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PREFACE

Man is becoming more and more concerned about his surroundings.

One main reason for this is the increasing threat to the health and clean

liness of the environment on account of pollution from manifold Sources.

Environmental pollution is a global phenomenon causing, in many instances,

rather permanent damages to the aerial, terrestrial and aquatic environ

ments. The pollution has acquired such dimensions that the very existence

of life on earth is threatened. The release into the nature, of various

kinds of chemicals in the form of solids, liquids and gases is an ever

increasing problem and efforts are being made all over the world, especially

by the developed nations to combat it on a war footing. However due

to various reasons the developing or underdeveloped countries are not

able to properly conceive the seriousness of the problem and fight against

itC

In India also the problems of pollution are acquiring serious dimen

sions. One major area which is highly threatened is the.aquatic environ

ment, both fresh water and marine which houses myriads of living organisms

especially the green matter or the phytoplankton which form the basis
of all aquatic life. Large quantities of several biocides in the form of

insecticides, fungicides and herbicides are being extensively used for

crop protection and their residues ultimately reach the aquatic environment

and affect those life forms at all levels of food web.



Until now there is no proper understanding of the magnitude of

pollution or the damages caused by the pollutants to the living organisms

of the aquatic ecosystem.

Therefore specialised knowledge is required to understand the problems

of preservation and improvement of environment." Since the algae are

extremely important components of aquatic ecosystem, it is important

to examine the effects of pollutants on algae.

Algal ‘assays contribute to the efficient analysis of water quality

and are necessary to obtain appropriate quantitative data expressing the

relationship between the pollution load and the biological response of

the receiving water. Algal assays are the source of relevant and quantative

information about the availability of chemical substances to algae and

their different stimulative or inhibitory effects.

The origin of algal bioassays can be traced to the work of Prof.

Martinus Beijerinck (1899) who was the first to obtain a pure (axenic)

culture of algae. Axenic cultures are an important component to algal

bioassay culture methods.

The use of different pollutants such as biocides are increasing

day by day and it has been reported that in India within the last 30 years

the use of biocides hasbeoome 40 times higher i.e, from 2,000 tonnes to

80,000 tonnes. Eventhough these biocides afford remarkable benefits

to mankind by increasing crop yields, protecting forests and also by con



trolling arthropod vectors of serious human disease, they may produce

adverse effects on the ecosystem. Most of the biocides are usually applied

to the terrestrial habitats, but by accidental fall out of spray from agricul

tural treatments, fall out from atmosphere and also by surface run off

from agricultural land, they may ultimately reach non-target organisms

in the aquatic ecosystem. The results of pesticide residue analysis indicate

that the pesticides can reach non target organisms in the aquatic environ

ment and give indications of biological reservoirs of pesticides in the

environment.

The present study was undertaken to make a detailed investigation

for_ the assessment of specific impact of commonly used biocides at the

lower trophic level of food chain i.e., microalgae by using batch culture

techniques in the laboratory. Microalgal representatives from three habitats

i.e., fresh water, estuarine and marine were investigated. The different

biocides selected are of common use in the agricultural practices.

Because of the importance of microalgae as live feed for larval

and postlarval stages of different aquatic organisms, the fluctuations

in algal populations as a result of biocide treatment will surely affect

the food chain. These studies are also of significance in setting the

criteria and standards for water quality management by suggesting threshold

values of different biocides tested, beyond which they affect the ecosystem

adversely.

The research work for the thesis was started after the comp tion



of six months course programme in mariculture. During the course work

the candidate got famil’i_arized with different research techniques which

were useful to carry out this work. Most of the facilities for doing the

work were available at the Algology Laborartory of the Central Marine

Fisheries Research Institute. However, for analysing the pesticide residues

using Gas Chromatography, the candidate made use of the facilities avail

able at the Indo Cargo Surveyors, Cochin.

The thesis has been divided into six chapters. The Introductory

chapter explains the relevance of research work undertaken. A review

of work already carried out on the effects of biocides on microalgae

is presented in the second chapter. Chapter three gives a detailed descri

ption of the material and methods followed for the study.

The fourth chapter gives the results and discussion of all the experi

ments carried out. This chapter mainly focuses on five important aspects.

The first part of the chapter gives the results of bioassay studies which

are essential -to find out the effective concentration of biocides which

inhibit fifty percent growth of microalgae. The second part gives an

idea of the effect of five biocides and their combinations on the physiolo

gical aspects of three microalgal cultures. The third part explains the

effect of biocides on the protein and carbohydrate contents of microalgae.

As bioaccumulation studies are very important particularly in the case

of organochlorines, an experiment was conducted with one microalgae

and the results of this study are also give:/\in chapter four. Last part

of this chapter gives important morphological changes observed as a result



of biocide application.

A detailed general discussion about all the experiments carried

out is included in chapter five. The last chapter embodies the salient

conclusions generated out of the study.

It is hoped that the results and conclusions drawn from these investi

gations will be useful in the pollution control of estuarine and nearshore

environments, as well as for improving the culture aspects of marine

algae as live food in hatchery systems
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CHAPTER 1



INTRODUCTION

Microalgae are the microscopic photosynthetic plant components

in the aquatic ecosystems. They incorporate solar energy into biomass,

produce oxygen that gets dissolved into water, function in cycling and
mineralization of chemical elements and serve as food for herbivorous

and omnivorous animals. When they die, they sink to the bottom where

their chemical constituents are transformed, solubilized and recycled into

the water. These functions depend on phytoplankton population dynamics

which in turn depends upon seasonal variability in temperature, intensity

of solar radiation, nutrient concentration in the water and grazing by
animals.

Algae comprise a large and heterogenous group of benthic and

planktonic species that occur together in often complex communities.

Members of the following classes are often prominent in natural assemblages

Chlorophyceae .(green algae), Bacillaro phyceae (Diatoms) Cyanophyceae

(blue—green algae), Rhodophyceae (red algae) Chrysophyceae (golden brown

algae) Haptophyceae, Crespedophyceae, Xanthophyceae, Prasinophyceae,

Pyrrophyceae (dinoflagellates), Cryptophyceae, and Euglenophyceae (Raymond,

1980) Green algae, blue green algae and diatoms are commonly dominant

in algal communities.

Popularisation and commercial application of photosynthetic biomass

production systems, like cultivation of algae are more relevant now than



ever before in the International context of energy shortage, water disposal

problems, environmental protection, alternative food additives and cheaper

sources of feed proteins (Venkataraman, 1990). Production of microalgae

for more varied and newer applications like aquacultural practices has

come of age.‘

Natural and anthropogenic .&1t€I‘.&ll.1_0flS of water quality can bring

about changes in species composition of the algal community, rates of

production, biomass and water chemistry. If water quality is altered

by toxicants or growth stimulates from industrial, agricultural or municipal

sources, normal algal function may be upset, causing gross changes in

structure and function of the receiving aquatic ecosystem.

As inhabitants of environments which are directly or indirectly

entered by biocides there are opportunities for algae to encounter

these biocides. An awareness of the potential for biological activity

of these toxicants should coincide the important micro-algae in the aquatic

ecosystem.

Chemical nature of our environment has been altered for the past

several years by the addition of several hundred thousand synthetic chemical

compounds. Some of these were used as pesticides although their general

lack of specificity suggests that the term 'biocide' may be more appropriate

(Carson 1962). The environmental persistance, accumulation and effects

(singular, additive or synergistic) of these chemicals in the biosphere are

poorly understoodrk



Only after the book "Silent Spring" (Carson, 1962), was published

did the general public become aware of the seemingly pervasive nature

of some of the pesticides and their undesirable effects on non-target

species or ecosystem. A year later, Butler and Springer (1963) described

the potential hazards of pesticides to coastal areas in a paper entitled
"Pesticides a new factor in coastal environments".

The biocides that have caused most concern as pollutants are synthe

tic organic compounds which have only come into use since the 1939-45

war, (Colin Walker 1975). The earlier history of pesticide use has been

recorded by several authors (Metcalf 1955, and Martin, 1964). Naturally

occurring substances such as pyrethrum, nicotene and rotenone were the

principal insecticides in the mid 18th century. Since 1940 two important

groups of synthetic innsecticides have emerged, the organochlorine compound

and the organophosphorus ester or organophosphates.

In India the pesticide industry was started with the import of

'BlIC' in 1952, (Agarwal, 1986). By 1958, India was manufacturing five

basic pesticides for a total production of 5,460 metric tonnes. By 1977,

there were 42 different pesticides manufactured in the country that totalled

40,658 metric tonnes. The production of pesticides during 1978 was 44,000

metric tonnes of which HCH (BHC) and DDT accounted for 76.4 per

cent.

It has been reported that Rs.850crores worth of pesticides are

sold in India every year. However, India uses only 400 gms per hectare



while in Japan it is 11,000 grams per hectare. India now produces 67,000

tonnes of pesticides. In India there are about 350 units engaged in the

manufacture of these harmful toxicants.

According to the reports of World Health Organisation, every vear

10,000 death and 4,00,000 cases of intoxication are caused from these

pesticides. In India within the last 30 years the use of pesticides has

beome 40 times higher i.e., from 2,000 tonnes to 80,000 tonnes.

It has been reported that the total quantity of pesticides used

annually in Kerala is about 1000 tonnes, of which about 250 tonnes are

used in the rice fields of Kuttanad alone.

Pesticides are commercially valuable because of their toxic properties.

Although they are used primarily for specific purposes they have the

ability to exert biological effects on all living organisms. In addition

to their toxic characteristics, some compounds display carcinogenic proper

ties, and have‘ become of increasing concern to public health because

of their uncontrolled ubiquitous distribution which now extended far beyond

their intended use. The major factor which accounts for public and scien

tific concern, about the pesticides, is their high biological activity.

Patterns of pesticide usage are changing in this country and these

changes are reflected in amounts of various pesticides produced annually.

Pesticides are likely to affect freshwater ecosystems more severely than

terrestrial ones. The main sources in water include accidental fall out

of spray from agricultural treatments, fall out from the atmosphere,



and surface run-off from agricultural land. Apart from their wide spread

and important use in agriculture, the herbicides are also used for aquatic

weed control. The results of pesticides residue analysis indicate that

pesticides can reach non-target organisms in the aquatic environment

and give indications of biological reservoirs of pesticides in their environ

ment.

The biocides can have toxic effects on many different
types of organisms and effect biological processes at the cellular, popu

lation community and ecosystem levels of organisation (Boyle 1984).

There is a definite and continuing need for assessment and mitigation

of the impact of toxicants, and so all legal, social, economic and biological

aspects should be considered.

The direct, short term effects of biocides on aquatic algae have

been the subject of a myriad of different types of laboratory studies.

The role of algae in the disappearance and degradation of environmental

contaminants has only recently been addressed.

The effect of various pollutants on algae based upon laboratory

and field investigations are reported already. But the work within the

country is very little. Eventhough there are published reports, most of

them are short term tests and also the effect on the biochemical compounds

of algae is very limited.

As the use of biocides is increasing day by day, the effects of

these toxicants on aquatic organisms particularly at the lower trophic



level need in depth study. One lacuna in such studies is the lack of

adequate knowledge on the impacts of these biocides on individual species.

The present work was undertaken to make a detailed investigation

for the assessment of specific impact of organochlorine, organophosphorous

and carbamate insecticides, one herbicide and fungicide on micro algae.

All the five biocides were selected after making an inventory survey

among agricultural officers and farmers and it was found that the five

biocides selected for the study are of common use in paddy fields and

other crops. As the aquatic system often contains mixture of biocides,

two types of biocide mixtures were also selected for the study. Marine,

estuarine and freshwater species of microalgae were tested in the present

study

Since the algal bioassays are very essential to determine the concen

tration of toxicant which inhibit the growth of algae by 50%, algal bioassay

tests were conducted with two species of microalgae. Algalbioassays

are generally -more rapid and less demanding of facilities, space and time

of personn.el. Important factors governing the usefulness of algal bioassays

include the sensitivity and stability of strains and the ease and rapidity

with which the organisms are cultured by which growth or other indices

of physiological state can be measured.

The uptake and concentration of environmental contaminants by

biotic and abiotic compartments are important in understanding the toxicity

of various compounds and their distribution in the aquatic ecosystem.



The phenomenon of uptake and concentration of ‘a chemical by organisms

is commonly termed bioaccumulation.

The problem of environmental contamination by persistent chlorinated

pesticides is of major concern due to the presence of their residues in

the environment and in the human tissues. In developing countries like

India, organochlorines are extensively being used in agriculture and vector

control programmes. Of the two important organochlorines used in India,

DDT and BHC, the use of DDT shows a downward trend, but the trend

for BHC remains constant. The cumulative effects of these chlorinated

pesticides on our coastal environment can be expected to be considerable.

Organochlorine pesticides are in general fat soluble and hence can be

concentrated by various organisms.

Widely located at the base of the food chain, and in general having

a high surface area: volume cell characteristics, algal populations have

a significant potential for absorptionfand consequent reaction with the

pesticides. '-I‘his has been especially recognised with respect to the persi

stent lipid partitioning organochlorine insecticides with the phytoplankton

which are so important in pelagic food chains, reflecting the general

concern for biological magnification of organochlorine insecticide. Eventhough

there are reports about the bioaccumulation of different organochlorines

and other pesticides, most of them are based on short term experiments.

So in order to find out the long term effects, particularly the bioaccumu

lation of organochlorines experiment was conducted using as chromatographic

method and the results are explained elsewhere.



By using photomicrography, morphological changes observed as

a result of biocide effect are also explained.

The main objective of the present study was primarily to determine

the safe level of application factor of each biocide after considering
the various physiological effects, alterations in proteins,, carbohydrates and

morphological effects of particular biocide. The application factor of

each biocide tested should be having the least impact on the ecosystem.

Another aim of the investigation was to find out which is most toxic

among the five biocides tested; and also to find out that, among freshwater

estuarine and marine species of microalgae, which one is most resistant

to the pollutants. This study will also focus on the importance of micro

algae in pollution control.



CHAPTER II



REVIEW OF LITERATURE

In this chapter on literature review, greater stress has been given
.

to the earlier work done on important organic biocides and their effects

on microalgae. Eventhough very few literature are available on this

aspect during 19508, Most of the earlier works done on this aspect are

after 19705, and hence literature was collected from that period onwards.

For some organic biocides consistent data have been obtained by different

workers with regard to their effects on microalgae.. For a few biocides,

the studies have included both pure culture and natural population. In

view of the difference in chemical and toxicological properties of different

biocides and the variation in experimental procedures of different workers

(eg: axenic and non—axenic culture), caution is advised in comparing some

of the data.

The biocides ,used for the present study come under three groups;

insecticides, herbicides and fungicides.

2.1. INSECTICIDES

Based on their chemical nature, the insecticides are classified

into three groups; (a) Organochlorines (b) Organophosphates and
(c) Carbamates.
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a) Organochlorinesz

As the organochlorines are widely used for the past four decades,

the toxicological effects of these insecticides have been studied by various

investigators.

Raghu and Macrae (1967) reported that Y-BllC used for insect

control in rice fields, promoted algal growth than in untreated fields,

and this result was established in pot experiments. The insecticides select

ively stimulated the indigenous blue green soil algae.

Wurstur (1968), who emphasized the important contribution of phyto

plankton to global photosynthesis and the consequences of interference

with this process, found that concentration of DDT below 10 ppb inhibited

photosynthesis in marine planktonic algae. The toxicity of DDT to the

diatom Skeletonema costatum, increased with decreasing cell concentration

and it was concluded that low levels of DD’l‘ in natural waters might

have deleterious effects on the phytoplankton. A similar conclusion was

reached by Sodergren (1968) who reported that growth of Chlorella sp.

was affected by less than 0.3 ppb DDT.

A study was carried out to determine what affect the entry of

three broad spectrum insecticides may have on algal population (Christie,

1969). The organochlorine tested was DDT. It was found that the three

pesticides, varied in their degree of toxicity to algae and also in the

extent to which they were degraded in the presence of algae.
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DDT uptake and metabolism by marine diatom were reported (Keil

and Priester, 1969), and it was concluded that the diatom was capable

of absorbing and concentrating DDT above the level in sea water. DDT

was metabolised by this organism to DDE.

Algal species isolated from various marine environments responded

differentially to DDT (Menzel§_1_;_ _al_., 1970) whereas the estuarine naked

green flagellate Dunaliella tertiolecta was insensitive to 1000 ppb DDT.

Photosynthetic 14C uptake by the marine diatom Skeletonema costatum

and the coccolithophorid Coccolithus huxleji was significantly reduced

to above 10‘ ppb DDT. Menzel gt _a_l_., (1970) further showed that cell

division in the diatom, but not in Coccolithug was prevented by 100 ppb

DDT. The most DDT sensitive organism tested by Menzel _e_t_ g_1_., (1970)

was also a marine diatom, Cyclotella nana, in which MC uptake and

growth were affected at DDT levels of 1 ppb and 100 ppb respectively.

Growth and MC assimilation in low-density population of

Scenedesnus guadricauda were inhibitd by 0.1 ppm DDT. (Stadnyk e_t_

_a_l_., 1971). But, contrary to this report Morgan (1972) reported that growth

of green algae Chylamydomonas reinhardii was not appreciably affected

by DDT at levels upto 20 ppm and there was no significant effect on

14C uptake.

Mosser §_t_ gl_., (1972 a) confirmed that Dunaliella tertiolecta was

unaffected by 1000 ppb DDT and that other organisms, including Euglena

gracilev and Chlanydomonas reinhardii were also relatively resistant.
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Mosser gt_ £11., (1972 b) investigated the effects of DDT on mixed cultures

of marine algae, containing a ‘sensitive’, diatom (Thalassiosira pseudonana)

and a resistant green alga (Dunaliella tertiolecta) in equal proportions.

It was found that the growth of _l3._ tertiolecta was not inhibited at any

DDT level tested. However, ’_I‘_._ pseudonana grew faster and soon out

numbered _l_)_._ tertiolecta. _D_. tertiolecta in control cultures, was affected

by 100 ppb of DDT to the extent that its competitive success was signifi

cantly diminished, eventhough L pseudonana was unaffected by 10 ppb

DD'I‘ in the pure culture. Mosser gt _a_l_., (1972 b) pointed out that DDT

can occur in natural waters at levels equivalent to those which caused

a marked change in species ratio in their experiments and considered

the ecolgical implication of such a pesticide induced alternations in phyto

plankton populations, via effects on the selectively grazing zooplankton.

Photsynthetic MC fixation by Scenedesmus guadricauda was not

significantly inhibited by DD’I‘ at concentrations upto 1 ppm, although

the metabolite DDE was inhibitory (Luard 1973).

Recognising that in nature, organisms may be exposed to several

toxicants simultaneously, Mosser §_t_ a_l., (1974) investigated the effects

of mixture of organochlorines on the growth of marine diatom Thalassiosira

pseudonana. Because of their ubiquity, chlorinated hydrocarbons were

considered to be likely environmental contaminants. Results indicated

that interaction between the organochlorines may occur, causing their

toxicity to phytoplankton. DDE, the universal pollutant derived from
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DDT, and polychlorinated biphenyls (PCB's are industrial organochlorjnes)

were far more inhibitory to I_._ pseudonana in combination than they were

individually. In complete contrast, the addition of DDT (500 ppb) to

cultures, whose growth had been prevented by PCB's (50 ppb) substantially

restored growth (Mosser e_t_ _a_l_., 1974).

