treatment
and on last day in the second treztment. Carotenoids
and pheophytin were found in greater concentration in the
first treatment., Chlorophyll a and carotenoids were more
and chlorophyll b and pheophytin vere less, in the trea-

ted alga, at the end of growth phese,

Photosynthetic end products: (Fig., III)

The carbohydrate concentration in the alga
varied to a very large extent in the two treatments, In
both treatments maximum c0n¢entration was reached on
tenth day. On fourth day it was 24% less in the first

treatment and 77% less in the second treatment. Thereafter
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it dropped in both treatments and increased once again
from sixth day onwards till tenth day and was 1056%
higher in the first treatment and 15% higher in the
second treatment., It declined thereafter in both the
instances but remained 908% higher'in the former Ind 34%
less in the latter treatment,

Protein content of the alga did not vary
much between the two treatments and between any treatment
and control. It showed 12% increase in the first treat-
ment and was equal in the second treatment when compared
to that of control,

Lipid content of the2 alga improved when
exposed to the metals in combination, When the zinc
level was low the lipid increased by 39% and when high,

by 124% in relation to control,

Growth: (Fig. I)

Growth of the alga was stimulat=d between
second and fourth day in both the treatments. The biomass
was more than thet of control from fourth to eighthjday.<
The final yield was slightly reduced.

Details of the nutrient uptake are given in

the following table.
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Nutfients absorb=d

No. of by the alga (ng/1) N /’P
treatment Phosphate Nitrate
50 2365 2070 0,93
51 2356 210¢ 0,89
Control 945 1290 1.37

The nutrient uptake did not vary much between
the two treatments. The uptake increased when compared
with that of control. Unlike in control, more phcsphate

was taken up by the alga than nitrate,

Conclusion:

Increase in the zinc lewvel helped the alaga to
produce more lipid while the protein remained unaffected,

The combination was not toxic to the alga.

Comparison:

When the présent effect was compared with those
obtained by employing the metals individually, thé nett
production was found to improve, The high respiration,
as seen when zinc alone was employed, was reduced, The
influence of zinc prevailed on pigments which remained at
a higher level. Carbohydrate and protein improved when
the metals_wére combined. Toxicity of mercury was reduced

in presence of zinc,
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Combined effect of mercury and zinc on

N, palea
sl. No. of No. of Concentration of metals
combination treatment (?Pm)
<:> 52 0,005, Hy + 0,95 2n
53 0,005 Hg + 0,08 Zn

Production: (Fig., I)

The production of the diatom was reduced in
both the treatments., The oxygen velues of the light
bottle were less than the initial bottle on second day
in the first treatment, Nett procuction of the diatom
increased gradual;y till eighth day and quickly there-
after but was found to be 6% and 41% less in relation to
control on the last day.

The respiration of the alga was higher than
the control and was maximum on second day by 517% in the
first treatment, It declined thereafter and was less than
that of control from sixth day onwards. On eighth day
the oxygen value of ‘the dark bottle exceeded that of the
initial. By tenth day the respiration was 68% less than
that of control. 1In the second treatment the respiration
was 133% more on second day. But the oxygen values in the

dark bottle were higher than the initial values on fourth
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and sixth day. Respiration was 3 hicher by tenth day
in relation to control,

Despite the variation in production, pH of the
culture did not differ between the two treatments and
remained less than that of control except on thé last day.
In neither treatment it reached the maximum level (9,27)

attainad by the control.

Pigments: (Fig. II1)

Total pigment content of the alga increased in
presence of the metals. Chlorophyll a except on eighth
day in the first treatment, remained less than that of
control, Concentration of chlorophyll b was hiagher
throughout growth phase, except on second day in first
treatment. Carotenoids were generally higher in latter
phase in the treatments. Pheophytin was also higher
except on eighth day in first treatment, Considerable
fluctuation was observed in the level of these pigments
during growth phase. But the concentration of the pigments
did not vary much between the two treatments and between

any treatment and control at the =2nd of growth phase.

Photosynthetic end products: (Fig, II1)

The acid soluble carbohydrate fraction of the
diatom was slightly more in both the treatments when com-

pared to that of control in the early phase. But it was
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found to be less than that of control from sixth day
onwards, Not much variation was observed between the
treatments in the level of this product. By tenth day

it was 34% and 39% less than that of control resvectively,

Alkali soluble carbohydrate fraction did not
vary much between the two treatments and between any
treatment and control. It was not detected on eighth
day in the first treatment. It was less than that of
control from sixth day in both th: treatments, On the
last day the reduction was found to be 64% and T79Y%
respectively in relation to control,

The insoluhle carbohydrate fraction was less
than that of control in the early phase in the first
treatment. But on sixth day it wis 9% and 67% more than
that of control respesctively. By tenth day the concen-
tration dropped to 74% and 76% lower level on the last
day.

The protein concentration of the diatom improved
in the early phase and on fourth day was 160% and 283%
higher than that of control in the two treatments res-
pectively, It declined in both the treatments thereafter
and was equal on eighth day but was less than that of
control, Eventhough the concentration increased further
it was found to be 53% and 51% less on the last day in

relation to control.
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Lipid was the most affected product of the
diatom, When the zinc level was Low (0.05 ppm) it was

reduced by 43% and when high (0.08 ppm) increased by 35%.

Growth: (Fig, 1I)

Growth was stimulated in both the treatments
initially. In the first treatment lag was observed
between second and fourth day. 1Inspite of gradual and
continued increase, the biomass in both the treatments

remained less than that of control throughout growth

phase,
Details of the nutrient uptake are given below,
Selected Nutrients aobsorbed
concentration by the alga (ng/1l) N/P
of metal Phosphate Nitrate
52 1815 865 0.48
53 1775 715 0.40
Control 1350 763 0.57

The diatom, when exposed to the metals in
combination, absorbed more phosphate than that of
control. But the uptake decreased with the increase
in zinc concentration. Nitrate absorption increased
in the first treatment but decreased in the second
treatment, The N / P ratio did not vary much between

the treatments and between any treatment and control,.
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Conclusion 3

The combination is undesirable as it caused
considerable change in the proportion of macromolecules
like lipid, protein and carbohydrate,

Comparison

When the effect of the metals mercury and zinc
employed individually, was compared with their combined
effect, production was found increased than in the
former (mercury) and lowered than in the latter (zinc).
Respiration was increased than with mercury and reduced
than with zinc at lower level, When the zinc level is
higher the influence is seen in increased respiration.
Chlorophyll b and pheophytin showed an increase than
when either metal employed singly. Chlorophyll a and
carotenoids were less than when mercury alone was employed,
The effect of mercury prevailed on carbohydrates (except
on third fraction). Protein improved than when zinc
alone was employed levels of zinc in combination, lipids
improved to a large extent than was found when either
metal was employed., Highest lipid concentration was
observed in the combination 0.005 Hg + 0.08 2n during the

present work. Effect of zinc prevailed on the biomass.
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Combined effect of mercury =»ml iron on 5. i juoatus

(Figs., I, IT and ICL)

51, No., of NMumber of the Conecontration

Combination treatments of matals (hrm)
‘54 0,05 g 4+ 0,05 Fe

<:> 55 0.05 '™y + 0.1 Fe

Production: (Fig, T)

The metals in combination improved the production
of the alga in the later phas? of growth but was less that
of control upto sixth dey,when production was 27% and 58%
less than that of control respactively. Howaever from
eighth day onwards it remained hiaghe2v than that of control.
On twelfth day 79% and 70% innireace was rocovded,

The respiration of the alga was lovered to a
large extent in the first treatment which was 68% less
than that of control 6n seccnd day and was siteady thece-
after till twelfth day, exhikiting 87 reduction on the
last day. But when the iron level was increased to 0,1 ppr
the resgpiration also increased considerably when compared
to that of control, Respiration of the alga fluctuated
with two peaks on second and eighth day with an increase
of 97% and 348 resgpectively., At the end of growth phase

only 14% increase was observed.
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pH of the culture in both the treatments was
less than that of control in the early growth phase,
reflecting the low production, But it excecded that of

control by sixth day and remained higher thereafter,

Pigments: (Fig. IT)

Total pigment content of the alga in both the
treatments was higher than that of control in the later
phase. Chlorophyll a, chlorophyll b and carotenoids were
produced to a greater extent by the alga in the first
treatment. Maximum amount of chlorophyll a and chloro-
phyll b were produced on second day, as those of control,.
In the second treatment maximum amount of carotenoids was
produced on fourth day whereas in the first treatment it
was on second day. A second peak was reglstered for
chlorophyll a, chlorophyll b and ca:otenoids on tenth day.
Towards the end of growth phase pigment content of the
alga exhibited a decreasing tendency. The concentration
of chlorophyll b and carotenoids was less than that of
control in the second trecatment. Fheophytin was not
detected upto fourth day as well as on twelfth day:in

both treatments and also on tenth day in the first treatment.
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Photosynthetic end products: (Fig, III)

Carbohydrate content of the alga was less than
that of control in both the treatments in early growth
phase but from sixth day onwards it was produced to a
greater extent than that of control., The carbohydrate
content of the alga increased till the end of growth phase
in the former treatment but it fluctuated with peaks on
sixth and tenth day. The percentage reduction was 82 and
61 respectively on fourth day. ©On twelfth day 371% and
207% increase was recorded.

14% reduction in protein content was registered
by the alga in first treatment whereas 11% increase by the
one in second treatment,

The combination promoted the production of
lipids to a large extent., 126% increase in the lipid
content of the alga was recorded for the former and 104%

for latter treatments,

Growth: (Fig, I)

Rate of multiplication was retarded in both the
treatments when compared to that of control, But biomass
was equal to that of control on eighth day. The growth
thereafter was negligible in the first treatment though

improved in the second. At the end of crowth phase the
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yield was better in second treatment than the first

though in both cases biomass was less than that of control.

No. cf Nutrients absorbed (in pug/1) N p

treatment Phosphate Mitrate 7 _
54 1040 840 0.21
55 1036 1040 1.C0

Control 945 1290 1.37

The alga absorbed more phosphate than that cf

control. Nitrate uptake however wag lowered.

Conclusion:

Iron in combination with mercury, promoted
the production of the alga but increased respiration at
0.1 ppm level. Pigment'conteht was reduced, Protein
improved at higher level. The study showed that antago-

nism existed between iron and mercury.

Comparison:

At both the employed levels, iron has arrested
the suppression caused by mercury in production though
it elevated respiration to a considerable extent at 0.1 ppm

level., At lower level pigment content of the alga increased.

At a higher level iron suppressed chlorophyll a to greater
extent than any other rigment but increased pheophytins,
At both levels of iron lipid and protein of the alga improveq;

But the biomass remained unaffected.
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Combined effect of mercury and iron on N, palea

(Fics. I, 11 and III1)
S1, No, of No, of Concentrétion of
Combination treatment

the metals(ppm)

+ 0.05 Fe

56
57

0.005 Hg

Production:

0.005 Ha + 0.08 Fe

(Fig. i)

The rate of nett production of the treated
diatom did not vary much from that of control in the early
phase, but it did not exhibit increase to the same extent

as that of control after fourth day. Maximum production

was recorded on eichth day for the former treatment with

18% reduction and for the latter, on sixth day with 34%

reduction in relaticn to control, Thereafter it declined

gradually in both the
67% and 64% less than

Respiraticn

treatments and on tenth day it was
that of control respectively,.

of the diatom in the two treatments

did not differ considerably and was almost equal from
fourth to eichth day. It was 547, less than that of control
on eighth day, but at the end of growth phase it increased
in the former treatment to 20% higher than that of control
and decreased by 80% in the latter. On sixth day of growth,
the oxygen values in dark bottle were hicher than the

initial one for mnoth.tha treatments,
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Cwing to lcw production in both the treatments,
pH of the culture was observed to be lass than that of
control throughout the growth phase. It decreased to a
greater extent in the second treatment towards the end of

growth phase.
Pigments: (Fig, II)

Total pi@ment centent of the diatom in both the
treatments was higher than that of control towards the
end of growth phase. All four pigments were produced in
larger quantity by the diatom in the latter treatment.

Maximum chlorophyll a was found on eiqhth day
in the diatom in the first treatment whereas in the second
treatment it was on the fourth day. Pigment content of the
dilatom decr<eased in both the treatments, thereafter, but
remained higher than that of control,

The concentration of chlorophyll ¢ did not vary
from that of control in the first treatment upto fourth day.
It increased thereafter reaching a maximum on eighth day
at a higher level than that.of control., 1In the second
treatment it was slightly less than that of control till
second day but increased thereafter, reaching maximum on
fourth day. It then decreascd gradually till the end of
growth phase in both the treatments but remained higher

than that of control.
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The carotenoids showed a similar pattern of
development as chloronhyll ¢ in the treatments, reaching
maximum level on eighth and fourth day respectively in
the two treatments. The concentration of the pigment
declined therecafter in both., It was much higher in the
second treatment between fourth cnd eighth day.

Pheophytin also fullowed the szame pattern of
development as chlorophyll <, but initially the concen-
tration was equal to that of control. Maximum concen-
tration was attained on eighth and fourth day respectively
in the two treatments. The concentration of pheophytin
Was almost steady from sixth day onwards in the second
treatment but declined in the first one towards the end of

growth phase,

Photosynthetic end products: (Fig., III)

The concentration of the acid soluble carbo-
hydrate was slightly higher in the treated diatom when
compared to that of control and gradually increased in
both the treatments till eighth day, when it was 17%
higher than that of control,  Thereafter it was steady in
both the instances but was 46% less at the end of growth

phase,

In both treatments the alkali soluble carbo-
hydrate fraction was equal to that of control on second

and sixth day but was not detected on fourth day in the
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first treatment. In the later growth phase it was almost
equal in both treatments but on tenth day it was found to
be reduced by 40% and 34% respectively.

The insoluble carbohydrate fraction of the
diatom increased steadily and was higher than control on
sixth day)by 46% and 78% respectively, The subsequent
increase was not to the same extent as that of control
and at the end of growth phase it was found reduced by 753%.

The protein content of the diatom was more in
the early stage when compared with that of control, 86%
and 242% increase was recorded on sixth day in the two
treatments, 1Inspite of continued increacse it was found
to be 31% less on eighth day in both treatments., On the
last day 52% and 42% reduction was observed respactively
in the treatments in relation to control,

The lipid content of the diatom was adversely
affected by the metals in combination, ‘1 was less than
that of control in both thé,instances, by 29% and 55%

respectively.

Growth: (Fig. I)

The growth rate was enhanced in the early stage.
Though the diatom when exposéd to these combinations
produced equal number. of cells to that of control by sixth
day, slight retardation was recorded thereafter in both the
treatments. The biomass in the former treatment was equal

to that of control but in the later it was slightly lower,.
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No. of Mutrients absorbed (in aa/1) '
Treatment Phosphate Nitrate NAP
56 1700 734 0.43
57 1615 600 3,37
Control 1350 763 0.57

The diatom has ahsorbed more phosphate than
that of control when exposed to the metals, but the
nitrate absorption was reduced. The increase in iron

concentration reduced the uptake of both the nutrients,

Conclusion:

The combination reduced both production and
respiration. Pigment content of the diatom increased,
Carbohydrate, protein, and lipid were lowered, though the
biomass was not affected. Combination was found to be

undesirable from the point of view of ~nd products.

Comparisons

When the effect of the present combination was
compared with that obtaineqzzzrcury alone, the production
was found to be reduced but the respiration was not affected,
Concentration of the pigment was lowered. Total chloro-
phyll a was lowered but chlorophyll c remained unaffected,
When the iron level wag higher carotenoids and pheophytin
increased. But at the lower level they wWere suppressed.
Mercury prevailed up on the carhohydrate concentration and

biomass whereas protein and 1lipid showed an increase.
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bolob
Combined effect of cadimium and lead on
S. bl jugatus
(Figs. I, II and III)
S51.No, of No., of Concentration of
Combination treatment metalsdn ppmy

<::> 58 0.05 cd + 0,05 Pb
59 0,05 C4 + 0.1 Pb

Production: (Fig. 1I)

The nett production of the alga was retarded
by the metals in combination and it remained far less
than that of control throughout the growth phise. The
reduction was found to ke 83% and 62% on second day, 95%
and 82% on eighth day -and 75% and 67°% on the last day
respectively, for the two treatments. From sixth day
onwards production of the alaoa in the second treatment was
slightly higher than that in the first treatment.
Respi:ation of the 2lga was reduced considerably
and also fluctuated in the first treatment with peaks on
fourth and elighth day respectively, On fourth day it
was elavated by 61% and 47% respectively. It decreased
to a minimum level on sixth day in the former and till
eiaghth day in the latter, On eighth day it was 5% more
in the former and 79% less in latter treatment, It was

reduced by 72% and 60% at the end of growth vhase.
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pH of the culture in both the treatments was
equal to that of control on second day. It decreased
thereafter and remained much lower for the rest of the

period, in relation to control,.

Pigments: (Fig. II)

Pigment content of the alga increased to a
large extent in both the treatwents. Concentration of
chlorophyll a, chlorophyll b and carotencids was less
than that of control during the early phase. The concen-
tration of chlorOphyil b and pheophytin was almost equal
in the treatments at the end of growth phase, The con-
centration of chlorophyll a was higher in the former
treatment and that of carotenoids in the latter, Con-
siderable fluctuation was recorded in the level of pheo=-
phytin in both but chlorephyll alone 1in second treatment
during the growth phase. However, pheophytin was not
detected on sixth day. At their respective maxima all
four pigments in both the treatments attained a higher

level than that of control respectively,

Photosynthetic end products: (Fig. III)

Carbohydrate content of the treated alga was
less than that of control, Carkohydrate was produced to
maximum extent during later phase ¢f growth unlike that

of control. NWNo change in the concentration was noted
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between sixth and eighth day in the first treatment,
Considerable increase in this product was observed gene-
rally from eighth day onwards., ©On eighth day 28% reduc-
tion was recordad in the first treatment but 20% increase
in the second. However on tenth day 170% and 252% increase
was observed, in relation to control, Thereafter the
level of carbohydrate declined in both instances. Neverth-
less it remained 130% and 250% higher than that of control
respectively.
Protein content of the alga decreased to a
large extent, by 68% and 83% in the treatments respectively,.
The lipid content of the alga improved when

compared to control by 47% and 24% respectively.

Growth: (Fig. I)

Growth of the alga was severly inhibited except
in the early phase in both the treatments, The alga was
found sticking to the walls of the culture flask in both
treatments,

Details of the nutrient uptake are given in

the following table,

No. of Nutrients absorbed in ag/l N p
Treatments Phosphate ’ Nitrate /
53 93¢’ 1060 1.14

59 1086 1101 1.01

Control 945 1290 1.37
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The phosphate uptaie decreasad by Tow ue in
the first treatment but increased by ahout 140 fig. in the
second, wvhen compared tc that of control., Hitrate absorp-
tion decreased, With increase in concentratinn of lead,

there was a general reduction in nitrate uptake.

Conclusion:

The metals exerted a toxic effect at the
experimental concantrations and comBinatlon, reducing nett
photcsynthesis and protein content of the alga to a large
extent though lipid content of the alga improved. Growth

was retarded to a great extoent,

Comparison:

When the combined effect of the metals (cadmium +
lead) was compared with those obtalned by employing the
metals individuvally (cadmium and lead) production was found
lowered. Respiration also was lowered but the fluctuatior
in the respiration exhibited vhen the metals were emnloyed
individually, was retained even in combinaticn, While
chlorophyll a was not affected, chlorophyll b, carotenoids
and pheophytin increased considerably. Carbchydrate con-
centration was not affected but protein was considerably
reduced when compared to that obtained with cadmium alonez,
The variation in the lipid concentration was marcinal.

Riomass was reduced.
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Combined effect 0f cadmium and lead on ', palea

(Figs., I, II aml IIT)

- .- - —

fm e e v e e w v nm e W A W e A—————

31, No., cf No., of Conce:ntration of
Combination treatment retals (dn ppm)
60 0.04 Cd 4+ 0,04 Pb

<::> 61 D.04 Cd  » 0.08 b

C e e

———— e e e+ g s

Froduction: (Fig. I)

The nett production of the di2tom was advevsoely

affected by the metals in corkination, Tt wa

ul

less than
thet of control throughout the growth phage, froduction
of the dietom gradually increased in both the treatinents
till fourth day hut was 29% and 65% less than that of
control respectively., It decreas=2d tll) sixth day regis-
tering 84% and 94% reduction recpectively. Thereafter it
irproved inr both the treatments but to a greater extent
in the latter and was found tc¢ be reduced hy 50% and 47%
regpectively on tenth day.

Respiration of the ciatom was elevated in the
early phase, with 1C0% and 167 increase on szcond day.
Respiration of the diatom did not change batwean fourth
and sixth day in both instances but was 37% iess than that
of control on sixth day. Thereafter in both the treat-

ments respiration increased but to a greater extent in
B 3
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the latter treatment. Once again reSpiration of the
alga was observed to be steady between eighth and tenth
day. At the end of growth phase it was reduced by 40%
in the former but increaszed by 96% in the latter, in
relation to control,

Cwing to the low production rate of the diatom,
pH of the culture in both the tr-eatments was observed to
be well below that of control except on eighth day when
it was equal. It declined thereafter to a greater extent

than that of control towards the end of growth phase.

Pigments: (Fig. II)

When the diatom was exposed to the present
combination, the pigment content increased to a large
extent when compared to that of contrcl, With the excep-
tion of chlorophyll a in early phase, all pigments were
produced in greater guantities by the treated diatom.
Chlorophyll a was maximum in later growth phase on eighth
and sixth day respectively unlike that of control.

Chlorophyll c of the diatom exhibited fluctua-
tion during growth phase with peaks on second and sixth
day respectively.

The treated diatom produced carotenoids in
greater quantity than any other pigment. The pigment

level of the diatom fluctuated in the first treatment.
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Thougp ChlorOpnyll a was reduced in treated
diatom in early phase, pheophytins did not show any such
reduction, At maximum level pheophytin was in greater
quantity than chlorophyll in the second treatment.

The pigment level of the diatom exhibited o
decreasing tendency towards the end of growth rhase, as

that of contrcl,.

Fhotosynthetic end products: (Fig. T171)

The acid soluble carktobydrate froection of the
Alatem in first treatment increased Lo a vory areat axtanl
and was more than that of control throghout the arowth
phase. On fourth day 210% en! 257/ increass: was recordad
respactively in first and cecond treatments., Hodever it
decreased later in both the treatments, Cn sixth day it
wag 105% mor=a in the first treatment butS0% legs in the
second)than that cf contktol. <Cenz2rally fram sixth day
onwards it increased in both treatmants and cn tenth day
was found to be 501% and 95% highzr than that cf control
respactively,

The alkali soluble carbohydrate frazcticn of
the alga 4id not vary considerably, from that of control
in early phase but increased from sixth day onvards to a
areater extent and on tenth day. the percentiage increacse

wvas 104 .and 48 rasgectively.,
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. The insoluble carbohydrate content ¢of the

diatom increased gradually in the first treatment till the
end of the growth phase. It was 40% more than that of
contrcl on fourth day but was reduced by 41% on the last
day. 1In the cecond treatment it was 21% higher on fcurth
day but declined to 71% lower level by sixth day. It
increasad once again towards the end of growth phase hut
remained 51% less than that of control on the last day.

Protein content of the diatom showed increase
in the first treatirent in relaticn tc control. ©Cn sixth
day 36% increase was reccrdad for the diatom in first
treatment but 65% reduction in the other. On eighth day
protein was 16% more in the first trae2atment but 25% less
than control in the othar, At the end of grcocwth phase the
percentage reduction was 24 and Lb respectively,

Lipid content of the diatom was adversely
affected in both the treatments but it was reduced to a
greater extent, by 50% in the former andlonly by 20% in

the latter treatments.
Growth: (Fig. I)

Retardation in growth was noted when the diatom
was exposed to the metals. The biomess was less than that
of control throughout the growth phase. Growth rate of the
diatom was found to be better ir the former treatment in
the early phase. No growth was observed between second

and fourth days in the £first treatment,
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No., of Nutrients'absorbéﬁ[in pq/lQ N
Treatments Phosphate Nitrate /P

60 '1555 -‘717 0. 46

61 1650 777 0.47
Control 1350 763 0.57

When the concentration cof lead was low the
nitrate uptake was reduced, When the concentration of
lead was high both the nutrients were absorbed to a

greater evtent than that of control and other treatment.

Conclusion:

In general the combination is not desirable
since the nett production, growth rate, protein and lipid

of the diatomwere adversely affected,

Comparison:

When the effect of the combination was compared
with the individual effects of meials, it was found that
undesirahle effect of both the metals prevailed in reducing
production and elevating respiration. All pigments were
produced to a greater extent than when either metal was
employed individually. While the carbohydrate remained
unaffected, protein and lipid improved to a' considerable
extent., It was found that the positive effect of the
combination was limited to the end products, presumably due

to the antagonistic action of the metals.
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61T

Combined effect of cadmium and zinc on 3, Vi taontus

(Figos. I, IT and TIT171)
51, No. of Mo, of Concentayalicn of
combination treatment motals (in ppm.)
@ 62 0,0 Cd 0.1 Zn

Production: (¥ig. T)

Production of the alga wag advars-ly 2f{ecled
by cadmiur and zinc in the early arowth phauce,  However,
the alga recovered from the toxie offact in the lats grewt b
phase.  ©Cn second and sivth daw il was'less than that of
control by 57% and 93%'respectively. On fourth and eighth
day of growth’the nett productlon of the elga was nil, as
the oxygen values of the light bottles remnined less than in
the initial bottle. But by tenth day the production was
75% higher and continued to increase till the end of the
growth phase. 150% increase was recorded cn twelfth day
in relation to control,

Resplration of the alya was elevated to a large
extent and 279% increase was recordad on fourth day,
Respiration continued to increase thereafter and on eighth
day reached maximum with 567% increasc. Though it declined
thercafter till tenth day whenrn it was 61% less/once again
it increased towards the end growth phase to 51% higher

level on the twelfth day.
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Inspite of the very low production obtained
the pH value of the culture increased gradually and con-
tinuously till the end of ¢growth phase and was higher than

that of control (10.,64) on twelfth day.

Pigments (Fig.II)

Pigment content of the treated alga increased
considerably in the later growth phase. Chlorophyll a,
chlorophyll b and carotenoids reached their maxima on
second day but only chlorophyll a and carotenoids remained
higher than those of contrel. The amount of chlorophyll b
was much less in the treated alga and was not detected on

sixth day but increased thereafter to be higher than that

of control on twelfth day.

Carotencids of the alga was less than that of

control only on fourth day. It fluctuated with peaks on
second and sixth day.

Pheophytin of the alga was severely suppressed
and when detected on twelfth day was far less than that™

of control.

Photosynthetic end products: (Fig.III)

Carbohydrate content of the treated alga was
reduced considerably except on eighth day when it was

equal to that of control. 56 reduction was registered

on twelfth day. Protein ccntent was found to be reduced

by 66% but lipid content was increased by 50%.
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Crowth: (Fic. I)

Growth was retarded and the hiocmass was less
than that of control throughout the growth phase. By
eighth day the cells were found sticking to the gdass ware

and unhealthy pale green colour appeared ifh the culture

flask.
No. of  Mutrients absotbed(in,pq/f) N P
treatment Phosphate Nitrate ~ 4
62 1000 536 0.54
Control 945 1290 1.37

The alca has taken up more phosphate than that
of control. But nitrate uptake was reduced by more

than 50%.

Conclusion:

The nett production was reduced for most of the
growth period. This was accompanied by reduction in

carbohydrate, protein and biomass.

Comparison:

The ccmbination of cadmium and zinc elevated the
respiration to a larce extent, which also varied considerably
as in th=2 case of cadmium alona. The combination largely
suppressed pheophytin while oth2r piaments were promoted.

Rut carbohydrate protein and lipid remaéned unaltered. The
addition of zinc to cadmium did nolL produce noticeable

variation from that of cadmium alone.
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Combhined effect of cadmium andl zine on 1, palea

(Figs. I, II and III)

51. No, of No. of Concentration of
combinaticn Lreatmoent matals (Ao ppmd)

63 Q.04 CA 4+ 0,02 ¥n
@ 64 2,04 CA + 0,05 7n

The proddctidn of the diatom was reduced
marginally in the early phise., On fonrth dny it was lass
than that of countrol by 5% and 327 respectively in the two
Lreatments., Froduction of the diatom was sams on sith
day in the two treaatments, but wvas 437% less than control,
Therzafter it increased to a geeater oxtant i Lhe latter
and was less than that of contrwl by O and 2104 recrectively
on the last day.

Raspiration of the diatom in first frzaicment
finctuatad with peaks on fourth and eighth day with 5605,
and 58% increase respectively, It decreasod towards the
enl of the growth phase but remcined 327 highor than that
of control, The dark hottle oxygan values were higher than
the initial oxygen values in second troeatant,  But on
sixth day it vas 80% less thar that of controul, On eighth
anl tenth day of grovth whan osypaen walae of the doon

hottle remained esgual to thet of initial bhoitle,
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pll of the culture in both the treatments
increased gradually but was less Lhan that of control

except on tenth day.

Pigments: (Fig. II)

———ta g g e

The pigment content of the diatom increased
when it was exposed to the present combination of metals.

Concentration of chiorOphyll a was marginally
less than that of control in the early growth phase in both
the treatments, But it increased to a greater extent in
the second treatment reaching maximum on sixth day.
Chlorophyll a exhibited fluctuation with peaks on fourth
and eighth day in the first treatnents. At the end of
g;owth phase it did not vary betueen the treatments but
was higher than that of:control,

Chlorophyll ¢ of the diatom in the first
treatment remained more than that of control thrcughout
the growth phase. The concentration fluctuated with peaks
on sccond and sixth day respectively in both the treatments
and exhibited a tendency to decrease towards the end of
growth phase but remained hicher than that of control in
both instances.

Carotenoids of the diatom increased to a greater
extent than any other pigment, though it did not vary much

between treatments and that of control in early phase.
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In both the treatments it reached a peak on sixth day and
declined thereafter, to a greater extent in the former.
Phecphytin content of the diatom increased considerably
in the later growth phase. The concentration was less
than that of control only on fourth day in the second
treatment, This pigment also reglstered peaks on second
and sixth day of growth., The level declined thereafter;
till tenth day in the first but only till eighth day in
the second and remained without further change till the

end of growth phase.

Photosynthetic end products: (Fig. ILI)

The acid soluble carbohydrate fraction of the
treated diatom was higher than that of control throughout
the growth phase with 357% and 280% increase on fourth day
and 71% and 119% increase on tenth day respectively in the
two treatments,

The alkali solubla fraction also registered an
increase in early phase by 214% and 293%, but the concen-
tration decreased in the former treatment to 3% lower level
at the end of growth phase whereas 1t was 49% higher in
the latter.

The insoluble carbohydrate fraction of the
diatom also increased in the early growth phase and was

100% and 96% higher respectively than that of control. It
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continued to increase but not to the same extent as that
of control, till tenth day, when it was 41% and 43% less
respectively in the two treatments,

Protein content of the diatom was suppressed
to a considerable extent in the early phase in the first
treatment but improved when zinc concentration was higher
on fourth day, it wvas 82% less than that of control in
the former and 2329 more in the latter, Thereafter pro-
tein increased to a considerable extent by tenth day in
both instances, but it was found to be 60% and 63% less
than that of control respectively,

Lipid was less than that of control by 40% and

37% respectively in the two treatments,
Growth: (Fig. I)

Growth rate was stimulated when the zinc level
was high in the early phase. Thereafter it remained less
than that of control, The biomass decreased in toth the
treatments when compared with that of control.

Details of nutrient uptake are given in the

following table,

No. of Nutrignts abgggjggkggltgygg N/ P

treatment Phosphate Nitrate '
63 187¢C 818 0.44
64 1815 858 0.47

Control 1350 763 0,57
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In both the treatments, nutrients were taken upto a
larger extent than in the control. B2ut between the treat-
ments phosphate absorption decreased whereas nitrate

absorption increased,
Conclusion:

The metals in combination 2xerted a negative
effect on the physiology of the diatom by reducing nett

production, protein and lipid contents and biomass.
Compariscn:

When the effect of the present combination was
compared with that ‘exerted by the metals employed indivi-
dually, production was found improved, Respiraticn was
reduced when compared to the effect of zinc. Respiration
was more than when cadmium alone was employed at 0,02 ppm
zinc level but was much reduced at 0,05 ppm zinc level,

The combination of metals increased the pigment content

when compared to the effect of the metals tested individually.
The acid soluble fraction was reduced when compared to the
individual effect of zinc hut more than when cadmium alone
was employed. The alkali soluble fraction did not vary much
but the insoluble fraction was found reduced, Protein and
lipid were increased. Increase in zinc level reduced the

biomass than when either metal was employed individually.



mg C/l/ hr

LOG.OF CELLS

loa B |

Gross production

mg C /\/ hr

[~ Nett production

6 3.
6 4

N- Palea Cd + Zn @

0-04Cd+0.02Zn o0—-—0
0.04Cd +0-05Zn o—=0
Control - — o



wgs10° ceLLs

20

20
10

LI

Chl a

Chl ¢

W 1T

N. palea @ Cd + Zn

63. 0-04 Cd+0-02 Zn
64- 0.04 Cd+ 0-05Zn

Carotenoids [

Control e——-e
o— —0
o—-a0

Pheophytin




Hg/mg(dry wt)

80

60
50

40

30

20

10

30

Carbohydrate
(Acid soluble)

Carbohydrate
(Insoluble)

N
(@]
o

—
(@]
(@)

M g/mg (dry wt)

o

Carbohydrate
(Alkali soluble)
I Protein i
N /
i £
1 f
]
L I
1
[}
- 1
/ |
/ ]
- {z
i )
= i /
A
r”"__.—/ | 1 ]
0 2 4 6 8 10
i N.palea Cd+Zn @
- Control - —-0
L 63. 0-04 Cd+} o—-—0
- 0-02 Zn
L ] 64. 0-04 Cd +} oO—0
i 0-05 Zn
63 C

Fig. III



2JU

L%

Combined effect of cadmium and iron on 5. bi jugetus

(Figs. I, 11 and II1)

31, No. of
combination

No., cf
treatment

©
66

1)

Concentration of
metals(in ppm.)

0,05 Cd 4+ 0,02 Fe

0.05Cd + 0,05 Fe

Production: (Fig.

Production of the aiga vias enhanced in the early

phase. It was 143% and 79% higher than that of control on

second day in the two treatments respectively., It declined

thereafter, till sixxth day to minimum, in the first treat-

ment with 85% reduction and till fourth day ,with 74%
reduction in the second one, O©Once again production increased
in both, till the end of the growth phase. It was 11% more
in the first treatment on the last cday but 10% less in the

second,

Respiration of the
till eighth day in the first
of control by sixth day. It
It decreased thereafter upto

again to 54% higher level by

alga increased gradually
treatment., It exceeded that
was 7% higher on eighth day.
tenth day but increased once

the end of growth phase,

Respiration fluctuated in the second treatment with peaks

on second and eighth day, registering 54% and 74% increas

respectively, It was steady

from fourth to sixth day.
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In this instance also it showed reduction till tenth day
and increased once again, but only to 1% higher level,
at the end of growth phase.

pH of the culture was higher than that of
control only on second and last day of growth. For most
of the growth phase it was slightly higher in the first

treatment compared to gecond one,

Ficments: (Fiq. II)

Pigment content of the :alga increased and was
considerably higher than that of control except in the
early growth phase,

Chlorophyll a and chlorophyll b remained much
higher than that of control during most of the growth
phase and carotenoids throughout. The maximum level
attained by the control was exceeded in both the treat-
ments. Also all four pigment showed fluctuation with two
peake in both the treatments. Generally, pigment concen—
tration declined towards the end of growth phase. Pheophytin
was not detected on twelfth day Iln both and also on tenth
day in the second treatment.

In general chlorophyll a, chlorophyll b and
carotenoids increased with increase in iron level towards

the end of agrowth phase,.
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Photosynthetic end products: (Fig. I11)

Unlike seen in the contrc¢l, the carbohydrate
content of the treated alga increascd in the latter qrowth
phase, On fourth day it was 80% and 70% less tkan thet of
control in the treatments respectively. It reached maximum
level on sixth day.with 99% and 69% increace. The concen-
traticon of this product decreased till twelfth day but
remained 180% and 755 higher than that of control respec-
tively.

The total protein was found toc be higher than
control by 44% and 189 respactively.

Lipid of ths alga improve.d and was 143% and

134% more than that of control respoactively.
Growth: (rig. I)

The growth rate of .the alza 4did not vary between
the two treatments and was lower than that of control
throughout the growth phase. Biomass was less than that
of control throughout but reached slightly higher lavel in
the first treatment at the end of growth phase.

Details of nutrient uptake are given in the

following table,
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No. of Maitrients absorhed an pg/l) N
Treatment Phosphate Mitrate s
65 860 847 0.98
66 860 388 0,45

Control 945 1290 1.37

Doth the nutrients were taken up to a lesser
eaxtent than in control, Retwaeen the two treatments,
phosphate absorption did not vary but nitrate absorption

decreased with increase in jron level by 50%.

Conclusion:

When iron level was low respiration of the alga
was low and production improved after Ten days of growth,
Also the amount of carbohydrate, protein and lipid increased.
Though biomass decreased in both the treatments the final
yield was better when 0.02 ppm iroun was employed but at

0.05 ppm it was less desirable,

Comparison:

When the effect of the present combination was
compared with that obtained by employing cadmium alone,
reduction in resplilration was obse:ved. Increase in pigments
wag: found only during middle growth phase but towards the
end it was not different from that exhibited when cadmium
alone was employed, With addition og{%ﬂ%%phytin was com-

pletely suppressed at the end of growth phases. Carbohydrate,
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protein and lipid increased to a large extent but biomass
was marglnally lowered.

The presence of iron along with cadmium helped
the species to return to near normalcy. The metals were

found to be antagonistic in action.
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Combined effect of cadmium and iron on N, palea

(Figs, T, II and ITII)

S1, No. of NMo. of Ccncentration of
combination treatmert metals (in ppm)
67 0,04 Cd + 0,02 Fe

<::> 68 0.04 Cd + ©0O.05 Fe

Production: (Fig, I)

The rate of nett production in both the instances
was reduced when compared to that of control. In the first
treatment, production gradually increased till sixth day.
No change was noticed between sixth and eighth day but increased
once again till tenth day. The percentage reduction was
46 and 34 on eighth and tenth day ruspectively. Cormpari-
tively the rate of production in th» second treatment was
much lowered from fourth day onwards., From 63% lower
level than that of control on fourth day, it decreased
further, reaching minimum with 95% reduction, It increased
thereafter but remained 75% less on tenth day,

Respiration of the diatom fluctuated severely
in the first treatment with peaks on fourth and eighth day
when it was 380% and 246% higher respectively, in relation
to control, It was negligible on sixth day. It declined

from eighth day but remained 48¢% higher than that of control,
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In the other treatment it reached wanimues on fourth day
with 720% increase and declin2d thercafter to a negli-
aible level on tenth day.

pH of th? cnlture in the first tuvoatient e
higher than that of sccond trectment hut wvas legs tlhen

that of control except at the end of gruwth nhase, Tt

fluctuated in the second treztmont and ganor 111y £omaine:]

weall helow that of control.
Fiagments: (Fig. IT)

Tn gensral picrment lovel of W Lrealad Ailotom
J , J1C ,

vas much higher than that of cortrol in vt Fivct tr-ctee

and all four picsments were maxjiriam on sixth Jday, In the
saecond treatment chlovophyll a ard chlorophyll o vaeae
maximum on fourth day and pheophytin sl earotenoids on

second day. From the maximur level pigmant ecntent

i

Adecreased in the first treatrent but phecphyiin fluctuate.l

showing another peak on sixth day. Tn the sacond treatme

n{:

chlorephyll ¢ and carotenoids showed a «decreasing tendency

from the respective maxima, wherweas chlorcephyll a and
pheophytin fluctuated with another peak. 1In both the
treatments at the end of grouth phase, pigmant level

remained higher tnan that of control. Carofencids were

rroduced to a larger extent thon any other pigment in both

Lhe treatments,
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Total pigment content of the diatom at the end
of growth phase, with the exception of pheophytin, decreased

with increase in 1rpn level,

FPhotosynthetic end products: (Fig. III)

The acid soluble carbchydrate fraction was
promoted in presence of the met2l, to a greater extent in
the first treatment. It was higher than that of control
throughout growth phase with considerable increase from
eighth day onwards., 76% and 144% increase was recorded on
eighth and tenthk day respectively, This fraction fluc-
tuated in the second treatment with peaks on fourth and
eighth dey, with a respective increase of 573% and 207%,
Declining from elghth day it reached the level of control
on tenth day.

The alkali soluble carbchydrate was slightly
higher in the treated diatom in the early phase. TIrom
sixth day it decreased in the former treatment to be 58%
less and increased in the latter to be 93% more than that
of control on eighth day. 1In both the treatments by
tenth day it was found to be reduced by 7% and 47%
respectively than that of control.

The insoluble carbohydrate fraction was
enhanced in the early growth phase) When it was 34% and

147% more than that of cantrol respectively, on fourth day
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but was almost equal in both treatments on sixth day.
The level was less than that of contrcl after sixth day.
It exhibited little variation from sixth to eighth day,
increasing thereafter till the end of growth phase, in
the former and decreased in the latter, On both instances
it was less than that of control by 56% and 82% respectively.

Protein concentraticon of the diatom improved to
a large extent at 0,02 ppm iron level, It exhibited a
gradual increase upto eighth day but was 35% less than
that of control, Thereafter a sharp rise till tenth day
to 7% higher level, was noted. The.concentration was
higher than that of control upto sixth day and on twelfth
day. Protein content remained well below the level of
control at 0,05 ppm iron with 55% reduction on sixth day.
It reached maximum on elighth day, but with 40 reduction
and declined thereafter to B4% lower level by the end of
the growth phase.

Lipid content cf the diatcom was lowered compared
to that of control in both the treatments, by 30% and 12%

regpectively,

Crowth: (Fig. I)

Growth rates were impaired in presence of these
metals, though initially,stimulaticr occurred in the first
treatment, and retarcdation in the second treatment. The
biomass remained much lower than that of control in both

the treatments.
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Details of the nutrient vptakc are given in

+ha following table,

NG, of Mitrients absorbhed (in po/l no/p
treatment Fhosphate Tty

67 1090 an3 0,78
68 670 GO0 QLA

Control 1350 752 0,657

The treated diatom absorbad less =pount of
vhosphate than that of control., Aleco vrith vl iperaaes
In iron level phogphate uptake was reluesd, noagply hy B0V,

Nitrate uptake increased at 0,02 jppm fron but Accrenged

at 0,05 pomn,

Conclusions

Whan the effect of prausnt combhinetion wos
compearad with that obtained by 2mploying avdriurm alone,
it was found that when iron leval wag low (0,02 ppm), Lhe
respiration as well as protein content increacsed. But
when iron level was high (0.CH ppm) netl producticn wag
lowered, The carbohydrate, protein and lipid were 2lso
reduced, FHence iron at 0.02 ppm 2jong with cadmimn appears
to be less harmful than at 0,05 ppm. presumably due to the

antagonistic Aaction.
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The rate of nett producticn was lowrred in
combinatinn than that observed when cadmium alone was
emnloyed., When the iron level was low increasa in resni-
ration was noted but when high, it was reduced, All four
ovigrents increased. Also fluctuation was recorded when
iron level was high, in chlorophyll a and pheophytin,

The acid soluble carbohydrate fraction increasnd hut
insoluble fraction was reduced while the alkali soluble
fraction remained unaffected, When the iron level was low,
protein content increased to a large extent but when high
it was not different from that obtained with cadmiuvm alone,
There was improvement in lipid with addition of iron to
cadmium. But the kiomass was lowered and algso the growth

rate in the early phase,
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6:"q
Combined effect of lead and zinc on 5. bijugatus

(Figs. I, IT and III)

51. No. cf No, of Concentration of
combination treatment metals;@n ppm)
69 0.2 Pb 4+ 0,05 Zn

70 0.3 Ph + 0.1 7Zn

- -—

Production: (Tig. I)

The rate of nett pronction was lowered in both
treatments when compared to that «f control except on the
last two days of growth. In the firs: treatment it was
found to be 45% leos than control on seccond day. It was
nearly steady till fourth day ard inciecaced thereafter to
reach maximum on twelfth day with 28 increase. 1In the
second treatment the vraduction was noealigible till fourth
day, increased thereafter till twelfth Jday when it wes only
8% hicher than that of control,

Respiration of the 2lca was lowerad in the
first treatment huat elcvated to a considerable extent in
the second, It was .57% less than that of control on second
day and remainad steady till fourth day, It reached maximum
on sixth day, ba2ing 447% hicher than that of control and
decreased theyeéfter}reached minimum on eighth day, but
increased once again on tenth Aoy, Rate of respiration was

same on tenth and twelfth day and remainad 737% less than
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that of control on the last day. Regpiration of the alca
fluctuated iIn the second treatmenl. and reqgistered peaks
on second and tenth day being 1547% an2 417 higher than
that of control respectively. Thereafter it declin=d to
minirum on tw=lfth day but remained hicher than that of
first treatment. It showed 607 redvcticn in relation to
control,

pH of culture in both trectments wiis nearly
equal to that of control on second day but further rise
in pH was gradual and to a lesser extent than that of con-
trol; though reachsd a higher level on the last day, The
maximum pH attained by cont:oi waes not attained in

treatment,
Figments: (Fig. II)

Total pigment conchntraticn was higher in the
treated alca whan compared to that of control. Also picment
develcpment was delayed and it was measured from fourth day
onwards. Maxima of all four picments were attained later
than those of control,

Concentration of chlorophyll a in the first
treatment increased gradually till sixth day and declined
thereafter reaching the same level as control on eighth day,
It remained less than that of control thereafter. Chloro-
phyll a of alga in second treatment fluctuated with peaks
on fourth and eighth day and was generally higher than that

of control from fifth day onwards.
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Chloruphyll b, in koth treatinents, was dovelopod
to nearly the same extent reaching maximum on fourth day
and was higher than that of control thareafter,

Carotenoids hive reachoed the mazdmum on eixxth
day in both treatments and thereafter remazined higher than
that of control, Retween the treatmants, it showed little
variation, Fheophytins were nct deteectzd on fourth day
in both the trzatments and also on gixth Gay in the first
treatment., It fluctuated with peaks on sixth and tenth
day in the second treatment, In the firgt treatment it
reached a maximum on eighth day and remoinad,steady
thereafter,

Chlorophyll a and chloruphyll b exhibited a

tendency to increase towards the end of growth phase,

rhotusynthetic end preducts: (Fig, 7II1)

Carbohydrate cuntent of the alga was estimated
from sixth day onwards, It was found to he higher than
that of control by 22% on sixth day in hoth., 1In the first
treatment it increased gradually to ke 305% higher than
that of control at the end of growth phase, whereas in
second treatment it increased by 123% to maximum on eighth
day, decreasing thereafter gradually to be 240% higher on
the last day of growth,

Protein was found to he 23% and 31% more than

that of control in the two treatments respectively.
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Lipid content of the alga was reduced by the
metals in combination, It was 47% and 7% less than that

of control respectively in the two treatments,

Growth: (Fiqa, I)

Rate of multiplication of the alga was lowered
in the two treatments when compared to that of control

and biomass was reduced in the treatments,

No., of Nutrients absorbed(in;n;él N p

treatment Phosphate Nitraté N/
69 1205 640 0.53
70 835 600 0,72

Control 945 1220 1.37

More phosphate was absorked by the alga in the
first treatment, But absorption decreaced in the second
treatment. About 50% reduction was okserved in nitrate

uptake in both the treatmente,

Conclusion:

This particular combination of metals proved

to be toxic from both biomass and end products points of view,
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Comnarison:

When the present effect was compared with the
one obtained with individual metals, production and res-
piration were found to be less than by émploying lead alone,
Suppression of pheophytin was carried out to a greater
extent than with lead and zinc alonc, Total protein was
more than that with zinc alone, Lipid was less than that

when the metals were employed in isclation,
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Combined effect of lead and zinc on N. palea

(Figs., I, II and 111)

Sl. No. of No. of Concentration of
combination ~ treatment metals (in ppm)-
71 0.04 Pb + 0.02 2Zn

72 0.04 Pb + 0.05 Zn

Production: (Fia. I)

The nett production in both the treatments
remained less than that of control and was negligible on
second day of growth, Thereafter it increased in both
the treatments but was 45% and 39% less than that of
control respectively on fourth day. Reduction was noted
in both the instances from fourth to sixth day. Generally
though production increased gradually from sixth day it
was 56% and 43% less than control respectively on the last
day of growth, From fourth day onwards production was
slightly hicher in the second treatment than in the first,

Respiration of the diatom was elevated in the
early growth phase and was higher than the control upto
fourth day. The increase was found to be 100% and 167%
respectively on second day., No chance in rate of respira-
tion was noted between fourth and si>th day in the second

treatment but the reduction was evident, being 47% on
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sixth day. From sixth day onwards it showed a gradual
increase till tenth day and was 487% higher than that of
control. 1In the first treatment it increased from fourth
to eighth day gradually but was 8% less., It declined
further to 52% less than that of control on tenth day.

pH of the culture in both treatments was
lowered owing to low production of the diatom. But on
last day it was equal to that of control in second
treatment. Maximum value of control (10.64) was not

reached by the treated diatom,
Pioments: (Fig. II)

Total pigment content of the diatom increased
in presence of these metals. All four pigments showed
fluctuation in concentration with two peaks on second and
sixth day and was higher than that of control. Concen-
tration of chlorophyll a in the early phase did not
differ much from that of control but on fourth day was
found to be less, Thereafter it was generally hicher
throuqhout'except on eighth day in the second treatment,
Maximum chlorophyll a was found on sixth day.

The level of chlorophyll c of the diatom remained
hicher than that of control throuchout growth phase except
on eighth day in the second treatmznt, 1In both treatments
the maximum was reached on second day but was higher in

the latter treatment.
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Maximum amount of carotenoids was produced on
sixth day in the former and on second day in the latter.
In both it reached a level less than that of control on
fourth day. At the end of growth phase concentration
was higher in second treatment,

In both treatments maximum vheophytin was
produced on second day. At the end of growth phase, the
concentration was equal to that of control in the first
treatment whereas it was slightly higher in the other,

All pigments exhibited a tendency to decrease
in the first treatment but only chlorophyll a showed such

trend in second treatment,

FPhotosynthetic end products: (Fig. III)

The acid soluble carbohydrate fraction was
found to be more in treated diatom., On fourth day 290%
and 173% increase was registered in the two treatments
respectively. Concentration of this fraction declined in
both the treatments till sixth day. It increased once
again to maximum values of 272% and 134% on eighth day and
on tenth day in the first and second treatments respectively,
In the first treatment it decreased to the same level as
that of control at the end of growth mnhase.

The alkali soluble carbohydrate fraction remained

higher than that of control throughout growth phase in both
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the treatments. Gradual increase till sixth day was
recorded in the first treatment. It was 350% more on
fourthyand by 410% on sixth,day. Marginal reduction was
observed thereafter but on tenth day it was 37% higher
than that of control., The concentration of this fraction
in the second treatment was equal to that of first on
fourth day but decreased by sixth day though remained

19% higher than that of control and increased thereafter,
to be 156% on the last day of growth.