Butler _e_t_ _al_., (1975a)reported the effects of various concentrations

of insecticides on the growth of 36 isolates of planktonic algae. Among

the different inseticides tested, organochlorine insecticide was found to

be more toxic. Powers gt _a_l_., (1975) reported the toxicity of DDE to

a marine dinoflagellate and it was found to be highly toxic to Exuviella
9

baltica. Concentrations as low as 0.1 parts per thousand million (10 ptm)

significantly inhibitd growth for at least 24 hur as measured by cell number

and growth rate.

DDT and PCB's have been observed to reduce the rate of cell

division, in marine phytoplankton, thereby indirectly reducing the total

photosynthetic carbon fixation in treated cultures (Fisher 1975). Total

marine photosynthesis will likely remain undiminished by these compounds,

although alteration in phytoplankton communities through selective toxicity

could affect herbivore population.

The effect of endrin on primary production in a pond ecosystem

was reported (Nassar, 1976). The results clearly indicated that endrin

did affect the primary production of phytoplankton, while its higher concent

ration affected the rate of oxygen consumption of phytoplankton. Dieldrin
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induced destruction of marine algal cells was reported by Pbwers it _a_l_.,

(1977). Treatment of axenic cultures of the marine dinoflagellate Exuniella

baltica with 10 parts per thousand million (109 ptm) of dieldrin inhibited

growth rate and caused large number of cells to disintegrate within 12

hours of exposure.

Subramanian _e_t a_l., (1979) reported the effect of low concentration

of DDT on the growth and production of marine diatom Skeletonerna

costatum. At 1 ppb concentration there is no marked change. Above

4 ppb a marked reduction in cell number was noticed. Concentrations

above 10 ppb DDT impared growth rate.

The effect of low concentration of organochlorine insecticide DDT

was compared with organopnosphate and carbamate insecticides’ (Rama.-

chandran gt_ a_l., 1980). Results clearly indicated that organochlorine

was toxic than other insecticides as reported by other workers.

An organochlorine insecticide permethrine and its carrier solvent

was found to affect microalgae additively, synergistically and antagonisti

cally when tested for photosynthesis in green algae, as reported by Stratton

and Corke (1981). Interaction of DDT with two species of fresh water

algae was reported (Goulding and Ellis, 1981). The amount of inhibition

varied with time and with the method of growth assessment. Bioaccumu

lation studies showed that both the algae accumulated 14C DDT.

Field studies were also conducted by several workers. Rajendran

and Venugopalan (1983) conducted _ifl situ studies with natural phytoplankton



15

to find the effect of pesticides on them. In additions to organochlorine

insecticides, organophosphates and carbamates were also tested. As observed

by various other workers Rajendran and Venugopalan (1983) also found

that the primary production was inhibited considerably by these pesticides.

By using a mortal stain — Evan's blue, Walsh (1983) reported the

cell death of marine diatom exposed to the pesticides. All the pesticides

tested, particularly organochlorine insecticides caused death of cells, but

significant mortality occurred only at concentrations higher than the EC50

values calculated from population growth studies.

Regarding the effect of biocides on cellular composition or micro

algae, only very little reports are available. Goulding _e_t_ _a_l_., (1984) reported

the effect of DDT on the cellular composition of Chlorella fusca. Results

showed that DDT caused a decrease in cell size by 46%, When measured

by biovolume, and 43% when based on dry weight. Patil gt a_l., (1985)

studied and discussed the effect of DDT on parimary productivity of

phytoplankton of a _pond ecosystem. It has been observed that at higher

concentrations of DDT, the rate of oxygen consumption increased and

the reserve food material was metabolised.

A number of organochlorine insecticides were found to inhibit

the growth of Ankistrodesmus fusiformis, E vitro (de Fatia celeste,

and CaceresJ1986). It was found that at 2 ppm concentration of gamma

BHC the growth of the algae was inhibited. The results clearly suggested

that gamma BHC an interferred with the physiology of this
organism on concern:  .or than 1 ppm.
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Lal §_t_ §_l_., (1987) reported the effect of DDT, fenitrothion and

chlorpyrifos on growth, photosynthesis and nitrogen fixation in Anabaena

(Arm 310) and Aulosira fertilissima. DDT inhibited the growth of Anabaena

where as it was stimulatory to Aulosira. Fenitrothion and chlorpyrif0.s

wre quite toxic even at concentrations of 100 times less than DD'1

The effect of pesticides on the filamentous forms of algae is very

rare. One such report was published by Awasti and Singh (1987). They

reported on the effect of DDT and BHC on filamentous green algae

Spirogyra cylindrica. As in the case of unicellular microalgae, this alga

was sensitive“ to both the insecticides even at low concentrations. The

effect of DDT was more severe than BHC.

Field studies were conducted to find out the combined effects

of chloro organic pesticides on the primary production of phytoplankton

communities (Savinova and Savinov, 1987). Only short term experiments

were possible in the field and the results showed that the concentration

of each toxicant brought the level of primary production down to 53-77%

of the control.

Regarding the study of the effect of toxicant on biochemical com

pounds, Yu Huzhao (1987) reported the effect of DDT and BHC on amino

acid contents of Chlorella vulgaris. Experimental results show that

the treatment with 0.1 ppm of DDT and BHC had very little effect on

amino acid content. However, after being treated with 1-10 ppm of

DDT and BHC, the aminoacid content increased.
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Yasuno 31 :_1_l_., (1987) were not able to find out any toxic effect

of the organochlorine insecticide permethrin. They conducted a field

study in an enclosure system containing phytoplankton and zooplankton.

The insecticide addition did not significantly change the primary oroduction,

respiration, chlorophyll a concentration and sedimentation.

Piska and Waghray (1990) compared the toxic. effect of an organo

chlorine insecticide endosulfan with two other insecticides and found that

endosulfan was most toxic than the other insecticide ‘tested.

Fate and biological affects of lindane and deltamethrin in fresh

water mesocosm-s were reported (Caquet _e_t_ _a_l., 1992). The phytoplanktonic

and periphytic communities were positively affected by the treatment.

Polychlorinated biphenyls:

Polychlorinated biphenyls which are similar in structure, persistence

and biological effects to some organochlorine pesticides have been widely

detected as environmental pollutants. Although they are not considered

as pesticides, the PCB's find numerous industrial uses and they may be

analytically confused with DDT (Keil _e_t_ a_l_., 1971). It is important to

investigate their reaction with the biota. Several workers have reported

that PCB's are toxic to algae and some evidence shows that they are

being more toxic than DDT.

The marine diatom Cylindrotheca Closterium took and concentrated

the PCB mixture (Aroclor, 1242) which at 10 ppb reduced growth, RNA
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and chlorophyll levels in this organism (Keil et 31:, 1971). Growth rates

of marine diatoms Thalassiosira pseudonana and Skeletonema costatum

were reduced in the presence of 25 ppb PCB's and severely inhibited

by 100 ppb, at which level DDT was only slightly inhibitory (Mosser _e_t §_l_.2_

1972a). By comparison with the diatoms, other algae were less sensitive

to PCB's and l)l)’l‘, suggesting that selective inhibition of sensitive phyto

plankton species by organochlorines might alter the species composition

in natural algal communities. This view was endorsed by Mosser gt _a_l_.,

(1972 b), who found that at 1 ppb PCB's affected the species ratio in

a mixture of _’I;._ pseudonana (sensitive) and _l3._ tertiolecta (relatively

resistant)

Moore and Harriss (1972) reported on the first '_ifl s_1‘t_ti' bioassay

of short term effects of polychlorinated biphenyl compounds on natural

phytoplankton communities. The effect of PCB's reported in these studies

suggested that the toxic effects of organochlorines were more acute '_i_r_i

flu’ at a community level than for single species laboratory cultures.
'l‘his view was further recommended by Moore and Harriss (1974), that

natural, mixed phytoplankton communities were more sensitive to PCB's

than pure or mixed laboratory cultures. It was found that the greatest

sensitivity to PCB was in net plankton and not in nannoplankton

Uptake of PCB's by marine phytoplankton was reported by Harding

and Philips (1978 b) who found that there was a definite relationship

between cell density and accumulation of PCB's. Effects of PCB on

marine phytoplankton photosynthesis and cell division was also reported
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by Harding and Phillips (1978_b). PCB concentration as low as 1.0 /ugl-1
reduced cell division of Thalassiosira pseudonana and Isochrysis galbana.

A similar observation was reported by Michaels g_t_a_l., (1982).

Responses of marine diatom Thalassiosira rotula to PCB's was

reported by Reiriz g_t_gl_., (1983). The results of this experiments concluded

that, the growth phase from which the inoculum came, had a determining

influence on the sensibility of microorganisms to the toxic substance".

This sensitivity was highest in exponential phase.

Regarding the biochemical aspects of microalgae, Bazulic _e_t_ a_l_.,

(1988) reported the PCB effects on production of carbohydrates, lipids

and proteins in marine diatom Phaeodactylum tricornutum. 'Arclor 1254'

had an influence on biochemical composition of phytoplankton.

b) Organphosphates:

Of the wide range of pesticides screened, organophosphorus compounds

were found to be relatively non—toxic to marine phytoplankton (Ukeles, 1962),

Christie (1969) observed that 100 ppm malathion had little significant

effect on the green alga Chlorella gyrenoidosa. Moore (1970) found

that 'malathion' and ‘parathion’ were relatively non-inhibitory to the

flagellate Euglena gracilis.

It is seen that organophosphorus insecticides are relatively non

toxic to microalgae. However, the finding that some of the "newer"

organophosphorus insecticides, as reported by Derby and ltuber (1971),
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were found to depress the oxygen evolution in algal cultures of four species

of marine phytoplankton and signified the need to obtain further data

on the antialgal activity of this. group of insecticides. Indeed, at 2.5

ppb, Dursban had been found to stimulate growth of blue green algae
in artificial ponds (Hulbert _e_t__g_., 1972).

Butler _e_t_ _a_l., (1975b reported on the effects of various concentrations

of diazinone, an organophosphate and the results showed that diazinon

was toxic at concentrations of 10 ppm. They also reported the capability

of diazinon being absorbed by the several isolatesof microalgae. Organo

phosphate was found to be less toxic than other insecticides tested (Butler

_e_ta_l_., 1975b. But contradictory to this report, Ramachandra _e_t__a_l_., (1980)

reported that organophosphates were more toxic than carbamate insecticides

but less toxic than organochlorines. Murray and Guthrie (1980) reported

that, eventhough, the organophosphates showed an initial inhibition of

growth, at a later stage the algal population approached or exceeded

those of control by some measures.

There was an interesting report that algae could utilize the elements"

of insecticides or its biodegraded metabolites (Rath and Misra, 1981).

'Dimecron — 100', an organophosphorus insecticide was tested for its nutri

tional value in relation to growth of Oscillatoria obscura at 400 ppm.

A significant increase in growth in relation to optical density, dry weight

and total chlorophyll content was noted in the Dimecron treated algae

(Rath and Misra, 1981).
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The effects of methyl parathion on the growth, cell size, pigment

and protein content of Chlorella protothecoides was reported (Saroja

and Bose, 1982). Slight or moderate inhibition with respect to cell number,

packed cell volume, pigment content and protein content was noticed

at 10 ppm and 20 ppm. 30 ppm and higher concentrations inhibited the

growth severely. Chlorophyll was found to be the most sensitive parameter.

There was another report about the effect of methyl parathion (Rajendran

and Venugopalan, 1983). Field study was conducted to find out the effect

of methyl parathion, malathion - two organophosphates and other insecticides.

Primary production was found inhibited considerably by these pesticides.

It is important to know that the insecticide ‘malathion’ can have

a toxic effect on unicellular chlorophyllous marine phytoplanktonic organisms

and that it is concentrated by the first link of the trophic chain (Prevot

and Soyer, 1985). Malathion was found toxic to the dinoflagellate

Prorocentrum micans even at 10 ppm, causing a clear decrease of

chlorophyll and an increase of the oxygen consumption of phytoplankton

population at 1.27 to 5.07 ppm of malathion. At this concentration of

toxicants they reported a significant reduction in dissolved oxygen and

free C02 of water.

Influence of the organophosphorus insecticide DDVP on aquatic

ecosystem was reported by Paland Konar (1985). DDVP at 0.014 to 1.424

ppm did not alter dissolved oxygen, pH, temperature, colour and odour

of water primary productivity of water and populations of phytoplankton

and zooplankton were significantly reduced at these concentrations. Results
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of these experiments concluded that frequent spillage of DDVP into fish

pond or in natural water would be detrimental to basic ecosystem para

meters which are, responsible for high fish yield.

In a field study conducted by Pal and Konar (1989) it was _found

that continuous drainage of phosphamidon into waterhampered the growth

and production of food chain organisms even at low concentration. They

found that phytoplankton population decreased at 0.4257 ppm.

(R)
In a laboratory study, Raine gt _al., (1990) reported that Nuvan

- was toxic to phytoplankton at a concentration of 1 ppm. They compared

the results of '_ifl _\1t_r_'9_' study with that of natural populations. The effect

of monocrotophos was reported by Piska and’ Waghray

(1990) and found that gross and net production decreased gradually in

treated sam ples.

Physiological alterations induced by an organophosphorus insecticide

'trichlorfon' on Anabaena have been reported by Marco 33 _al_., (1990).

The addition of trichlorfon to nitrate containing cultures of Anabaena

resulted in a decrease in the content of all the main‘ nitrogen compounds

and an increase on the carbohydrate fraction per unit dry weight, cell

division, and morphology were altered. All these trichlorfon induced alter

ations were noticeable from the first 24 hours of treatment, but inhibition

of growth did not occur until the fourth day.

Pollution of aquatic ecosystem by the pesticide. ‘methyl parathion‘

was studied by Pal and Konar (1990). A 90 day observation was carried
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out and found that primary productivity and phytoplankton population

significantly decreased at all exposures. Toxicity studies were performed

with three different species of fresh water microalgae, to study the direct

effects of the insecticide. Dursban(R) 4 E ‘had no appreciable effect

on the growth of non-limited algae at concentrations relevant for. field

situations. For phosphorus limited algae, however, significant and dissimilar

effects were found (Van Donk gt_§_l_., 1992).

c) Carbamates:

Microalgae were also susceptible to carbaryl insecticides, which

was lethal to two species at 1 ppm and to all five species tested at

10 ppm (Ukeles 1962). Christie (1969) compared the toxicity to carbaryl

sevin with two other insecticides and found that three pesticides varied

in their degree of toxicity to algae and also in the extent to which they

are degraded in the presence of algae. At a lower level i.e., 0.1 ppm,

carbaryl was found to stimulate growth and 140 assimilation in low density

populations of the fresh water algae Scenedesmus quadricauda (StadynK

it _al_., 1971). Bulter 31 _3_«_l_-9 (1975b)while testing the toxicity of various

insecticides to 36 isolates of planktonic algae, found that carbaryl was

toxic at a concentration of 26 ppm.

Ramachandran _§_t_ §_l_., (1980) compared the toxic effect of sevin

with other insecticides and it was found that sevin was least toxic than

the other two insecticides. In a field study conducted by Rajendran

and Venugopalan (1983) it was reported that primary production was inhibited
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considerably by the insecticides including carbaryl sevin. The effect

of Carbaryl on single species and on communities made up of three and

five species has been reported by MalyandRuber (1983).

Regarding the effect of insecticides on the reproductive° stage

of microalgae, Cain and Cain (1984) reported the effect of carbaryl and

propoxur (both are carbamates) on zygospore germination and growth

of green alga. Chlamydomonas moewusii. Carbaryl produced signifiant

growth inhibition over the concentration range tested. But one important

conclusion they reported is that concentration which adversely affected

growth had no significant effect on zygospore germination.

Kentzer _et_ gl_., (1984) reported on the toxic effects of carbaryl

against laboratory strain of phytoplanktonic algae, Chlorella and Anacystis.

Carbaryl in concentration of 10 ppm was found to inhibit the cell multipli

cation and total production of chlorophyll _a. But contrary to this report,

Khalil and Mostafa (1986) reported that, methomyl which is also a

carbamate insecticide_showed no significant effect on the growth of fresh

water alga Phormidium fragile upto a concentration of 112.5 ppm. But

there was a gradual decrease in all nitrogen fraction, total carbohydrate

content, chlorophyll a and carotene content. The same carbaryl insecticide

methomyl - 14C labelled, was found to inhibit the growth and total carbo

hydrate content of Nostoc muscorum and Tolypothrix tenuis at a concen

tration of 100 ppm (Kobbia e_t__al_., 1991).
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2.2. HERBICIDES:

There are many reports of the direct effect which herbicides can

exert upon microalgae. Recognizing the importance of evaluating the

tolerance of marine phytoplankton to pesticides, used on commercial shell

fish beds Ukeles (1962) tested a wide range of toxicants, including phenyl

urea herbicides, for effects _ on the growth of marine algae in an enriched

sea water medium. Diuron, lethal to all but one species at 0.004 ppm

was the most toxic of the phenyl ureas and the relative order toxicity

was diuron> monuron> neburon> fenuron (Ukeles, 1962).

Available data on 2, 4 D and 2, 4, 5 T suggest that only at high

concentration does 2, 4_ D have adverse effects on algal population natural

or cultured. Stimulation of algal growth and photosynthesis was observed

with 10 ppm 2, 4 D (Walsh _e_:t_§_l_., 1970).

Evidence for atrazine inhibitory action on algal photosynthesis

has come from Walsh (1972), and Hollister and Walsh (1973). Inhibition

of algal photosynthesis has been established with monuron (Walsh, 1972).

According to Hollister and Walsh (1973) the effects of 02 - evolution
of several different types of marine phytoplankton, the diatom, are generally

less sensitive ‘than other algal types to phenyl urea and triazine herbicides.

The effect of various concentrations of Atrazine and 2, 4, D was

tested on the growth of 36 isolates of planktonic algae by Butler e_t__a_l_.,

(1975 D) and found that atrazine was more toxic than 2, 4, D.
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Effect of pesticides on filamentous forms of algae is very rare.

Singh et _a_l., (1978) reported that two nitrogen fixing, filamentous species

of cyanobacteria were sensitive than a unicellular non-fixing species to

the herbicide, Alachlor.

By comparing the salt marsh edaphic algae in culture, microecosystems

and in the field Plumley and Davis (1980) reported that at 2.2 ppm concent

ration of the herbicide atrazine, the rate of photosynthesis, chlorophyll

content and cell numbers in unialgal cultures were redued. But, the result

with lower concentration indicated an ability to maintain chlorophyll

production and cell division with reduced photosynthesis.

Bednarz (1981 a) reported the sensibility of a green algae and

3 blue green algae to six herbicides and 3 other insecticides. The effect

of 2, 4, D acid on green and blue green algae in unialgal and mixed cultures

was reported by Bednarz (1981 b). Low concentration of 2, 4, ,D usually

stimulated the growth of algae, but higher concentrations inhibited or

stopped the growth. It was concluded that tolerant species decreased

the toxicity of the herbicide in the medium thus helping the more sensitive

algae to survive. The evaluation of the adaptation ability of some green

algae to 2, 4, D monuron, and diuron admixtures, under laboratory condi

tions was also reported by Bednarz (1981 c). The results of these experi

ments showed that, the toxicity action of monuron, diuron, simazine,

atrazine and 2, 4, '.D upon Ankistrodesmus Chlorella, Dictyosphaerum

Scenedesmus and llormidium was irreversible, even if the algae were

transferred to media free of these substances.
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In a field study, conducted by De Noyelles etal, (1982) comparison

was made between atrazine treated ponds and control ponds. Atrazine

at concentrations of 20 to 500 ppb inhibited photosynthesis and both concen

trations depressed phytoplankton growth in the ponds within a few days.