The insoluble carbohydrape fraction of the
diatom also was found in greater quantity in both tr=at-
ments on fourth day,with a respective increase of 166% and
139%. Fall in the concentration was noticed on sixth day
in the first treatment., But subsequent increase by eighth
day, to the same level of control was observed, It decreased
thereafter to be 56% less than control on tenth day. 1In the
second treatment no change was noticed in the concentration
of this fraction between fourth and sixth day. It continued
to increase thereafter but was found to be 3% less than
that of control on eighth day and 28% on tenth day.

Protein content of the diatom increased to
considerable extent when zinc was 0.05 ppm and remained
throughout higher)than that of control., When the concen-
tration of zinc was 0.02 ppm the protein content was higher

except on the last day. It was eqgual to control on fourth
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day, in first treatment and increased sharply till sixth
day by 439%. The value though increased gradually there-
after it was 14% less than that of control, on the last
day. In the second treatment increase recorded was 39% on
fourth day, 367% on sixth day and 61% on the last day.
Lipid content of the diatom was lowered in

both the treatments, by 59% and 22% respectively.

Growth: (Fig. I)

Growth rate of the diatom though was equal to
that of control in the early phdase no growth was noted in
both treatments between fourth and sixth day and also
between eighth and tenth day in second treatment. On
eighth day the biomass in the second treatment was equal

to that of control but the final yield was lowered at

the end.
No. of Nutrients absorbed(in pg/1) N/ P
treatment Phosphate Nitrate
71 1771 785 0.44
72 1821 600 0.33
Control 1350 763 0.57

The phosphate uptake increased in both and more
phosphate taken up when zinc level was high, Nitrate

uptake decreased at both levels of zinc.
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Conclusion:

Reduction in photosynthesis and increase in
piament content was a common effect of both the combina-
tions, When the level of zinc was higher livid decreased
but protein and carbohydrate increased. 1In general the

combination was found to be undesirable,

Comparison:

When the effect of present combination was
compared with those recorded when zinc and lead alone were
employed, production was found to improve, When compared
with that of zinc, chlorophyll a and chlorophyll b improved
but carotenoids were unaffected, Pheophytin was lowered,
When compared with the effect of lead alone chlorophyll a
and carotanoids were found unaffected and chlcrophyll b
increased. But fluctuation in carotenoids and chlorophyll b
were prevalent, While the acid soluble carbohydrate frac-
tion was reduced, the alkali soluble fraction improved,
When the zinc was hicher, insoluble carbohydrate fraction
increased. Otherwise no difference was observed. Protein
and lipid increased. The biomass was not affected though

initial rate of multivlication was slightly retarded.



mg C /i/ hr

LOG. OF CELLS

Gross production

Nett production

mg C /l/hr

Respiration

71 004Pb+0.02Zn ©—-—0
72- 0.04Pb+0.05Zn o—o0

Control - — o



J.lg/H)6 CELLS

20

Chl a

ﬁ. palea @ Pb+ Zn

71 - 0-06 Pb+0-02 Zn
72. 004 Pb +0-05 Zn

Carotenoids

Control o —-e

o—-—0

o0——-0

Pheophytin




Mg/ mg (dry wt)

Carbohydrate Carbohydrate
“0r (Acid solubie) (Alkali soluble)
. P —s
- ”._,’
- —— - " " 1 ]
90 Carbohydrate i Protein
- = »
(Insoluble) /
70+ = .
i I 4
50% £ "“'f
L v/’ | / /I
401 / g / /
/ !
| // | : l//
30— // - [}
/ /
- / - /
20 -0 - //
a4 i
10 / N = Y e
LT -
0 f’//| I ! | ! ll | ! 1 |
0 2 4 6 8 10 0 2 4 6 8 10
DAYS Lipid DAYS
el N.palea Pb+Zn (3)
400} D-patec
i Control - —-o
= 300 71.0-04Pb+002 Zn ©—-—0
0 72.0-04 Pb +0-05Zn 0—o0
S 200
E -
2 100 -
0

71 C
Fig. III



>
Do
{~

(110

Comhined effizet of lezd and iron on 5. bijugatus

(Figs., I, II arnd ITI

531. No, of Ne o cf Conrentration of
combinat.{oun traatment metals(}n pp@)
73 0.3 Pb + 0,05 Fe

(::> 74 .3 Th 4+ 0.1 Te

Froductiun: (FPig. TI)

Nett production generally was lowered
during middls phuse of arowth, Cn second day, the produc-
tion of the alga in first trextment wvig 2Aaual to thut of
control but increased by 267 in the othir, It decreased
to minimum on fourth dab inocroased cradually till tenth
day to maximum, th2 value being 2475 more than control in
the first treatment, Rut {itL declined to 47 less than
that of control or twelfth day, In the second treatment,
production declining from fonrth day reached minimum on
sixth day and increased thereafter till the end of growth
phase reachinc 30% and 747 higher than control respectively
on tenth and twelfth day. Very little difference was
observed in the production of the alaa between the treat-
ments during the middle growth phase,

Raspiration increased whon e:gosed to the present

combination of metals. .In the fivst treatment 1t incraased



2273

reaching maximum on eighth day the value being 1749 higher
in relation to control. Sharp decline was noticed there-
after and on tenth day it was 60% less than that of control,
Towards the end of growth phace it once again showed an
increase hut was 477 less than that of control. (For this
treatment both nett production and respiration at the end
were 47% less than those of control), In the second
treatment raegpiration of tha algs: fluctuatad, with peaks
on fourth and eighth day, with an Increase of 179% and
2455 respactively. From its maximum on tenth day it
dropped to 74% less than that of control, on the last day.

Notwithstanding the lowared rate of nett
production and high rate of resgpiration, the pH of culture
in both treatment remdinad slightly higher than that of

control except oun tenth day.

Pigments: (Fig. II)

The treated alga produeced pigrents to a greater
extent durinag growth phase. Rut 2t the end only chloro-
phyll a was found to he more than that of control whereas
chlorophyll k was reduced, carcetenoids were nearly equal
and pheophytin was totally supproessed.

Freduction of chlerophyll a was delayed and
the maxima were reachad on eiqhth day in first treatment

and on fourth day in the sscond treatment, The level of
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this pigment fluctuated to a acreater extent in the second
treatment, Concentration wac higher than that of control
from sixth day onwards in the first treatment and from
fourth day onwardes in the secund, ‘Towar<s the ond of the
growth phase it was almost steady in the firnst treatment
hbut declined in the second trcatment,

The concentration of chloroghyll b was higher
than that of control from sixth day onwards in first
treatment and from fourth Aay cnwards in the second,
except on the last day of growth when it was less than
control in bBoth treatmants., Hare btoc, the ccncentration
of this plament registered fluctuation to a greater extent
in the second treatment,

Carotenoid: content of the alga was slightly
higher in the second treatment than in the first Lreatment
though it followed similar pattern of development. Consi-
derahle increase was cbserved in the level of this pigment
after second day in both the treatments. However after
tenth day it declined to reach almost the same level as
that of control.

Pheophytin was not detected on second, eighth
and twelfth day in the first treatment and on sacond,
fourth and twelfth day in second. This piaogment exhibited

severe fluctuation in the first treatment with peaks on



sixth and tenth day, whereas in the other treatment it
reached maximum on sixih day and declinad thereafter.
All pigments showed 2 decreasing trend towards

the end of growth phase,

Fhotousynthetic end products: (Pig. TII11)

The treated alga produced mere carbohydrate in
the later phase of growth, the concentration being higher
than that of control from sixth day onwards. In the first
treatment it increased upto si:xth dry and it was 187%
higher than that of control and remeined steady till eighth
day. It showed a gradual increas=z till twoelfth day when
it was 426% more than that of control, In the second
treatment concentration of this procduct increased gradually
reaching maximum on tenth day, when it was 269% higher than
that of contrel, declined thereafter but remained 327%
higher. But in neither treatment, the maximum concantration
attained by the control was not<reaéhed.

Protein was found in greater cuncentraticn in
the treated alca. It was 31% and 20% higher than that of
control respectively.

The lipid content cf th2 alga was promoted to a

large extent by 142% and 171% respectively.
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Crowth: (Tig. I)

The rate of multiplication was equal in early
growth phase to that of control bubt was subsequently
retarded., The biomass in both treatments did not increase
from fourth to sixth day, but incrcased thereafter in
the treatments upto tenth day., In the second treatment
it increased only towards the =2nd of growth phase.

Details of the nulrient uptake arz given in

the followina table,

No, OFf Mitrients absorbed.(in pc/l) N /P
treatment Phosvhate Nitrate
73 910 | 500 C.55
74 208 380 C.41
Control 945 1220 1.37

The nitrate absorpticn decreased by 60% and 70%
respectively in the two treatments but phosphate absorpticn

was reduced only marginally.

Conclusion:

Inspite of reduced rate of production during
most of ¢growth phase the carbohydrate, protein and lipid
of the alga in first treatment increased, Increase in iron
level resulted in more number of cells and marginal reduc-

tion in the end products. Generally the combination helped
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the alga by promoting overall production of carbohydrate,
protain and lipid, Rubt it was found to be undezsicable
since it caused severe disturbance in the proportion of

end produrts.,

Comparisons:

When the effeat of preseni conbination was
compared with that obtained by empioying lead alone, the
inflvence of lead was found to prevail on production and
respiration, Addition of iron, howsver, hrought down
respiration towards the end of growth phase, The presence
of iron also caused an increagse in chlorophyil h, caro-
tenoids and pheophytin, Though proiein did not show any
marked wvariation, lipid improwved to a large extent with

the addition of iron. Riomass however was reducaed,
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Combined effect of lead and iron on ﬂ. palea

(Figs., I, IT and 11I)

Sl. No, of Mo, of Concentration of
combination treatment -metals(gn ppm)
75 0.04 Pb  + 0.02 Tre

(::) 76 0.04 Fb + 0.Q5 Fe

Production: (Fig., 1)

The nett production was lowered to considerable
extent in both treatments and remzined less than that of
control throughout the growth phase, It was negligible
on the second day in second treatment but in both cases
it increased till fourth'day when it was 23% and 39% less
than that of control respectively., It declined in the
first treatment and was 85% less than that of control on
sixth day. Though 1t increased thereafter till the end of
growth phase remained 40% less than that of control. 1In
the second treatment from fourth to eighth day there was
little variation in the production Imt thereafter it
increased to reach the same level attained by the diatom
in first treatment. The percentage reduction on eichth and
tenth day was 46 and 41 respectively, in relation tc¢ control.

Resplration of the diatom varied to a greater

extent in the first treatment with peaks on sccond and



sixth day when it exhibited 100/ and 957 increase
respectively., It was léss than that »f control on fourth
day and negligible on eighth day but increased consider-
ably thereafter to reach only 4 lower level than that
of control. 1In the second treatment respiration was
negligible on second day but there after incre=ased gra-
dually reachinag maximum on sixth day, being 74% higher
than that of control. It then declined to lower level on
eighth day. It increased towards the end of growth phase
and was 32% higher Lthan that of control, on the last day.
Owing to low rate of nett production, pH of the
culture except on the last two days,was less than that of

control. It did not vary much between the treatments,

Pigments: (Fig. II)

Total pigment content of the treated diatom
was considerably higher tham in control. Maximum concen-
tration of pigment chlorophyll-a, chlorophyll ¢ and
carotenoid was noted on second day as in contrul, Pheophytin
maximum was also found on second day,whereas the control
maximum was found only on fourth day. At their respective
maxima all pigments were found to be much higber than that
of control, The diatom in first treatment produced more

pigment than in second.
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Photosynthetic end products (Fig, III1)

Considerable increase in the carbohydrate
content of first and second fractions was noted when the
diatom was exposed to the ~ombination of metals.

The acid soluble fracticn was increased by
383% and 413% respectively in the treatments on fourth day
but decreased thereafter to a level higher than control
by 26% and 1169% on sixth day. Gharp increase was noted
thereafter till the end of arowth phase in the first
treatment with 271% increasce but cnly upto eighth day with
334% increase in second treatment, It declined to be
only 78% higher than control on tenth day, in the second
treatment. This fraction remained higher in the treated
diatom throughout the growth phase,

The alkali soluble carbohydrate fraction was
more than that of control, throughout the growth phase,
except on sixth day in first treatment,and that on fourth
day the percentage increase wis 144 and 829 respectively,
It declined sharply in hoth the treatments, On sixth dey
it was 29%% less than the control in first and 48% more to
the second, Thereafter it increased till the end of growth
phase in the first treatment and was 66% higher than that of
control, In the second treatment it increased only upto
eighth day)being steady thereafter and was 76% higher than

that cf control on the last cay.
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The insoluhle carbohy lrate fraction of the
diastom was higher than that of ~ontrol in the carly phase
with 53% and 234% increase respoctively, bhut decreased
thereafter to be only 4% and 1312 higheyr than that of
control on sixth day., It increacad in both Lhe treatments
to 34% and 42% less than that of contrcl respectively.

The protein content of the diatom was slightly
less than that of control execept on the last day, in the
first treatment and followed the same pattern as that of
control. It was 37% less on sivth day bult increased to

2% more than that of control at thz end of crowth phase,
In the second treatment the protein content of the diatom
vremained hicher than that of control axcept on Lhe l1nst
day of crowth, Tk was 157 more on fourlh "ay and 5377 on
elghth day. It remained almost stzady thercoficer and was
8% lass than Lthat of control on th? lazbt doy of growth,

Lipid content ¢f ths Jicvom wes adveae.sely
affected with 41% and 34% reduction raspectively in the

twe btreatments, in ralation to conbtrol,

Growths (Fig. 1)

The growth of the diztom was lovwered in presanosz
of “he metals. The biomass was almost gaome in holh trozt-
mants till sixth day but increasad thereafter in the second

trzatment to reach thz same level 23s that of contrel ¢n
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eizhih day and remained stzady til) tenlh Al Tn thes
first trestment gradual increase wasz not2d Lill Lht aond of
growth phagae, However,the bhiurasg remszincd lass than that
of control in Lhe second treaxtment,  The £finnl yiclad in

holth Instances was lowored,

No, of Mutrients absochzid Qn Mgé;) v /p
treatment Fhosphate Nitrate o
75 1355 822 O, 44

76 1815 R O, a7

Control 1350 7¢3 O, 07

Uptake of both the nutrisnts was enhinecd in
presence of the matals, Absorpticn of phosphate increnced
to a greater extent than nitrate., RBatwaan tho tveatmzntsg,
rhosphate uptake decreased and nitrate uptake increased

by few ua, with increase in iron level,

Conclusion:

Ingpite of reduced irate of production carbo~
hydrate concentration cf distom in e2urly growth phase was
high, Lipids were reduced thouch protein was not affected,

Riomass was lowered. The combhination sg2ome to be undesirabhle

Comparison:

whan the present effecl wig compared with that

cbtained by employing lead aleon2, increase in productiun wag
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obsaerved and respiration was lowered. Pigment content
increased. Iron,at C.05 ppm level in combination with
lead, reduced acid soluble carbohydrate fraction but
increased the alkali soluble and insoluble carbkohydrate
fractions. Protein and lipid content improved to a larqge

extent., Growth however was retardad,
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The combined effect of copper and cadmiuvm, copper and
lead, copper and zinc, copper and iron proved to be
toxic to both S. bijugatus and N. palea. The culture
remained totally colourless upto twelfth day and even
after twenty days no colour was observed. Hence the

selected parameters were not estimated. The selected

concentrations for the above combinations are given

below,
S. bijugatus N, palea
0.1 Cu + 0,05 cd 0.05 Cu + 0,02 cd
0.1 Cu + 0,05 Pb 0,05 Cu + 0.04 Fb
0.1 Cu + 0.05 Zn 0.05 Cu + 0.05 2Zn

0.1 Cu 4+ 0,05 Fe 0.05 Cu + 0.05 Fe
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Discussion

The selected combinations of two metals
were found to exert toxic effect either on the end
products (Carbohydrates, Proten and lipid) or on the
biomass of the test species (Fig. V) when compared
with control as well as the individual effect of the
metals (Fig.IV). (The phenomenon see discussion
Chapter IV)

The combined effect of mercury and
cadmium, combination (:) (treatments 37 and 38) on
Se bijugatus was adverse as the biomass was reduced
to a large extent when cadmium level was highe.
Antagonism between the two metals was seen with
N. palea (treatments 39 and 40) with increase in
biomass and the major photosyrnthetic product, lipid.

The individual effect of lead and mercury
was basically ditferent (Fig, IV). Lead promoted
protein where as mercury promcted lipid, of

Se.bijugatus. When these two were employed together

as in combination (E) (treatments 41 and 42) the
biomass of S.bijugatus increased and end products
decreased, The same combination increased lipid
content of N._palea (treatments 43 and 44) without
aftecting the biomass,

The effect of mercury and copper

combination on S. bijugatus (treatments 45,46
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and 47) was positive as seen in increased biomass
dccompanied by only marginal reduction in end
products. Their combined etfect on N.palea did
not differ from their individual effect when copper
level was low (treatment 48) bui: when high

(treatment 49) it was toxic than copper alone at

the same level.

The effect of mercury and zinc

combination (:> did not affect the biomass and

protein of S.bijugatus (treatments 50 and 51).

This is unlike their individual effect (Fig.IV).
The combined effect was positive on }l.palea,
(treatments 52 and 53) Lipid content of the diatom
increased to a large extent. Even at higher

levels of zinc, the reduction in biomass was

marginal,

Mercury and Iron, in combination
were antagonistic in action when applied to
S. bijugatus (treatments 54 and 55) and N. palea
(treatments 56 and 57). Improvement in biomass

and end products,particularly lipid,was observed

!
in both the species,
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The roll of iron in limiting the
production of natural waters is well documented
(Menzel and Ryther 1961; Lewin and Ching-Hong
Chen,1971)-Tranter and Newwell (1963) and Shapiro
(1967) have reported that iron in soluble form
although chemically reactive is not necessarilly

available to organisms.

During the present investigation Iron
was found to mitigate the toxic effect of mercury.
It promoted the production in 3.bijugatus but not im
N.palea. 1In combination with me¢rcury it reduced
pigment concentration. At highzr level of 0,1 ppm,
it promoted protein content and at lower level
helped the alga to incorporate increased proportion

of photosynthetic carbon into lipids.

Reimer et al., (1975) have reported
the high affinity of iron and manganese oxides to
mercury in sulphur free sediments. Iron will
convert soluble mercury in water to elemental
mercury. During this process hydrated feric oxide
is found which is an effective co-precipitator
of mercury ions, In addition,it reduces the toxic

methyl mercury to elemental mercury. In the
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present investigation, additicen of Iron to
culture has improve the alga's physiological
efficiency even in presence of mercury and in

combination the metals acted antagonistically.

cadmium and lead in combination@ were
found to be synergestic in effect on S.Dbijugatus
(treatmments 58 and 59) resulting in reduction of
biomass and protein. But the effect on lI. palea
(treatments 60 and 61) was not total. The biomass
though remained reduced, improvement in the

concentration of end products was observed.

The reports on the effect of cadmium
and lead on algal community are scanty. Deviprasad
and Deviprasad (1982) have rerorted an increase in

growth of the green alga Ankistrodesmus falcatus

when exposed 0.5 ppm each of cadmium and lead.
The growth in this instance was measurgd by the
optical density of total 'pigment at 665 nm. In
the present investigation the combined effect of
these two metals was found to be undesirable.
The combination was more toxic to S.bi jugatus,
than to Jd.palea. DBiomass in both the instances

was ftound to be reduced. The combination
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particularly favoured the production of pigments
in both S.bijugatus and H.palea.

Cadmium and zinc together, combination
(:) , were found inimical to S.bijugatus (treatment
62) as seen in reduced biomass and endproducts,
N.palea (treatments 63 and 64) reacted differently.
The biomass remained same as when the two matals
were applied slngly, whereas the amount of

endproducts increased.

The adverse effect of cadmium and iron,
combination ,C:) on S.bijugatus (treatments 65 and
66) and on ll.palca (treatments 67 and 68) was
evident only in the lowering of biomass. The
amount of protein and lipid increased in both the

species,

Cadmium is known to interfere with iron
nutrition of the organisms (llewitt, 1949; Shankar
and Bard, 1955). 1Iron significantly inhibits
cadinium uptake and transfer (Hamilton and Valberg,
1974) and the kinetics of cadmium inhibition of
iron transport are of a competetive type, leading
to the conclusion that iron and cadinium share same

transport system. Fostzr and liorel (1982) shown



240

that cadmium toxicity as revesrsable and the
toxicity was modulated by the iron content of the
growth medium. They also suggested that the
cadmium is a competetive inhibitor of some iron-
dependent processes or of the iron uptake system
itself, though was not demonstrated. The above
result was agreed upon by Harrison and Morel(1983)

who worked on Thallassiosira vseudonana. At low

ferric ion concentration,toxicity of cadmium due
to competetive binding and interfé:rence prevail
leading to iron deficiency. When iron ion
concentration is high it lead to elevated iron
level in the alga though the cells continued to
exhibit physiological responses and bicchemical
activities characteristic of iron deficiency.
They also stated that cadmium concentration/cell
decreases simply due to dilution by the growing
cell mass and there is evidently no active

exclusion of cadmium from the algae,

Silicic acid uptake by the diatoms was
reported to be inhibited by cadwium (Lewin, 1954).
But ifarrison and lMorel (1983) reported the
increase in the Silicic acid uptake when the
cadmium level is very low. In the present

investigation, the species continued to exhibit
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cadmium toxicity response even when the iron level
in the medium was 0.05 ppm. Also the production

of pigments increased when the species were exposed

to these metals.

Lead and zinc when applied together,
combination @E), reduced the biomass to a large
extent in S.bi jugatus (treatments 69 and 70) but
increased the protein content of the alga. The
combination did not exert any adverse effect on
the biomass of N.palea (treatments 71 and 72) and

increased the amount of end products.

Lead and iron together, combination @E),
exerted the same effe¢t on S.Bijugatus (treatments
73 and 74) and on H.palea (treatments 75 and 76).
When the iron . level was low (trzatments 73 and 75
respectively) the biomass was reduced. When the
iron-level was high (treatments 74 and 76
respectively) the biomass was uvnaffected compared
with their individual effect (Fig. IV) but the

lipid content increased,

It can be concluded from the above
study that the antagonism or synergism between
the metals may be expressed sither in quantitative

(biomass) or qualitative (endproducts) aspects or
both,
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statistical analysis of the results was
carried out to bring about the significance of

metal species interactién.,

The variance ratios calculated by the
two way analysis of variance technique (Table VII)

for the selected growth parameters of S.bijugatus

were significant in 177 out of 220 cases.

The combination of mercury and cadmium
produced significant eftect on all parameters
except on respiration chlorophyll a and carbohydrate
at the tested levels. Pheophytin content did not vary

significantly during the growth . period,

The effect of mercury and lead on
chlorophyllz%pheophytin and carbohydrate was not
signiticant at the tasted levels. Also this
combination did not produce siqnificant‘vdriatioh
in pheophytin content of thes algu during the growth
phase,

The combination of mercury and copper

produced significant eftect on «ll the parameters

studied during the growth phase,

The toxic effect of mercury and zinc, on

nett production and Pigments was not significant

at the test doses,
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Mercury and iron did not produce any
significant affect on pili, production, carbohydrate
and protein at the experimental concentrations,
The effect of this combination was insignificant
on carbohydrate content of the alga during the

growth period.

The effect of cadmium and lead on
chlorophyll a, chlorophyll I and carbohydrate

was found to be insignificant at the test levels,

Cadmium and zinc did not produce signi-
ficant effect on pH and production of the species
at the test levels. The effect on carbohydrate

was negligible,

All parameters except respiration and
carbohydrate were significantly affected by the

combination of cadmium and iron,

At the selected levels, lead and zinc
did not affect chlorophyll a, chlorophyll b and

carotenoid contents of the species .

Production, respiration, chlorophyll. a
pheophytin and protein (biuret) were significantly
affected by the coibination of lead and iron at
the tested dose levels, This combination also affected

the carbohydrate and protein during the growth phase,
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The effect of selected combinations of
metals was of considerable significance in the
case of H.palea (Table VIII) 215 out of 250

instances were found to be significant,

At the test levels mercury and cadmium
did not produce significant effect on chlorophyll a,

carotenoids and pheophytin,

Mercury and lead together 4id not affect
the respiration of the species and also the

accessory pigments at the tested levels,

The effect of mercury and copper was
quite significant except on respiration and alkali

soluble carbohydrate fraction during,the growth phase,

.Mércury and zinc together produced
significant effect at' the tested levels,but on
respiration and acid soluble carbohydrate fraction
during the growth period, their effesct was not

significant.

The effect of mercury and iron together
was quite significant throughout the growth phase
but at the tested levels it was 1nsignificant on

alkali soluble carbohydrate fraction and protein,
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Cadmium and lead together produced a totally

significant effect on the species,

The combination of cadwmium and zinc was not
significant on pH and insoluble carbohydrate fraction
at the tested levels, The combination did not

affect the acid soluble carbohydrate fraction and

protein significantly.

At the experimental levels the effect of
cadmium and iron was not significant on respiration
and alkali soluble carbohydrate fraction of the
species, Also the effect on chlorophyll ¢ and
carotenoids was insignificant during the growth

period,

The combination of lead and zinc produced
least significant effect on the species. Respiration,
pheophytin content and alkali soluble carbohydrate
fraction were not significantly affected. Also
chloroph;1ll1 a and insoluble carpohydrate fraction

were not affected at the test doses of these metals.