Laboratory tests verified the effects on other species at concentrations

of atrazine as low as 1 to 5 ppb.

Impact of the herbicide Magnacide - H (2 propenal) on algae was

studied by Fritz Sheridan (1982). The concentration of magnacide - H

to effect a 50% reduction in photosynthesis was different for 3 algal

species tested for different temperatures. Study on physiological response

of the blue green algae to 5 herbicides was carried out (Mehta and Hawxby

1983).

The toxicity of the herbicide stam - f - 34 (propanil) on Nostoc

calcicola was reported by Pandey 3t_ _a_l_., (1984). The herbicide caused

an inhibition of the nitrogen fixing ‘capability of alga which is concent

ration dependent and_ lethal at 30 ppm. Effects of Atrazine and its degra

dation products, alone and in combination on phototrophic microorganisms

were reported by Stratton (1984). Atrazine was significantly more toxic

than its degradation products.

Meyerhoff e_t_al_., (1985) compared the chronic toxicity of tebuthiuron

to an alga, Selenastrum capricornutuIn,,a cladoceran and the fat head
minnow and found that the alga was the most sensitive among the three

groups.
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Regarding the effect of toxicant on biochemical compounds of

microalgae, Salama £3 21:: (1985) investigated the effect of herbicide

'Amitrole' on growth, carbohydrate and nitrogeneous compounds in two

blue green algae and found that lower and moderate levels i.e., upto

3.6 ppm induced more accumulation of carbohydrate.

In addition to laboratory studies, field studies were also conducted

to find out the effect of atrazine, Moorhead and Kosinski (1986) reported

on the effect of atrazine on the productivity of algal communities in

artificial stream. Net community productivity was fairly low, indicating

high respiration relative to oxygen production. Krieger and Baker (1986)

also reported on the effects of herbicides on stream algal productivity

and nutrient uptake. Detoxification of herbicides by blue green algae

was reported by Chinnaswamy and Patel (1986).

1-lersh and Crumpton (1987) conducted a study of naturally occurring

atrazine tolerance to algae from different Iowa springs. The main purpose

of this experiment were to develop a quick method of assessing the effects

of an algal growth and also to investigate an ecologically meaningful

end point for toxin growth experiments. Atrazine induced photosynthetic

inhibition of Cyclotella meneghiniana (Bacillarophyta) has been reported

by Millie and Hersh (1987). Mayasich. (1987) also reported on the growth

responses of Nannochloris oculata Droop and Phaeodactylum tricornutum

Bohlin to the herbicide atrazine as influenced by light intensity and temper

ature in unialgal and bialgal assemblage.
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algal assays ‘were highly efficient in detection of biological potential.

Simple marine algal bioassay method has been described for short

and long term studies on pesticides and industrial wastes (Walsh and

Alexander, 1980). It can be used for rapid screening of a variety of

substances with single species and multiple species tests which would

give relative toxicities of the pollutants tested. Following this method,

96 hour EC50 values for some pesticides and diatom Skeletonema have
been reported by the above authors.

Acute static toxicity tests were conducted with six insecticides

R, B"uxR, DursbanR, FentrifanilR, LarvinR and PydrinR) and one(Ambush

herbicide (Borthwick §_t__ _al., 1981), algal bioassays were conducted with

marine algae to determine the concentration of pesticide that would inhibit

population growth by 50% in 96 hour. It was found that the synthetic

pyrethroids - Ambush and Pydrin were the most toxic of the seven pestici

des tested.

Based on photosynthesis (oxygen evolution), ECSU was determined

from short assays of 5 minutes duration. Green algae isolated at random

from an atrazine contaminated stream exhibited similar tolerance to atrazine

(range of EC50 42-125/ug/1) compared to algae isolated at random from

a non—contaminated stream (range of EC50s : 35 - 152 /ug/l) (Hersh and
Crumpton, 1989).
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Effects of herbicides on photosynthetic electron transport in algal

systems were reported by Samuel and Bose (1987). Pyridazinone herbicides

Sandoz 9785, Sandoz 9789 and Sandoz 6706, inhibited photosystem II electron

transport in Chlorella protothecoidesj when the herbicides were added

to as.say medium. The inhibitory efficiency varies with the algal species

and the nature of substitution.

Characterisation of the adaptation responses of Anacystis nidulans

to growth in the presence of sublethal doses of herbicide was reported

by Hatfield _e_t_ _al_., (1989) who found that the contents of accessory pigments

phycocyanin increases in relation to chlorophyll.

Mishra and Pandey (1989) reported on the toxicity of three herbicides

to some nitrogen fixing cyanobacteria like Nostoc Linckia, §_ calcicola

and Anabeana doliolum. These cyanobacteria were found to be tolerant

to 2, 4, D than to Machete and Saturn. Price gt_ 21;: (1989) reported

that the run off from agricultural field treated with tebuthiuron above

2.24 kg/hectare concentration might adversely affect the green algal

community of Playa lakes.

The primary and secondary effects of simazine and terbutryne

on fresh water marsh periphyton have been studied and reported by Gurney

and Robinson (1989).

The effects of the pyridinone herbicides fluirdone on the growth,

pigment content and composition and photosynthetic capability of Uscillatoria

agardhii Gomount were investigated by Millie gt 93., (1990). Fluridone
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concentration ranging from 0 t o 100 ppb decreased biomass, chlorophyll a_

and total carotenoid contents with increasing fluridone concentration.

Francois and Robinson (1990) examined the toxicity of three triazine herbi

cides (a_trazine,simazine and terbutryn) in unialgal‘ batch cultures of

Chlamydomonas. Among the three herbicides, Terbutryn was the greatest

inhibitor of growth and Co2- fixing.

(Impact of an organophosphate herbicide (Glyphosate R)) on periphyton

communities developed in experimental streams was reported by Austin

e_t_ 11., (1991). The addition of (jlyphosate to a periphyton community

appeared to have little effect on subsequent successional patterns. Abou»

Waly (1991) investigated on the response of Scenedesmus sp., to three

phenyl ureas, namely maloran, dicuran and patoran. Among these herbicides

maloran was found to be highly toxic compared to other two. Abou Waly

et _al_., (1991 a) conducted experiments with Atrazine and hexazinone to

unialgal cultures of Anabaena flos-aquae and Selenastrun capricornutum.

Reduction in growth was observed with an increase of atrazine concentration

Hexazinone treated cultures of §._ capricornutum had substantially recovered

by 7 days after treatment.

2.3. FUNGICIDES:

Compared to insecticides and herbicides the literature on the effect

of fungicides on microalgae is very little
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Ethyl mercury phosphate was lethal to all marine phytoplankton

species tested when incorporated at a level of 60 ppb in the culture media

(Ukeles, 1962), Harriss _e_t_ §__l- (1970) found that three organomercury fungi

cides, at less than 1 ppb, reduced growth and photosynthesis in the marine

diatom Nitzchia delicatissima and also in a natural population.of fresh

water phytoplankton. These results indicated that at least some marine

and fresh water phytoplankton speies were sensitive to organo mercury

compounds at levels below those proposed for water quality standards

and hence suggested that entry of such compounds into natural waters

should be prevented.

Somasekhar and Sreenath (1984) reported on the effect of two
fungicides on primary production in a pond ecosystem. In comparison

with the control the gross production and net production was found to

decrease gradually with the increase in concentration of the toxicant,

reaching a zero value at 1000 ppm. The effect of organic fungicide

Dithane M 45. and Cynkotox on some unicellular algae was reported by

Kosawska and Falkowski (1984) Dithane M45 depressed 50% cell multi
plication and total production of chlorophyll at 0.2 to 0.6 ppm in Chlorella

and Scenedesmes and at 2 ppm in Anacystis nidulans.

The effect of mercuric chloride and 'Emisan 6' on the photosynthetic

efficiency of Westiellopsis prolifica was studied by Rath _e_t_ _a_l_., (1985)

and found that the mercury based pesticide toxicity was totally concent

ration dependent. At lower concentration, mercury acted as a growth

regulator and at higher concentration it acted as a growth inhibitor.
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Rath et _al_., (1986) reported the effect of the insecticide Emisan-6 on

the nitrogen metabolism of the alga - _W_._ prolifica. They concluded

that the effect was totally dependent upon the dose and duration of the

experiment.

2.4. BIOASSAY STUDIES TO DETERMINE ECSUVALUES.

Biological assays are essential for evaluating the toxicity of chemicals

and are an important tool in detecting and quantifying environmental

pollutants such as persistent pesticide residues. A wide range of toxicity

tests have been developed in the recent decades utilizing different organisms

such as algae, crustaceans, molluscs and fishes to predict the probable

effect of new chemicals and effluents on aquatic ecosystem (Sprague,

1973; Walsh _et__al_., 1980; Reish and Oshida 1986).

It was reported that (Walsh, 1972, Hollistcr and Walsh 1973) green

algae are very susceptible to one herbicide - atrazine. Its EC50 value
ranges from 0.06 to 0.16 mg/l (ppm). Hollister and Walsh, (1973) stated

that when bioassayanalyses are conducted for the effects of herbicides

on marine unicellular algae, two factors are particularly important

1. The response in relation to taxonomic position and

2. The wide range of responses by individual species
within a given family.

The marine unicellular algae Skeletonema costatum, Amphiprora

paludosa and Phaeodactylum tricornutum were exposed to dimethoate

and bayluside in laboratory bioassays (Ibrahim, 1983). “There was variation
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in the growth response of the species and metabolism of metabolic products

Walsh (1983) reported the cell death and inhibition of population growth

of marine unicellular algae by pesticides. All the pesticides caused death

of cells, but significant mortality occurred only at concentrations higher
l

than EC50 calculated from population growth studies.

Walsh and Merrill (1984) conducted short term static tests which

estimated the growth rate responses by measurements of change of biomass,

chlorophyll content, cell number or fluorescence. Rates of primary

production have also been estimated by measurement of oxygen evolution

or uptake of MC.

The 96 hour EC50 limits of five species of diatoms to the commonly

used organochlorine pesticides, DDT and Heptachlor was studied in labo

ratory cultures by Rajaretnam it _a_l_., (1987). The impact of pesticides

on the diatom was measured in terms of population growth, chlorophyll-_a

content and carbon content..:$tatistical characterization of atrazine (herbicide)

induced phtosynthet_ic inhibition of Cyclotelln meneghinianu was reported

by Millie and Hersh, 1987).

In the static algal toxicity tests, toxicants are usually added to cultures

with low numbers of algae and population growth is measured over a

period of time; often 96 hour. Wright (1978) compared the toxicity of

Atrazine herbicide on fresh water algae to other triazine herbicides.

Cain gt_ fill. (1979) compared results of fresh water algal tests to chemical

analyses of effluent from a sewage treatment plant and concluded that
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Toxicity testing with fresh water algae in river Periyar in Kerala

was reported by Joy (1990). The effect of effluent from a fertilizer

factory was studied on two species of unicellular algae to] predict the

probable effect of continued discharge of this complex waste on the micro

phytic flora. EC50 values of the effluent on growth of Nitzchia palea
and Qocystis pusilla were reported.

The acute toxicity of commercial herbicide, Paraquat was determined

by 96 hour static bioassay on the fresh water chlorophytes (Ibrahim, 1990).

The 96 hour ECSO values of Paraquat for reducing growth and metabolic

products of three algae were determined. The three algae and their

test parameters responded differentially to Par-aquat and it was observered

that Paraquat has inhibitory effect on the primary producers.

Abou Waly _e_t El_., (1991 a) reported the growth responses of fresh

water algae Anabeana flos-aguae and Salenastrum capricornutum to Atrazine

and Hexazinone. The EC50 values were calculated for each herbicide‘

at 3, 5 and 7 days.after treatment. The E050 values generally increased
with time.

2.5. BIOACCUMULATIUN STUDIES:

The introduction of gas chromatography in 1952 for residue analysis

made it possible to detect and determine the concentration of organochlorine

compounds in very small quantities. The presence of many pesticides

can be detected at the parts per trillion level. Residues of pesticides

occur in biological and physical components of coastal and oceanic environ

ments and some of the residues have been implicated in degradation of
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portions of these environments. Analysis of pesticide residues indicates

that pesticides can reach non-target organisms in the environment and

give indication of biological reservoirs of pesticides in the environments.

Activated by Rachel Carson's ‘Silent Spring‘, and growing‘ public

anxiety about pollution residue analysts have carried out a large number

of surveys since 1960.

Some algal species show a marked capacity to concentrate DDT

from the surrounding medium, although the degree of accumulation varies

with DDT concentration and the algal species (Sodergren, ‘1968; Vance

Drummond, 1969; Keil and Priester, 1969; Cox, 1970; Rice and Sikka,

1973 b).

Sodergren (1968) studied the mechanism of DDT uptake by Chlorella

sp., and found that 14C DDT at a concentration of 0.6 ppb was rapidly

taken up i.e., within 15 seconds by Chlorella cells." The author concluded

that the rate of penetration of DDT into algal cells was probably equal

to its rate of diffusion in water and noted that DDT accumulation in

the algae in continuous culture induced morphological. changes and cell

clumping.

Vance and Drummond (1969) incorporated higher pp-DD'l‘ concentrat

ion upto 20 ppm in cultures of green and blue green algae. The algae

were generally quite resistant to the toxic effects, eventhough DDT was

concentrated at least 100 fold from the medium. They also degraded

the pesticide to a slight extent. These authors considered that whereas
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algae are generally more resistant than higher members of the food chain

to the effects of chlorinated pesticides, they are very efficient potentiators

of pesticide residues within the food web. Christie (1969) reported the

uptake of DDT, Sevin and malathion on algal populations. Results showed

that degradation of 14C DDT occurred only in the -presence of live algae.
14Uptake of C malathion (100 ppm) was reported by axenic cultures of

Chlorella pyrenoidosa. This species also took _up MC Sevin Carbaryl.

from the medium, but the compound was not altered appreciably by the

alga in acidic medium and above 0.1 ppm inhibited the growth (Christie,

1969).

Keil and Priester (1969) reported that the marine diatom Cylindrotheca

closterium concentrated DDT 190 fold from a medium containing 0.1

ppm of insecticide. In view of their tendency for intracellular storage

of oil, it was considered possible that diatoms might serve as "pick-up"

organisms for oil soluble pesticides, which might then be detoxified (Keil

and Priester, 1969). Like DDT, its metabolite pp-DDE was accumulated

to a high degree by. Chlorella cells, only a small part of added DDE remain

ing in the aqueous medium (Sodergren, 1971).

Regarding the uptake of pesticides from the culture medium, Krikwood

and Fletcher (1970) reported the absorption of MCPB by a unicellular

alga to a greater extent than MCPA. Greatest uptake occurred in

Chlamydomonas globosa an alga of relatively large size and thin cell

wall. They concluded that the uptake of herbicide was optimal at pll

values favouring their movement as undissociated molecules.
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It was reported that DD'[‘ residues in marine phytoplankton increased

from the year 1955 to 1969 (Cox, 1970). DDT and its metabolites were

noticed in all the samples analysed.

Six Species of axenic marine algae, representing four ta‘konomic

division, rapidly took up MC dieldrin but formed no detectable metabolites

of the insecticide (Rice and Sikka, 1973 b). This indicated, as had been

suggested by Menzel _et__a_l_., (1970), that the algae might either incorporate

dieldrin as small particles or that saturation was maintained while the

algae concentrated the pesticide from solution. Total dieldrin uptake

increased with increasing cell concentration (Rice and Sikka, 1973 b),

but uptake was not correlated with number of cells per unit mass. However

Rice and Sikka (1973 b) did not detect any algal metabolites of dieldrin.
4

Photodieldrin has been identified as product of 1 C dieldrin in some micro

bial cultures isolated from dieldrin contaminated lake water (Matsumura

_e_t_ §_1_., 1970).

Uptake of Inethoxychlor (methoxy-l)l)'l‘) by actively growing green

algae and diatoms was reported by Butler _e_t_al., (1975b). They also reported

the uptake of diazinon, another phosphorothionate insecticide and acaricide

by several algae. The cultures of algae removed significant amount of

2, 4, D from a medium containing 0.01 ppm 2, 4, D. But algal degradation

of atrazine was not detected by Butler _e1 _£_1l. (1975b). However, under

optimal light conditions of Scenedesmus absorbed amitrole and metabolised.

Schauberger and Wildman (1977) investigated the bioconcentration

of dieldrin and aldrin, both organochlorine insecticides, in fresh water

blue green algae and found that there was a great difference in uptake
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blue green algae and found that there was a great difference in uptake

among three species. Moreover, they found that the pattern of bioconcen-'

tration ratios of dieldrin and aldrin was different among these three species

However, these differences in uptake could not be related to difference

in toxic effects on the alga.

Polychlorinated biphenyls are considered to be industrial organo

chlorincs. PCB uptake by marine phytoplankton has also been reported

(Harding and Phillips, 1978b) The relationship between cell density and

accumulation of PCB was also investigated.

Glooschenko _et _a_l_., (1979) showed that _Scenedesmus quadricauda

accumulated chlordane at the same rate alive. or when heat killed and

that bioaccumulation was essentially complete ini24 hours. These studies

suggest that bioaccumulation in algae is not affected by rate of cell

growth or metabolism at least for organic compounds.

Usinga model laboratory ecosystem Miyamoto _e_t_§__l_., (1979) showed

that, the bioaccumulation ratio of algae was much greater than for other

representative aquatic organisms for DDT and total DDT residue, which

included the degradation products DDD and DDE. These investigators

concluded that the bioaccumulation ratio may increase with time and

algae may represent a chronic reservoir of contamination by the prolonged

addition of a chemical through food chain to fish.

Adsorption of an organopnosphorus insecticide 'Fenitrothion' by

planktonic and benthic algae was reported by Lakshminarayana and Bourque
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(1980). These studies showed that fenitrothion will be absorbed

or actively taken up by plankton, particularly the phytoplankton.

In a comparative study of the uptake of the organochlorine, DDT

and the organophosphate Fenvalerate by Daphnia, snails. fish and algae

in a model ecosystem, Ohkawa _e_t_ a_l_. (1980) showed that algae had the

highest bioaccumulation ratio for DDT and a’ subsequentially high ratio

for Fenvalerate. The interaction of DDT with two species of fresh water

algae was studied by Goulding and Ellis (1981). Both the algae, Anabaena
14

variabilis and Chlorella fusca accumulated C DDT. Neither alga signifi

cantly metabolized DDT although cells of Q; fusca contained a small
amount of DDE after 480 hour incubation with the insecticide.

The bioconcentration of two polychlorinated biphenyls such as Aroclor

1232 and Aroclor-1248 by live and dead cells of diatom Thalassiosira

rotula has been reported (Murado gt a_l_., 1984). PCBS were concentrated

in ;I‘_._ rotula and metabolic transformation of _PCBs were also noticed.

Accumulation, degradation and biological effects of lindane on

Scenedesmus obliques was reported by Lin-Yi-Xing and Sun-Bo-Zen (1987).