The effect of the combination of lead and
iron on respiration, insoluble carbohydrate
fraction and lipid was found to be insignificant

at the tested levelso
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LABLE IX
The concentration of metals in S. bijugatus at the end
of growth phase

si. zgé of Metals No. of Concentration

combination employed treatment .(ppm/loo mg dry wt,)

37 0.0038 0,034 *
<:> Hg + Cd 38 0.011 0.034 *
*
<:> Hg + P 41 0.0039  0.034
15 0.0062 Nil
Hg + Cu 16 0.0036 0.035
47 0.0035 0.103
<:> Hg + 2n 50 0.0001 0.056
51 0.0051 0.066
Hg + Fe 54 0.0004 0.043
55 0.0053 0.164
<:> cd + b 58 0.04 0.05
59 0.04 0.1
(:) cd + zn 62 0.042 0.086
w
<:> cd + pe 65 0.035 0.0157
66 0.035 *  0,0464
b + 2z 69 0.052 0.052
70 0.068 0.114
<:> b 4 Fe 73 0.188 0.056
74 0.212 0.10

The Values represented are the average of three observations
for mercury and two observations ftor others,

* Values are less than the indicated concentrations,
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TABLE X

The concentration of metals in N. palea at the end of
growth phase

Sl. No. of

the Metals ' No. of Concentration
combination employed treatment (ppm/100 mg dry wt.)
. H *
<§> Hg + cd 39 0.006 0,027
40 0.008 0,017 *
@ 43 0.0065 0,012 »
Hg + Pb 44 0.0055 0.015 *
Hg + Cu 48 0.001 0.011
49 0.003 0.049
<:> Hg + 2n 52 0.004 0.052
53 0.004 0.062
Hg + Fe 56 0,002 0.0258
57 0.004 0.071
QE) ca + Pb 60 0.033 * 0.030
61 0,039 * 0,039
<:> cd + zn 63 0,026 * 0.02
64 0,022 * 0,063
<:> 67 0,018 * 0.013
Cd + Fe 68 0.033 *  0.013
Pb + Zn 71 0,032 * 0.054
72 0,023 * 0.067
<:> Pb + Fe 75 0.030 * 0,013
76 0.060 * 0.113

The values represented are the average of three observations
for mercury and two observations for others.

* Values are less than the indicated concentrations.



Gr Qe Metals selected and their effect on test species

(Three metals).

The effect of the metals in combination ( Table 3 )

was studied and reported in relation to control,.



TABLE

3

sl, No, of
compination

Concentration in ppm

S. bijugatus

g, palea

® ® ® ©®

® ©

Hg

Hg

Hg

Hg

Hg

Pb

Pb

+

cd
Zn

Cd
Pb

Cu
cd

Cu
Pb

Pb
an

Ccd
Cu

cd
Zn

0.005 Hg + 0,02

0.05

0.005 Hg + 0,02

0.005 Hg + 0,05

0.005 Hg + 0,05

0.005 Hg + 0,04

0.04 Pb + 0,02

0.04 Pb + 0,02

Cd
Zn

cd
Pb

Cu
Ccd

Cu
Pb

Pb
Zn

cd
Cu

cd
Zn
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Combined effect of mercury, cadmium and zinc on

S. bi jugatus

81, No, of the

combination Concentration of metals

(in ppm)

0,02 Hg + 0,01 C4d + 0,05 2n

Production: (Fig. I)

The nett production of the alga was enhanced
in the early and late phases of growth, when compared to
control, From 14% higher level cn second day it decreased
to its minimum, 83% lower level, on fourth day and increased
gradually thereafter but was 52% less than that of control
by tenth day. Considerable increase in production was
observed towards the end of growth ph2se, exceeding that
of control by 40%.

Respiration‘of the alga was generally reduced
except on sixth and twelfth day. From 52% higher level
on sixth day it declined to 43% lower level on eighth day.
Thereafter it increased sharply, to 5% higher level at the
end of agrowth phase,

Consistent with low production, pH of the
culture remained well below that of control except at the

end of growth phase,



Pioments: (Fig. II)

The development of pigments was delayed. As
the usual green colour was lacking in the culture, pigments
were measured from fourth day onwards., Neverthless, pig-
ment content of the alga was found to increase to a
considerable extent. Chlorophyll a, chlorophyll b and
carotenoids were found to be much more than in control
from fourth day onwards. Concentration of chlorophyll a
and pheophytin fluctuated considerably during the growth
phase. Pheophytin was not detected on fourth and tenth
day of growth. With the exception of pheophytin, pigments
exhibited a decreasing trend towards the end of growth
phase. ©On the last day of growth, the concentration of

chlorophyll a was less than thet of any other pigment.

Photosynthetic end products: (Fig, III)

Total carbohydrate content of the alga was
considerably less than that of control, It increasecd
gradually from fourth day onwards reaching meximum on
eighth day. From 24% higher level on eighth day it declined
to 61% lower level by tenth day but once again increaced
to 57% higher level by the end of crowth phase.

Frotein content of the algz increased by &6%

whereas lipid content showed reductior by 21%,



Crowth: (Fig, I)

Severe suppression of growth was noted and the
blomass remained far less than that of control from second
to eighth day., The growth improved thereafter, But through-
out the crowth phase, the biomdass remained less than that

of control.

Nutrients absorbed

Sl. No, of ,
combination by the alga (ug/l) NS P
Phosphate Nitrate
1510 1060 o, 7C
Control 945 1290 1,37

Phosphate absorpticn of the alga increased by

60% whereas nitrate absorption decreased by 18%.

Conclusion:

Production and respiration were generally
reduced, Biomass was reduced inspite of increase in
protein content. Lipid also was reduced. Not withstanding
the initial deley, pioment development was positively
affected. The combination is undesirable from growth

point of view,

Comparison:

When the effect of the present combinaticn was

compared with that of combination<:>(o.o3 Hg + 0,01 Cd)
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reduction in nett procduction was observed for most part
of the growth phase but it increased towards the end.
Resgpiraticn was elevated. Considerable increase in all
four picments was observed. Carbohydrates and lipid
were reduced but protein increased. Biomass was lowered.

When the effect of the present combination
was compared with that of combinationc:)(o.os Hg + 0.05 2Zn)
the net#t production was observed to be low but respiraticn
was elevated. Increase in the level of all four picments
was observed. Carbohydrate and lipid were reduced but
protein increased to a large content., Biomass was con-
siderably reduced.

When the effect of present combination was
compared with that of combination (12) (0.05 Cd + 0.1 2zn),
production was found to be lowered towards the end of
growth phase. Resgpiration was lowered considerably, All
four pigments increased, particularly during latter growth
phase. Carbohydrate content was not affected. Protein

improved many fold whereas lipid was reduced by nearly 50%.
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Combined effect Of mercury, cadmium and lead on

S. bijugatus

Sl.No, of the

combination Concentration of metals

(in ppm)

(:) 0.02 Hg + 0,01 Cd + 0.05 Pb

Production: (Fig. I)

The nett production of the alga fluctuated
during the growth phase. From 28% higher level on second
day, inspite of continued increase it fell short of control
by 22% on fourth day. It reached lowest level on sixth
day with 85% reduction, from which it increased sharply
to 32% lower level by eighth day. It declined once again
to 77% lower level by tenth day and registered a sharp
increase thereafter, to 38% higher level at the end of
the growth phase,

Respiration of the alga was less than that of
control upto sixth day but was elevated to 93% higher
level by eighth day. It declined to 16% lower level on
tenth day. 1Inspite of increase it was 30% less at the
end of growth phase, in relation to control,

pH of the culture remained less than that of
control upto eighth day. It increased sharply to the same
level as control by tenth day and remeined higher there-

after, being steady upto twelfth day.
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Pigments: (Fig. II)

The development of pigments was delayed and
visible pale green colour appeared only on third day of
growth. Neverthless, pigment content of the alga increa-
sed to a considerable extent and was more than that of
control from sixth day onwards. Concentration of chlo-
rophyll a was less than that of other pigments and that of
chlorophyll b more, Both these pigments exhibited an
increasing tendency towards the end of growth phase,
whereas carotenoids and pheophytin decreased. Maximum con-
centration was observed on eighth day of growth for all
pigments except pheophytin, which reached highest level
on tenth day. Also pheophytin was not detected on fourth

day of growth.

Photosynthetic end products: (Fig. III)

Carbohydrate concentration of the alga fluc-
tuated during growth phase, with peaks on fourth and
eighth day. From 44% lower level on fourth day it decreased
to minimum, with 61% reduction on sixth day. It increased
sharply to 131% higher level by eighth day and dropped
once again to 13% lower level by tenth day. It increased
towards the end of growth phase to be 70% more than that of
control,

Protein level in treated alga increased by 68%

and lipid by 16% in relation to control,
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Growth: (Fig. I)

Growth of the alga was inhibited by the metals
in combination. The biomass though registered a continuous
increase, remained far less than that of control throughout

growth phase,

Nutrients absorbed

Selected
combination by the alga (mg/1) N/ P
Phosphate Nitrate
<:> 1230 590 .48
Control 945 1290 1.37

The phosphate absorption has increased nearly

by 30% whereas nitrate absorption decreased by 54%.

Conclusion:

Production and respiration were lowered for
greater part of growth phase but protein and 1ipid con-
centration increased. 1Inspite of this improvement biomass
was very low. Pigment development was delayed. Neverthless,
it increased considerably. On the whole the effect was

undesirable from the growth point of view.

Comparison:

When the effect of the present combination was
compared with that of combination(s) (0.03 Hg + 0.01 cd)

considerable reduction in nett production was observed.



Also the production exhibited fluctuation. Respiration
of the alga was found elevated. Chlorophyll a was not
affected but other pigments, particularly chlorophyll b
and pheophytin increased to a large extent, Carbohydrate
was not affected but protein increased. Lipid showed
reduction. Biomass also was reduced.

When the effect was compared with that of
combination(:>, (0.05 Hg + 0,05 Pb) the nett production
was observed to be lowered except at the end of growth
phase. Respiration increased., All four pigments increased,
Carbohydrate was reduced whereas protein and 1ipid increased.
Biomass was lowered,

When compared with the effect of combination(:>
(0.05 C4d + 0.05 Pb, nett production was found to improve
considerably, so also respiration. Except chlorophyll b
which was not affected, other pigments were lowered,
Carbohydrate increased. Protein increased many fold.
Lipid was reduced, Marginal increase in biomass was

observed,:
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Combined effect of mercury, cadmium and zinc

on N. palea

Sl,No, cf the

combination concentration of metal

(ppm)
0.005 Hg + 0,02 Cd + 0.05 Zn

Producticn: (Figc. I)

Nett production did not deviate much from that
of control in the early phase of growth, It was 4% hicher
on fourth day. No consicerable increase was observed
thereafter, It was steady between fcurth and sixth day,
increacsing slightly thereafter reached 14% lower level on
eighth day and declined to be 68% at the end of growth
phase, when compared with that of control.

Respiration of the diatom was elevated by
the metals in combination. It was higher than that of
control upto sixth day. ¥From 47% higher level on eixth
day it decreased to 54% lower level on eighth day and
increased once again to 84% higher level by tenth day,
in relaticn to control,

pH of the culture was lowered except when it
was equal to that of control on eichth and tenth day. pH

was maximum on eichth day.
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Picments: (Fig. II)

Total pioment content of the diatom was less
than that of control, Throughout growth phase all pigments
were found to be slightly less than those of control except
on the last day. Neverthless, the difference was not
coneiderable except in case of carotenoids. Chlorophyll a,
chlorophyll ¢ and carotenoids have reached their respec=-
tive maxima on fourth, second and fourth day of growth

respectively, like those abserved in control,.

Photosynthetic end products: (Fig. III)

The acid soluble carbohydrate fraction was
more than that of control upto eithth day. Gradual
increase was observed upto eighth day when it was 17% more
than that of control. Thereafter it declined to 54% lower
level by the end of growth phase,

The alkali soluble carbohydrate fraction of
the diatom did not differ much from that of control but
remaired slightly less, from sixth day onwards. 29%
reduction was observed in this fraction at the end of
growth phase,

The insoluble carbohydrate content of the
diatom was adversely affected, The concentration was
maximum on sixth day, the only instance when it was more
than that of control, by 56%. Thereafter no considerable
change was observed and it was 77% lecs than that of

control at the end of growth phase.
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Frotein content of the diatom increased to a
greater extent in the early phiase of growth, when com-
pared to that of control. The percentage increase was
found to be 124 and 239 on fourth and sixth day res-
pectively. The concentration of this product changed
very little thereafter and was reduced by 56% at the end
of growth phase.

Lipid content of the alca was also adversely
affected and 34% reduction in this product was registered

by the diatom.

Crowth: (Fig. I)

The metals in combinaticon have exerted a
rositive effect on the growth of the diatom and enhanced
the rate of multiplication to a considerable extent in
the early phase, The biomass remained more than that

of control except on the last day.

Nutrients absorbed
Sl. No. of
combination — _(ug/1) N/ P
Phosphate Nitrate
1565 813 0. 52
Control 1350 763 0, 87

Increase in the uptake of both nutrients was

observed,
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Conclusion:

This particular combination of metals has
reduced the rate of production and increased the rate of
respiration of the diatom. The total pigment content of
the diatom was reduced, The adverse effect was pronounced
in the reduction of all three photosynthetic end products.
No harmful effect was observed with regard to the growth

of the diatom,

Comparisons

When the effect of the present combination
was compared with that of combination(Z)(O.COS Hg+¢ 0.C2 Cd)
reduction in the early phase in nett production was noted
though i1t was not different in the latter phase. Respira-
tion was reduced. All four pigments were reduced. Carbc-
hydrate was not affected but slight reduction in protein
was observed. Lipid was reduced by 100 ug.

When compared with that of combination (:>
(0.C05 Hg + 0.,C5 2Zn) the nett production was observed to
be 1low, Though respiration decreased in early phase,was
found elevated during latter phase, Reducticn in the
level of all four picments was observed., The acid solu=-
ble and inscluble carbohydrate was reduced while the alkali

soluble fraction remained unaffected. Protein content was



264

not affected but lipid was marginally increased, Biomass
was not affected,

When compared with the effect of combination (:)
(0.04 Cd + 0.05 2n) the nett production was found to be
unaffected but respiration was elevated. All the four
pigments were considerably reduced. Carbohydrate and
protein were unaffected but marginal increase in lipid

content was observed., Biomess was improvad,
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Combined effect of mercury, cadmium and lead on

N. palea

Sl.No. of the

i a
comb;nation Concentration of metals

(ppm)

@ 0.005 Hg + 0.02 Cd + 0.04 Pb

Production: (Fig. I)

Enhancement in the rate of nett production was
observed in the early growth phase and it was 1l0% higher
than that of control on fourth day. Beyond fourth day
little change in the production of the diatom was observed.
It was reduced by 56% at the end of growth phase,

The respiration was also elevated in the early
phase of growth., From 300% higher level on fourth day it
decreased to 79% lower level by sixth day. On eighth day
oxygen value in the dark bottle was higher than the
initial wvalue in two observations and nil value in one
observation. At the end of growth phase respiration was
found to be 44% more in relation to control,

Inspite of reduction in the rate of nett
production pH of the culture closely followed that of

control throughout growth phase,
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Pigments: (Fig. II)

Total pigment content of the diatom was consi-
derably lowered, though the concentration of all four
pigments exceeded that of control at the end of growth
phase. All pigments reached their respective maxima on
second day, but only chlorophyll a was less than that of

control whereas cther pigments exceeded the level of control,

Photosynthetic end products: (Fig. III)

All three fractions of carbohydrate were
developed to greater extent by the diatom in the early
phase in this combination.

The concentration of acid soluble fraction
increased gradually, remaining higher than control upto
sixth day and registered 156% increase on that day. It
continued to increase thereafter but was only 148% more
than control on eighth day and declined to 33% lower level
by tenth day.

The alkali soluble carbohydrate fraction also
exhibited a similar trend and was higher than that of
contrecl by 164% and 320% on sixth and eighth day res-
pectively. It declined to 37% lower level by the end of
growth phase,

The inscluble carbohydrate fraction cf the

diatom also increased to a greater extent than that of
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control by sixth day, registering 104% increase on that
day. It was equal to that of control on eighth day and
declined thereafter to 67% lower level, by the end of
growth phase,

Protein was enhanced to a large extent, the
concentration of which was less than that of control only
on the last day of growth, It was 540% higher on fourth
dey and decreased to 266% higher level on sixth day. It
once again registered @ sharp increase but was only
78% more than that of control on eighth day. It cdeclined
towards the end of crowth phase and 41% reduction was
observed on the last day.

Lipid content of the diatom was adversely

affected. The observed reduction in lipid was 40%.

Growth: (Fig.I)

The metals 1n combination have enhanced the
crowth rate of the diatom resulting in increased biomass.
But at the end of growth phase biomass was slightly less

than that of control,

Selected Nutrients absorbed
combination - (ag/1) N /P
Phosphate Nitrate

<:> ‘1615 855 0.53

Control 1350 763 0,57
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Both the nutrients were absorbed in greater
amount by the treated diatom, when compared with the

control.

Conclusion:

Not withstanding the reduced rate of nett
production, the carbohydrate and protein of the diatom
were detected in greater quantities than thcse of control
except on the last day. The growth of the diatom was not
adversely affected as only slight lowering of biomass

was cbserved,

Comparison:

When the effect of the present combination
was compared with that of combination<:>(0.005 Hg + 0.0% Cd)
the nett procduction was found to be reduced in the early
phase but not different in the latter phase. Respiraticn
followed the same trend. Considerable reduction in the
concentration of all four pigments was observed, particularly
in the early phase. Acid soluble carbohydrate was unaffec-
ted but the other two fractions increased, Considerable
increase in protein was observed whereas lipid was reduced
by 100 ug. Biomess was unaffected,

When compared with the effect cf combination(Z)

(0.005 Hg + 0.04 Pb) marginal increase in nett production
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was observed. Respiration was reduced. Chlorophyll a
was reduced to a lesser extent than other rigments, All
three fractions of carbohvdrate improved, Whereas pro-
tein content increaseq, lipid was reduced by about 50%,
Biomass improved.

When compared with the effect of combination(:>
(0.02 Cd + 0.04 pb), improvement in nett production and
respiration was observed. Reduction in all four pigments
was reglistered. Acid soluble carbohydrate was decreased
to a larger extent than the alkali soluble fraction. The
insoluble carbohydrate was not affected., Protein remained
unaffected whereas lipicé showed marginal increase, Biocmass

increased,
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623
Combined effect of mercury, copper and cadmium

on S. bijugatus

Sl,No. of the

combination Concentration of metals

(in ppm)

0.02 Hg + 0,1 Cu + 0.C1 cd

Production: (Fig. I)

The nett production of the alga was adversely
affected by this combination and remained far less than
that of control throughout. It was negligible upto
fourth day and increased to be 74% less than that of
control on sixth day. It decreased to 91% lower level
on eichth day and remained steady upto tenth day.
Increasing once again it reached 50% lower level by the
end of growth phase.

Respiration of the alga was considerably
lowered, It was maximum on fourth day and except for
this day, it remained less than control. From 55%
hicher level on fourth day it dropped till sixth day and
increased once again but was 24% less than that of control
on eichth day. Thereafter gradual reduction in respira-
tion was observed till the end of growth phase, 91%
reduction was observed on the last day.

Consistent with low production pH of the
culture remained considerably lower than that of control

except on the last day of growth,



Pigments: (Fig, II)

Delay in the development of pigments was
observed and all measurements were made only from fourth
day onwards, Concentration of chlorophyll a, chloro-
rhyll b and carotenoids was much higher than those of
control from fourth day onwards. Carotenoid level was
nearly steady during the late growth phase, whereas
chlorophyll a, chlorophyll b and pheophytin exhibited
considerable fluctuation. The chlorophyll a reached the
maximum level on sixth, chlorophyll b on eighth, caro-
tenoids on fourth and pheOphytinéﬁgurth day of growth
respectively, Chlorophyll a and chlorophyll b exhibited

a marked tendency to increase towards the end of growth

phase.

Fhotosynthetic end products: (Fig., III1)

Due to severe inhibition of growth, carbohydrate
was measured only on the last day and was found to be
reduced by 25% in relation to control.

Protein content of the alga was the most
adversely affected product, with 93% reduction.

Lipid of the alga also reduced, by 45% in this

combination.,
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Growths (Fig. I)

The adverse effect of the metals in combination
was clearly seen in the severe inhikition of growth. The
growth was negligible upto eighth day and only slight
improvement was noted towards the end of growth phase,

resulting in considerable decrease in biomass.

Nutrients absorbed

Selected
. by the alga {(ng/l) N/ P
combination Phosphate Nitrate
1098 996 0.°1
Control 945 1290 1.37

The uptake of phosphate increased in presence

of these metals and that of nitrate decreased,

Conclusion:

The adverse effect of the metals in combination
is very well pronounced in all parameters estimated
except picments. This combination was highly toxic to

the alga.

Comparison:

When the effect of the present combination
of metals was compared with that of combination<:>(0.03 Hg +
0.Cl Cd) nett production was found to be lowered to a

large extent., Respiration also was lowered, Pheophytin
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was not affected but other pigments were reduced.
Carbohydrate content was reduced to a large extent,
Nine fold reduction in protein was observed. Lipid
content was lowered by more than 50%, Biomass was
reduced considerably.

When the effect of the present combination was
compared with that of combination(8)(0.03 Hg + 0.1 Cu),
nett production was found considerably reduced but res-
riration was not affected. Chlorophyll a, chlorophyll b
and carotenoids increased but pheophytin was not much
affected, Carbohydrate and lipid decreased thouch protein
remained unaffected, Biomass was lowered to a considerable

extent,
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b2k
Combined effect of mercury, copper and lead on

S. bijugatus

Sl.No. of the

combination Concentration of metals

(in ppm)

0.02 Hg.+ 0.1 Cu + 0.05 Pb

Production: (Fig. I)

The nett production of the alga was negligible
upto fourth day. 1Increasing gradually thereafter it
reached 81% lower level on eighth day. Sharp rise in
production was observed from eighth day onwards and it
reached 65% higher level by tenth day and further to
114% higher level by the end of growth phase.

Respiration of the alga was elevated to a
large extent. It was 36% more than that of control on
eighth day. Thereafter sharp rise was recorded to 474%
higher level on tenth day. It declined towards the end
of growth ph2se but remained 14% more than that of control.

pH of the culture was far below that of control
upto sixth day. Consistent with higher production, it
increased sharply thereafter and reached higher level
than the maximum of control (10,64) on tenth day.
Inspite of slight fall, pH of the culture remained
higher than that of control towards the end of growth

phase.
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Pigments: (Fig. II)

Pigment content of the species was measured

only from fourth day onwards as no colour was
detected in the culture upto third day. But from fourth
day onwards it was found to be higher than that of control,
All four pigments registered a decline from their res-
pective maxima, towards the end of growth phase. However,
the concentration of chlorophyll b was highest when
compared to other pigments in this combination. Pheo-
phytin was not detected upto eighth day but was more than
that of control on tenth and twelfth day. Total pigment

content of the alga decreased with the age of the culture,

Photosyntheti¢c end products: (Fig. III)

Growth of the species was suppressed and
hence the carbohydrate was measured fromeighth day
onwards., From 25% higher level on eighth day it declined
to 31% lower level by the end of growth phase,

Total protein content of the alga when measured
at the end of growth phase was found to be 24% less than
that of control,

Lipid was found to be adversely affected}with

63% reduction,
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Growth: (Fig. I)

Growth of the alga was severely inhibited upto
sixth day but subsequently gradual recovery was noted
though not to the same extent as that of control,
resulting in the reduction of biomass at the end of

growth phase,

Nutrients absorbed

Selected
by the alga (ung/1) N P
combination Phosphate Nitrate ’/
1071 512 0.48
Control 945 1290 1,37

The phosphate uptake of the alga exhibited
slight enhancement whereas nitrate uptake was reduced

by 40%.

Conclusion:

Though the rate of nett production was elevated
and pH increased showing higher overall production than
that of control, carbohydrate, protein and lipid of the
alga were reduced, along with the biomass, The effect
of the combination 19 on the whole was adverse,on the

species,
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Comparison:

When the effect of the present combination of
metals was compared with that of combination(Z)(0.0S Hy +
0.05 Pb), nett production was found to be reduced in
early phase, but improved in the latter phase, Chloro-
phyll a, chlorophyll b and carotenoids increased to a
large extent but pheophytin increased only towards the
end of growth phase, Carbohydrate was reduced parti-
cularly in the latter phase. Only marginal reduction was
observed in protein and lipid concentration., Biomass was
lowered to a large extent.

When compared with the effect of the combina-
tion (0.03 Hg + 0.1 Cu), the nett production was
observed to be far less in the early phase. Respiration
increased toa large extent. Chlorophyll a, chlorophyll b
and carotenoids were produced to a greater extent but
pheophytin was reduced. Carbohydrate and lipid were
reduced but protein was unaffected. Biomass also was
reduced.

The effect of the combination of lead and
copper was found to be lethal to the species. Hence,
the present combination proved to be less toxic when

compared with the above,
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Combined effect of mercury, cadmium and copper on

N. palea
Sl.No., of the Metals in combination
combination (in ppm)
0.05 Hg + 0.02 CA + 0.05 Cu

The combination was found to be highly
toxic to the diatom, Pale brown colour appeared
in the culture on fifth day but it disappeared by
sixth day. Hence it was not possible to estimate

any of the parameters selected,



Combined effect of mercury,copper and lead on

N. palea

Sl,No. of the

combination Concentration of metals

(Ppm)d

0.005 Hg + 0.05 Cu + 0.04 Pb

Production: (Fig. I)

Nett production of the diatom closely followed
that of control upto fourth day. It remained steady
between fourth and sixth day. It was 49% less on sixth
day. It reached maximum level on eighth day being 19%
less, and declined to 66% lower level by the end of growth
phase in relation to control.

Respiration of the diatam was negligible on
second day but increased sharply thereafter to reach
640% higher level by fourth day. After decreasing initially
upto sixth day it increased once again 42% higher level
on eighth day. It declined towards the end of growth
phase and was reduced by 8% on the last day.

pH of the culture closely followed that of
control upto fourth day, thereafter it gradually decreased

towards the end of growth phase.

Pigments: (Fig. II)
Pigment level of the diatom increased with the

age of the culture upto eighth day. All four pigments
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exhibited decreasing tendency from eighth day onwards,

The concentration of chlorophyll a and carotenoids
exceeded those of control by sixth day whereas that of
chlorophyll ¢ by fourth day. Pheophytin content of the
diatom remained higher except on fourth and sixth day

of growth when it was equal to that of control., Pheo-
phytin reached maxirmum concentration on second day whereas

rest of the pigments on eighth day.

Photosynthetic end products: (Fig. III)

The acid soluble carbohydrate fraction of the
diatom was found in greater quantity in the early phase
when compared to that of control. The concentration was
maximum on sixth day with 119% increase. Its level
remained steady thereafter and was equal to that of
control on eighth day but was found reduced by 53% on
the last day.

The concentration of alkali soluble fraction
did not differ much from that of control except when it
was 40% less at the end of growth phase.

The insoluble carbohydrate fraction of the
diatom registered a gradual increase, reaching maximum
on sixth day. From 82% higher level on sixth day it
decreased to 60% lower level on eighth day., Inspite of
increase towards the end of growth phase it was found

to be 75% less than that of control.



Production of protein was enhanced to a large
extent in the early growth phase., It was 325% higher
than that of control on fourth day and 191% hicher on
sixth day. 1Inspite of gradual increase it was found to
be lowered by 32% and 38% respectively on eighth and
tenth day of growth.

Lipid content of the diatom was found to be

reduced by 44%.

Crowth: (Fic. I)

Growth rate of the diatom improved in the early
rh@se in this combination resulting in increased biomass
upto sixth day when compared to that of control. But
beyond thig,little increase was observed in growth,
Biomass at the end of growth phase, was found reduced in

relation to control,

Selected Nutrients absorbed
i (nazl) N/ P
combination PEospha te YT

1650 782 0. 47

Control. 1350 763 0,57

The uptake of phosphate has increased by 19%.
The treated diatom absorbed more nitrate when compared to

that of control.
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Conclusion:

The overall production of the diatom was
lowered. All three main products of photosynthesis
were reduced. Notwithstanding the initial stimulation,
biomass of the species was found lowered. The effect
of combination was adverse on the physiology of

the species.

Comparison:

When the effect of the present combination
was compared with that of combination(:>(o.005 Hg +
0.C4 Pb) nett production was found unaffected, but
respiration was elevated. Carotenoids increased to a
creater extent than the other picgments. Carbohydrate
(all three fractions) were unaffected., Protein content
increased but lipid was reduced by more than 100 ugq.
Biomass was not affected.

When compared with the effect of c0mbination
(0.0C5 Hg + 0.05 Cu) the nett productioi and respiration
were found unaffected., Pigments registered an increase,
The acid soluble carbohydrate was lowered but other
fractions remained unaffected. Martinal increase in
protein was observed whereas lirid was reduced. Increase

in biomass was marginal.
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n" '5_‘
62 Combined effect of mercury, lead and zinc on

N. palea

Sl.No, of the

combination Concentration of metals

(ppm)
0.005 Hg + 0,04 Pb + 0.05 2n

Production: (Fig. I)

The nett production of the diatom increased
oradually to maximum level on fourth day when it was 28%
more than that of control, From sixth day onwards it
remained less than that of control, decreasing gradually
to 77% lower level by the end of the growth phase.

Respiration of the diatom was slightly higher
than that of control only upto fourth day. It decreased
to minimum on eighth day with 85% reduction. Though it
increased towards the end of growth phase it remained 8% less
than that of control,

pH of the culture remained less than that of

control throughout growth phase,

Pigments: (Fig. II)

Total pigment content of the diatom decreased
in this combination, when compared to that of control,

Chlorophyll a remained less than that of control throughout



orowth phase whereas chlorophyll ¢ was slightly higher
only on sixth and tenth day. Carotenoid concentration was
higher only on the last day of growth whereas pheophytin
was more on the second and last day of growth., All four

pigments reached the maximum level on second day.

Photosynthetic end products: (Fig. III)

The acid soluble carbohydrate fraction registered
a gradual increase from fourth day onwards., From 54%
higher level on sixth day it reached 83% higher level at
its maximum on eighth day, It declined towards the end of
growth phase to 69% lower level,

The alkali soluble carbohydrate fraction of the
diatom did not deviate much from that of control upto sixth
day. From 51% higher level on eighth day it decreased to
56% lower level by the end of growth phase,

The insoluble carbohydrate was developed to a
lesser extent than that of control in the early growth
phase. From 39% lower level on fourth day it reached 80%
higher level on sixth day, Further increase in the con-
centration of this product was negligible resulting in
32% reduction by eighth day. It declined towards the end
of growth phase to be 79% less, in relation to control.

Protein content of the diatom exhibited a

sharp rise in presence of these metals, in early phase.
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It was 135% higher than that of control on sixth day,
Further increase was observed but not to the same extent
as that of control and by eighth day it was 20% less, It
declined thereafter and at the end of growth phase was
68% less than that of control,

Lipid content of the diatom was also adver-

sely affected. 13% reduction was observed in this product,

Growth: (Fig., I)

Growth was stimulated in the early phase
resulting in increased biomass when compared to that of
contrel. It was steady after sixth day and at the end of

growth phase ‘it was 1less than that of control,

Selected Nutrients ibsorbed N‘/ .
combination "‘-———JESA—L‘—-““' ‘

Phosphate Nitrate

1440 797 0.55

Control 1350 763 0., 57

The uptake of both the vital nutrients was

enhanced by few ug in this combination.

Conclusion:

The combination of metals affected all the

parameters studied adversely, except biomass,
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Comparison:

when the effect of the present combination was
compared with that of combination<:>(0.005 Hg + 0.04 Pb),
increase in nett production was found to be limited to
early phase whereas respiration increased towards the end
of growth phase. All pigments exhibited slight increase
particularly towards the end of growth phase, All three
fractions of carbohydrate were lowered. Protein was
reduced but lipid and bioma@ss remained unaffected.

when compared with that of combination<:>
(0.005 Hg + 0.05 2Zn), increase in nett production was
found limited to early phase. Respiration increased. All
the four pigments decreased in concentration, Acid solu-
ble and alkali soluble fractions showed marginal increase
whereas the insoluble fraction remained unchanged.
Protein content was reduced. Lipid also showed reduction,
by 200 uag.

When compared with that of combination
(0.04 Pb + 0,05 2Zn) the increase in nett production was
found limited to early growth phase, whereas both pro-
duction and respiration decreased in the latter phase,
Pigments, carbohydrate and protein showed considerable
reduction. Lipid was not affected. Biomass remained

una ffected,



mg C/\/ hr

OF CELLS

LOG.

Gross production Nett production

\

/
&

mg C/U/ hr

T

»

/

N

Biomass - N.Palea

0-005Hg+0-04Pb +

0-05Cy o—-—0

0-005Hg+0-04Pb +

0-05Zn o0——0
Control o —-e




CELLS

Mg/10

~ Chl a o Chl ¢
. i
% -
b— 'k p—
S
- //,— .r.——{\ - N |
B \\ B a A
- /// e | // .:»-Q:--—-o/—
L_// / .-
g —,
{ { | | S| | | | |
N. pulecx.
Control o —-o
- 0-005Hg+ 0-:04Pb+0-05 Cu O— . —0
@0- 0005 Hg + 0-04Pb+ 0-05 Zn o—o
[ Carotenoids 5 Pheophytin
- A\ N
u A 7\ i
R & A
S )
N . B
/ \
i ./ N :
» f\.\ e
J B .// 5
__//
I | S I A ! | |
o 2 4 6 8 10 0 2 4L 6 8
DAYS



Mg /mgldrywt)

Carbohydrate —  Carbohydrate

207
- (Acid soluble) _» L (Alkali soluble)

10 o S e A B P
F '/./ —— B - = >3
0 I | | j — 1 1

80 r_ Carbohydrate . Protein »

(Insoluble)

DAYS L DAYS
500 Lipid
- N-palea
400 B Control - —-o
. (19 0.005 Hg +
¥ 3001 0-04 Pb +
> B m 0-05 Cu o—-—0
z 0-005 Hg +
> 200~ 0-04 Pb +
< _ 0-05 Zn o0—o0
= 100}
0
0 19 C

Fig III



287

Combined effect Qf mercury, lead and zinc on

S. bijugatus

Sl, No, cf the

combination Concentration of metals

(in ppm)

0.02 Hy + 0.05 Pb + 0.05 2Zn

Production:

Nett production of the alga closely followed
that of control upto sixth day but exceeded by 8% on
eighth day, by 87% on tenth day and by 147% on twelfth day,

Respiration of the alca varied with peaks on |
second and sixth day with 5% and 4% increase respectively,
It declined thereafter to minimum on eighth day with 43%
reduction but increased sharply to reach the same level
as control by tenth day. Inspite of continued increase
it remained 17% less than that of control at the end of
growth phase,

Notwithstanding the continucus increase in
prcduction, pH of the culture fluctuated during the growth
phase. It was maximum on sixth day being slightly hicher
than that of control and declined thereafter till eighth
day. Once again it exceeded that of control by tenth day
and remained nearly steady thereafter at a hicher level

than control,



Pigments: (Fig, II)

Development of the pigments was delayed and
hence the measurements were carried out from fourth day
onwards. Total pligment content of the alga was severely
suppressed, Chlorophyll b was not detected on fourth day
and pheophytin from fourth to eighth day of growth,
Pheophytin concentration was less than that of control
throuchout., Chlorophyll a, chlorophyll b and carotenoids
were more than those of control only for a brief period
during the middle of growth phase and all of them reached

maximum level on sixth day of growth,

Photosynthetic end products: (Fig. III)

The carbohydrate concentration of the alga
remained less than that of control throughout the growth
phase except on tenth day when it was equal. The percen-
tage reduction was found to be 49 on fourth and eighth day
and 16 on the last day of growth,

Protein content of the alga was adversely
affected. 36% reduction was recorded for this product,

Lipid content c¢f the alga also was reduced,

by 49%.
Growth: (Fig. I)

In general growth of the alga closely followed

that of control. No increase was noted in the cell
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numbers between fourth and sixth day. The biomass
however, remained slightly less than that of control at

the end of growth phase,

Mutrients absorbed

Selected
by the alga (ug/l) N/ P
combination Phosphate Nitrate
1760 1130 0.64
Control 945 1290 1.37

The phosphate uptake of the alga increased by

86% whereas nitrate uptake was slightly lowered.

Conclusion:

Only the rate of nett production increased in
presence of these metals. Lower values were obtained for
all other parameters, Pigments were also suppressed to
considerable extent. The combination was found to be
undesirable and toxic to the species, specially when the

photosynthetic end products were considered.

Comparison:

When the effect of the present combination of
metals was compared with that of combination<:>(o.05 Hg +
0,05 Pb), both nett production and respiration increased
to a large extent. Chlorophyll a was reduced in the

early phase whereas pheophytin was suppressed to a large
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extent., Chlorophyll b and carotenoids were found
unchanged, Carbohydrate and protein were reduced but
lipid was unaffected. Biomass was lowered.

When compared with that of combination(:)(o.os Hg +
0.05 2n), nett production was observed to increase to a
large extent. Respiration also increased. Carotenoids
were reduced to a far greater extent than the other
pigments, Carbohydrate content was reduced., Nearly 50%
reduction in protein was observed. Two fold reduction in
lipid was observed. Biomass was lowered.

When compared with that of combination
(0.3 Pb + 0.05 2Zn), marginal increase in production was
observed. Respiration was elevated, With the exception of
carotenoids, K pigments were reduced. Carbohydrate was lowered.
Protein was reduced by 50% while lipid was unaffected.

Biomass was increased.
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626
Combined effect of lead, cadmium and copper on

S. bijugatus

Sl.No. cf the

Concentration of metals
combination (in ppm)
@) 0.05 Pb 4+ 0.01 Cd + 0.1 Cu

Production: (Fig. I)

Nett producticn of the alga was severely inhi-
bited upto eichth day. 86% and 92% reduction was recorded
on fourth and eighth day respectively. From eighth day
onwards production increased gradually to 39% lower level
in relation to control.

Respiration of the alca was elevated during the
middle of growth phase. Rate of respiration was same on
fourth and sixth day, but from sixth day it increased to
reach maximum level on eighth day. 27% increase was
recorded on fourth day. From 74% hicher level on eighth
day it declined to 33% lower level by tenth day and increa-
sed once again towards the end of growth phese to be 39%
less than control on the last day,

pH of the culture in this treatment remained
considerably less than that of control except on the

last day.
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Pigments: (Fig. II)

The usual green colour did not appear in the
culture upto third day but by fourth day, colour appeared
in all three replicates, Hence the estimation was carried
out from fourth day onwards. Chlorophyll a, chlorophyll b
and carotenoids exhibited considerable fluctuaticn during
the growth period. All pioments exhibited an increasing
tendency towards the end of growth phase. Pheophytin
was not detected from fourth to eighth day of growth,

From a lower level on tenth day it increased to a large
extent by twelfth day. With the exception of carotenoids,
pigments reached their respective maxima on the last day
of growth, Carotenoids were maximum on fourth day. Total
pioment content of the alga increased to a very large

extent when compared to that of control.

Fhotosynthetic end products: (Fig. III)

Due to severe suppressicn of growth the
carbohydrates were measured only on the last day and were
found to be equal to that of control.

Protein content of the alga was reduced by 36%

but lipid increased by 32%.
Growth: (Fig, I)

Growth of the alca was inhikited from second
to fourth day and also from sixth to eichth day. During

the rest of the period though the alga contined to grow

the increase in biomass was not considerable.
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Nutrients absorbed

Selected b
- y the alca {(ng/l1l) N/ P
combination Phosphate Nitrate
@ 990 942 0.95

Control 945 1290 e 36

The uptake of phosphate increased by few ug but

the nitrate uptake was reduced by 26%.

Conclusion:

This combination was found to be highly toxic
to the species in the initial stages. The toxic effect
is more proncunced when the growth and biomass were con-
sidered. Protein content was reduced but the lipiad
improved. The overall photosynthetic production was not

so much affected as growth.

Comparison:

when the effect of the present combination was
compared with that of combination @ (0.05 Cd 4+ 0.05 Pd),
marginal improvement in nett production was observed
towards the end of growth phase, Respiration increased.
Fheophytin was reduced to a greater extent than the other
plgments during the middle growth phase. Carbohydrate
decreased. Protein imcreased by 50% whereas lipid was

una ffected. Marginal reduction in biomass was observed.



The present combination of metals was found
to be less toxic than cadmium and copper (Cd + Cu) and
cadmium and lead (Cd + Pb) to the species, since growth
was completely suppressed in the above menticned

combinations,
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6.7

Combined effect of lead, cadmium and zinc on

S. bijugatus

Sl.No, of the Concentration of metals
combination (in ppm)

C:) .05 Pb + 0,01 C4d + 0.05 2Zn

Production: (Fig. I)

The nett production of the alga thouch was not
inhibited, on fourth and sixth day was very low, From 30%
lower level on second day it declined to 93% lower level
on sixth day but increased sharply thereafter to 33%
lower level by eighth day. It once again decreased
slightly by tenth day and increased to 99% higher level
by the end of growth phase,

Respiration of the alga was considerably
reduced and remained less than that of control throughout
the growth phase. Reduction was observed by 38% on second
day and 27% on fourth day. It was minimum on sixth day
with 52% reduction. It increased once again but was 33%
less on eighth day and 21% less on the last day of growth,

The pH was less than that of control in the
early phase reflecting low production. But by tenth day
it increased sharply to be slightly hicher than that of

control and remained steady thereafter,
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Piogments: (Fig. IT)

Total pigment content of the alga remained
much higher than that of control from fourth day onwards.
The development Of pigments was delayed and no visible
green colour was noticed on second day. All four pigments
fluctuated with peaks on fourth and tenth day of growth.
The concentration of pigments showed a decreasing tendency
towards the end of growth phase, Chlorophyll b was deve-

loped tC a greater extent than any other pigment.

Photosynthetic end products: (Fig. III)

Carbohydrate concentration was found to be
far less than that of control on fourth day but improved
later and reached 23% higher level, at its maximum on
sixth day. It decreased thereafter and was less than
that of control on eighth day., However, it increased
to 9% higher level by the end of growth phase.

Total protein content of the alga increased

by 41% but linid was reduced by 47%,

Growth: (Fig. I)

Growth of the alga was suppressed to considerable

extent but no lag was observed,



selected Nutrients absorbed

(ug/1) N/P
combination Phosphate Nitrate
@2 1270 1084 0.85
Control 945 1290 1.37

The uptake of phosph&te increased by 34%

whereas that of nitrate decreased by 16%.

Conclusion:

Increase in production and protein reflect the
positive influence of this combination but this in no way
resulted in the increase of biomass. The combination was

more toxic when the growth of the species was considered,

Comparison:

When the effect 6f the present combination of
metals was compared with that of combination @ (0.05 cd +
0.05 Pb), both nett production and respiration were found
increased to a large extent. The concentration of all
four pigments was lowered. Carbohydrate was reduced,
Four fold increase in protein was observed. Lipid content
of the alga was doubled, Biomass also showed improvement,
When compared with the effect of combination @

(0,05 C4 + 0.1 2n), the nett production of the alga was
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observed to increase and respiration was reduced to a
large extent., Enhancement in the level of all four
pigments was observed, Carbohydrate was unaffected,
Four fold increase was found in protein. Nearly two
fold reduction was observed in lipid,

When compared with the effect of combination
(0.3 Pb + 0.05 2Zn), nett production was found unaffected
in the early phase, but increased towards the end of
growth phase. Resgpiration also was found to increase
towards the end of growth phase. All four pigments
exhibited reduction, Carbohydrate and lipid were reduced
whereas protein showed marginal improvement, Biomass was

lowered.
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Combined effect of cadmium, lead and copper on

N. pz2lea
Sl., No, of the .
combination Metals i(nirc]:olr)n}})ona{)nation
<:> 0.02 C4 4+ 0,04 Pb 4+ 0,05 Cu

This particular combination of metals was

found to be highly toxic to the diatom, Growth

of the diatom was completely suppressed and no

perceptible change in the culture flask was obser-

ved ever after fifteen days.
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Combined effect of cadmium, lead and zinc on

N. palea

Sl., No, of the

. i
combination Metals in combination

(in ppm)

<:> 0.02 C4d + 0,04 Pb + 0.05 2Zn

The metals in combination proved to be
lethal to the species at the selected concen-
trations, Hence the selected parameters of

growth were not estimated.
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Discussion

The reaction of thz test species varied
with the combination of metals studied (Fig.VI).
Few reports on the combined effect of three metals
on algae were found in literature (Barlette et al.,
1974) . In the present study the effect of three
metal combinations was found to be totally

undesirable,

The effect of combinations of mercury,
cadmium and zinc (Combination ) and mercury
cadmium and lead (Combination <:))on S.bi jugatuss
was different from the same on N.palea. When the
combination was employed, lipid was reduced,
But protein increased to a largs extent when either
combination was employed, Unlike in HN.palea ,
the growth of S.bijugatus was severely retarded.
Consequent on this, the biomass remained far
less than that of control when either cowbination
was employed. The effect of combination was
found to be less toxic to H.palea compared to that
of combination(:D. The adverse effect was evident
only in the late growth phase as far as
carbohydrate and protein were concerned, when

combination(::)was employed. But biomas remained
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nearly the same as that when combination @ was
employed. In effect, zinc or lead dif fered very

little in combination with mercury and cadmium,

N.palea seems to be more tolerant to

these two combinations (@ and @) than

S.bi jugatus.

The combination of mercury, cadmium
and copper (combination ) worked out to be
highly toxic to S,bijugatus and lethal to N.palea.
Biomas and éndproducts of S.bli jugatus were reduced
to a large extent. Even when cadmium was replaced
by lead as in combination (mzrcury, copper and
lead) the endproducts -of S.bijugatus were found
to be adversely affected.,. Lead helped the species
to develop lipid when combined with mercury and
cadmium (combination Q:))but reduced lipid content
when combined with mercury and copper (combination
).' Protein was affected to a large extent in
S.bi jugatus whereas in {.palea the toxicity was
not so evident, in this respect, Biomass of
both the species was lowered to a considerable

extent.
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When copper was replaced by zinc as in
combination (mercury lead and zinc) no
significant difference was noted in the concentration
of endproducts but the biomaus increased and
pignent content was lowered in case of S.bijugatus.
The effect of combinations @) and @ was less
toxic on the biomass of N palea. Reduction in the
endproducts seems to be a common effect on both
the species when combination(:> was employed. When
copper was replaced by zinc(combination é:))there
was no significant difference in the protein
content of the diatom but increase in lipid was

obserVed, unlike in S.bi jugatus.

On the whole both the species were

adversely affected by the above combination.

S.bijugatus was found to be more tolerant
to lead, cadmium and copper (combination é:))and
lead, cadmium and zinc (combination QE))than
W.palea, on which the effect was found to be lethal.
However considerable retardation of growth of
Sebi jugatus was noted, cowmbination <:>vwas found
to be more toxic than combination(:>. The
replacemant of copper (in coibination é:>)by zinc

(in combination'é:>)also brought down the pigment
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content of the alga, when combination(:> was

employed though the toxicity was evident in the
early stage subsequent recovery was observed to
a large extent. The combinaticn1<:>xdas one of

the very few which resulted in increased production

accompanied by reduced respiration.
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Analysis of variance was carried out to
establish the significance of the interaction of

three metal combinations on the species studied.

The variance ratios obtained were significant

in 73 cases out of 88 studied with regard to

S.bijugatus (Table XI).

Significant difference was observed in the
effect of combinations and @ except on
respiration, carbohydrate and protein (biuret)

at the tested levels,

The effect of combinations @ and was
not significant on pheoph tin. Also during the
growth period the protein was not significantly

affected,

The effect of combinations (:)and é:)was
most significant on the spz2ciess. Only protein

(biuret) content was found to bz unaffected,

The effect of the three me2tal combination
on N.palea (table XII) was significant in 42

instances out of 50 studied.

At the tested lavels, the combinations 639
and (:)did not show significant affect on
respiration, chlorophyll c¢ and pasophytin. Their

effect on pheophytin content of the diatom was
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not significant during the period,

The effect of combinations @ and @ was
found insignificant, in acid and alkali soluble
fractions of carbohydrate and protein, at the
experimental dose concentrations, The eftect on
alkall soluble carbohydrate fraction was not

significant also during the growth period,

The combinations @, @ and @ were found

to be lethal to the diatom,
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TABLE XIII

The concentration of metals in S. bijugatus at the end of
growth phase

Sl. Egé of: Metals Concentration

combination ©mployed (ppm/100 mg dry wt.)
Hg + Cd + Zn 0.016 0,035 * 0.056
CED Hg + Cd + Pb 0.015 0.030 * 0.026
Hg + Cu + Cd Growth was highly retarded
Hg + Cu + Pb 0,021 0.095 0.025 *
Hg + pb + 2n 0.016 0.025 0.058
<i> Pb + Cd + Cu 0.034 * 0.034 * 0.107
<:> Pb + Cd + 2n 0.053 0.031 * 0,065

The values represented are the average of three observations
for mercury and two observations for others,

* Values are less than the indicated concentrations.,
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TABIE XIV

Concentration of metals in N. palea at the end of

growth phase

Sl. igé of Metals Concentration

combination  SmPloyed (ppm/100 mg dry wt.)

®

Hg + C4d + 2Z2n 0,002 0.052 0.063
(:) Hg + Cd + Pb 0,003 0.039 * 0,045
Hg + Cu + Cd Combination lethal .
Hg + Pb + Cu 0.006 0,027 * 0,043
Hg + Pb + Zn 0.003 0,033 * 0,057
<:> Pb + cd + Cu Combination lethal »
<:> Pb + Cd + 2n Combination lethal -

The values represented are the average of three obser-

vations for mercury and two observations for others,

* Values are less than the indicated concentrations.
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Metals selected and their effect as test gpecies

(Four metals),

The effect of metals in cambination ( Table 4
was studied and reported in relation to the

control,

)
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TABLE ¢

Sl.No, of
cambination

.Conc2ntration in ppm

Se bijugatus

N. palea

@)

® © ® ® ® ©

®

®® ®

Hg
Pb

Hg
Pb

Hg
Cu

Hg
Cu

Hg
Ccd

Hg
cd

Hg
Zn

Hg
an

cd
Cu

cd
Cu

cd
Zn

+ +

+ + + + + + + +

+ +

o5
an

cd
Fe

Pb
an

Ph
Fe

Cu
an

Cu
Fe

cd
Fe

Pb
Fe

Pb
an

Pb
Fe

Pb
Fe

0,005 Hg + 0.02 C4
0.04 Pb + 0,05 2n

0,005 Hg + 0,02

‘0404 Pb
0.04 Pb
0.04 Pb

0.005 Hg
0.02 cd
0.005 Hg
0.05 Cu
0.005 Hg
0.05 2Zn
0.005 Hg
0.05 2n
0,02 Cd
0,05 Cu
0,02 Cd

0.05 Cu

0.02 Cd

0,05 2n

-+

++

++

+ +

+ +

0,05

Cda
Fe

Cu
Zn

Cu
Zn

Cu
Zn

cd
Fe

cd
Fe

Pb
Fe

Pb
Zn

Pb
Fe

Pb
Fe
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Combined effect of mercury, cadmium, lead and zinc

on S. bijugatus

Sl.No, of the ‘
combinaticn Concent 16;1t11)%r:n)°£ metals

(3 0.02 Hg + 0.01 Cd + 0,05 Pb + 0.05 2n

Production: (Fic. I)

The alcal culture was pale and the usual green
colcur was lacking upto second day. Hence no estimaticns
were carried out for varicus parameters., On the fourth
day the nett production was negligible but it increased
subsequently to 88% lower level than that of control on
sixth day. Production reached maximum on eichth day but
remained less than that of control by 50% X hereafter
it declined to 82% and 85% less than that of control on
tenth and twelfth day respectively.