This particular species possess certain accumulatingcapacty for Y-BHC,
1

which is higher at 1 mgl‘1 than at 10 mgl- .

Compared to organochlorine insecticides, organophosphates are

considered to be easily degradable. The capabilities of five algal species

to degrade two organophosphate insecticides, such as monocrotophos and
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quinalphos have been determined (Megharaj _e_t al., 1987)., It is evident

that green and blue green algae are equally potential in detoxifying these

insecticides.

Dhanraj e_t_ _a_l_., (1989) reported on the bioconcentration and» meta

bolism of aldrin and phorate two blue green alga, Anabaena sp.
and Aulosira fertilissima. They showed marked ability to bioconcentrate

aldrin and phorate from culture medium. Aldrin was metabolized to dieldrin

by both blue green algae, but no metabolism was noticed in the case

of phorate.

There are reports about the concentration of different organochlorine

pesticides in the sediments of the Arabian sea --and in the sediments along

the east coast! of India (Sarkar and Sen Gupta, 1987, 1988). Chlorinated

pesticide residues in sediments from the Arabian Sea along the Central

West Coast of India indicated that the residue levels of all the organo

chlorine pesticides detected were in the order : Dieldrin 4 pp — DDD<

op — DUE < pp -_ DD’l‘ < pp - DUE < aldrin <’ I3IlC (Sarkar and Sen

Gupta, 1987). The same investigators reported on the pesticide residues

in the sediments of east coast of India also (Sarkar and Sen Gupta, 1988)

and they reported that apart from DDT and its isomers, residues of gamma

BIIC, aldrin and dieldrin were recorded from a number of places. Their
concentration values are high mainly in river mouths which -indicate that

these pesticides are of land origin.



CHAPTER III



MATERIALS AND METHODS

3.1 ORGANISMS AND THEIR MAINTENANCE

The microalgae selected for the present study were two unicellular

algae and a mixture of microalgae. The two unicellular algae were:

1. Tetraselmis gracilis

2. Dicrateria inornata

Both the strains are from CMFRI Algology Laboratory, and

..are used as live food in aquaculture practices. Taxonomic position of

the selected species are as follows:

Tetraselmis gracilis

Class - Prasinophyceae
Order ' - Prasinocladales
Family - Prasinocladaceae

Dicrateria inornata

Class - Haptophyceae
Order — Isochrysidales
Family - Gephyrocapsaceae

3. Mixture _o_f_ Microalgae

Microalzaal samples were collected from different paddy fields,

and they were enriched with nutrients and allowed to grow in the laboratory,

under culture conditions. This was maintained as mixed culture of freshwater
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microalgae in the laboratory and it was dominated by Chlorophycean

members. Important strains in this culture were:

1. Chlorella ovalis _ Chlorophyceae
2. Scenedesmus indicus - Chlorophyceae

3. Selennstrum gracile - Chlorophyccae. 9 . . . .
at 4. Nitzchla longisslma - Baclllarophyceae. L

3.1.1. Culture condition:

Sea water medium: Prior to preparation of the culture medium the sea

water collected from offshore was allowed to ‘age in carbuoys. Further

sea water was filtered through Sartorius filter paper, and then boiled.

After boiling upto 1000 C, it was allowed to cool down one overnight.

The cool sterilized sea water was then enriched with the proper nutrient’

medium, and this medium was transferred to sterilized culture flasks. How

ever, the cultures were not bacteria free.

Fresh water: For culturing mixed culture of fresh water microalgae. the

freshwater was collected from non-contaminated ponds, filtered and sterilized

As in the case of sea water, the cool sterilized fresh water was then
enriched with the nutrients and transferred to culture flasks.

3.1.2. Culture media:

'l‘he important culture media (Gopinathan, 1982) used for nanoplankton

flagellate culture in the laboratory were:
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1. Schreibers medium

2. Miquels medium

3. Pantastico's medium

4. Walnes or Conways medium
I

|

Among the above media, Walnes medium (Walne, 1974) was found

to be the best for the growth of microalgae. In the present study, Walne's

medium was selected for further experiments.

The composition of Wa1ne's medium is as follows:

Solution A:

KNO3 : 100gm
Naz HPO4 20gm2  gn]
H3BO3 : 33.4gm
Fecl3 : 1.3gm
Mnclz - : 0.36gm
Distilled water : 1 litre

Solution B:

Znclz : 4.2gm
Coc12 : 4.0gm
CuSo4 : 4.0 gm
Ammonium molybdate : 1.8gm
Distilled water : 1 litre
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Solution C:

Vitamin B1. (Thiamine) : 200mg

Vitamin B12 (Cyanocobalamine) 100mg

Each of the chemicals was dissolved separately in 100 ml distilled water.

Solutions A, B 6: C were prepared in different reagent bottles.

Added 1 ml of A. 0.5 ml of B and 0.1 ml of C to 1 litre of filtered and

sterilized sea water.

The salinity of the sea water used to prepare the medium was

30-35 ppt, for culture of Dicrateria inornata, whereas Tetraselmis gracilis

was grown at 20-25 ppt.

Freshwater culture V media:

Modified medium of Ward and Parrish (1982) was used for culturing

the fresh water microalgae.

1. Macronutrients:

NaNo3 6.37g
Mgc12.6H2 o 3°°5g
MgSO4.7H2O = 3-5758
Cacl2.7H2O : 1.1g
K2HPO4 : 0.261g
Distilled water : 1 litre
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Micronutrients

1. CoCl2 : 0.078g/100 ml
C”°12 : 0.9g/100ml

Dilute 1 ml of each to 1 litre for working stock solution.

2. H3BO3 : 0.185g
MnCl2 : 0.264g
FeCl3 : 0.096g
Na3 EDTA : 0.3g
Distilled water 1 litre

To this add 1 ml of each micronutrients - stock solution

3. Na2Sio3 : 1.2g
Distilled water 100ml

The maintenance and test medium was prepared by adding 4 ml

of macronutrie_nt solution and 1 ml of micronutrient stock solution and

1 ml of silicate solution to 1 litre of sterilized fresh water.

The stock culture and experiment cultures were maintained in

'corning' conical flasks plu ed with sterilized cotton. They were maintained8%

in the exponential phase. The stock cultures were used to reculture every

14 days in the case of marine species, and every 7 days in the case of

fresh water mixed culture. All stock and test cultures were illuminated

with day light flourescent tubes. The light :
15was 10 quanta x

-2
14 hours with a mean light intensity of 34.61 x 10

cm x sec-1. The ambient temperature ranged from 27°C to 32° C.

dark period within the chamber
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Aeration was not provided to the cultures. Instead the cultures were shaken

manually to give three to four rotations every now and then to keep them

in uniform suspension. Settling was not noticed for a month in the case

of marine species. But freshwater species showed a tendency to settle

down after one week. Experimental set up was as shown in the photograph
(Plate 1).

3.2. BIOCIDES

Biocides used for the present study come under three categories:

1. Insecticides : 3 Nos
2. Herbicides : 1 No
3. Fungicides : 1 No.
In the addition to these three groups two mixtures of biocides

were also used. They are:

1. Mixture of all the five biocides

2. Mixture of one insecticide ., one herbicide and one fungicide.

1. Insecticides:

There are three important group of insecticides. They are:

1. Organochlorines

2. Organophosphates

3. Carbamates



PLATE 1

a) Experimental set up.

1)) Stock culture

A. 'I‘etr'ase1mi_s_ gy‘e}_ci1is

B. p_i_<3_r_gte_r_i__a__ _i_nprnata

L». Mixed culture of‘ fr-es'm:v.~1ter :11;~;‘:1:2.



PIJATE I
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One insecticide from each group was used for the present study.

'BHC' as organochlorine, 'Nuvacron' as organophosphate and ‘Carbaryl sevin'

as carbamate insectcide. The Herbicide used was 'Gramaxone', and the

fungicide was 'Cuman L'(R). These five biocides were selected for the

present study were purchased from the agrochemical shops. All of them

were commercial grade’. The detailed description about the biocides are

as follows:

1. ‘BHC’: Benzene hexa chloride:— Gamma isomer - (Lindane) - commercial

grade BHC 50 % chemical name — Hexachlorocyclohexane.

2. 'Nuvacron' (Organophosphate) - Monocrotophos 36% SL - Commercial

grade.

Insecticide with systemic and contact action based on Monocrotophos.

Chemical name - Dimethyl Phosphate of 3-hydroxy-N-methyl-cis-crotonamide.

A water soluble organophosphorous concentrate containing 360 gms mono

crotophos as active ingredient in a kg. of product.

3. ‘Carbaryl sevin': Carbamate insecticide - 50% W.D.P. Commercial

grade.

Composition: 1 ..'_ w/W
Carbaryl (A.I.) : (59%
Adjcevants dc carriers : 50%
Chemical Name - 1-Naphthyl N—methyl carbamate »
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2. Herbicide:

4. 'Gramaxone': Paraquat dichloride 24% WSC commercial grade.

Composition: W/W
Paraquat dichloride : 24
Other ingredients : 76

Chemical name - 1-1-Dimethyl—4-4-bipyridilium dichloride

(R)
5. Fungjcide: 'Cuman L‘ . Ziram 27% SC Commercial grade

An organic collodial liquid fungicide containing 270gms zinram

(zinc dimethyl dithiocarbonate) as active ingredient in a kg of product.

Chemical name - Zinc dimethyl dithiocarbonate

3.3. GROWTH MEASUREMENTS

3.3.1. Measurements of cell concentration:

The cells were fixed in Lugol's iodine solution and counted with

a carlibrated Haemocytometer (improved, Neabaur, 0.1 mm deep, fein optic,

made in GDR). Four counts were made from each sample to ensure counting

accuracy and then mean value was taken.

3.3.2. Productivity measurements:

Productivity measurements were made using light and dark bottle

oxygen method (Gaarder and Gran, 1927). From each experimental flask

3 samples - initial, light and dark - were analysed for dissolved O2 contentr
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using Winklers mea-..,-;i. The oxygen values were then converted into

their carbon equivalents.

Productivity as determined by using the formula

mgc/1/hr : 02m] x 0.536
PQ X T

The PQ (Photo synthetic quotient) is 1.25

Gross production, net production and Respiration were calculated

using this method (Strickland and Parsons, 1968).

3.3.3. Determination of quantitative variation of algal pigments bj
Spectrophotometry

\

I

The quantity of pigments was also used as an index of physiological

activity. The concentrations of chlorophylls and carotenoids were estimated

by Spectrophotometric (Spectronic 1001) analysis of pigment extract. For

marine species the pigment values were estimated as described by Parsons

_e_§_ §_l_., (1984). For the estimation of fresh water pigments the method

followed by ' Sartory and Grobbelaar (1984) was used.

A known volume of the culture was filtered through Millipore

HA filters of pore size 0.4 /u. One or two drops of MgCo3 were added
to the sample, while filtering, to prevent acidification. The pigments

were extracted by adding 10 ml of 90% acetone to each filter paper.

The extraction was carried om at low temperature for 20 hours. The

extracts were centrifuged extinction of the clear solution was
measured by Spectronic -zotometer.
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For the estimation of fresh water phytoplankton pigments hot

methanol was used instead of acetone (Sartory and Grobbelaar 1984_).

The absorbance of the clear pigment extract was measured against

the blank at different wavelengths such as 750, 664, 647, 630,’ 510 and

480 n.m. Concentration of various pigments (chlorophylls and carotenoids)

were then calculated using the equation given by Parson's gt _a_1_., (1984).
\

3.3.4. Biochemical compounds:

1. Protein (Dorsey e_t_a_l_., 1978).

Algal cells were collected after centrifugation of the culture and

the algal pellet was washed with an isotonic solution of Ammonium molybdate

The protein was extracted with appropriate reagents at 100°C for 100

minutes. The concentrations and final volumes of the reagents were as

published by Winkfors _et_ §_l_., (1984). After the heated biuret-folin colour

development was complete, this colour was measured in Spectronic 1001

Spectrophotometer at 660 n.m. Protein nitrogen values were determined

by interpolation from a standard curve obtained with prepared solutions

of bovine serum albumin. Total protein was then calculated using a conver

sion factor of 6.25 generally accepted for most algal species (Dorsey gt §_l_.,

1978).

ii) Carbohydrate (Kochert 1978)

Carbohydrate determinations were made using phenolsulphuric acid

method for analysis of algae as reported by Kochert (1978), based on proce

dures developed by Dubois _e_£§__1_«. (1956).
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Algal culture samples were collected and washed with isotonic

solution by repeated centrifugation. Cells to be analysed were then homo

genized in 1 ml 80% sulphuric acid as in Myklestad and Haug (1972), and

the total amount of carbohydrate in the solution was measured by the

phenol sulphuric acid method using glucose as standard.

3.4. ALGAL BIOASSAY PROCEDURE

Each species of microalgae was exposed to the pesticides in various

concentration to study the effect of pesticides on each microalgal species.

Short term bioassay test was almost always of the static type (Reish and

Oshida, 1986).

Initially a wide range of pesticide concentrations were used to

determine the effect on the microalgae by using the method - range finding

test, as outlined by Ward and Parrish (1982) and Reish and Oshida (1986).

Using the results of range finding test, pesticide concentrations of the’

narrow range_ were prepared and its effect on each microalgal species

was determined ' using - Definitive test (APHA, 1980).

All the tests were conducted as follows: clean, sterilized 500
ml conical flasks were filled with 200 ml of culture medium. Then the

required strength of pesticide was added to the medium by using micro

pipett. While transferring the pesticide solution, the pipetts were rinsed

with the pesticide solution of particular conentration prior to delivery

in order to obtain good reproducible aliquots. After the pesticide concent

ration was added, known number of microalgal cells were inoculated from
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a stock culture of exponential growth phase. The contents were hand

shaken and incubated. Each concentration was established in triplicate.

Control was also maintained of the same volume used for the test. All

the cultures were periodically hand shaken to keep the cells in suspension.

3.5. BIOACCUMULATION STUDIES:

Onlyione insecticide - organochlorine, 'BHC' was selected for the

study of bioaccumulation by the microalgae, - Tetraselmis gracilis. The

method followed by Schauberger and Wildman (1977) was adopted to find

out the bioaccum ulation of the organochlorine insecticide.

The alga was harvested by centrifugation, lyophilized to ensure

uniformity among samples and extracted 3 times with 2.5ml acetonitrile.

An equal volume of 2% aqueous Na2So4 was added to the collected super-.
natant. The mixture was extracted 3 times with 2 ml hexane. The extracts

were evaporated to 1 ml under nitrogen.

Clean up procedure: ‘

A glass column of size 200 mm x 14 mm was packed with florisil

and anhydrous Na2SO4 (1 : 1). After elution with 200 ml 6% ethyl ether/

petroleum ether (v/v), and then with 200 ml 15% ethyl ether/petroleum

ether (v/v), the elute was evaporated to 1 ml on a steam bath.

Chromotographic analysis was performed on a Chemito-8510 Gas

chromotograph equipped with 1 bar stainless steel column packed with

5% SE 30, and Ni 63 as electron capture detector and nitrogen as carrier gas
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The operating temperatures for the various components of the

gas chromatogram were as follows:

Oven temperature 2000 C
Injector temperature 230°C

0Detector temperature 250 C

Thre bioaccumulation of the organochlorine pesticide was find

out using the formula given by AOAC (1984).

Each Conc.of Peak size U Stdresidue = Std. X of sample X / L ‘ X Dilution volume
ppm. ( ug/ml) Peak size U sample Weight of sample/ / Lof standard

3.6. PHOTOMICROGRAPHY

In order to understand the morphological deformities of microalgal

cells as a result of biocide treatment, photomicrographs were taken. The

photomicrographs of the algal cells which were fixed in 50% glycerine,

were taken on Olympus Universal Research Microscope (Vonvox model

P.M. 10 A.D.) equipped with an automatic exposure system. Kodak colour

film was used for taking photographs (Kodak colour 35 mm 100 ASA).

3.7. STATISTICAL ANALYSIS

The effective concentration of biocide that would inhibit the growth

of test algae by 50% as compared to control growth as EC50 and was
calculated by probit procedure using computer (SAS Institute, 1985). The

advantage of probit method is that it provides a more reliable statistical
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treatment of data (Reish and Oshida; 1986).

In order to understand the effect of various concentrations of

different biocides and their mixture on three microalgal culture, .two way

analysis of Variance (ANOVA) technique was employed (SnedecorandCochran,

1967) and the F value was taken at 5% and 1% significant level. In Anova

Tables, different concentrations of toxicant were considered as treatments,

and between days as replicates.



CHAPTER IV



RESULTS AND DISCUSSION

4.1. RESULTS or 96 HOUR BIOASSAY TESTS - EC VALUES- or 3
_BIOCIDES FOR 2 sracias or MICROALGAE IN CUI5.»q‘URE

I. Organophosphate insecticide - 'Nuvacron'

a) Population growth

Table 1 shows that the population growth of Tetraselmis gracilis and

Dicrateria inornata decreased with increasing concentration of 'Nuvacron',

while low concentration enhanced their growth.

In the case of _'l:_._ gracilis after 24 hours of growth in 25 and 50 ppm

concentration of 'Nuvacron' showed an increase of 5.9% and 2.2% over

control, and when it reached 125 ppm, a reduction of 78.26% growth was

observed. The EC50 value was 94.4 ppm. After 48 hours of growth the

EC50value; was 75.5 ppm. After 72 hours of growth, the EC50
further decreased and reached 74.9 ppm. After 96 hours of growth the

value

EC50 value remained static at 74.99 ppm.

Dicrateria inornata also showed enhanced growth over control at 25

and 50 ppm, throughout the 96 hour period. On a population growth basis,

the EC50 values calculated were, 79.43, 81.28, 74.99 and 74.13 ppm for
24, 48, 72 and 96 hour respectively.
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b) Net carbon production

Table 2 shows the net carbon production at different concentrations

of 'Nuvacron' for L gracils and D inornata. As in the case of population,9::

growth, the carbon production was also found stimulated at the lower

concentration of 25 ppm 'Nuvacron' in j‘_._ gracilis and _§_)_._ inorn_ata.4-‘Q-o

I_._ gracilis showed an increase by about 6.34% carbon production over

control at 25 ppm after 24 hour growth. At125 ppm concentration of

'Nuvacron', this species showed no carbon production, after 24 hour. But

afterwards the same concentration showed low values of carbon production.

The EC values calculated were 74.98, 75.85,. 68.39 and 69.43 ppm for50

24, 48, 72 and 96 hour respectively.

In the case of _l_3_._ inornata, 25 ppm concentration showed an increase

in carbon production in all the 4 days. But the percentage increase was

varying. At 125 ppm concentration this species did not show any carbon

production upto 48 hour. On net carbon production basis, EC50 values
of 'Nuvacron' were'54.33, 61.66, 66.07 and 68.39 ppm for 24, 48, 72 and

96 hour respectively.

c) Pigment production

In 25 ppm concentration of Nuvacron :l‘_._ gracilis showed a little stimula

tion of only 3.6%, increase in chlorophll a_ production. In the case of

chlorophyll b 9.4% increase was observed at 25 ppm concentration. But

in the case of _l'.]_.__i_r1<_)_r'_t_1_at_a under all concentrations tested, the 'Nuvacron'

lowered the chlorophyll content (Table 3 and 4a).
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EC50 values for inhibition of chlorophyll a content by 'Nuvacron'

were 91.2 and 62.66 ppm for  gracilis and 2; inornata respectively. This

result shows that _D_._ inornata is more sensitive compared to  gracilis.