The oxygen content in the dark bottle on fourth
day exceeded that of initial, But on sixth day respira-
tion was 30% less than that of control. It was maximum
on eithth day exhibiting 114% increase, It declined
gradually towards the end of growth phase and 78% reduc=-
tion was obhserved on the last day.

pH of the culture increased gradually till

the end of growth phase and was higher than that of control
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on the last day, inspite of the observed inhibition in
nett production and higher oxygen content in the dark

bottle on fourth day.

Figments: (Fig. II)

The concentration of all four pigments
increased in this treatment. Though colour was noted
in the culture flasks by second day, the chlorophyll a,
chlorophyll b and carotenoids showed high concentration
than that of control on fourth day. Pigment maxima were
cbserved cn eighth day. Greater amount of chlorophyll b
(3.757 ng) followed by chlorophyll a (2.733 ng), carote-
ncids (1.24 ng) and pheophytin (1.247 nl) were recorded
against the control values of 0,149 ug, 0.138 ag, 0.081 ng
ané 0.C25 ug respectively, All four picments exhibited
decreasing tendency towards the end of growth phase but

it was more pronounced in the case ¢of pheophytin.

Photosynthetic end prodvcts: (Fig., III)

Due to low multiplication rate of the alga,
the measurement of end products was_possible only from
eichth day onwards. The carbohydrate content showed 96%
increase in relation to control on eighth day and 143%
on tenth day. The concentration of this product increased
further to 471% higher level by the end of growth phase,
| protein content increased by 40%. Lipid content

of the alga increased by 148%,
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Crowth: (Fig. I)

Morphological abnormality of the alga was
noticed in this treatment. During early phase of growth
algal cells were found attached to the bottom and walls
of culture flask as @ mat and did not enter into the
medium when the flasks were shaken., This might be the
reason for low production values obtained and also low
biomass. When cells were scrapped off the glass walls
and observed under the microscope, some were found to be
larger in size and round, not elliptical as the healthy
cell. By twelfth day clumping was noticed and flocculant
mat like formation was observed, Cells were smaller,
round in shape and found in single celled layersg, detached
from the walls of culture flask. Culture turned dark
green in colour, At the end of growth phase biomass was

found to be less than that of control,

selected Nutrients absorbed

combination by the alga f(ug/1) N/P
- e - Phosphate Nitrate
@ 1375 760 0. 55
Control 945 1220 1,27

All the phosphate in medium (1375 ug) was
absorbed and hence the exact amount of phosphate absorbed

could not be measured, Nitrate absorpticn wes lowered

by 59%.
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Conclusion:

The combination of metals produced both
morphological and physiological abnormalities in the
last species, The rounding off of cells along with high
lipid concentration may point out the "Tying up® of the

cells to unfavourable conditions.

Comparison:

Due to low multiplication rate of the alga,
the measurement of end products was possible only from
eighth day onwards. The carbohydrate content showed 96%
increase in relation to control on eighth day and 143%
on tenth day., Carbohydrate content of the alga improved
considerably but protein was reduced. Lipid concentration
increased to a large extent. Slight improvement in biomass
was also observed,

When the present effect was compared with that
of combination C:)(Hg + Cd + Pb) both nett production and
respiration were found considerably lowered., Pigment con-
tent increased to a large extent, Carbohydrate and protein
were lowered. Lipid content increased. Biomass was not
affected,

When compared with the effect of combination
(Hg + Pg + Zn) nett production and respiration were found

conslderably lowered, Pigments increased to a very large
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extent. Though the concentration of all three end
products increased to a considerable extent, the biomass
was found reduced to a large extent,

When compared with the effect of combination @
(Cd + Pb + Zn) nett production was found to be consi-
derably lowered. Respiration of the alga was elevated
particularly during the middle growth phase, Further
increase in the concentration of all four pigments was
observed, Carbohyirate and lipid content increased.
Protein did not register any change. Biomass though
initially was far less, improved subsequently and at the

end of growth phase was almost egual in both the combinations,
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&
2

Combined effect of mercury, cadmium, lead and iron

on S, bijugatus

Sl.No, of the
combination Concent iantjb()p?n)Of metals

0.02 Hg + 0.01 Cd + 0.05 Pb + 0,05 Fe

Production: (Fig. I)

Nett production of the alga was adversely
affected in the initial stage and was negligible on second
day. But from secormd day onwards it improved gradually,
following that of control upto eighth day. The production
was further increased to 18% and 51% higher level on tenth
and twelfth day respectively,.

Respiration of the alga was less than that of
control upto fourth day. From 40% lower level on fourth
day it was elevated to 261% higher level by sixth day.
From its maximum on sixth day it dropped to 95% higher
level on eighth day. But on tenth and twelfth day it was
56% and 21% less than that of control,

pH of the culture was slightly higher than
that of control on second day. Fall in pH was noted upto
fourth day, but once again gradual increase was noted upto
tenth day. On tenth and twelfth day of growth it remained

higher than that of control.
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Pigments: (Fig. II)

Pigment production was delayed in the initial
stages, From fourth day onwards sharp increase was noted
in chlorophyll a, chlorophyll b and carotenoids. Also
the concentration of these three pigments fluctuated
considerably with two peaks,on sixth and tenth day ,
Pheophytin was not detected upto eighth day. It was
maximum on tenth day but the concentration was much lower
than the other pigments, The concentration of all pigments
decreased towards the end of growth phase but remained

higher than that of control,

Photosynthetic end products: (Fig, III)

The carbohydrate content of the alga was
much less in early phase., From sixth day onwards it
increased and was 131% more than that of control ét its
peak on eighth day. It decreased gradually to 23% higher
than that of control at the end of growth phase,

Increase in protein was very slight (3%) and

so also lipid (6%).

Growth: (Fig, I)

Though continuous growth occurred, biomass

remained less than that of control.
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Nutrients absorbed

Selected
: by the alga (ug/1) N/ P
combination Phosphate Nitrate
1085 500 0. 46
Control 945 1290 1.37

Phosphate absorption increased by 140 mg but

nitrate absorption decreased by 790 ug.

Ccnclusion:

The combination was found to be undesirable

from growth point of view.

Comparison:

The effect of the present combination of metals
when compared with that of combination @:)(Hg + Cd + Pb)
was found to be not different with respect to nett pro-
duction and respiration, But the fluctuation in the nett
production was not observed whereas fluctuation in res-
piration was retained. Considerable fluctuation in the
level of all four pigments was observed and the concen-
tration of all four pigments was further lowered, parti-
cularly those of chlorophyll b and pheopytin, towards the
end of growth phase. Carbohydrate and lipid were reduced
slightly, Protein content was reduced to a large extent.

The addition of iron to the combination (:)

(Hg + Cd + Pb)did not improve the situation.
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Combined effect of mercury, cadmium, lead and zinc

and

mercury, cadmium, lead and iron on

N. Eglea

Sl.No. of the Concentration of metals

ombinati
combination (in ppm)
(:) 0.005 Hg + 0,02 Cd + 0,04 Pb + 0.05 2Zn
0,005 Hg + 0,02 C4d + 0.04 Pb + 0,05 Fe

In general no considerable difference in the
effect was observed between combination @and » Hence

they were described together.

Production: (Fig. I)

In general, nett production was considerably
inhibited in both combinations and was less than that of
control throughout. Between the treatments, it did not
differ much. Gradual increase upto sixth day was observed
to 66% lowerligvgéth treatments and it declined to 70%
by eighth day. Towards the end of growth phase it increa-
sed in both the treatments to be 46% and 56% less than
that of control respectively.

Respiration of the alga differed in these two

treatments. In the first treatment it remaeined less than
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that of control throughout, with 36% reduction at the
end of growth phase. The oxygen values were higher in
the dark than the initial bottles on sixth and eighth day.
Respiration in the second treatment increased by 233% on
secand day but declined thereafter to a minimum on sixth
day. From 89% lower level on sixth day it increased
gradually to 48% higher level on tenth day.

pH of the culture showed little variation
between the two treatments and remained generally less

than that of control except on the last day.

Pigments: (Fig. II)

In both the combinations pigments were
developed to greater extent in the latter growth phase,
The concentration of all four picments was greater in
corbination 23. 2Among the four pigments, the carotenoids
were developed to greater extent, in both cases. Pheo-
phytin was less than that of control upto sixth day in
the first whereas in the second, it was higher than that

of control throughout growth phase,

Photosynthetic end products: (Fig. III)

The quantity of carbohydrates, proteins and

lipids did not differ much between the two.
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The concentration of acid soluble carbohydrate
in combination 23 was almost equal to that of control
upto eichth day whereas in the combination 24 it was
slightly higher. ©n the last day it was 29% more in the
first but 6% less in the other, in relation to control,

The alkalil solukle carbohydrate fraction &id
not differ much between the two and also between any
combinatiocn and control except when it was more than that
of control at the end of crowth phase, by 46% and 7%
respectively.

The insoluble carbohydrate fraction was nearly
equel in both, It was 17% and 40% hicher respectively
on sixth dey but decreased to 78% and 71% lower level by
eighth day, in relation to control., It increcased once
again towards the end of growth pericd but not to the same
extent as cbserved in the control and remeined reduced
by 72% and 75% respectively.

Frotein content of the diatom in the ccmbina-
tion 23 showed a gracdual increase upto sixth day. 1In
combination 24 it was less than that of control upto
fourth day and increasecd thereafter, 1In both instances
it was hicher than that of contrcl on sixth day, by 71%
and 92% respectively, It exhibited considerable increase
from eighth day but remained reduced by 31% and 24% less

than that of control, cn the last day.
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The toxic effect of these two combinations
was clearly seen on the lipicd which was reduced by 18%and

80% respectively.
Crowth: (Fic. I)

Growth rate of the diatar was impaired in both
cases. Biomass was less than that of control throughout

the growth period., It was almost steady from eighth day

onwards.
selected NUtriez;;/i?s§rbed N/ P
combination Phosphate Nitrate
@ 1700 660 0. 329
1675 686 0. 41
Control 1350 763 0,57

For both the treatmeénts phosphate absorption
increased and nitrate absorption decreased when compared
with that of control. But no considerable difference was

noted between the two.

Conclusion:

The two combinaticns were found to be toxic
to the species, Growth and lipic formaticn were adversely

2 ffected.



Comparison:

When the effect o©of the combination<:>(}g +
Cd + Pb 4+ 2n) was compared with that of combination
(Hg + €& + 2n) the nett production was found to be reduced
but respiration increased, All pigments except chloro-
phyll b increased ccnsiderably, particularly in the
latter crowth phase. All three fractions of carbchydrates
and protein content increased. But twc fold reduction
was observed in lipid concentration. Biomass was lowered,
on the whole the combination@was found to be less
desirable than combination

When compared with that of combination<:>
(Hg + Cd + Pb) reducticn in nett production was observed.
Respiraticn was not affected. All four pigments increased
to 2 large extent. All three fractions ©of carbohydrates
were reduced. Protein content of the diatom decreased
to 2 large extent. Two fold reduction was observed in
lipids. Biomass considerably lowered. ©On the whole the
combination(::)was found to be less desirable than
combination @.

When compared with that of combinaticn
(Hg + Pb + 2Zn), the nett producticn was found to be
reduced in early phase but enhanced in latter phase.
Respiration was reduced. All four picments increased,

particularly in the latter phase of growth. All three
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fractions of carbohydrates increased in latter growth
phase. Protein content increased in the early phase in
combination and in latter phase in combination @
Three fold decrease in lipid content was registered,
BRiomass also was considerably lowered. ©On the whole the
combination 23 was found to be less desirable than .

The combination @ (CA + Pb + 2n) was found to
be lethal and hence the combination(i? may regarded as
more desirable.

When the effect of combination é:)was cocmpared
with that corbination C:) nett production was found to be
lowered but respiration was not affected. All four
picments were produced to @ greater extent, particularly
carotenoids. Though considerable increase in all three
fractions of carbohydrates was observed, the concentration
decreased towards the end of growth phase., During most of
the growth phase, protein was found considerably reduced
and at the end of growth phase when the concentration
was same in both instances, Lipid content was reduced by

more than 50%, Biomass was also considerably reduced.
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633
Combined effect of mercury, lead, copper and zinc

on S. bijugatus

Sl.No, of the

combination Concentration of metals

(in ppm)

(:) 0.02 Hg + 0,05 Pb + 0.1 Cu + 0,C5 Zn

Production: (Fig. I)

The nett production was measured only from
fourth day onwards as the alca did not grow until third
day. From 78% lower level on fourth day production
increased sharply to 31% higher level by sixth day. But
it was only 10% higher on eighth day. From the maximum
level on eighth day it declined to 16% lower level by
tenth day. Inspite of slight increase observed towards
the end of growth phase, production remained reduced by
18% in relation to control.

Respiraticn of the alga was neglicible on fourth
day but increased sharply by sixth day to be 78% more
than that of control, It declined to lower level on
eighth day and remained less than that of control for the
rest of the growth period. % reduction was recorded on
tenth day and 60% on twelfth day.

Consistent with low production, pH of the culture
was very low on second day and increased thereafter gradually
to maximum level on eighth day and declined towards the end

of growth phase, It was slightly higher than that of control

on eichth and twelfth day.
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Pigments: (Fig. II)

Though the culture did not appear to have been
the usual green colour on second day, all pigments
measured on fourth day were found to be at their maximum
level. Chlorophyll a and chlorophyll b exhibited slight
reduction in concentraticn by cixth day and to a large
extent latter, by tenth day and further to lower level
than those of control by twelfth day. Concentration of
carotenolids gradually decreased and on the last day fell
just short of control. Pheophytin concentration was
highest on fourth day and it was developed to a greater
extent than any other pioment by the alga. The concen-
traticn fluctuated during the cgrowth phase with two peaks
on fourth and eighth day but declihed to a lower level
than thet of control by the end of growth phase, Total
picment concentration of the alga was greater than that

of control during middle growth phase,

Photosynthetic end products: (Fig. IIT)

Carbohydrates were estimated from sixth day
onwards, The concentration of this product was 97% more
than that of control on sixth day but dwindled to 16%
lower level on eighth day and increased thereafter by
336% a2t the end of growth phase,.

Frotein content of the alga increased by 70%

e/

but lipid was reduced by 9%.
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Growth: (Fig, I)

12g in growth was observed in the initial
stage but the alga recovered from the toxic effect and
crew exponenéélly from fourth day onwards. Biomass
increased quickly upto sixth day. It followed that of

control closely till the end of growth phase,

Nutrients absorbed

Selected by the alga (ng/l) N/ P
combination Fhosphate Nitrate
@ 1294 1120 0.87
Control 945 1290 1.37

The alga absorbed 37% more phosphate when
exposad to the combinztion 25 than that of control,
Nitrate in the medium at the time of experiment was
1120 ug/1. No nitrate was left at the end of experiment
and hence the estimetion of the actual amount of nitrate

that could be absorbed by the alga was not possible,

Conclusion:

This combination of metals can be considered
as toxic from the point of view of growth., It is interes-
ting to note that prot=in content of the species increased

and lipid concentration was not adversely affected.
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Comparison:

When the effect of present combination was
compared With that of combination C:)(Hg + Pb 4+ Cu) rate
of nett production and respiration were found to be reduced
to a large extent. Considerable reduction also was recor-
ded in the pigment content towards the end of growth
phese. Carbohydrate and lipid improved. Protein content
was more than doubled Biomass alsoc increased.

The addition of zinc to combination(Z)Pmlped

to mitigate the toxicity of the same to some extent,
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SR |
Combined effect of mercury, lead, copper and iron

on S. bi jugatus

Sl.No, of the

combination Concentration of metals

(in ppm)

0.02 Hg + C.0O5 Pb + 0.1 Cu + 0.05 Fe

Production: (Fig. I)

In this experiment the culture remained totally
colourless upto fourth day and turned pale unhealthy
yellowish green by sixth day. Estimation of selected
parameters was carried out only from sixth day onwards.

Production of the alga was vary low on sixth
day, being reduced by 73% in relation to control. Inspite
of slight increase it was found to be 82% less on eighth
dey and 54% less on tenth day. But from tenth day onwards
it increased sharply,to 135% higher than control at the
end of growth phase.

Resgpiration of the alga was less than that of
control from sixth day onwards. It was 13% less on sixth
day and did not register any variation upto eighth day
but increased thereafter. It was maximum on tenth day,
but with 33% reduction and declined to its minimum on
twelfth day being 5% less than that of control,

pH of the culture remained very low on second

and fourth day. It increased gradually thereafter, but
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remained lower than that of control. Little improvement
was noted towards the end of growth phase., It remained

higher than that of control on last day.

Pigments: (Fig, II)

All four pigments cf the alga increased to a
very large extent during middle period of the growth phase.
From sixth day onwards their concentration remained higher
than that of control. Chlorophyll a reached maximum
level on sixth day whereas the other pigments on eighth
day. Chlorophyll b was developed to the greatest extent
when compared to the others. The concentration of
carotenoids and pheophytin along with chlorophylls regis-
tered a steep fall towards the end of growth phase but
chlorophyll b remained at a higher level than others and
total pigment content on the last day remained more, in

relation to control,

Photosynthetic end products: (Fig. III)

Carbohydrates were estimated from eighth day
onwards due to very low biomass. From 18%4 lower level
on eighth day it reached maximum concentration on tenth
day and was 38% more than that of control, It declined
thereafter to 11% lower level by the end of growth phase.
Protein and lipid pf the 2lga increased in this

comhination the former by 55% and latter by 4%,
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Growth: (Fig. I)

This particular combination of metals produced
a pale unhealthy yellowish green colour 4in the culture
by eighth day. The cells were slightly distorted. Also
lag in growth of the alga resulted in the low biomass
upto sixth day. No further increase was Observed upto
eichth day bhut thereafter biomass increased considerably

though remained less than that of control,

Nutrients absorbed

selected by the alga (ug/l) N/ P
combination Phosphate Nitrate
1296 470 0,36
Control 945 1290 1.37

Phosphate absorption of the alga increased by
37% but nitrate absorption was reduced by 64%. But this
did not have much effect on the protein content, On the

contrary the protein increased.

Conclusion:

The negative effect of the combination of
metals was found on the growth rate of the alga rather

than on protein and lipid.
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Comparison:

When the effect of the present combination of
metals was compared with that of combination (Hg + pb +
Cu), both nett production and respiration were £found
reduced, the latter to a large extent and it remained
less than that of control throughout. Though the concen-
tration of all four pigments increased during the middle
phase of growth, towards the end, not much difference in
the two combinations was noted. Pheophytin is the most
affected pigment. It Iincreased to a large extent during
middle phase of growth. Suppression of this pigment upto
eighth day noted when combination (Hg + Pb + Cu) was
employed, was not recorded in the present instance,
Carbohydrate content wag not affected. But both protein
and lipid of the alga were found doubled. Biomass was

not affected.
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Combined effect of mercury, lead, copper and zinc
and

mercury, lead, copper and iron on N, palea

Sl.No, of the Concentration of metals

combinaticn
9 (ppm)
@9 0,005 Hg + 0,04 Pb + 0,05 Cu + 0.05 2n
0.005 Hg + 0.04 Pb 4 0.05 Cu + 0.05 Fe

There was very little difference between the
effects produced by the comkinations @and -~ Hence

they are described together.

Production: (Fig. I)

The nett production of the diatom was reduced
to a large extent in both combination upto eighth day,
in relation to control. Production in both,increased
gradually upto sixth day. From 76% and 63% lower level
on sixth day it was reduced to 31% and 68% respectively
by eighth day. It increased thereafter, to a greater
extent in the first treatment, but was found reduced by
50% and 70% recpectively at the end of growth phase,

Respiration of the diatom differed consider-~
ably in the two combinations. It was negligible on

fourth day and elevated to 47% hicher level by sixth day
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in the first. After declining to 8% lower level on
eichth day, it increased once again to 112% higher level
by the end of crowth phase. Cxygen values obtained on
second, fourth and sixth day in the second combination
were hicher in dark bottles than in the initiel kottles,
But by tenth day it exhibited 42% increase and declined
to 28% by the end of growth phase.

Notwithstanding the difference in production,
pH of the culture was same in both combinations uptoc
eighth day end remained less than that of control,
Thereafter it increased, to a greater extent in the first,
It was higher than that of control on the last day, in

both,

Pigments: (Fic. II)

In both,the pigments reached maximum concen-
tration in the latter growth phage. Picment content of
the diatom increased to a greater extent in the first.
Though & decreasing tendency was recorded in pigment
concentraticn towards the end of arowth phase in both,
it was recorded to a greater extent in the second,
Maximum concentraticn of chlorophyll a was recorded on
sixth day in the first whereas chlorophyll ¢, carotenoids
and pheophytin have attained their maxima on eighth day.

In the second, all pigments except pheophytin have shown
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maximum on eighth day. Pheophytin was not detected on
second day in this, It reached maximum level on sixth
day. The concentration of chlorophyll ¢ and pheophytin
fluctuated in the first whereas that cf chlorophyll a in
the szcond, At the end of growth phase, total pigment
content was much less in the second but remained slightly
more than thaet of control whereas it remained much higher

in the first one,

Fhotosynthetic end products: (Fig, III)

The acid soluble carbohydrate concentraticn
dié¢ not vary much between the two combnaticns but remained
more than that of contrcl throughout. The percentage
increase recorded was 160 and 137 respectively on fourth
day, 3 and 16 on eighth day and 21 and 7 on the last day,
The alkali soluble carbchydrate of the diatom
was least affected. It dicd not vary much between the two
combinations and between any combinatiocn and ceontrol.
Considerable reduction occcurred in concentra-
tion of insoluble carkohydrate in relaticn to contrcl
but it did not register significant variation between
the two combinations upto eighth day. It was 48% and 56%
more on sixth day, but declined to 70% and 72% lower level
respectively, by eighth day. This fracticn increased

cnce again towards the end of growth phase but to a far
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lecsser extent, compared to that of control, The reduction
recorded on the last day respectively was 68% and 78%.

In general, protein content of the diatom
was adversely affected, 1In the early stages of growth
it was hicher than thet ¢f control ir hoth combinations.
From 26% ani 72% high=r level on fourth day respectively,
inspite of continued increase, the concentraticn of pro-
tein, fell short cf control by 58% on eighth day. It
increased considerably towards the end of growth phase
but remained 23% and 34% less respectively, in relaticn to
control,

Lipid was the most adversely affected product
of the diatom. It was reduced by 88% in the first treat-

ment and by 75% in the other,

Crowth:

In both combinations the growth of the diatom
proceeded to the same extent upto fourth day. From fourth
day onwards, the biomass was greater in the second treat-
ment and also it was only slichtly lecs than that of
control, whereas the biomass was considerably less in the

first one even at the end of growth phase.

Nutrients absorbed

Selected by the alca (ng/l) N/ P
combination Phcsphate Nitrate
@ 1810 732 0.40
@ 1735 760 0.44

Control 1350 763 0.57
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Fhosphate absorption increased considerably,by about
34% and 25% respectively whereas nitrate absorption

decreased by few ug.

Conclusion:

Both combinations proved to be toxic to the
species. The additicn of zinc to the combination of ()
Hao + Pb + Cu seems to increase the toxicity, than that
of iron, Growth and lipid content of the diatom improved

when ircn was employed instead of zinc,

Comparison:

When the effect of the combination @ (Hg +

Pb + Cu + 2Zn) was compared with that of combination'
(Ho + Pb + Cu) nett production of the diatom was found
reduced but respiraticn increased towards the end of
growth phase. Considerable increase in all four pigments
was observed. All three fractions of carbohydrates
exhibited slight increase, Protein content of the diatom
though was reduced ir the early phase, increased subse-
quently., Four fold reducticn in lipid was observed.

Biomass was reduced to a large extent. ©On the whole the
combination @was found to be less desirable, compared

to combination (16 (o + Pb + Cu),
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When the effect of the combinaticn (Hg +
Pb + Cu + Fe) as compared with that of combinaticn
(Hg + Pb + Cu) the nett producticn was found to be reduced
but respiration increased toward the end of growth phase.
Though for most of the growth pericd all four picments
were found tc be in greater quantity, towards the end of
the growth phase all were reduced. The alkali soluble
carbohydrate fraction was not affected, the acid scluble
and insoluble carbohydrate fractions improved slichtly.
Protein content was not affected at the.end of growth
phase, though early in the pericd was found reduced.
Lipid content was reduced by more than 50%., Biomass
increased. ©On the whole the combination was found to

be more desirable than the combination .
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(.35

Combined effect of mercury, cadmium, copper and zinc

on S. bijugatus

Sl.No. of the

combination Concentration of metals

(Ppm)

6{) 0.02 Hg + 0,01 Cd + 0.1 Cu + 0.05 2Zn

Production: (Fig. I)

Nett production of the alga was very low in the
early phase., From 93% lower level it gradually rose to
68% lower level by eighth day but declined to 86% lower
level by tenth day, further to 89% lower level by the end
of growth phase.

Respiration of the alga was 15% higher than
that of control on fourth day and declined to be 4% higher
on sixth day. 1Inspite of further increase it fell short
of control by 21% on twelfth day.

pH of culture increased inspite of low produc-
tion to hicher level than that of control by twelfth day.
Except on the last two days it remained far less than

that of control.

Pigments: (Fig. II)
Pigment content of the alga improved in presence

of these metals and remained hicher than that of control
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from fourth day onwdrds. Chlorophyll a, b and carote~
noids reached maximum concentration on sixth day whereas
pheophytin on fourth day. Among the pigments chlorophyll a
decreased to a greater extent than others towards the end
of the growth phase. Chlorophyll b was developed to a

larger extent than any other pigment during growth phase.

Photosynthetic end products: (Fig., III)

Carbohydrates were measured on1§ on the last
day due to highly retarded growth of the alga and con-
centration was 197% higher than that of control.

Protein content of the alga improved by 36%

but lipid was reduced by 40%.

Growth: (Fig. I)

The growth was retarded considerably. The
culture turned pale green in colour and not the usual
dark green by eighth day. By twelfth day the culture
was yellowish in colour, The cells were found slightly

distorted and distended when observed under the microscope.

Nutrients absorbed

Selected b
: y the alga {ng/l1) N/P
combination Phosphate Nitrate
@2 1302 988 0.76

Control 945 1290 1.37
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The phosphate uptake of the alga increased by

38% but nitrate uptake decreased by 23%.

Conclusion:

The combination is harmful from growth point of
view. Though the protein content increased it was not
reflected on the growth of the alga., Also morphological
abnormalities like distortion of the shape of the cell
occurred., Also concentration of chlorophyll a was less
than the concentration of chlorophyll b, The concentration
of carotenoids and pheophytins exceeded that chlorophyll a
by the end of growth phase. On the whole the combination

was found to be undesirable.

Comparison:

When the effect of the present combination
was compared with that of combination (Hg + Cd + Zn)
the rate of nett production was found to be considerably
lowered. Respiraticn was lowered only towards the end of
growth phase. The level of chlorophyll a fluctuated to
a greater extent in the present instance. Also the
concentration of chlorophyll a and chlorophyll b increased
towards the end of growth phase., Carotenoids were not
affected. Pheophytin was reduced. It showed a

decreasing tendency towards the end of growth phase,
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Though carbohydrate content of the alga increased towards
the end of growth phase, protein was lowered by 100 ng
and lipids by 50 pg. Biomass was not affected except
in the early phase.

When the effect of present combination of
metals was compared with that of combination (Hg +
Cd + Cu), the rate of nett production was found to be
better towards the end of growth phase, but the rate of
respiration increased to a large extent. Chlorophyll a,
chlorophyll b and carotenoids were considerably lowered
towards the end of growth phase, but pheophytin content
increased., Carbohydrate content of the alga improved
considerably. Protein content increased many fold.
Lipid was not affected. Biomass increased slightly.

Fresence of zinc helped to mitigate the toxic effect.
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Combined effect of mercury, cadmium, copper and

iron on S. bi jugatus

Sl1.No, of the
Concentration of metals
combination (in ppm)

0.02 Hg + 0.01 Cd + 0,1 Cu + 0,05 Fe

Production: (Fig. I)

Nett production of the alga remained less than
that of control throughout growth phase. The production
was 52% lower than that of control on fourth day. Even-
though the production increased thereafter it was less
than the control on eighth day by 32%, but decreased to
41 and 42% on tenth and twelfth day respectively,

Respiration of the alga increased sharply from
27% lower level on fourth day to its maximum, at 430%
higher level by sixth day. Thereafter gradual reduction
was observed which was equal to that of control on tenth
day and 34% less on the last day.

pH of the culture improved gradually upto
eighth day. Thereafter very little change was observed,

but remained higher than that of control,

Pigmentss (Fig. II)
Chlorophyll a, chlorophyll b and carotenocids

were more tﬁan those of control from eighth day onwards,
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All three pigments reached the maximum concentration on
fourth day and declined thereafter towards the end of
growth phase, Pheophytin was not detected on fourth day
but by sixth day its concentration was higher than that
of control. From its maximum on eighth day it declined

to be slightly less than that of control on the last day.

Photosynthetic end products: (Fig. III)

Carbohydrate was measured from eighth day
onwards when. it was 22% higher than that of control,
The concentration gradually increased and it was 90%
and 248% higher on tenth and twelfth day respectively.

Protein content of the alga increased by 76%

but lipid was reduced by 1%.
Growth: (Fig. I)

Growth of the alga was not suppressed at any
stage and the biomass gradually increased. But remained
less than that of control throughout growth phase.

Nutrient uptake of the alga is given in table,

selected Nutrients absorbed
e by the alga (ug/l) N/ P
combinatien Phosph..te Nitrate

1317 1112 0.84

Control 945 1290 1.37
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Phosphate absorption of the alga increased by 39%.
Actual nitrate absorption could not be estimated as all
nitrate in the medium was absorbed by the alga by the

end of growth phase,

Conclusion:

Inspite of increase in protein content of
the alga, the growth was retarded and the combination
was particularly undesirable from the point of view of

growth,

Comparison:

When the effect of present combination was
compared with that of combinmation (Hg + Cd + Cu),
considerable improvement in both nett production and
respiration was observed. The concentration of all
four pigments was lowered towards the end of growth
phase. Carbohydrate content increased to a large extent.
Protein content increased by many fold., Lipid content
of the alga was more than doubled « Biomass also

improved.
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Combined effect of mercury, cadmium, copper and zinc on

N, lea

Sl.No. of the

combination Metals in combination

(in ppm)

(:) 0.005 Hg + 0.02 C4d + 0,05 Cu + 0.05 2Zn

At the selected levels the metals in combinaticn
proved to be highly toxic to the diatom. Pale brown
colour appeared in the culture by eleventh day but

disappeared by twelfth day. Hence the selected parameters

of growth were not estimated,
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Combined effect of mercury, cadmium, copper and

iron on N. palea

Sl.,Noc, of the
combination Concentfigiggm?f metals

0,035 Hg + 0,02 Cd + 0.05 Cu + 0,05 Fe

Production: (Fig., I)

The nett production of the diatom was adversely
affected and was less than that of contrcl throughout
growth phase. The percentage reduction was 17 on fourth
day, 52 on sixth day and 50 on the last day.

Respiration of the alga was 26% hicher on sixth
day, but declined to its minimum at 85% lower level on
eighth day. It increased once again towards the end of
growth phase and was 64% more in relation to control.

The oxygen value in the dark bottle was more on fourth day
than the initial bottle. 1In this treatment negative value
for respiration was obtained on fourth day but one sample
out of three showed the value as zero.

pH of the culture was less than that of control

throughout growth phase,
Ficments: (Fic., II)

Total pigment content of the diatom increased

in presence of these metals. The concentration of
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chlorophyll a fluctuated with two peaks on fourth and
eichth day of growth and declined towards the end of
growth phase. Except on second and sixth day, it remained
hicher than that of control. Chlorophyll c was developed
to a greater extent than chlorophyll a and also exhibited
fluctuation, with peaks on second and sixth day. An
increasing tendency towards the end of growth phase was
exhibited, Throughout the period of growth it was more
than that of control. Carotenoids of the diatom were
developed to a greater extent than any other pigment and
their concentration was higher throughout growkh phase,
than that of control, Pheophytin followed the pattern of
chlorophyll ¢ in develcpment and fluctuated with two
maxima on second and sixth day of growth., Its concentra-

tion remained higher than that of control throughout,

Photosynthetic end products: (Fig. III)

The acid soluble carbohydrate was slightly
hicher than that of control on fourth day. The concen-
tration of this product increased sharply thereafter and
was maximum on sixth day with 30% increase. It then
decreaseq/but remdined 67% higher on eichth day. It
increased once again to 41% higher level on the last day
in relation to control,

The alkali soluble fraction did not differ much
between that of control and the treatment though generally

it remained higher than-that-of -control.
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The insoluble carbohydrate fraction of the diatom
was equal to that of control on fourth day and 78%422r:1xth
day. It declined to 62% lower level by eighth day}despite
further increase was 68% less on the last day.

Protein content of the diatom increased gradually
upto eighth day. It was 85% more on fourth day and 94%
on sixth day. 1Inspite of further increase it fell short
of control by 44% on eighth day and 36% on the last day,.

The lipid content of the diatom was adversely

affected by the metals in combinatiocn and was reduced by 50%.

Growth: (Fig. I)

The rate of multiplication of the diatom was
enhanced in the initial stages resulting in increased
biomass on second day. But further increase was slow and
considerable reduction in biomass was observed towards

the end of the growth pericd.

Selected Nutrients absorbed
concentration /1) N/P

of metal Phosphate Nitrate
1675 734 0.44 .
Control 1350 763 0. 57

Phosphate absorpticn of the diatom increased

by 24%. Nitrate absorption was not much affected.



Conclusion:

The combination 28 41s toxic to the species
and the adverse effect is reflected in the reduction of

biomass, protein and lipid contents.

Comparison:

The effect of combinationon the diatom
must be concluded as more desirable than that of
combination (Hg + Cd + Cu) since the latter was found
to be lethal. The addition of iron to combination 18
reduced the toxicity to a large extent, enabling the

diatom to grow,
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Combined effect of mercury, cadmium, zinc

and iron on N. palea

Sl.No, of the

combination Concentration of metals

in ppm

0.005 Hg + 0.02 Cd + 0,05 2n + 0.05 Fe

Production: (Fig. I)

The nett production of the diatom was enhanced
between second and fourth day. It was 16% more on fourth
day in relation to control. But it registered 39% reduc-
tion on sixth day and increased gradually thereafter to
49% lower level on the last day.

Respiration of the diatom varied with two
peaks on second and sixth day and was more than that of
control throughout growth phase, The percentage increase
recorded was 137 on sixth day and 164 on tenth day.

pH of the culture was higher than that of
control upto fourth day owing to higher rate of production,

From sixth day onwards it was less than that of control.

Pigments: (Fig. II)
Total pigment content of the diatom was reduced
during the middle phase of growth. But at the end of

growth phase it was more than that of control. The con-

centration of chlorophyll a exceeded that of control



only on last day whereas that of others was higher in
early and late growth phase. A distinct tendency to
increase was recorded for all four pigments. Also all

four pigments were maximum on second day,

Photosynthetic end products: (Fig. III)

The acid soluble carbohydrate fraction of
the diatom increased with the age of culture upto eighth
day and remained steady thereafter., The percentage
increase however on fourth day was 124, on sixth day
95 and on eighth day was 80. It was 26% less in relation
to control on the last day,

The alkali soluble carbohydrate fraction
followed the same trend as the above but did not differ
much from that of control throughout the growth phase.

The concentration of insoluble carbohydrate
increased from 44% lower level on fourth day to 90%
higher levels by sixth day. At its maximum on eighth day
it was 10% lower and declined to 74% lower level by the
end of growth phase.

Protein content of the diatom increased to a
large extent in the early growth phase. It was 673%
higher on fourth day and declined to 257% higher level
cn sixth day. The concentration was maximum on fourth
day. Inspite of further increase it fell short of control
by 13% on eighth day and dwindled tc 51% lower level by

the end of growth phase., The lipid was reduced by 4%.
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Growth: (Fig. I)

The growth was promoted in the early phase
by the metals in combination and the biomass was higher
than that of control upto eighth day. It was steady
from sixth day onwards but the final yield was less than

on that of control.

NMutrients absorbed

Selected (ug/1) _ N/ P
combination Phosphate Nitrate

1695 845 0. 50

control 1350 763 0.57

Both the nutrients were absorbed to a greater
extent than that of control, But the increase in nitrate
absorption was only by few aug whereas that of phosphate

was by 26%.

Conclusion:

The combination though not as toxic as others,
should be considered as undesirable as biomass and protein

were reduced to some extent,

Comparison:

When the effect of the present combination of
metals(Hg + Cd + Zn + Fe) when compared with that of

combination ,(Hg + Cd + 2n), the nett production was



found unaffected byt respiration of the diatom increased.
The concentration of all four pigments increased. Very
little improvement in the concentration of all three
carbohydrate fractions was observed. 1In the early growth
phase protein content increased to a large extent. Lipid
content of the diatom increased by more than 50%. Biomass
was not affected, The presence of iron in the combination,
helped to mitigate the otherwise toxic effect of the

combination (Hg + Ccd + 2Zn).
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Combined effect of mercury, cadmium, zinc
and iron on S. bi jugatus

S1.No, of the

combination Concentration of metals

in ppm

0.02 g + 0,01 €4 + O,C5 2Z2n + 0,05 Fe

Production: (Fig. I)

The nett production of the alga was very low
upto sixth day. It was reduced from fourth to sixth day
and also from eighth to tenth day. It was 75% less on
fourth day and 91% less on sixth day but increased to 60%
lower level on eighth day. The alteration thereafter was
negligible and the percentage reduction found on tenth day
was 54 and on the last day 52.

Respiration of the alga was considerably
reduced in this treatment. From 57% lower level on second
day, it decreased to 52% lower level, It gradually in-
creased to 64% lower level by tenth day, Thereafter it
registered a sharp rise reaching 40% higher level on the
last day.

pH of the culture was very low upto eighth day
inspite of steady and gradual increase in production,

From eighth day it rose sharply till tenth day, exceeded
that of control thereafter and was slightly higher on the

last davy,
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Pigments: (Fig. II)

Total pigment content of the alga increased
to a large extent in this treatment and was much higher
than that of control from fourth day onmwards. Chlorophyll a
reached maximum level on eighth day. Chlorophyll b and
carotenoids fluctuated with two peaks on sixth and
tenth day respectively. Pheophytin exhibited severe
fluctuation. It was not detected on fourth and eighth
day.,0Otherwise for the rest of the growth phase its con-
centration was much higher than that of control.
Chlorophyll b was developed to greatest extent among the
pigments, All pigments exhibited a decreasing tendency

towards the end of growth phase,

Photosynthetic end products: (Fig, III)

The carbohydrate concentration was less than
that of control except on the last two days. From 80%
lower level on fourth day it decreased to 73% lower
level. Thereafter gradual rise in the concentration of
this product was noted to its maximum level on tenth day
with 67% increase. At the end of growth phase it was
83% more than that of control,

Protein content of the alga increased to a
very large extent, by 115% and lipid content improved
by 78%.
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Growth: (Fig. I)

The growth of the alga was retarded from second
day onwards and the biomass was considerably reduced in

relation to control, throughout growth phase.

Nutrients absorbed

Selected by the alga (ug/l) N/ P
combination Phosphate Nitrate

1215 1050 0.86

Control 945 1290 1.37

The uptake of phosphate increased by 29% but

that of nitrate decreased by 19%.

Conclusion:

The combination 29 was particularly harmful
from growth point of view. Though the nitrate uptake
decreased it did not have any adverse effect on the

protein content of the alga,

Comparison: :

When the effect of the present combination
was compared with that of (Hg + Cd + Zn)) combination
both nett production and respiration were found lowered.
The concentration of all four pigments increased, but

chlorophyll b and carotenoids developed to a greater
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extent than chlorophyll a, Carbohydrate content of
the alga was not affected whereas protein content improved.
Lipid content was more than doubled , Biomass however, was

slightly lowered,
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énBr%
Combined effect of mercury, lead, zinc and iron

on S, bi jugatus

Sl,No, of the

combination Concentration of the metals

(in ppm)

0.02 Hyg + 0,05 Pb + 0,C5 2n + 0,05 Fe

Production: (Fig. I)

The nett production of the alga was promoted
in the early phase and was higher than that of control upto
fourth day. From 2% higher level on fourth day it increa-
sed sharply to 88% higher level on sixth day and further
to maximum, 148% higher leveloby eighth day. Thereafter
it declined to 89% more than that of control on tenth day.
Once again it registered an increase towards the end of
growth phase and was 110% higher in relation to control.

The reSpiratidn of the alga was higher on
fourth, sixth and eighth day of growth in relation to
control. From 48% higher level on fourth day it decreased
initially till sixth day and increased sharply to maximum
level, by 419% on eighth day. Thereafter it declined and
was less than that of control by 28% on tenth day. Res-
piration registered an increase towards the end of growth

phase but remained 3% less than that of control,
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Inspite of enhanced productioq}throughout
growth phas% pH of the culture exceeded that of control

only by eighth day and thereafter remained higher.

Pigments: (Fig. II)

Total pigment content of the alga was consider-
ably reduced, Chlorophyll a, chlorophyll b and carotenoids
exhibited fluctuation with two peaks,on sixth and tenth
day. Their concentration was maximum on sixth day whereas
that of pheophytin on fourth day. At the end of growth

phase all pigments were less than that of control,

Photosynthetic end products: (Fig, III)

Carbohydrate content of the alga was reduced
by 22% on fourth day,at its maximum. It declined there-
after gradually, but was 41% higher on sixth day. It
registered 29% reduction on tenth day and 7% on twelfth day,
Protein content of the alga decreased by 29%

whereas lipid increased by 86%.

Growth: (Fig. I)

The growth of the alga was retarded to some
extent in the early phase, and the biomass was less than
that of control upto sixth day. There after was nearly

equal to that of control.



Selected Nutrients absorbed
concentration by the alga (ug/l) NP

of metal Phosphate Nitrate
1225 1060 0.87
Control 945 1290 1.37

The uptake cof phosphate increased by 30% whereas

that of nitrate decreased by 18%.

Conclusion:

The combination was not desirable since the
protein and biomass were lowered, This was also one of
the very few combinations showinhg the reduction in the

pigment content of the alga.

Comparison:

when the effect of the present combination of
metals was compared with that of combination 20
(Hg + Pb + Zn), the nett production and respiration of
the alga were found further increased. Further reduction
in pigments was observed. Carbohydrate content of the
alga improved in the early phase. Protein was not affected.
Four fold increase in lipid content was observed. Biomass

was nhot affected.
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Combined effect of mercury, lead, zinc and iron

on N, lea

Sl.No, of the

combination Concentration of metals (in ppm)

0.005 Hy + 0.04 Pb + 0.05 2n + 0.05 Fe

Production: (Fig. I)

Nett production ©of the diatom was enhanced in
the early growth phase. It was 41% more in relation to
control on fourth day but declined to 31% lower level by
gixth day and remained steady thereafter, The percentage
reduction recorded was 17 on eighth day and 49 on the last
day.

Respiration was elevated to a large extent,
233%, 380% and 283% increase was observed on second,
fourth and sixth day respectively. Respiration was maximum
on sixth day and declined quickly to 8% lower level on
eighth day and further to 60% lower level on tenth day.

pH of the culture was slightly higher than
that of control upto fourth day due to increased produc-

tion and thereafter remained less than that of control,

Pigments: (Fig. II)

Chlorophyll a and chlorophyll ¢ were reduced.

Chlorophyll a was reduced to a greater extent than
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chlorophyll ¢, but both pigments were slightly more than
those of control at the end of growth phase. Chlorophyll a
reached maximum concentration on eighth day whereas
chlorophyll ¢ on second day. Concentration of carotenoids
was higher in relation to control on second and last day.
It was maximum on second day. Pheophytin was produced to
greater extent than any other pigment and the concentra-
tion was slightly less than that of control only on sixth
and eighth day. It was maximum on fourth day. Total
pigment content of the diatom exhibited an increase in

relation to control by the end of growth phase,

Photosynthetic end products: (Fig. III)

The concentration of acid soluble carbohydrate
fraction was higher in relation to control except on the
last day. The percentage increase was 133 on fourth day,
36 on sixth day and 44 on eighth day. From its maximum
level on eighth day it decreased to 42% lower level at
the end of growth phase,

The alkali soluble carbohydrate fraction was
the least affected and was slightly less than that of
control on the last day.

The insoluble carbohydrate fraction was the
most affected product, The concentration increased to

maximum by 137% on fourth day and 63% on sixth day in
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relation to control. Very little change was recorded
thereafter but it was found to be reduced by 36% on eighth
day and 74% on tenth day.

Protein content of the diatom increased to a
large extent in the early phase and its concentration
fluctuated with two peaks,on fourth and eiéhth day of
growth., 457% increase was recorded on fourth day and
225% on sixth day. It increased thereafter but not to the
same extent as thet of control resulting in 19% reduction,
at its, maximum on eighth day and 51% on tenth day.

The 1lipid of the diatom was least affected and

only 7% reduction was observed.

Growth: (Fig. I)

Growth of the diatom was promoted in the early
phase and the biomass was greater in the treatment upto
eighth day, but by the end of growth phase slight reduction

was observed in relation to control.

Selected Nutrients absorbed
concentration by the alga (ug/l) N/P

of metal Phosphate Nitrate
1560 940 0.60
Control 1350 763 0.57

The diatom absorbed 16% more phosphéite when

exposed to the metals in combination. At the end of the
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experiment nitrate was not detected in the medium. Hence

the actual nitrate absorption could@ not be estimated.

Conclusion:

The particular combination was toxic from the
point of view of protein production of the diatom. The
lipid and biomass also were slightly lowered. On the whole

it proved to be an undesirable combination.,

Comparison:

The effect of the present combination of
metals was found to be not much different from that of
combination (Hg + Pb + 2n) in essence, The nett
production increased and so did respiration. With the
exception of pheophytin the concentration of all pigments
remained unaffected. Pheophytin concentration was found
to increase. 21l three carbohydrate fractions were
unaffected. Prctein content of the diatom increased
slightly and also the lipid. Biomass was not affected,
The addition of iron (Fe) to the combination Hg + Fb + Zn

did not result in any considerable change,
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Combined effect of cadmium, lead, copper and zinc

on S, bijucatus

Sl.Nc., of the

combination Concentration of metals

(in_ppm)

(:) 0.01 Cd + 0,0 Pb ¢+ 0.1 Cu + 0.05 2Zn

Production: (Fig. I)

Al)l parameters were estimated only from sixth
day onwards due to suppressed growth,

Nett production of the alga was severely
suppressed and was 80% less on eighth day. It was 79% less
on tenth day but increased sharply thereafter to 15% higher
level by twelfth day.

Respiration of the alga was hicher than that of
control only on sixth day. From 78% hicher level on sixth
day it declined to 80% lower level by tenth day and in-
creased once again thouagh remained less than that of
control. by 15%.

No change in pH of the culture was recocrded
upto second day. Thereafter pH increased gradually till

sixth day and declined later, towards the end of growth phase,
Ficments: (Fig., II)

Total piagment content of the alga increased

when compared to that of control in this combination,
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The concentration of chlorophyll a fluctuated during

growth phase. Concentration of chlorophyll a and
carotenoids was maximum on sixth day and that of chloro-
phyll b and pheophytin on eichth day. Chlorophyll b was
produced to a greater extent than any other pigment.
Pheophytin was not detected on sixth day. Chlorophyll a

and b have shown an increasing tendency whereas carotenoids

and pheophytin decreased towards the end of growth phase.

Fhotosynthetic end products: (Fig. III)

Carbohydrates was measured from eighth day
onwards when their concentration was maximum, being equal
to that of control but declined to be 25% less by tenth
day and increased once again to 12% higher level by the
end of growth phase.

Protein content of the alga was adversely
affected and was reduced by 91% in this combinaticn,

Lipid was reduced by 47%.

Crowth: (Fig. I)

Growth was measured from sixth day onwards,
No cgrowth was observed between eichth and tenth day and
for the rest of the period it proceeded at slow pace.
Consequently biomass was very low when compared to that

of control throughout growth phase,
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Nutrients absorbed

sii?‘:tid by the alga {(ug/l1) N/ZP
combination Phosphate Nitrate
(:) 1020 558(more.) -
Control 945 1290 1,37

Phosphate absorption increased by few ug.
The nitrate in the medium was found to increase by 558 ang
at the end of growth phase. This was the only combination

where the nitrate in the medium increased.

Conclusion:

The combination was highly toxic to the alga,
Culture turned yellowish in colour by eighth day instead
of green. Also the decrease irn pH was notable inspite of
sharp increase in rate of nett production towards the end
of growth phase. Protein content of the alga was reduced
by 91%. All these showed occurrance of severe physiological

disturbances. in the -alca.

Comparison:

Wwhen the effect of the present combination of
metals was compared with that of combinatiocn (:)(Cd+Pb+Cu)
the nett production was found to be better towards the end

of growth phase. Respiration was reduced. Not only the
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ploment content was further reduced but also their deve-
lopment was delayed. But the fluctuation in chlorophyll b
level was reduced. Carbohydrate content of the alga
increas 4, but five fold reduction in protein content was
observed, Also lipicds were reduced by more than 50%.
But the biomass increased,

When compared with the effect of c0mbination(:>
(Pb + Cd + Zn) both nett producticn and respiration were
found lowered, Chlorophyll a was not affected but
chlorophyll b, carotencids and pheophytin were reduced.
Fluctuation in picment level during the growth phase wes
not observed except in the case of chlorophyll a. The
concentration of carbohydrates and lipid was not affected
but severe reduction in protein (13 fold) was observed,

Biomass was also reduced.,
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6:3. 10
Combined effect of copper, cadmium, lead and iron

on S. bi jugatus

Sl1.No, of the

combination Concentration of metals

in ppm

G2 0.01 Cd + 0,05 Pb + 0,1 Cu + 0.05 Fe

Production: (Fig. I)

Nett production was found to be very low upto
eighth day. 82% reduction was recorded on sixth day.
Further fall to 88% lower level was observed by eighth
day. But by tenth day it exceeded that of control by 9%
and declined once again towards the end of growth phase.
Cn the last day 59% reduction was observed in relaticn
to control,

Respiration of the alca was elevated by 41%
on eighth day. From its maximum level on eighth day, it
decreased to 80% lower level on tenth and twelfth day.

Consistent with production pH of the culture
in this treatment increased gradually upto sixth day
and again from eighth to tenth day. Fall in nett pro-
duction towards the end of growth phase was accompanied

by fall in pH.
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Pigments: (Fig. II)

All four pigments were produced to maximum
extent during later phase of growth. 1In thies combination
concentration of chlorophyll a varied with peaks on sixth
and tenth day. Chlorophyll a, chlorophyll b and carote-
noids reached maximum concentration on tenth day whereas
pheophytin were highest on eighth day. All four pigments
exhibited a tendency to decrease towards the end of growth
phase. Total pigment content of the alga remained much

higher than that of control from sixth day onwards,

Photosynthetic end products: (Fig., III)

The concentration of carbohydrates remained
less than that of control throughout the growth phase.
It was measured from eighth day onwards. From its maximum
on eighth day with 17% reduction, it declined by tenth day
and remained steady thereafter. On the last day 20%
reduction was observed.