For chlorophyll b_, which is specific for _'I;_ gracilis, the EC value was50

89.13 ppm, showing that chlorophyll _t_)_ was more sensitive to 'Nuvacron'

than chlorophyll a_ in _’l:._ gracilis. For chlorophyll _c_, which is an accessory

pigment of 2; inornata, the EC50 calculated was 45.71 ppm.

II. Herbicide - 'Gramaxone'

a) Population growth

Table 5 shows that the population growth of _'l_‘:_ gracilis and _I_)_._ inornata

decreased with increasing concentration of 'Gramaxone', while low concent

ration of about 0.1 ppm enhanced their growth.

A concentration of 0.1 ppm of ‘Gramaxone' showed an increase by

13.68% in the growth of I_._ g_r_a_c_i_l_i_s during a period 24 hours. After 48

hour, the percentage stimulation decreased reaching 4.21%, and after 72

and 96 hour no stimulation in growth was observed. EC50 values calculated

were 0.987, 0.904, 0.707 and 0.841 ppm for 24, 48, 72 and 96 hour

respectively.

_l?_._ inornata showed an increase of about 5.05% in its growth at 0.1

ppm after 24 hour. But after 48 hours the percentage stimulation-decreased

as in the case of ’_l‘_._ gracilis. But unlike the case of :l‘_.__gracilis, the parti

cular species showed that EC50 values decreased with the number of days

Of gl’0Wth- The EC50 values of 'Gramaxone' were 0.799, 0.72, 0.564 and
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and 0.443 ppm for 24, 48, 72 and 96 hours respectively.

b) Net carbon production

Table 6 shows the effect of different concentrations of 'Gramaxone'

on net carbon production by the two species of microalgae.

_'_I‘_._ gracilis showed an increase in carbon production by about 18.22%

over control at 0.1 ppm concentration of 'Gramaxone' after 24 hours of

growth. After this period no increase in production was observed. The

same species did not show any carbon production at 1.6 ppm concentration

after 24 hour period, but afterwards very little production was observed

in this particular concentration. The EC50 values calculated for net carbon
production were 0.756, 0.432, 0.383, 0.441 ppm for 24, 48, 72 and 96 hour

respectively.

In the case of _I_)_._ inornata about 30.77% increase in carbon production

was observed at 0.1 ppm concentration after 24 hours of growth. But

at 1.6 ppm concentration no carbon production was observed. The EC50
values calculated for net carbon production were 0.423, 0.305, 0.335 and

0.255 ppm for 24, 48, 72 and 96 hours respectively.

c) Bigment production

The ‘Gramaxone' at 0.1 ppm concentration stimulated the pigment

production of gracilis upto 4.4% over control. But other concentrations

tested showed, no stimulation in pigment production (Table 3 and 4b).
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The 96 hour EC50 values calculated for _chlorophyll _a_ were 0.510 ppm

for _T_._ gracilis and 0.518 ppm for _I_)_._ inornata. It showed that almost

the same concentration of‘Gramaxone" caused 50% inhibition of chlorophyll a

production in the two species of microalgae (Table 3a). In the case of

I)_._ inornata unlike in the case of :I‘_._ gracilis no stimulation of pigment

production was observed. It was found that the pigment production was

observed. It was found that the pigment production decreased as the toxi

cant concentration was increased.

50 value calculated was 0.494 ppm

for chlorophyll b_. In the case of _l_)_._ inornata the EC

For T_._ gracilis, the 96 hour EC

50 value for chlorophyll

_c_ production was 0.395 ppm

(R)III. Fungicide - 'Cuman' L .

a) Population growth:

Table 7 shows the effect of various concentrations of fungicide

on population growth of two species of microalgae.

In the case of _'_I‘_._gr_ac_:_il_is._, 0.005 ppm concentration caused a stimu

lation in growth by13.27% over control after 24 hour period. After that

no stimulation of growth was observed for any concentration of fungicide

tested. There was a gradual decrease in the EC values with time. i.e.,50

0.045, 0.024, 0.02, 0.02 ppm for 24, 48, 72 and 96 hour respectively.
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_I_)_._ inornata showed no stimulation of growth even at very low

concentrations of fungicide. The rate of reduction of growth increased

with increasing concentration of fungicide. The ECSO values calculated
were 0.026, 0.022, 0.018, and 0.016 ppm for 24, 48, 72 and 96 hour

respectively.

b) Net Carbon production

Table 8 shows the effect of fungicide on carbon production of

two species of microalgae.

_’I;._ gracilis showed an increase in carbon production at 0.005 ppm

concentration of fungicide. After 48 hours, the increase was about 27.3%

But at 0.08 ppm concentration no carbon production was observed. The

EC values calculated were 0.018, 0.018, 0.015 and 0.016 ppm for 24,50

48, 72 and 96 hours respectively.

_Q._ inornata showed that under all concentrations tested, 'Cuman

L.(R))1owered'the carbon production. At 0.04 ppm no carbon production

was observed after 24 hours of the experiment. Afterwards low values

for carbon production was observed at 0.04 ppm concentration. But for

0.08 ppm concentration no carbon production was observed throughout

the 96 hour period. The EC50 values calculated were 0.005, 0.007, 0.007
and 0.009 ppm for 24, 48, 72 and 96 hour respectively.

c) Pjgment production:

Table 3, 4a and b shows the effect of fungicide 'Cuman L(R)

on the pigment production in the two species of microalgae.
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_T._ gracilis at 0.005 ppm concentration showed an increase of 11.39%

pigment production over control after 96 hours of growth. For all other

concentrations tested, a gradual devcrease in production was observed.

The 96 hour EC50 values calculated for chlorophyll _a_ were 0.021 ppm for

'_I‘_. gracilis and 0.006 ppm for _I_)_._ inornata (Table 3).

The 96 hour EC50 value of\Cuman lSRi‘or chlorophyll _t3 production

in  gracilis was 0.025 ppm (Table 4a). The 96 hour EC50 values of
Cuman L(R) for Chlorophyll _c_ production in P_._ inornata was 0.007 ppm

(Table 4b).

Comparison of EC values calculated from population growth and net50
carbon production

Table 9 gives a comparison of EC values calculated from population50

growth and net carbon production between the two species of microalgae.

In the case of 'Nuvacron' the EC50 value calculated for growth
was higher than that calculated for production studies. It shows that

' production was the sensitive parameter compared to growth.

With the herbicide 'Gramaxone', the EC50 values calculated for
growth, and net carbon production was found varying. The concentration

of 'Gramaxone' that inhibited 50% growth decreased upto 72 hour period,

but subsequently it showed an increasing trend. The same was the case

with production also. The 96 hour EC50 value calculated for population
growth was 0.841 ppm and that for net carbon production was 0.441 ppm,

showing that the production was affected much more than population growth.
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(R)
But coming to Fungicide 'Cuman L ,’ the population growth Studies

showed that there was a gradual decrease in the E050 values from 0.045

ppm to 0.02, ppm (24 hour to 96 hour). The EC values calculated for50

production was found to be lower than that calculated for population growth.

The microalgae __l2_._ inornata showed that EC value calculated50

for growth was higher than that calculated for production studies with

the insecticide 'Nuvacron'. The EC50 value calculated for net carbon
production was found to be increase with age of culture i.e. from 54.33

ppm (24 hour) to 68.39 ppm (96 hour).

The EC50 values calculated for 'Gramaxone' was found to decrease
with the age of culture, i.e. from 0.799 ppm for 24 hour to 0.443 ppm

for 96 hour. The EC50 values obtained for production studies was less
than that was obtained for population growth, the respective values being

0.255 ppm and 0.443 ppm.

(R)‘With the fungicide 'Cuman L , the particular concentration which

inhibited the growth of the microalgae  inornata to about 50% was found

to decrease with the age of culture, i.e.. from 0.026 for 24 hour to 0.016

for 96 hour. But during production studies it was found to increase with

the age of culture i.e. from 0.005 to 0.009 ppm. In this case also EC50
value calculated for production studies was less than that calculated for

population growth.
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These data revealed that in almost all cases production was found

to be the sensitive parameter compared to populationgrowth

96 hour EC50 values of three biocides - for growth, production and
chlorophyll 'a' of two species of microalgae:

Table 10 shows, the 96 hour EC50 values of three biocides for
three parameters in the two species of microalgae. It was observed that

for each biocide tested the 96 hour EC50 values were higher with respect

to  gracilis showing that  gracilis was the resistant species than 2_._

inornata. 'Nuvacron' at 74.99 ppm reduced 50% growth in '_I‘_._ gracilis,

but in _l2.__in_<_>_r_n_a_t_a 50% growth inhibition took place in 74-.13 ppm. Same

was the case with production and chlorophyll. In I.__gracilis 50% reduction

in carbon production was observed .at 69.43 ppm" but EC50 value for

the depression of Chlorophyll 3 was 91.2 ppm. In the case of _D_._ inornata

EC50 value for production was 68.39 ppm and that for chlorophyll 3 was
62.66 ppm.

/
For the herbicide 'G,ramaxoné, 96 hour EC values alculated for50

three parameters of growth, production and chlorophyll a content respectively‘

for ;l‘_._ gracilis were 0.841, 0.441 and 0.51 ppm. But for E; inornata it

was 0.443, 0.255, and 0.518 ppm for growth, production and chlorophyll

'_2_a content respectively.

For fungicide \Cuman L.(R)," the 96 hour EC50 values calculated

for three parameters of growth, production and chlorophyll _a,  ggacilis

showing that production was the sensitive parameter, and chlorophyll g
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was found to be resistant among the three. But, for Q; inornata it were

0.016, 0.009 and 0.006 ppm for growth, production and chlorophyll a content

showing chlorophyll a_ as the most sensitive, and-‘growth the most resistant

parameter among the three tested.

DISCUSSION

Short term static type of bioassay experiments on microalgae are

of much value in assessing their response to various concentration of biocides.

Such experiments will provide first hand information concerning health

status of an aquatic environment under stress from pollution. To understand

the pesticide effect precisely and for the assessment of toxicity, Walsh

and Alexander (1980), Walsh and Merril (1984), Ibrahim (1983, 1990). Rajaretnam

_e__t_ §_l_. (1987) have suggested the use of more than one parameter in algal

bioassay tests.

The three biocides tested here, i.e, 'Nuvacron', ‘Gramaxone' and

'Cuman L(-1,1) affected growth, carbon production and pigment content of

two species of microalgae. The results showed that the growth of ;l‘_._

gracilis and _I_)_._ inornata was stimulated in low concentration of biocides

except for fungicide with P_._ inornata. Literature on algal stimulation

by the toxicants are scanty. Ibrahim (1983), showed that low concentrations

of pesticides stimulated growth and metabolic products of Phaeodactylurn

tricornutum, a phenomenon that was reversed at high concentration.

Rajaretnam _e_t_ _al_., (1987) observed that the growth of Chaetoceros didynus

and Thalassiosira nitzchoides was stimulated in low concentration of DD'l‘

and Heptachlor. The capacity of certain toxicant to stimulate the algal
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growth leads to the assumption that the microalgal species investigated

here, particularly _T_. gracilis had the ability to metabolize the toxicants

and the resulting products or metabolites may act as some kind of nutrient

for the growth of algae. This confirms the findings of Butler _e_t_al_.. (19753)

who speculated that certain algal strains might metabolize the pesticides.

Rath and Misra (1981) also report that algae could utilize the elements

of insecticides or its biodegraded metabolites.

Population growth inhibition is a reasonable determinant of toxic

affects (Fisher and Frood, 1980). In the present study, the growth of

the two microalgal species tested was inhibited with the increase of toxicant

concentration. Eventhough some growth stimulation was apparent in low

concentration of biocides, higher concentrations invariably affected the

growth of the microalgae.

The data obtained reveal that the herbicide - 'Gramaxone' and
(R)fungicide 'Cuman L. were more toxic than, the organophosphate insecticide

- 'Nuvacron'. This .is in confirmatory with the findings of Ukeles (1962)

in that, among the wide range .of pesticides screened, organophosphorus

compounds were found to be relatively non-toxic to marine phytoplankton.

Christie (1969) also observed that 100 ppm 'Malathion' - an organophosphate

insecticide had little significant effect on the green alga.

Carbon production which is another parameter tested here, varied

with increasing concentration of biocides tested. With some exceptions

the production was severely affected than the population growth of the

two species of microalgae (Table 8). As in the case of population growth
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studies, the insecticide 'Nuvacron' was found to be less toxic compared

<R>,_ (R)to 'Gramaxone' and 'Cuman L. 'Cuman L. , the fungicide, was found
to be the most toxic biocide tested. 'Cuman L.(R) at 0.016 ppm for '_I‘_._

gracilis and 0.009 ppm for  inornata caused 50% reduction in carbon

production after 96 hour period. Eventhough there are reports about algal

bioassays, almost all investigators have reported on the parameters like

growth, pigment content, protein content etc. (Rajaretnam gt _a_l_., 1987,

Ibrahim, 1983, 1990). Reports about the effect of toxicants on carbon

production are very rare. Walsh and Merril (1984) made observations of

rate of primary production in bioassay studies. Hersh and Crumpton (1989)

reported EC50 values based on photosynthesis - oxygen evolution.

In bioassay studies the amount of pigment content of test organism

has been an important parameter. Chlorophyll _a, b_ and _c content in biocide

treated cultures was lower than in controls except for '_l‘_._ gracilis. In

L gracilis the lower concentration of the three biocides tested showed

an increase in pigment production. Similar results have been reported

by Francois and Robinson (1990) who observed slight ‘stimulation of chloro

phyll at the lowest concentration of the herbicide tested. They concluded

that strong stimulation in chlorophyll synthesis which was observed with

herbicide exposure was a tolerance mechanism.

But for _l2_._ inornata all the concentrations of toxicants tested showed

decrease in chlorophyll values. The percentage inhibition exhibited by chloro

phyll was slightly higher than that exhibited by population growth in the
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particular biocide concentration. The low concentration of 'Nuvacron'

and 'Gramaxone' stimulated the growth rate of 2; inornata, but the pigment

estimation showed inhibited response. This was mainly due to the reduced

concentration of chlorophyll content per cell in treated cells. This confirms

the finding of Rajaretnam g_t_a_l_., (1987).

Bioassay tests with herbicides using microalgae have been already

reported (Walsh, 1972, Hollister and Walsh 1973). Green algae are very

suspectible to the herbicide-atrazine. Its EC values ranged from 0.0650

to 0.16 mg/l (ppm)

The herbicide\Gramaxone’(Paraquat) which has been used in the

present investigations was already tested with chlorophytes and the results

reported by Ibrahim (1990). The 96 hour EC50 values of Paraquat were
determined for growth and metabolic products in the three algae. The

96 hour EC50 values calculated for each species were low compared to
the values reported here. That may be because of two reasons. One

reason is that the species is different. Another reason is that\Gramaxone’

used was a local product. Ibrahim (1990) used the Gamaxone that contained

40% paraquat and 10% of a mixture of two detergents Lissapol NX and

DS 4392 or Ethomene 525. The‘Gramaxone’ used in the present studies

was a commercial grade purchased from a local agrochemical shop and

it contained 24% water soluble concentrate and 76% other ingredients.

Among the three biocides tested here, the fungicide 'Cuman L(R)'°

was found to be the most toxic one. Bioassay tests with fungicides using

microalgae are very rarely conducted. However, there are a few reports
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about the effect of fungicide on microalgae (Ukeles, 1962; Harris _<_e_t_ _a_l_..

1970; Somasekar and Sreenath (1984). Kosawska and Falkowski (1984)

reported that the effect of organic fungicide Dithane M45 depressed 50%

cell multiplication and total inhibition of production of chlorophvll a at

0.2 ppm to 0.6 ppm in Chlorella and Scenedesmus and at 2 ppm in An_a_ey_s__ti_s_

nidulans.

The present study showed that the EC values with respect to50

each biocide and algal species may vary (Table 8). N.uvacron with Tetraselmis

gracilis showed that EC50 values for growth decreased with time. But,

for production estimation, the EC50 value was not showing any definite

trend. The same insecticide with _l_)_._ inornata showed that with respect

to growth, the EC50 values increased with time upto 48 hour, afterwards
it was decreased. But, for production, EC value increased upto 96 hour.50

'Gramaxone', the herbicide tested here with _’_I‘_._ gracilis showed

that EC50 value decreased with time upto 72 hr and then increased after

696 hour. The same was the case with production also. But _I_D__._ inornata

with the same herbicide showed that EC50 values decreased gradually with

the age of culture upto 96 hour of growth. The same species for production

estimation did not show any gradual decrease.

With the fungicide\Cuman L(R),’ the growth in :I‘_._ gracilis showed

gradual decrease in the time. But, for production, no such phenomenon

was observed. The same fungicide with  inornata showed an interesting

result in that the EC50 value decreased with time for growth but increased
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with time for production. Thus the present investigation shows that there

is no rule in respect of,EC values with time. However, Walsh (1983)50

reported increased EC50 values on each day after exposure, except for
Chlorella sp., in which the values for third and fourth days were not_statisti

cally different, which suggested that physical, chemical or biological factors

either singly or combination may affect toxicity in static algal tests with

pesticides. He concluded that since the purpose of toxicity tests is to

detect toxicity without consideration of fate of toxicant, EC50 values‘
derived on the second day of exposure in acute tests was the best approxi

mate toxicity. After 2nd day, the fate of toxicant become important

in assessment of toxicity. Toxicants may decompose or adsorb to the

glass walls of exposure vessels. Certain pesticides may be degraded or

metabolized as reported by Butler gt §_1_., (19753 and Rath and Misra (1981).

These metabolites may act as nutrients or as more toxic substances than

the parent compound.

Abou Waly g£_&_1_- (1991 a) concluded that the EC values generally50

increased with time except for one species Salenastrum capricornutum

with the herbicide Atrazine, where there was a gradual decrease of EC50
value with time.

The present study revealed that there was variation in growth

responses of two species with three biocides ('l‘able 10). These observations

were in conformative with those of Ibrahim (1983, 1990) and Rajaretnam

_e__t_ _q]_., (1987). The 50% effective dose values reported by several authors
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varied greatly, such varied responses may be due to the interspecific differ

ences of the test organism (Menzel _e_2_t_ a_l_., 1970, Mosser §_t_ _al_., (1972a,b),

Fisher _e_t al_., 1974). The amount of inoculum and the duration of exposure

period determine the EC50 values, because a very high initial inoculum
can markedly reduce the degree of inhibition (Goulding and Ellis, 1981).

The data also revealed the wide range of responses of the test

algae to the biocides within the same species. This agrees with the findings

of Hollister and Walsh (1973) who observed the same variations in the

case of herbicides on algae. They suggested the use of several species

from different families in algal bioassay studies to obtain a realistic data.

The wide variation in EC5 values for population growth, carbon0

production and pigment content of the two microalgae tested with each

biocide lead to the conclusion that the chemical constituents of algae

should be taken into consideration in algal bioassay testswith the toxicants

"to obtain a complete picture of their toxic effects. These type of bioassay

studies can be extended to other marine and fresh water algae



TABLE- .1. EC50 values of an organophosphate insecticide 'Nuvacron' on - population growth of microalgae.