Protein content of the alga increased by 96%

whereas that of lipid by 5% in this treatment.

Growth: (Fig.I)

The growth was gradual from sixth day onwards.
Througﬁ:but growth phase the biomass was less than that of

control, The culture when observed on eighth day under the



microscope, some cells were found to be slightly larger
and distorted but this abnormality disappeared completely

by twelfth day and all cells were normal in their shape,

Nutriente absorbed

Selected
combination by the alga 099/1) N/ P
Phosphate Nitrate
<:> 1300 292 0.23
Control 945 1290 1.27

The phosphate absorption of the alga increased
by 38% whereas nitrate absorption decreased to a large

extent, by 77%.

Conclusion:

Inspite of increase in protein the biomass
remained considerably less than that of control. The com=-
bination was particularly undesirable from growth point

of view,

Comparison:

When the effect of the present combinztion was
compared with that of combination(Z) (Cd + Pb + Cu). The
nett production of the alga was found improved. Reduction
in respiration, particularly in the latter half of growth
phase, was observed. All pigments except pheophytin were
reduced. Carbohydrate content of the alga increased. Two
fold increase in protein content was observed. Lipid content
was lowered by few micrograms. Bioméss of thealga improved

to a considerable extent,
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Combined effect of cadmium, lead, copper and zinc on

N. palesa

Sl, No, of the

; ; Concentration of the meta
combination trati £ metals

(in pom)

<:> 0,02 Cd + 0,04 Pb + 0.05 Cu + 0,05 2Zn

This combination of metals was found to be
hichly toxic to the diatom and hence 1t was not possible

to estimate any cf the parameters selected,
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Combined effect of cadmium, lead, copper and iron on

N. pales

s5l1. No, of the

combination Concentration of the metals

(in ppm)

<:> 0.02 Cd + 0,04 Pb + 0,05 Cu + 0,05 Fe

The combination of metals was found to be highly.

toxic to the species, Pale bhrown colour appeared on
first day but disappezred by second day. Hence it was

not possible to estimate any of the selected parameters,
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6:31)

Combined effect of cadmium, lead, zinc and iron

on S, bijugatus

Sl.No, of the .
s Concentration of metals
combination (;n\ppm)

<:> 0.01 Cd + 0.05 Pb + 0,05 Zn + 0,05 Fe

Production: (Fig. I)

Nett production of the alga fluctuated in the
early phase of growth., The production decreased from
121% higher level than that of control on second day,to
83% lower level on fourth day and further to 92% lower
level by sixth day. From sixth day onwards production
increased, to 54% lower level by eighth day and further
to 50% higher level by tenth day. No further change was
noted and at the end of growth phase it was 41% more than
that of control,

Respiration of the alga also exhibited fluctua-
tion with peaks on second and sixth day and was elevated
to 32% and 26% higher level respectively in relation to
control, It declined to its minimum on eighth day with
62% reductionand increased thereafter to be equal to that
of control by tenth day and further to 92% higher level
on twelfth day.

pH of the culture showed a sharp increase from

sixth day onwards reflecting increased production and
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exceeded that of control by tenth day. The pH in this
combination was higher than the maximum (10.,64) attained
by the control on sixth day. sSlight fall in pH was recorded

towards the end of growth phase,

Pigments: (Fig. II)

Pigments were estimated from fourth day onwards
as the culture had no visible green colour on second day.
Total pigment content of the alga remained hicher than
that of control in the latter phase of growth., The level
of chlorophyll a varied with peaks on sixth and tenth day.
It did not reach the maximum level attained by alga in
control at any stage of growth, Among all pigments
chlorophyll b was developed to greatest extent and its
concentration remained higher than that of control from
fourth day onwards. The level of carotenoids and pheophytin
also registered fluctuation during growth phase. All four
pigments reached meximum level on sixth day, and exhibited
decreasing tendency towards the end of growth phase, except
pheophytin which was not detected on eighth and tenth day

of growth.

Photosynthetic end products: (Fig. III)

The carbohydrate concentration of the alga

remained less than that of control except on sixth day.
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From 867 lower level on fourth cay it reached 733 hiaher

level by sixth day and decreased to 57% lower l:vael by

eighth day and further to 26% lower level by twelfth day.
Protein content of the alga was ceduced by

18% and lipid by 50% in this combinatiecn,
Growths (Fig. I)

There was no initial cuppression of growth but
from second to sixth day it was considerahly retarded,
Therzafter the alga recovered and multiplied qulckly,
Neverthless at the end of growth phase the biomass was

found to be less than that of control.

e e M i tet T AL ML & B SRR e A e oo

Matrients absorbaed

sSelected b . /
y. the alga (ng/1l) N/ P
combination ' Phosphate Nitrate
(:) 1220 1062 0,37
Control 945 1290 1.37

—carcm: s

The nutrient uptake o: the alga was :ffected by
the metals in combination. Phosphate uptake increased by

29% whereas nitrate uptake was reduced by 18%,

The combination was found to be toxic, The
biomass, protein and lipids wer= reduced in presence of
these metals, inspite of high natt production rate

reflected by pH,
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Comparison:

When the effect of the present combination of

metals on S, bi jugatus was compared with that of

combination (:) (Cd + Pb + Zn), the nett production was
enhanced in early phase but was reduced in the latter
phase, Respiration increased to a large extent, Chloro-
phyll a was not affected, but chlorophyll b, carotenoids
and pheophytin were considerably reduced, particularly at
the end of growth phase., Carbohydrate and lipid were not
affected but protein content was reduced nearly by 50%.

Biomass increased.
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Combined effect of cadmium, lead, zinc and iron on

N. palea

Sl1.No, of the

combination Metals in combination

(Pywm)

<:> 0.02 Cd + 0.04 Pb + 0,05 Z2n + 0,05 Fe

The particular combination of metals proved
to be highly toxic to the diatom, Hence it was not

possible to estimate any of the parameters selected.
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Discussion

In the natural enviromment metals are
found along with many other compounds, The
concentration of these metals depend on various
other enviromuental factors, 'he interaction
between the phytoplanliton and metals varies with
the species, Both iron and zinc have been
reported to be important for the algal species
and they are also known to be limiting factors
for the growth of phytoplanrkton in the

environinent,

The effect of these two metals along
with the selected combinations of other metals
varied with the species studied (Fig. VII).

S.bi jugatus responded positively on more occasions
than H.palea., The positive effect in all cases
was however restricted to the production of
carbohydrate, protein and lipid but not to the
biomass,

The combination @E)(mercury, cadinium,
lead and zinc) though increased the carbohydrate
and protein of S.bijugatus to a large extent, when
compared to that of couwbination Qiﬂmercury,

cadmium and lead TFiqg.VI), the protein was
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less and lipid was more. The addition of zinc to
the combination of mercury, cadmium and lead, did
not improve the growth of the alga, and the biomass

in combination (:)remained far less than that of

control,

Overnell (1976) stated that the effect
of zinc on photosynthetic apparatus, of two strains

of Sketelonema Costatum is small and that, zinc

exerts its toxic effect on some part of cell
metabolism, remote from photosynthesis, like cell
division., Jensen et al., (1974) explained the

extreme sgensitivity of Skeletonema Costatum to zlnc.

When zinc was replaced by iron as in
combination (24) (mercury,cadmium, lead and iron)
the biomass improved considerably, though not to
the same extent as that of control., The cells
were normafAin the sense the preorortion of
carbohydrate, protein and lipid was same as those
of control. But for the retardation in growth,
iron seems to help S.bijugatus tc¢ return to near

normaly. But both the combinaticns (@ and )

proved to be highly toxic to .pglea. The

addition of either iron or zinc to combination

QED(mercury,.qadmium and lcad) brought about
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further deterioration in the situation, unlike
in S.bijugatus.
Conslderable recovery from the toxic

effect was observed in S.bi jugatus when the

combination @mercury, copper, lead and zinc)

was employed when compared to that of combination @
(mercury, coper and lead), in biomass and all

three end products. But when iron was adcded

instead of zinc as in combination @(mercury

copper, lead and iron), the biomass was further
lowered than in combination @ and also

carbohydrate and protein. 2Zinc was found to be
hetter in mitigating the toxic effect of

combination than iron.

On the contrary, =inc,along with mercury
copper and lead, (combination @) was found to
be more toxic to N.palea than iron, (combination

). Though improvement was noted in biomass

lipid was reduced to a large extent,

The combination @ (mercury, copper,
cadmium and zinc) and combination @ (mercury,
cooper, cadmium and iron) iere found to help
S.bi jugatus to recover from the toxic sffect

of combination (mercury, copper and cadmium)
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but iron was found to be bestter than zinc in
combination with mercury, coppsr and cadmiume.
when iron was employed, biomass as well as protein
increased,

For N.palea, combination @ and combination
were found to be lethal., The addition of zinc
to combination @ (mercury, copper and cadmium) was
found to be without any positive effect whereas
iron in combination with the above three metals
was found to improve the situation to a large

extent and made the growth of tht diatom possible,

The combined effect of mercury, cadmium,
zinc and iron (combination ) increased the
protein content and lipid of S.bijugatus further
than the combination @ (mercury, cadmium and
zinc) but it lowered the biomass. In J.palea also
slight reduction in lipid and biomass was noted
when combination was employed, compared to

combination @.

Reduction in biomass seens to be common
to the test species,

The effect of counbination @(mercury,
lead, zinc and iron) was less toxic on

S»bijugatus when compared. to that of combination
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(mercury, lead and zinc). Protein and lipid
content of the species improved with addition

of iron whereas the situation did not change in

N.palea, where effect of combination @ and

remained nearly the same,

Wwhen combination @ (canium, lead copper
and zinc) was employed, the situation deteriorated
further in S.bi jugatus when comparsd wvith that of
combination @ (cadnium, leédm:dcopper) . Both
protein and lipid were brought dovm with marginal
improvement in the biomass. The addition of =zinc
to combination @was undesiranle, whereas the
addition of iron, as in combinaticn @ (cadmium

lead, copper and iron) improved the situation to a

large extent by increasing biomass and protein,

The combinations @ and 6@ were found
to be lethal to l.palea along with combination @.
The addition of either zinc or iron did not help
the diatom to recover from the lethal eftect of
combindtion @.

Combination @ (cadmium, lead, =zinc and
iron) iwmproved the biomass of S.bijugatus to a

large extent with slight reduction in protein,
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The addition of iron to combination @ (cadmium,

lead and zinc) improved the situation considerably.

The combinations @ and @@ were found to
be lethal to Jd.palea. Iron was found to be ineffective

in nullifying the toxicity of combination @.
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Statistical analysis of the results was
carried out to highlight the effect of the metals

in various combinations on the test species,

The variance ratios calculated by the
two way analysis of variance technique for the
various parameters studied with regard to

S.bijugatus (Table XV) were found to be significant

in 110 out of 132 cases,

The effect of comnbination @ and was
found to be significant except on respiration and

protein (biuret) at the selected levels., The

latter was not affected also during the growth

period.

The eftfect of combination @ and @ was
not significant on production and lipid at the
dose concentrations and on protein (biuret) during

the growth period,

The etfect of combinations @ and was

found to be significant except on carbohydrate
at the tested concentration of metals and on

pheophytin during the growth phase,
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The effect of combination @ and was

found to be highly significant except on

chlorophyll b and protein (biuret)content of the

alga.,

The effect of combination. @ and @was
insignificant only on respiration of the alga
during the growth period and on chlorophyll a

at the experimental concentrations,

The combination@on the whole produced
least significant effect on the species, At the
tested levels, produ;tion, respiration)chlorophyll a
and protein (biuret) were not significantly affected.
Chlorophyll a and protein (biuret) were not affected

also during the growth period of the alga.

The effect of Selected combinations of
metals was of considerable significance in the
case of H.palea (table XVI). 95 cases out of 100

studied, were found to be significant,

All the parameters studied were
significantly affected by the metal combinations
23 and 24 except alkali soluble carbohydrate

fraction of the diatom at the test levels,
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The effect of combinations @ and
was significant on respiration of the diatom

at the tested concentrations,

The effect of combinations and was

found to be totally insignifiicant on chlorophyll a,
but only during growth period on carotenoid

content of the diatom.

The efrect of combination@ on the

diatom was found to be totally significant.

The combinations @, @, @ and @ were

found to be lethal to the diatom.
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XVII

The concentration of metals

in S. kijugatus at the end of

growth phase

Sl. No.

ggmggi Metals employed (ppﬁ;gggn;;agi;nWt.)

nation
<:> Hg + Cd '+ Bb:#* 2n 0.014 0.038* 0,036 0,054
Hg + Cd + Pb + Fe 0,014 0.034* 0,032 0,038
<:> Hg + Pb + Cu + 2Zn 0.007 0.036* 0,148 0.053
Hg + Pb + Cu + Fe 0,007 0.,034* 0,059 0.036*
<j> Hg + Cu + Cd + 2n 0.006 0.145 0.036* 0,086
Hg + Cu + Cd +. Fe 0.006 0.131 0.032* 0.,036*
Hg + CA + Zn + Fe  0.023  0.035% 0,072 0,031
Hg + Pb + Z2n + Fe 0,012 0,038% 0,020 0,033*
<:> Cd + Pb + Cu + 2n 0.026* 0,026* 0,044 0.086
<:> Cd + Pb + Cu + Fe 0.035* 0.,036* 0,148 0.042*
(:) Cd + Pb + 2n + Fe 0.044* 0,038 0,041 0.043*

The values represented are the average of three

observations for mercury and two observations for others.

*

Values are less than the indicated concentrations.
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TABLE XVIII

The concentration of metals in N, palea at the end of

growth phase

Sl. No.

of the Concentration
combi - Metals employed (ppm/100 mb dry wt.)
nation

Hg + Cd + Pb + 2Zn 0.003 0.029*% (0,026* 0,027
Hg + Cd + Pb + Fe 0.004 0.028* 0,032 0,08
Hg + Cu + Pb + 2n 0.002 0.035* 0,037 0,039
Hg + Cu + Pb + Fe 0,005 0.029* 0,025* 0,12
Hg + Cu + Cd +.4n Combination lethal.

Hg + Cd + Cu + Fe 0.012 0,027* 0,029* 0,045
Hg + Cd + Z2n + Fe 0.002 0,031* 0,039 0.044
Hg + P + 2n + Fe 0,002 0,027* 0,051 0,043

Cd + Pb + Cu + 2n.  Combination 1lethal .

Cd + Pb + Cu + Fe Combination.. lethal .,

OEO®EOEREO®®®E

Cd + Pb + 2n + Fe Combiration: lethal .

The values represented are the average of three
observations for mercury and two cbservations for others,

* Values are less than the indicated concentrationse.
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GENERAL DISCUSSION

The choice of conditions, methods and
parameters engaged in toxicity assays involving metals
and phytoplankton is difficult because each one of them
suffers from a kind of draw back or the other. The
picture of interaction of metals and phytoplankton
becomes more comprehensive ag the choice of parameters
is increased. While growth is the most obvious parameter,
the potential of the media to support growth is known to
vary. The growth of S. bijugatus was found satisfactory
without the addition of nutrients, chelators or vitamins
to the medium, whereas the addition of nutrients to the
medium was necessary to initiate and support the growth
of N, palea. The addition of chelators was omitted
because natural media were used to grow the test species,
Also,chelators if added, may swamp the toxic effect of
small quantity of metals added. Barber (1973) has reported
that addition of EDTA became necessary because of the use
of ultraviolate radiation to decompose organic matter in
natural sea water which reduced the capacity of the water
to support growth of phytoplankton, It is also known that
metal toxicity is intimately connected with nutrient level
of the medium (Hannan and Patouillet, 1972), The addition
of chelators impairs the availability of nutrients to the

plants.
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Another unavoidable complication in growth
experiments of phytoplankton is that. the algae liberate
products that are capable of formine complexes with
metals. The algae are known to release considerable pro-
portion of photosynthetic carbon into the medium in the
form of organic complexes. 7% to 38% at the end of bloom
(Hellebust, 1965), upto 38% (Horne et al., 1969), upto
30% (Mcknight et al., 1978; swallow et al., 1978), upto
49% (Anderson and Zeutschel,1970). Also these complexes
are known to be liberated in greater quantities during
the stationary phase. It is also not known whether
phytoplankton in natural waters has a comparable statio-
nary phase as found in cultures. HBence the effect of the
metals was studied in the exponential growth phase of the test
species, The results obtained:with cultures of algae
cannot be directly attributed to those in natural waters,
But, a8 full understanding of the growth of the organisms in
their natural habitat can be achieved only by the synthesis
of the results on physiological and biochemical investi-
gations under varying laboratory conditions.

It is well documented tha*. assays based on
growth and photosynthesis are complementary. The measure-
ment of photosynthesis by oxygen technique seems to be

14

preferable to C technique (Overnell 1976: Shulenberger

and Reid, 1981). Since the problem of self adsorption
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with tracer elements other than zinc was reported
(Bachmann and Odum, 1960), the production was estimated
employing both the technigues in untreated samples of

S. bd jugatus., The nettproduction estimated using oxygen
technique was found to be 0.489 mg C/l/hr where as by cl4
technique was found to be 0.133 mg C/1/hr (calculated as
per Doty and Oguri, 1958), exygen technique was found to

be superior to C14

technique and hence was employed in the
present study. The difference obtain2d in production by
the above methods could be attributed to the release of
extracellular products, during filteration.

The study of resgpiration was carried out
along with photosynthesis to have a clear picture since
as a catabolic process,respiration is known to be elevated
in organisms in response to stress, I[n the present study,
the selected metals were found to elevate the respiration
of the test species, The increase in photosynthetic rate
was not reflected in the increase in carbohydrate, protein
or lipid in majority of the casesg, whlch may be explained
by elevation in respiration (which is a continuous process
whereas photosynthesis is light-limited one) along with
the loss of photosynthetic carbon from the cells., It is
found that the rise in production unaccompanied by increase
in biomass, protein and lipid cannot be considered as

indicator parameter in the metal toxicity assays. The
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dissolved organic compounds in the medium containing
various metabolites are known to vary with time (Provasoli,
1963). This may be responsible for the higher oxygen
content in dark bottle compared with the initial bottle

asg found in few instances during the present study.

The ma jor photosynthetic pigment chlorophyll a,
accessory pigments chlorophyll b, chlorophyll c, caro-
tenoids and the degradation product, pheophytin were
developed to a greater extent when the test species were
exposed to metals except in the case of S. bijugatus in
combination (20) (mercury, lead and zinc) and N. palea in
combination@ (mercury and lead) (mercury, cadmium and
zinc) and C:)(mercury, cadmium and lead).

Meeks (1974) has reported that S.obliquus synthesizes
chlorophyll at a constant rate in the lightLupto dark, in
light=-dark synchronized cells. But increase in the pigment
content exceeding that of control may be explained as a
consequence of increased carbon flow into the non-nitrogen
containing products, a phenomenon known to occur when
the cultures were 1ight-limited'or nitrogen-limited
(Barding et. al., 1985), since metals are known to inter-
fere with the enzymes, protein synthesis and growth,

(For mercury, Benesch and Benesch 19%2; Eichorn 1974:
for cadmium, Gerhards and Weller 1977; for zinc, Mills ,

1976 for copper, Silverberg et al., 1976). Wright (1960)
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has reported that the relationship between chlorophyll

and photosynthesis is known to vary inversely in natural
water where nett photosynthesis is maximum when chlorophyll
concentration was at an intermediate range and less when
chlorophyll concentration was too high or too low,

Increase in pigment content should be considered as an
undesirable response which complicates the productivity
assessment in polluted waters. The increase in carotenoids
may be due to the above mentioned reason or due to their
roll of protecting chlorophyll from photo oxidation
(Bogorad,1974). Besides the reason mentioned above, the
increase in pigments may be due to the increased energy
regquirement of the cells to withstand the ‘'stress’ caused
by the metals, Pheophytin is best ineasured using fluore-
scence, The increase in pheophytin, as observed in the
present study using Spectrophotometer, cannot be explained,
as the difference in technigue is known to cause considerable
variation in estimation (Yentsch and Menzel 1963),

The photosynthetic end products, carbohydrate
protein and lipid as estimated in the present study
reflected the imbalance caused in development and physiology
of the species by the selected metals and their combinations.
The bilomass and the end products representedfgie guantitative
and gualitative aspects in the present stgdy revealed that
the effect of these pollutants is total on the phytoplankton

(Figs. IV, Vv, VI and VII).
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The alteration in the proportion of carbo-
hydrate and lipid may be the indirect effect of the metal,
since metals are known to affect particularly enzymes and
proteins adversely., As stated elsewhere, the increased
availability of carbon, not utilised for building up pro-
tein, may be contributing to the 1lipid fraction,

a non-nitrogen product. The carbohydrate build up may
also be due to the same reason, since in healthy cells
photosynthetic carbon is known to be quickly used up in
building protein (Fogg’1956).

When either iron or zinc was employed in combi-
nation with other metals, the reversal of the above men-
tioned situation has taken place (Biomass increased and
lipid unaffected in few cases. In few Others the
increase in protein was not reflected on the biomass.
Even when the metals iron and zinc were employed, the
recovery seems to be only partial. The metal action
explained as antagonistic or sgynergistic projected only
part of the picture since both were limited to one or two
parameters studied.

There were instances, as seen in combination@

(Hg + Cd + Pb 4+ 2n) applied to S. bijugatus, where increase

in 1ipid was accompanied by rounding off of the cell
which may be comparable to "Tying up"* of unfavourable con-
ditions, This calls for a detailed investigation in this

direction,
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Except in few instances, a clearly extented
lag phase was not observed in the growth of the test
species, In fact many combinations caused initial stimula-
tion in growth, 1In others it was stimulated at a later
stage. Not withstanding the initial stimulation, the
biomass of both the sgpecies was found to be lowered at the
end of growth phase, The present study revealed that the
lag phase was not necessarily limlted to initial stages.
Even if initial gtimulation prevailled continued growth was
not found to occur., The abnormalities such as cells stick-
ing to the flask or forming mat-like floats, thicken-
ing of the cell walls, changing shape of cells (round and
not elliptical as healthy cells) were noted.

The uptake of phosphate and nitrate though was
found to be affected, did not hava2 any direct bearing on
the amount of end products. Henc2 the uptake may be con-
sldered as a luxurient one since phytoplankters are known
to reserve both phosphates and nitrates, Also it is
reported that nitrogen compounds other than amino acids
are present in appreciable amounts in algae (Parsons et al,,
1961).

The toxic effect was not observed immediately
after the addition of the toxicant in majority of the
instances, The combinations of metals were found to have

complex effect on the growth and physiology of the test
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species, Total imbalance in the physiology of the test
species is therefore ascribable to the toxicity of the
metals selected and studied. Prediction of the combined
effect of metals cannot be made on the basis of informa=-
tion gathered from their individual effects.

Protein, carbohydrate and fat in 4:3:1 ratio
is known to be suitable. for zooplankton nutrition (Parsons
et al,, 1961). The shift in the ratio of these macro=-
molecules may affect the productivity of the waters

adversely.
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SUMMARY

The scope and purpose of the subject were
included in the introduction. The methods followed in
the present investigation were described, A review of
the literature concerning the metals, phytoplankton and
their interaction was presented,

The selected species Scenedesmus bijugatus

and Nitzschia palea were described, Their growth para-

meters in culture were studied wii:h speclal reference
to their physiology. Production and respiration of
the species, pigment content, photosynthetic end
products such as carbohydrate, protein and lipid and
biomass in terms of cell numbers, were the parameters
chosen for the present study, pH of the culture was
also studied in connection with production,

Mercury, cadmiumn, lead, copper and zinc were
selected as they are known to ent:r the aguatic system
of Kerala through the effluents discharged by various
industries located in the vicinity, The interaction
of metals singly, and in combinations of either two,
three or four metals on the test species was
investigated.

Results of the toxicity studies of the metals

on S, bijugatus and N, palea from both qualitative
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and quantitative aspects were reported and discussed.

The data were statistically treated using analy-
slis of variance to find out the significance of metal

interaction on the species and results were reported,

The concentration of metals accumulated by
the test species during the exponential growth phase

was determined and presented in a table,

The rate of production of the test species
during the exponential growth phase was found to vary
considerably ;n presence of the metals. In a few cases
the rate of production showed no direct bearing on the
carbohydrate, protein and lipid content of, the species,

In some cases the pH of the culture also had no direct

relation.

Respiration of the test soecies also varied

with metals and their combinations.

The pigments chlorophyll a, chlorophyll b,
chlorophyll c)carotenoids and pheophytin were found to
increase when the species was exposed to the metals

except in two cases,

Considerable variation in the concentration
and proportion of carbohydrate protein and lipid of
the test organisms was observed during the growth

phase, when exposed to the metals.



400

The addition of the metals to the medium
affected the growth of the species considerably and
in majority of the cases biomass was reduced, It was
found that the lag in growth was not restricted to
the initial phase., Even when stimulation of growth
occurred in early phase in a few cases, as the biomass
was less than that of control, the toxic effect of

metals was evident by the end of growth phase.

Nutrient uptake was found to vary but had no
direct effect on the physiology of the alga. But it
was found that, wher the biomass was considerably

reduced, the nutrient uptake was lowered,

The results indicated that metals were either
antagonistic or synergestic in action from aquantita-
tive or from qualitative aspect or in a few cases both.
The positive or the negative effect of metals was evi-
dent in different parameters under different conditions
and hence the effect on a single parameter cannot be

considered as conclusive in the m=2tal toxicity studies,

The effect of metals on the physiology of the

species,when accumulated even in very low concentrations,

was undesirable.
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