Test organismsDuration of Observations A
Expemment Tetraselmis ggacilis Dicrateria inornata

‘ Nuvacron concentration ppm
0 25 '50 75 100 125 0 25 50 75 100 125Number of cells _ °

X 104/ml 9.2 9.75 -9.4 6.65 4.00 2.00 19.2 _ 20.8 19.4 10.0 7.4 0.8

96 response 100 105.9 102.2 72.3 43.8 21.741100 108,3 101,0 52,1 33,5 4,2
24 Hour 96 increase(+)/ + " + — - - + + - - decrease (-) 0 5.9 2.2 27.7 56.52 78.26 0 8.3 1.0 47.9 61.5 95.8

13050 99”‘ 94.4 79.43
l‘_¥' 'n1£P'er of cells
x 10 /r‘n‘_1=  21.6 21.8 21.7 11.9 6.2 2.9 34.0 36.8 34.2 19.8 12.8 1.0

48 Hour‘ 96 response 100 100.9 100.5 55.9 28.7 13.43 100' 108.2 100.5 58.2 37.7 2.9
% increase(+)/‘ -+ + _ _ _ + + _ _ _decrease(-) 0 0.9 0.5 44.1 71.3 86.57 0 8.2 0.5 41.8 62.3 97.1E050 ppm 75.5 81.28

Number ofi~ce1ls

x 104/ml 36.5 37.0 36.0 20.1 10.2 3.2 58.0 59.8 58.2 30.0 19.9 1.2
Y2 hour 96 response 100 101.4 98.6 55.07 27.95 8.76 100 103.1 100.3 51.7 34.3 2.1

% increase (+)/ ‘ + _ __ , - + + - .— —decrease (-) 0 1.4 1.4 44.9 72.05 91.24 0 3.1 0.3 48.3 65.7 97.9

13050 ppm 74.9 74.99
Number‘ of cells

4310 /"‘1 47.0 47.8 40.0 28.5 18.0 5.8 75.0 76.1 75.1 39.8 28.2 1.4
00 Hour ‘A3 response 100 101.7 85.11 60.63 38.29 12.34 100 101.3 100.1 53.1 37.6 1.86

‘*3 i"0“e"se WI’ 0 +1.7 14.89 39.31 81.71 87.66 0 +1.3 +0.1 411.9 62.4 08.11
decrease (-)

EC5.,r1iIi1 74.99 71.13
L up.-_g—__...._..- 



TABLE-2. EC50 values of an organophosphate insecticide 'Nuvacron’ on net carbon production of rnicroalgan.

Test organisms
Duration of Observations

Experiment Tetraselmis gacilis Dicrateria inornata
.| Nuvacron concentration ppm
0 25 50 75 100 125 0 25 50 75 100 125Net carbon .production .,

‘.7180/1/hr. 0:043 0.045 0.033 0.028 0.008 0 0.049 0.052 0.038 0.025 0.011 0
95 P9390059 100 106,34 76.53 65.96 18.77 0 100 106.7 77.71 51.94 22.69 024 Hour + _ _ _ . + _ __ ..
% 1nerease(+)/ 0 6.34 23.47 34.1 81.23 0 0 6.7 22.3 48.06 77.31 0decrease H 
E050 ppm 74.98 54.33
Net carbon
production
"7853/1/ht‘ . 0.0653 0.071 0.057 0.039 0.010 0.006 0.088 0.089 0.060 0.038 0.016 0

48 Hour 96 response 100 108.7 87.44 59.7 15.31 9.18 100 102.3 68.26 43.23 18.54 0
75 «'nc1¢cLse(+)/' + - _ _ _ . + _ _ _decreqsep) 0 8.7 12.56 40.3 84.6 90.8 0 2.3 31.74 56.77 81.46 0

E050 ppm 75.85 61.66
Net carbon
production
mgc/I/hr 0.13410.164 0.098 0.064 0.018 0.008 0.135 0.138 0.098 0.060 0.034 0.006

72 “°”” % ’e59°“Se 100 122.4 73.08 47.73 13.42 5.97 100 109.4 72.16 44.18 25.04 4.49% increase (+)/ + - — - - + - - - 
decrease (-) 0 22.4 26.92 52.3 86.58 94.0 0 9.4 27.8 55.8 74.96 95.51

EC50 ppm 68.39 66.07
Net carbon

firgglilcmn . 0.196 0.208 0.151 0.088 0.062 0.02 0.216 0.204 0.163 0.108 0.048 0.008

95 Hour 95 response 100 106.12 77.04 44.89 31.63 10.2 100 103.4 75.5 49.9 22.2 3.69

:§3CL.i:.1.,C.,r.(.3.,nS((i)(+)/ 0 +6.12 212.98 55.11 -88.37 89.8 0 +3.4 -213 *50.1 77.8 96.1ppin 69.43 68.30EH30
.—._. 66}: ._...4.___..... *--.._. .- ‘.._—....__....--._..___.._._.—..-_ _ — ¢



TABLE-3. ECSO values of three biocides on Chlorophyll '_a_' content of microalgae.

(1) Organophosphate Insecticide - 'Nuvacron'.

Test OrganismsObservation , _ , 7- _ _ - ---Tetraselmis gracilis Dicrateria inornata __
'Nuvacron' concentration (ppm)

0 25 50 75 100 125 0 25 50 75 100 125‘-- .0
Chlorophyll '_a_'

/ug/l 1232 1276 1120 846 514 228 439.5 371.6 343.8 208.8 118.8 20.8
% response 100 103.6 90.9 68.67 41.72 18.50 100 84.55 78.23 47.50 27.04 4.7% increase (+)/ + - - - - - - - - _ decrease H 0 3.6 9.1 31.33 58.28 81.5 0 15.45 21.77 52.50 72.96 95.3

.8050 (ppm) 91.20  62.66 ‘ J' L.
'(2) Herbicide - 'Gramaxone' 

Test Organisms #1
Tetrase1n_n.r~; ggicilis - _ l H ' ‘ ‘ Uicrateria inornataObservation ‘ Gramaxone Concentration (ppm)- ___0 0.1 0.2 0.4 0.8 1.6 0 0.1 l 0.2 0.4 0.3 1.6

Chlorophyll jg: '
/ug/1 1154 1169 905.7 721.9 318.9 226.7 422.3 404.0 317.3 290.8 156 37.5
% response 100 104.4 78.5 62.6 27.6 19.6 100 95.7 75.2 68.9 36.9 8.89% increase (+)/ + - - - - - - ‘ - - - 'decrease H 0 4.4 21.5 37.4 72.4 80.4 0 4.3 24.8 31.1 63.1 91.1

EC50(ppm) 0.51 0.518
(3) Fungicide - 'Cuman L(R)' _ ‘ 1Test Organisms _

Tetraselmis gracilis - - Dicrateria inornata
0b5e"V3ti°“ Cuman Lm) Concentration (ppm)

0 0.005 0.01 0.02 0.04 0.08- 0 ()_005 0.01 0.02 0.04 0.08

Chlorophyll
/ug/l 1233 1373.7 1190.8 528.8 93.4 56.3 428.8 248.9 104.3 38.61 20.8 0
% response 100 111.4 96.6 42.9 7.6 4.6 100 58.05 2-1.3 9.0 4.33 0 I
% increase (+)/ _ - - — — —— ' édecrease 0 11 1 3.4 57.1.3 9'2. 1 95.4 0 -11.95 75.7 91.1) E.i;'.~.1;3 U

JiC50(ppm) 0.021 J 0.0013



TABLE-4a. BC50 Values’ of three biocides
on Chlorophyll '_b_'

TABLE-4b. EC50 values of three biocides
on chlorophyll 'c'

(1) 'Nuvacron' (1) vNuvac[.On1
Tetraselmis ggacilis Dicr3.t.e.[ia- ino,~na_t£

Observations N . Observations_ uvaeron concentration (PPm) Nuvacron concentration (ppm)
0 25 50 75 100 ‘125 0 25 50 75 100 12.3

Chlorophyll Chlorophyll
‘b’ /ug/l 786 938. 716 .527_ !318 I58 _ ‘c’ /ug/1_ 134.7 92.2 82.3 58.8 18.4 0
% response 100 119.4 91.1 67.05. 40.46 20.10 % response 100 68.5 61,1 43.7 13.66 0
% increase(+)/ + — - .. - % increase(+); .. _ -- 
decrease (-) 0 9.4 8.9 32.9 59.5 79.9 /decrease(-) 0 31.5 ' 38.9 56.3 86.34 0

EC50(ppm) 39.13 EC50 (ppm) 45.71
(2) ‘Gramaxone’ (2) ‘Gramaxone’

Tetraselmis gracilis Dicrateria inornataObservations Observations '
Gramaxone concentration(ppm) Gramaxone concentration (ppm)
0 0.1 (0.2 0.4 0.8 1.6 0 0.1 0.2 0.4 0.8 1.6

Chlorophyll Chlorophyll
'b' /ug/1 986.9 '985.6 880.8 _'477.6 277.6 110.6 ‘c’ /ug/1 129 110.3 82.1 70.7 42.3 16.2
% response 100 99.9 89.2 48.4 28.1 11.2 96 response 100 85.4 63.5 54.7 32.7 12.6

I96 increase(+) - - - - — 96 in_crease(+) - - - - 
/decrease(-) 0 0.14 10.8 51.6 71.9 88.8 /decrease (->10 14.6 36.5 45.3 67.3 87.4

EC50(ppm) 0.494 EC50(ppm) 0.395
JL-..-- _ _

(3) ‘Cuman L(R) (3) ‘Cuman L(m
Tetraselmis gacilis Dicrateria inornata

Observations
Cuman L concentration (ppm) Observation Cuman L Concentration (ppm)

0 0.005 0.01 0.02 0.04 0.08 0 0.063 0.01 0.02 0.04 0.089 cu-— I a — - O 0-c1——<-IChlorophyll . Chlorophyll
'b'/ug/l 1012 1134 1003 616 117.1 .75.8 'c' /ug/1 131.4 88.8 42.8 16.2 -vc -vc
96 response 100 112.1 99.6 60.9 11.6 7.5 96 response 100 67.6 32.6 12.3 - 96 increase(+)/ + - - - ,- 96 inerease(+)_ - - 
decrease(-) 0 12.1 0.42 39.13 88.4 92.5 /decrease(-) 30 32.4 117.4 37.7 

EC 5u(ppm) 0.1125 I_z_—_. ¢__—.¢..—._._.-¢.. -— - — -¢_..-.._. _..¢.—— .— _——-4--.__.——_—_.._.__——.¢..——__.. N-:c50(ppm) 1
0,111)?

}.._.._.-—_.._—-.........——._--—_—_. ..——_.._..r. . - g—... . -—-- -c¢-&—.}._..........-._*.



TABLE-5. EC50 values of herbicide 'Gramaxonc' on population growth of microalgae.

Durafion of
Experhnent

Observations
Test organisms

Tetraselmis gracilis

Gramaxonc conccn

Dicrateria

.ration (ppm)

inornata

0 0.1 0.2

decrease (-)

l3C50ppm

0 0.1 0.4 0.8 1.8
0

Number of cells

x 104/m1 9,5 10,3 29,0 19.8 20.8 18.0 9.8 4.4
% response 100 113,7 94,7 100 105.0 80.8 48.5 20.2:24 Hour ‘A3 increase(+)/ + - + - L-_ - ,decrease (-) 0 13.7 5.3 0  19.2 01.5 79./,. 0.799
EC50 ppm

' Number of cells .
x 104/m1 21,4 22,3 20,3 38.2 39.4 22.0 18.8 0.0

48 ”°““ % ”’Sp°”5e 100 104.2 87.2 100 103.1 57.8 48.7 23.1;% increase(+VT + - + - - - ,dee['ea5e(—) 0 4.2 2 8 0 3.1E050 ppm 0.72
Number of cells

X 104/m1 33,5 31;_5 32,0 88.2 87.0 34.1 29.2_ 14.0
V2 hour ‘X: response 100 94.5 82.9 100 98.2 50.0 42.8 20.7

96 increase (+)/ - — - —. -‘ - ' ‘ ‘ _ (decrease (-) 0 5.44 17.1 25.1 56.4 7b.2 0 1.88 50.0 57.2 70..ECSU ppm 0.564
Number of cells 84.5 83.0 410 24.0 121X 104/ml 47.2 40.0 42.5

00 Hour 2'. response‘ 100 97.5 00.1 100 08.1 48 5 28.4 11
‘X. increase (+)/ 0 -2.5 9.9 0 1.9 51 5 71.6 8'»

—.-——o--—-n<:¢1::¢-up...‘ -



TABLE-6. EC50 values of herbicide 'Gramaxone' on net carbon production of microalgac,

—’r:.e:—2—¢—.§‘4| 1 —m—-a—-A ..:——..§_;——-._4 -- .- ..- : 1 .—_;_.--———_.

‘~ Test organismsDuration of Observations ____
Expemment Tetraselmis gracilis Dicrateria inornata

1 Gramaxone concen;ration (ppm) ‘
. 0 0.1 0.2 0.4 0.3 1.5 0 0.1 0.2 0.4 0.3 1.5'Net carbon ' .
P’°d”°“°“ 0.043 0.057 0.041 0.032 0.024 -ve 0.047 0.051 0.039 0.015 0.015 -vemgC/1/hr. ..
96 response 100 118.2 84.5 65.2 49.7 - 100 130.8 85.0 34.8 34.8 

24 Hour ‘X1 increase(+)/ +. — - - + - - deeeeeee (-) 0 18.2 15.5 34.8 50.3 - 0 30.8 14.9 55.2 55.2 

E050 ppm 0.755 0.423
Net carbon '1pi-oduetion 
-mac/1/h,._ 0.069 0.064 0.046 0.038 0.021 0.008 0.091 0.085 0.065 0.024 0.016 -ve

48 Hour % response 100 91.3 57.8 55.4 30.1 11.9 100 93.9 71.9 25.9 17.9 -ve
96 incrense(.+)/' - _ _ _ _ _ _ _ _ _ _decrease(-) 0 8.2 32.2 44.0 69.9 88.2 0 6.1 28.1 73.1 82.1 -ve
EC50 W“ 0.432 0.305
Net carbon

fi‘§§L,’;’,‘.§S" 0.144 0.133‘ 0.090 0.073 0.031 0.019 0.132 0.114 0.100 0.050 0.024 0.0037" ‘ I . . . 9F2 how. ,3 response 100 92.5 55.5 55.5 21.2 12.9 100 81.14 75.13 42.5 13 43 51
‘.13 increase (+)/ - - - - - _ - ' ' ‘ ‘decrease (-) 0 7.,5 33.5 49.4 78.8 87.1 0 15.85 23.9 57.5 81.57 93.81

EC50 99'“ 0.333 0.335
Net carbon
P"*°dU°“0“ 0.297 0.2310253 0.143 0.032 0.019 0.193 0.153 0.122 0.074 0.015 0.003mgC/1/'h_r. .

06 Hour ‘.\3 response 100 9.;_7 35_2 49_9 27,5 6.13 100' 82.5 61.8 37.4 8.19 4.0

‘X1 in-ca'011.~':c (9.-' - — - - ' _ ' ‘ ‘LiL‘L‘i'L‘.‘.;\“J (-T» 0 5.2 .432 3) 1 "’ 1 1 “ '1 1" » .38..‘ 0’ 0 “I ‘3 ‘3‘~

';_-','L‘.._e‘(c~':1;‘,‘,  iiui-'2} I ‘1'-‘"''’ i



TABLE-7. EC50 values of fungicide 'Cuman L(R)'on population growth of microalgae

-ac:

Test organisms

—s.¢——_.<¢—a-4.4»

Duration of Observations ._
Expemment Tetraselmis gracilis Dicrateria inornata~ (R)’ .Cuman L. concentration (ppm) ____

‘ 0 0.005 0.01 0.02 0.04 0.08 0 0.005 0.01 0.02 0.04 0.08
0

Number of cells . 6 7 1 4 0.. . . 10. . .x 104/ml 9.8 11.1 9.7 6.65 4.8 2.6 19.2 15 5 13 2
96 response 100 113.3 98.9 67.8 48.9 26.5 100 80.7 68.8 55.2 36.9 20.324 Hour ' + - - - - - ' ' .' ' ‘95 incpeasQ(+)/ 0 13.3 1.1 32.1 51.1 73.5 0 19.3 31.2 44.7 63.1 79.2
decrease (-)

E050 ppm 0.045 0-025Number of cells .
X 104/011 21.8 20.2 19.3 12.7 5.0 3.0 36.8 33.4 27.8 20.4 9.8 5.2

43 HOUI‘ 95 79390059 100 92.7 88.5 58.3 22.9 13.8 100 90.8 75.5 55.4 26.6 14.1
96 increase(+)/' _ _ _ _ _ _ _ _ _ _decrease(-) 0 7-3 11-5 41.7 77.1 ..86.2 0 9.2 24.5 44.6 73.4 85.913050 PW“ 0.024 0.022
Number of cells
X m4,m1 39.0 36.6 32.8 19.8 4.9 2.6 66.8 61.9 54.6 30.4 6.8 4.4

1'3 ‘‘°“‘‘ 9‘ ”°5P°"5° 100 93.9 84.1 50.8 12.6‘ 6.7 100 92.5 81.7 45.5 10.2 6.6"

96 increase (+)/ - - - - - - - - - -3 4decrease (_) 0 6.1 15.9 49.2 87.4 93.3 0 7.5 18.3 54.5 89.8 9..
ECSO ppm 0.02 0-013
””“‘E“' or cells 1 47.1 45.2 42.8 24.2 3.9 2.0 84.8 72.8 66.6 40.4 6.0 4.0x 10 /ml

. 7.6 7.08 4."'2D5 “om. 96 response 100 95.9 90.9 51.4 8.3 4.2 100 82.8 78 5 4 I
9‘ i“°"’°3e (W 9* 8 0 17 2 21.5 52.4 92.92 9:..‘~decrease (_) 0 4.1 9.1 48.6 91.7 5.
I3C50ppm 0.02 0-01"



_ ' . . (R): _
TABLE 8. EC50 values of fungicide ‘Cuman L on net carbon production of microalgae.

Test organismsDuration of Observations '
Experiment Tetraselmis gracilis Dierateria inornata~ (R)' .Cuman L. concentration (Dom) _

0 0.005 0.01 0.02 0.04 0.08 0 0.005 0.01 0.02 0.04 0.

Net carbon
production 0.041 0.043 0.033 0.016 0.008 -ve 110.056 0.028 0.016 0.008 0 -\mgC/1/hr '

. 96 response 100 103.4 79.1 39.6 19.9 -ve 1.100 50.3 28.9 14.6 0 '\24 Hour -+95 1"°"99Se(*)/ 0 3.4 20.9 60.4 80.1 -ve 0 49.7 71.1 85.4 0 -«.
decrease (-)

F-C50 ppm 0.018 5 0.005
Net carbon .
.p."oduction 0.064 0.082 0.049 0.022 0.016 0.008" 0.099 0.068 0.029 0.016 0.008 -W
mgC/1/‘nr

48 Hour 96 response 100 127.3 76.3 34.9 25.4 12.8 100 68.96 30.13 16.58 '8.29 -096 increase(+)/‘ ’' ‘ ‘ “ ‘ ' ' - 7dec,.e,,se(_) 0 27.3 23.7 65.1 74.6 87.2 0 31.04 69.87 83.5 91.71 2»

E050 ppm 0.018 0.007
Net carbon 0.142 0.141 0.048 0.02 0.014 0.008 0.149 0.095 0.043 0.025 0.0_08 -0
production
mgC/1/hr

72 hour % response 100 99.3 33.80 14.08 9.86 5.63 100 64.24 28.82 17.71 5.52 -9% increase (+)/ - ' ‘ ' ‘ ‘ ' ‘ “
decmase (_) 0 0.7 66.2 85.92 90.14 94.37 0 35.76 71.2 82.29 94.48 -9

13050 ppm 0.015_ 0.007
Net carbon 0.287 0.269 0.237 0.099 0.024 -ve 0.214 0.165 0.989 0.046 -0.027 -V
production
mgC/1/hr.

D6 Hour 913 response 100 93.79 82.53 34.5 8.5 -ve 100 77.34 46.3 21.72 12.6 -1
‘I; increase (+)/ — — — - - _ _ 
dcgrgusc (-) 0 13.31 ‘IT.-17 55.5 91.5 “V0 () 223.13 513.7 78.3 87.4 -V

13050913111 0.016 0.009



TABLE-9. EC50 Values of three biocides on two species of microalgae for growth and net
carbon producfion.

BiocidesD ' ° , \ .- . \ ‘
,9.~”r§§$Z?1- ObSem“°" ‘Nwwon __ dG"“'"“""_':“:______4 ______ __<§9[n_a_"__‘;(_‘:f1'“‘”‘‘ :9. 2-. :1:-. 1 .9.-. L. 9...
9_r'_a_c.i.1i 3.  in°m.9_£9  _i_r19_I:_r3t_9. 9r_a_c_i1_i§ -i._n.0_r.n_a.

Growth 94.4 79.43 0.997 0.799 0.045 0.029
324 hour

P‘".°d”" 74.99 54.33 0.759 0.423 0.019 0.0051 ctuH1
Growth 75.5 91.29 0.904 0.72 0.024 0.022

48 hour
Production 75.95 91.99 0.432 0.305 0.019 0.007

Growth ‘ 74.9 74.99 0.707 0.594 0.020 0.199
72 hour

P“.°d”"' 99.39 99.07 0.393 0.335 0.015 0.007ctunt

Growth 74.99 74.13 0.941 0.443 0.020 0.019
96 hour Produ

ction 99.43 99.39 0.441 0.255 0.019 0.009
1.1 :--an



TABLE-10. .96 hour EC5O values of three biocides for growth, production
and chlorophyll -a_" of two microalgae.

1

Test organismBiocide Observation ‘
Tetraselmis gracilis Dicrateria inornata

"Growth 74.99 74.13
'NUV8CT'0n' Production 69.43 68.39
EC50 (ppm)

' Chlorophyll _a_ 91.2 62.66
Growth 0.841 0.443

'Gramaxone' Production 0.441 0.255
EC50 (ppm)

' Chlorophyll 3‘ 0.51 0.518
Growth 0.020 0.016

L (n)' Production 0.010 0.0001  IJ )
Chlorophyll §__. 0.021 0.006

:1.:--:—— 4——*
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4.2. IMPACT OF FIVE BIOCIDES AND THEIR COMBINATIONS ON THE
PHYSIOLOGY OF MICROALGAE IN CULTURE.

L _GROWTH

The effect of pollutants on algae can be measured by various methods.

Measuring of relative population growth in time based on changes in cell

number is one important method followed in the present investigation.

The changes in the cell number of microalgae in culture would show the

effect of pollutant on microalgal culture. Three insecticides, one herbicide,
\
|

one fungicide, a combination of these five biocides, and another combination

of one insecticide, one herbicide and one fungicide were used for the study.

Monoculture of two microalgae of which one was marine and the other

estuarine and a mixed culture of freshwater miCI‘0818'39 We“? Used {Of

the investigation.

Effect of inseticides on growth of microalgae

1. Organochlorine insecticide——Benzene lIe)ga_(_3_hloride — ‘B. H.C'.
The results of range finding test of 'B.H.C.' with respect of three

microalgal culture under investigation showed that concentration of BHC

above 5 ppm totally inhibited the growth of microalgae. Therefore the

sublethal concentrations of 'BHC‘ selected for the present investigation

were, 0.5, 1, 2 and 4 ppm.

Because of its low water solubility, the first stock solution. of 'B.ll.C'

was prepared in acetone. So two controls were kcpt;one without acetone

in the medium and the other one with acetone. The three cultures treated

with different concentration of 'B.H.C' and the effect of toxicant on each

algal species are as fo\tows:
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A. Tetraselmis gracilis

Under four different concentrations of insecticide tested, the flage

llate was found to grow rapidly at lower concentrations of insecticide,

Both the control cultures i.e, one with acetone and the other. without
acetone in the medium showed a decline in growth after 14 days of experi

mentation (Fig. 1a). Acetone has been found to have no inhibitory or

stimulatory effect on the growth of microalgae.

The four different concentration of ‘BHCl tested were 0.5, 1, 2

ad 4 ppm. The lower concentration of 0.5 ppm showed an enhancement

of growth over control, reaching the highest value of 78 x 104 cells/ml

on the 14th day. Afterwards the growth declined. At 1 ppm concentration

growth was almost similar to control upto the 4th day. Subsequently decrease

in cell number compared to control was observed. Two higher concentrations

tested showed a declined growth at the beginning. Afterwards they showed

an enhancement of growth, and when the culture reached 20 days of growth,

the cell number of the culture at 4 ppm concentration, exceeded the control.

and all the lower concentration tested.

statistical interpretation using analysis of variance revealed that,

there was significant variation in growth of  gr_a_ci_l_i_s_ with respect

to different concentrations and also on different days. The significance

was at 1% level (Table 11).
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B. Dicrateria inornata

As  the case of estuarine form of microalga l‘_.__g_r_'_a<_:_i_1_i_s_. this marine

form also showed almost same effect of 'BHC' at lower concentrations.

The lower. concentration of 0.5 ppm showed an enhancement _of growth
(Fig. 1b). But all other concentration tested showed an inhibition of growth

rate compared to control. Control cultures showed its peak growth on

the 14th day. But the 2 ppm concentration showed its peak growth on

the 16th day of growth. At 4 ppm concentration of 'BHC' this species

showed an irregular tendency of growth during the 20 days observation

and the peak growth was on the 18th day. Unlike '_I‘_._ gracilis this species

at 4 ppm concentration showed a declined growth after the 18th day of

culture.

Analysis of variance revealed that the four different concentration

of 'BHC' had significant variation in the growth of E; inorna_t_a_ (Table 11).

C. Mixed‘cu1ture'of freshwater rnjcroalgae

The mixed.culture was composed of four species, Chlorella ovalis,

Selenastrum gracile, Scenedesmus indicus. and Nitzschia longissima. The

mixed culture was dominated by Chlorella ovalis by about 65%. The

diatom Nitz<_3lli_a_ lo_r_1g_i_.s_s_i_r_1_1_z_1_ was found to be represented by about 5% of

the total number of cells. After reaching the 10th day, the culture showed

a decline in growth. oontrol and acetone showed same trend in growth.
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All the concentrations of 'BHC' tested showed an inhibitory effect on‘

the growth of four species, compared to control (Fig. 2). At 4 ppm concent

ration the diatom could not survive even for one day. Concentration of

4 ppm was found inhibitory to Selenastrum gracile and Scenedesmus indicus

and the culture was represented by _g_._ ovalis only, after the 16th day of

growth.

Analysis of variance indicated that the effect of 'BHC' on four

different species of microalgae in the mixed culture was significant at.

1% level between different concentrations and between days (Table 11).

2. Org{1_nc)_pl1os_[)‘l1t1te insecticide _-__'Nuvacron'_

Based on the results of bioassays and also after considering the

result of range finding test for 'Nuvacron'ot'mixed culture of fresmater microalgae

the four different sublethal concentrations of 'Nuvacron' selected were

25, 50, 75 and 100 ppm. Compared to organochlorine, the organophosphate

W88 f0Und t0- be 1638 tOXiC. Nuvacron is water soluble. The effects of

'Nuvacron' on the cultures of three microalgae were as follows.

A. Tetraselmis gracilis

'[‘he lower concentrations tested showed an enhanced growth over

control throughout the experimental period (Fig. 3a). The 50 ppm concent

ration showed an increased growth rate upto the 4th day, but afterwards,
decreased growth rate compared to control was observed. The two higher

concentrations of 75 and 100 ppm showed a declined growth at the beginn
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ing of the experiment, but later the cell number gradually increased.

In the 75 ppm concentration, the exponential phase reached its peak on

the 16th day of experiment. However, in the 100 ppm concentration,

the cell number went on increasing. It was observed that after. 20 days

growth, the control flask showed the lowest number of cells than the four
different concentrations of ‘Nuvacron'.

Analysis of variance indicated that the effect of 'Nuvacron' was

significant at 1% level (Table 11).

B. Dicrateria _ip_o_r;nat__a_

As shown in Fig. 3 b this species was found to be sensitive to

'Nuvacron' than L gracilis. The lower concentration of 25 ppm showed

an enhancement of growth over control upto the 14th day and then declined.

The 50 ppm showed little enhancement only upto the 4th day. Afterwards

‘the growth rate was less compared to control. Eventhough it reached the

peak growth on the 14th day, the cell number observed was only 185 x

104 cells/ml. But the same for control was 240 x 104 cells/ml. The

microalgae treated with 75 and 100 ppm concentration of 'Nuvacron' showed

very diminished growth. The peak growth observed was on the 12th day

and the number of cells observed on this day was very low i.e., about

137.5 x 104 cells/ml for 75 ppm and 100 x 104 cells/ml for 100 ppm.

The cell number gradually decreased after the 12th day.

The analysis of variance revealed that, there was significant relation

ship between different concentrations of \Nuvacron, on growth of

1). _ inornata.
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C- Mixed culture of Freshwater microalgae

Compared to the other two monocultures, mixed culture of fresh

water algae was found to be more sensitive to 'Nuvacron'.

All the four concentrations tested were found inhibitory to the

growth of fresh water algae. But 25 ppm concentration showed an almost

similar growth compared to control on the 12th and 14th days. The diatom

_lf_I_._ longissima survived upto 10th day in 75 and 100 ppm concentration.

The control, 25 and 50 ppm concentration of 'Nuvacron' showed the expon

ential phase_on the 10th day of experiment, but for 75 and 100 ppm the

peak growth was observed on the 12th day. The dominant species _C_3_h1_gt;el_l_a_

ovalis showed an increased growth rate compared to all other species.

The effect of four different concentrations of 'Nuvacron' was

found to be significant atl% level for the 4 species. Except for _l:I;1ongiss_i_rn_a_

the day wise effect was found to be significant at 1% level. However

for N. longissima a 5% significance was indicated (Table .11).

3-(_3_arbamate insecticide, - 'Carbaryl Sevin'.

The results of range finding test for 'carbaryl sevin' with respect

to the three microalgal culture revealed that above 8 ppm concentration

the growth of microalgae was totally inhibited, especially in _l_)_._ inornata.

While considering this aspect the selected concentration of 'carbaryl sevin'

were 2, 4, 6 and 8 ppm.

As this insecticide was water insoluble two controls were set up.

But the solvent acetone showed no inhibitory or stimulatory effect to the
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m icroalgae.

A. Tetraselmis gracilis

2 ppm concentration of 'Carbaryl sevin; showed stimulation of growth

over control reaching 80 x 104 cells/ml on the 14th day. Afterwards

the cell number declined. The 4 ppm concentration showed little enhance

ment of growth upto the 4th day and then the growth rate was low compared

to the control (Fig. 5a). The higher concentration tested i.e, 6 ppm and

8 ppm showed decreased growth rate at the beginning of the experiment.

For 6 ppm the peak growth was observed on the 16th day. But the 8

ppm concentration of'C arbaryl'sevin showed the peak growth on 20"‘days

of experiment.

Statistical analysis using ANOVA revealed that the effect of carbaryl

was significant between concentrations and between days at 1% level

(Table 1 1).

B. Dicrateria inornata

Fig.‘ 5 b shows the effect of various concentrations of ‘carbaryl

sevin' on growth of _Q.__i_nor_n§_t_a for 20 days period. Unlike L graeilis,

the insecticide did not show any stimulation of growth even for the lowest

concentration tested. Concentration of 2 ppm shows the cell number 185’

x 104 cells/ml on the 14th day compared to 225 x 104 cells/ml for control

on the same day. In 4 ppm concentration, the peak growth was observed

on the 16th day, after which a sudden decrease in cell number was observed.

For 6 ppm and 8 ppm concentration eventhough there was inhibition of
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growth at the beginning of the experiment, after 14th day the cell number

gradually increased.

Analysis of variance revealed that there was significant variation

in growth of _l_)_._ inornata between treatments and between different days.

The significance was at 1% level (Table 11).

C. Mixed Culture of Fresh water microa_lgae.

On the 2nd day of experiment, the 2 ppm concentration sowed

almost similar growth as that of control. Unlike the control cultures,

the insecticide treated cultures showed the peak growth on the 14th day.

(Fig. 6). The diatom _l_\I_._ longissima did not survive in the 8 ppm concen

tration of insecticide. At 6 ppm concentration one or two cells of diatom

was observed upto the 8th day. The figure shows that the Chlorella ovalis

was not much affected by this toxicant.

Statistical analysis of data revealed for Chlorella ovalis was that

both treatment wise‘ and day wise the effect was significant at 1% level.

But for Selenastrum gracile the different concentration tested was signifi

cant at 5% level. But no significant variation in growth was observed

between days. For §._ indicus and l_\I_._lg_n_g_issima both treatment-wise and

day-wise the effect of 'Carbary1 Sevin' was significant at 1% level (Table 11)

II. Effect of herbicide on _growth of microalgae

4. Herbicide - 'Gramaxone':

As in the case of in':'-‘iicide 'Nuvacron', the results of bioassay
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for 'Gramaxone' revealed that the EC50 values might vary with respect
to each parameter. But when the freshwater culture was considered, it

was seen that it can tolerate around 1.6 ppm. After considering the effect
of 'Gramaxone' on three cultures under investigation the selected concen

trations of ‘Gramaxone for experiments were 0.2, 0.4, 0.8 and 1.6 ppm.

The effects of these concentrations of 'Gramaxone' on each microalgae

are as follows:

A. Tetraselmis gracilis

Fig. 7 a shows the effect of four different concentrations of 'Grama

xone' on the growth of :I:._ gracilis. At the beginning, the two lower concen

trations showed an enhancement of growth over control. But when the

cultures attained 6 days of growth they showed decreased growth rate

compared to control. Concentrations of 0.8 and 1.6 ppm 'Gramaxone' showed

an irregularity in the growth of microalgae. At the beginning, eventhough

the growth was very low compared to control, the cell number gradually

increased until 8th day of observation after which the growth was inhibited.

But when it attained the 12th day of growth, the cells showed an enhance

ment in growth and it continued throughout the experimental period

Statistical interpretation of data, using analysis of variance showed

that both treatment wise and day wise the effect of 'Gramaxone' on algae .

was significant at 1% level (Table I2).
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B. Dicrateria _inornata

This particular species showed variation in its growth with the effect

of 'Gramaxone'. Concentrations of 0.2 ppm and 0.4 ppm showed peak growth

on the 12th day of experiment, but the control culture attained its. peak on

the 14th day (Fig. 7 b). The two higher concentrations tested showed

tan irregularity in their growth. The cell number increased
upto the 4th day. When the culture reached the 16th day of growth the
cell number showed an enhancement and the trend continued upto the

20th day. Concentration of 1.6 ppm showed a declined growth upto the

14th day, and then the cell number gradually increased.

Analysis of variance indicated that both treatmentwise and daywise

the effect of 'Gramaxone' was significant at 1% level (Table 12).

C. Mixed culture of Freshwater microalgae

Figure 8 shows the effect of four different concentrations of

'Gramaxone' on the growth of mixed culture of freshwater microalgae.

On the 2nd day of experiment the 0.2 ppm concentration showed an enhance

ment of growth. Selenastrum ggacile showed an increased growth rate

over control. From 4th day onwards no enhancement was noticed for

this particular concentration. Concentrations of 0.8 ppm and 1.6 ppm

showed low growth rate compared to control. The diatom species survived

with very low cell number upto the 10th day of growth. Concentration

of 1.6 ppm showed its peak growth on the 12th day of experiment. _N_._

_l_<)_I_i_gi_s_s_i_r_r_i_a_ survived upto the 12th day in 0.4 ppm and upto 14th day in

0.2 ppm concentration of 'Gramaxone'.
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Analysis of variance indicated that there was highly significant

variation in growth between treatments and betwee days for 9; _<)_\_r_z_1_l_i§.__

_S_e_l_<::-_r1z_1_s_t_r_u‘n_j_ gracile showed highly significant variation in growth between

treatment. But this species did not show any significant difference in

growth between days. The same result was obtained with _S_.__i_r_i_dicus and

_l_\I_._1ongissim_a_ also (Table 12).

III. Effect of fungicide on growth of microalgae

5. Fungicide - 'Cuman L(R)

The results of bioassay tests using two microalgae revealed that the

EC50 values may vary with respect to each parameter for each species.
After considering the results of bioassays and range finding tests with

mixed culture of freshwater microalgaelthe sublethal concentrations of 'Cuman Lm)

selected for the investigation were 0.005, 0.01, 0.02 and 0.04 ppm. 'Cuman

L(R),’ is a water soluble chemical. The effects of four different concent

ration of this fungicide on microalgae are as follows:

A. Tetraselmis gracilis:

Under four different concentrations tested, the flagellate was found

to grow rapidly at the lower concentration of 0.005 ppm of 'Cuman L(R)'

(Fig. 9 a). The peak growth was observed on the 14th day, and then declined,

Concentration of 0.01 ppm showed diminished growth compared to control

and the exponential stage was reached on the 16th day only. The two

higher concentrations tested showed very low growth rate at the beginning



83

of the experiment upto the 8th day i.e only 16% of control for 0.02 ppm

and only about 10% growth for 0.04 ppm. Afterwards the cell number

gradually increased throughout the experimetul period, and when it attains

20 days growth all the experimental flasks showed almost the same rate

of growth.

Analysis of variance indicated that there" was highly significant

variation in growth between the four treatments. It also revealed that

between days, the effect of fungicide on growth was highly significant

(Table 12).

B. Dicrateria in_o_r_nat_a

Fig. 9b shows the variation in growth of microalgae as a result

of fungicide treatment. Even at the lowest concentration of 0.005 ppm

tested, the species did not show any enhanced growth over control. Concen

trations of 0.01 ppm showed very low cell number compared to control

and the peak growth was observed on the 16th days of growth. After

that period the growth declined. At 0.02 ppm concentration of fungicide

the growth of microalgae at the beginning showed diminished growth. But

as it grew the cell number gradually increased and this tendency was

continued throughout the experimental period. Coming to 0.04 ppm conccn

tration the growth of algae was very severely affected.

Statistical interpretation using analysis of variance showed that

there was highly significant variation in growth rate between treatments

and between days. (Tameig)
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C. Mixed culture of freshwater microalgae

Figure 10 shows the effect of various concentrations of fungicide

on the growth of mixed culture of freshwater microalgae. This fungicide

did not show any stimulation even for the lowest concentration of 0.005 ppm

The highest concentration tested showed reduced growth at the beginning.

But as the culture grew this inhibition of growth was changed °and the

cells grew gradually and when it reached the 20th day of growth the highest

concentration tested showed enhanced growth compared to contro1'and

the lower concentration tested. The _l§1_._ longissima with very low cell

number survived for 4 days only, with the higher concentrations. When

the culture attained 10 days growth _l\l._ _1_gngi_s_s_i_m_a was present in control

ad 0.005 ppm concentration only. After the 12th day of growth the diatom

did not survive in any of the fungicide treated flasks.

Analysis of variance revealed that the growth of Chlorella ovalis

had highly significant response with the four treatments and also between

days. But in the case of Selenastrum gracile and Scenedesmus indicus the

effect of fungicide was not significant over growth. The diatom species

tested showed significant difference in their growth with the four different

concentration of fungicide. But over days there was no significant variation

in growth (Table I2)

IV. Effect of mixture of biocides on microalgae

6. Mixture of 5 biocides

Mixture of biocides was prepared using three insecticides, one

herbicide and one fungicide. Range finding test was conducted using this

mixture of biocides for three microalgal culture under investigation and
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the test showed that the growth of algae was totally inhibited above 0.5.’

ppm concentration. The sub lethal concentrations of this mixture of biocide

used for the present investigation were (l.05,0.1,0.2 and 0.4 ppm.The effects

of these concentrations on the microalgae are as follows:

A. Tetraselmis gacilis

Figure 11 a shows the effect of various concentrations of biocide

mixture on the growth of microalgae. The lowest concentration of 0.05

ppm showed an enhancement of growth over control. In the beginning 0.1

ppm concentration of mixture showed a little enhancement over control and

the same concentration showed diminished growth for the rest of the days.

The peak growth was observed on the 16th day. The two higher concentra

tions tested showed very low cell number at the beginning, but as the culture

grew the cell number gradually increased. After 20 days of growth, the

highest concentration showed the maximum cell number compared to all

other treatments.

Analysis of variance revealed that there was highly significant

variation in growth of microalgae with different concentrations of biocide

mixture (Table 12).

B. Dierateria inornata:

With the mixture of five biocides  inornata showed variation in

growth rate which is in comparison with that of  gracilis. The lower

concentration of 0.05 ppm showed enhanced growth rate throughout the

experimental period (Fig. 11 b). The higher concentration of 0.2 ppm and
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and 0.4 ppm showed diminished growth at the beginning but as the culture

grew, the cell number gradually increased and it -"showed the highest cell

number over other treatments after '20 days of growth.

Analysis of variance revealed that there was highly significant

variation in‘ growth of microalgae with four treatments for the 20 days

growth (Table 12).

c_ Mixed culture of freshwater microalgae.

Figure 12 shows the effect of mixture of biocides on mixed fresh

water algae. The lowest concentration of 0.05 ppm enhanced the growth

in the mixed culture, particularly that of Selenastrum gracil'e,,on the 2nd

day only. On the 4th day the lowest concentration showed the same number

of cells as that of two controls. Afterwards the growth diminished. Concen

tration of 0.1 ppm showed low growth rate compared to control and the

peak growth was observed on the 14th day. But the diatom sp. did not

survive in this concentration after 10th day. Concentration of 0.2 ppm and

0.4 ppm mixture of biocide showed very low growth rate. _fl._1ongissina

didn't survive after the 2nd day of experiment. At 0.4 ppm concentration,

when the culture reached 16th day of growth,it was represented by §_._gv_al_i_s

only.

Analysis of variance revealed that in the case of there
was highly significant variation in growth rate, between treatment and

between days. The same was the case with other three species. But between

days the effect of biocide mixture on growth of  longissi_m_a_ was not signi

ficant (Table 12).
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7. Mixture of 3 bioeides

One insecticide — 'Nuvacron', one herbicide - 'Gramaxone', and one fungicide.

Cuman L(R)’were mixed together and the effect of this mixture on the three

microalgal culture was investigated. The range finding test conducted using

this mixture showed that the growth of microalgae was totally inhibited

above 0.5 ppm. The effect of sublethal concentration of mixture of the

three biocides on microalgae are as follows:

A. Tetraselmis gracilis

Figure 13 a shows the effect of four different concentrations of

mixture of three biocides on growth of gracilis. The lowest concentration

of 0.05 ppm showed an enhancement of growth upto the 6th day. Afterwards

upto the 12th day growth rate was less compared to control. The culture

showed its peak growth on the 14th day. Concentration of 0.1 ppm showed

diminished growth over control, the peak growth was attained on the 18th

day only, i.e., two days after normal period. The two higher concentrations‘

tested showed very ‘less cell number compared to

Afterwards the culture grew gradually and when it reached 20 days of growth

the culture showed the highest cell number compared to control.

Analysis of variance revealed that there was highly significant variat

ion in growth of microalgae with different concentrations of toxicant and

also between different days (Tablel2).

control at the beginning. .
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B. Dicrateria i_nornata

This species showed variation in growth rate as a result of treatment

with three biocide mixture. The lowest concentration of 0.05 ppm showed

an enhanced growth upto the 6th day. All other concentration teste.d showed

diminished growth. For the higher concentration tested, eventhough there

was a diminished growth at the beginning, as the culture grew, the initial

inhibition was got over and when the culture attained 20 days of growth

all the flasks showed almost the same cell number (Fig. 13 b).

Analysis of variance revealed that there was highly significant vari

ation in growth of microalgae with different concentration of toxicant

mixture and also between different days (Table 12).

C. Mixec_l__c_ulture of freshwater micro algae

Figure 14 shows the variation in growth of mixed culture of micro

algae as a result of treatment of three biocide mixture. The lower concent

ration of 0.05'ppm showed an enhanced growth upto the 8th day. Afterwards

no increased growth rate compared to control was observed. The culture

attained its peak growth on the 10th day. The two higher concentrations

tested showed very diminished growth rate at the beginning. But afterwards

the cells grew rapidly and attained peak growth on 14th and 16th day for

0.2 ppm and 0.4 ppm respectively. At 0.4 ppm concentration _l;I_.__l_o_r_n_gissima

survived upto the 4th day only when the culture attained the 14th day, the

diatom sp. was represented in control and 0.05 ppm concentration only.
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Analysis of variance revealed that 2; ovalis and  indicus had

highly significant variation in growth rate with the four different concent

ration and also between days. But for Selefiastrum gracile the effect of

toxicant on growth was not significant. For  1ongissima_ the different

concentration tested was found to be highly significant. But between days

there was no significant variation (Table 12).

DISCUSSION

1. Qlganochlorine insecticide - 'BHC'

Because of the widespread use of organochlorines during the past

several decades, the toxic effects of these insecticides have been studied

by various investigators (c.f. Rajaretnam e_t_ _al_., 1987.)

In the present study due to the low water solubility of the insecticide

acetone treated control was also tested to find out whether acetone had

ay toxic effect on microalgae. From the result it was observed that acetone

has no inhibitory or stimulatory effect on algae. This was in conformity

with the findings of Ramachandran _et_a_l_., (1980), Stratton and Croke (1981)

and Rajendran and Venugopalan (1983). They reported that the acetone

treated cultures had the same growth rate as in control.

Except for mixed culture of freshwater microalgae the lowest concent

ration of 'BHC' tested showed an enhancement of growth over control.

As already indicated in the literature review, the different species of phyto
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plankton responded differently to the organochlorines(c.f.RajaretnaT1gt a_l_.,

1987). This has been found in this investigation also. Algal stimulation

by organochlorines was already reported by different investigators (Raghu

and Mac Rae; 1967; Menzel §_t_a_1_., 1970; Mosser §_t__a_l_., 1972 a; Rajaretnam

g_t_ 31., 1987).

The present investigation shows that in  gracilis the 0.5 ppm con

centration of BHC showed an enhanced growth than control throughout the

experimental period. The same was the case with the marine species R:

inornata. Concentration of 1 ppm of‘BlIC’ showed an enhanced growth upto‘

4th day in L gracilis. However for this concentration, _l3._ inornata showed’

no enhancement in growth. But the growth rate was almost similar to

control . Algal stimulation by organochlorines has been already dealt with

(Ukeles 1962) reported that at 5 ppm ‘Y - BHC‘ as lindane did not prevent

the growth of marine phytoplankton cultures and at 1 ppm even stimulated

the growth o_f Protococcus sp. Raghu and Mac Rae (1967) reported that

\(.- BHC promoted ‘algal growth in rice fields. DDT exhibited no toxic pro

perties upto a concentration of 100 mg/l as reported by Christie (1969).

Mosser _e_t_ al_., (1972 b) reported that upto 100 ppb concentration of DDT,

Dunaliella _t_e_rtiolecta showed increased growth rate over control. Patin

(1982) observed a fairly varigated pattern of reaction of phytoplankton cells

in the presence of chloroorganic toxicants in the medium. In several cases

they observed enhanced (more than 100 per cent) rates of cell division.

Rajaretnam e_t_ _al_., (1987) showed that the growth of diatoms was

stimulated in lower concentration of DD'I‘ and lleptachlor-two organochlorine
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pesticides. Lin Yi Xing and Sun Bozen (1987) showed that the growth did

not differ much from control values at 0.1-10 mgl“1 concentration of lindane.

In the present study the growth increase on account of low concen

tration of 0.5 ppm of BHC may be because the algal strains, particularly

L gracilis and 2._ inornata utilized this as nutrient which favoured and

growth of algae. But in the case of freshwater species no stimulation of

growth was observed.

Population growth inhibition is a reasonable determinant of toxic

effects (Fisher and Frood, 1980). In the present study the growth of all

the species was inhibited with the increase of ‘BHC’ concentration. Even

though some growth stimulation was apparent in low concentrations of pesti

cides for ;l‘_._ gracilis and £)_.__i_nc_>_r_'_r_i_at_a_, the higher concentration invariably

affected the growth of all species, particularly freshwater species. There

are plenty of reports regarding the inhibitory action of organochlorines.

Ukeles (1962) demonstrated that DDT could depress the reproduction of Proto

coccus of 50% at‘ 600 ppb. The effect on growth of diatom Skeletonema

._c3c_>_s_t_a__t_u_nl by DDT was repeatedly reported by many authors (Menzel e_t_ _a_l_.,

1970; subramanian gt a_l_., 1979; Rajaretnam _e_t_ _a_1_., 1987)‘.

The pesticides primarily affect the cell division as reported by Fisher

(1975). The results of present investigation shows that the cell division is

delayed and the exponential growth of the culture attained one or two days

after the normal period indicating the extended lag phase of growth of

treated cultures.
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Themixed culture of fresmater nficroalgae was dominated by Chlorella ovalis,
A

The other three species was represented by only very limited number of

cells. It was observed that the species with lower cell number was severelly

affected by the effect of 'BHC'. This was in conformity with the result

of Wurstur (1968) who reported that the toxicity to diatoms increased as

cell concentration decreased. This inhibition may be of ecological importance

The results of the effect of 'BHC' on microalgae, particularly the

estuarine form ]‘_.__gracilis showed that the concentration of BHC at 2 ppm

and 4 ppm had inhibited growth at the beginning but later they recovered

and enhanced growth when the culture attained 20 days growth. This result

was in line with that of Powers _e_t_gl_., (1975)/ that organochlorine toxi

cant is absorbed or adsorbed by the cells and the degree of growth inhibition

is presumably determined by the concentration of toxicant per cell. As

the cells divide, the concentration of toxicant per cell is decreased. This

process would reduce growth inhibition, allowing cell growth rates ultimately

return to normal.

Ramachandran e_t_ z_a_l_., (1980) reported the growth inhibition of diatom

with 1 to 50 ppb concentration of DDT. Rajendran and Venugopalan (1983)

found that lindane and endosulfan decreased the cell number even at .2

ppb concentration. DDT at 0.1 ppm concentration inhibited the growth of

Chlorella fusca as reported by Goulding and Ellis (1981). They concluded

that the amount of inhibition varied with time and also the method of

growth assessment. Lin Yi Xing and Sun—Bozen (1987) reported that 1inda_ne

at a concentration of 50-100 mgl-1 growth of microalgae was inhibited.
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The above reports show that eventhough all these pesticides come under

organochlorines, they differ in their toxicity. The difference in the con

centration of organochlorines as reported by various investigators may be

due to difference in species tested and also due to difference in growth
assessment.

The three microalgal cultures .presently experimented showed various

effects as a result of 'BHC' treatment. Thereduction in growth rate

ultimately would lead to decreased production and extinction of organism,

and also would affect the whole production sequence of that particular eco

system. The 'BHC' contamination above 5 ppm concentration may lead to

total imbalance in the natural ecosystem.

2. Organophophate insecticide - 'Nuvacron'

Most of the earlier reports suggest that organophosphates are less

toxic than organochlorines (Ukeles, 1962; Ramachandran 3§_§_1_,,I980; Rajendran

and Venugopalan, 1983). This aspect was also studied in the present investi

gation.

The effect of four different concentrations of 'Nuvacron'on growth

of three microalgal culture showed varying results. Concentration of 25

and 50 ppm of 'Nuvacron' exhibited stimulation of algal growth in 1‘_._g_r_*_a_gili_s_

and _l2_.__i_r£)_r_n_a_t_a_. But the stimulation by 25 ppm concentration was evidenced

throughout the experiment. For 50 ppm concentration after initial stimu

lation, the cell number declined over control. The stimulation of algal growth
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by organophosphates was already reported (Rath and Misra, 1981; Ibrahim

1983; Von Donk _e-_t a_l_., 1992). Bath and Misra (1981) tested an organophos

phate insecticide ‘Dimecron 100 for its nutritional value in relation to

growth of Oscillatoria at 400 ppm, and observed increased growth rate in

'Dimecron' treated algae. Ibrahim (1983) also reported that two organophos

phates, Bayluscide at concentrations of 10 to 20 ppb, and Dimethoate at

concentrations of 2.5 and 5 ppm enhanced the growth of Phaeodactylum

tricornutum. Butcher _e_t al., (1977) and Von Donk _e_t_ _a_l_., (1992) also have

the opinion that organophosphate insecticide Dursban 4E stimulated the

phosphorus limited green algae at a lower concentration of 0.03 mgl-1'

Stimulation of algal growth by organophosphates lead to the assum

ption that the algal strains might have the ability to metabolize the lower’

concentrations of insecticide. This confirms the findings of Butler et a_l_.,
(1975 a) who speculated that certain algal strains might metabolize the pesti

cides. Butcher _et_ a_l_., (1977) have the opinion that the algal stimulation

as a result of organophosphate application may be due to an increase in

nutrients especially. phosphorus resulting from degradation of compound.

It is an established fact that unlike organochlorines, organophosphates can

be easily degraded. The degradation and metabolism of organophosphate

insecticide by microalgae has been reported by Megharaj it a_l_., (1986) and

Lakshminarayana and Bourque (1980).

Mixed culture of freshwater microalgae under investigation showed

no stimulatory effect as a result of 'Nuvacron' application. It may be related

to the fact that these algal strains may not have the capacity to degrade

the particular insecticide.



95

For 75 and 100 ppm concentration of 'Nuvacron' the growth of algae

was inhibited. But in :_i‘_._ gracilis the initial inhibition’ of growth was changed

and as the culture grew the number of cells also increased and when it

reached the 20th day, the cell number exceeds that of control values. It

showed that after the initial inhibition of toxicants the cells accnmatized

to the toxicants and also the toxicants would have undergone degradation

and the degraded metabolites might have acted as bioactive substance for

the test organism. The results showed that the estuarine species ;l‘_._ gracilis

was resistant and it could tolerate the 'Nuvacron' concentration even above

100 ppm. This was in conformity with the findings of christie (1969) who

found that 100 ppm 'malathion' had little significant effect on the green

alga Chlorella pyrenoidosa.

For the marine species _Q._ inornata 75 and 100 ppm concentration may

be considered as algistatic in its effect. Initial growth for 8 days showed

a decline in growth but afterwards the growth rate increased upto the 14th

day. Later 1 it declines again, this explains the fact that 75 and 100 ppm

concentrations have'a1gistatic effect upto the 8th day. After 14th day of

experiment the growth again declined showing that this particular species,

unlike  gracilis could not utilize the large amount of metabolites after’
a certain level.

In the mixed culture the dominant species _C_3_._ ovalis was not much

affected by 'Nuvacron'. But the growth of other species especially LI;

longissima was affected. This species did not survive in the culture after
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10th day of experiment. Onw the reasons may be that the diatom was

represented by only very little cell number.

Growth inhibition by organophosphates ; has been reported by

several investigators. Ramachandran _e_t_ §_1_., (1980) reported that, Dimethoatc

inhibited the growth of diatom even at very low concentration of 1 ppb.

The 10 ppm concentration of 'Malathion' was found to inhibit the growth

of Chlorella as reported by Saroja and Bose (1982). Ibrahim (1983) also

reported that two organophosphates 'D°methoate' and Bayluside inhibited the

growth of unicellular algae. Prevot and Soyer (1985) have confirmed the

findings of Saroja and Bose (1992) who found that even at 10 ppm of

'Malathion' the growth of dinoflagellate was inhibited.

The inhibition of growth of microalgal culture may be because of

the decreased growth rate as a result of the delayed cell division due to

the 'Nuvacron' application.

The present investigation using 'Nuvacron' with three microalgal

culture leads to the conclusion that eventhough ;‘_._  showed some

tolerance to the 'Nuvacron' above 100 ppm, the other species, particularly

fresh water populations were seriously affected by concentrations above this

level.

3. Carbamate insecticide "carbai‘yl sevin‘

Due to low water solubility, acetone was used as the first solvent.

As already stated in the case of 'BHC', the acetone treated cultures showed

similar growth as in control.
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In the case of _'_l:._>gracilis the lower concentration of 2 ppm showed

an enhancement of growth over control throughout the experimental period.

But the other two cultures tested i.e., &_i_n_gr;n_at_a and the mixed fresh water

culture did not show any stimulation of growth even with the lowest con

centration tested.

Reports about stimulation of algal growth by carbaryl insecticide

are scarce. Stadnyk e_t_ _a__1_., (1971) have noticed stimulation in cell number

when cultures of Scenedesmus guadricauda were treated with 0.1 and 1

ppm carbaryl. Ramachandran §_t__§_!_- (1980), Rajendran and Venugopalan (1983)

reported that the carbamate pesticide sevin exerted no significant effect

upto 20 ppb concentration.

The present studies revealed that, in the case of :l‘_._ gracilis 6ppm

and 8 ppm concentration of sevin has diminished growth at the beginning.

But with the age of the culture, the growth rate also increased. Under

the four different concentrations tested 2.__i_n_o_r;n_a_t_a_ and mixed fresh water

culture showed . growth inhibition at the beginning.

Growth inhibition by carbaryl insecticide has already been reported.

But different concentrations of sevin which inhibit the growth of different

microalgae may vary. Ukeles (1962) found that carbaryl toxicity was

dependent upon the concentration and the alga being tested. Growth of

five unicellular algae was stopped (algicidal) or cell division prevented

(algistatic) by 10 ppm carbaryl.Christie (1969) found that carbaryl was more
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toxic in an acid environment and at pH 6 any concentration above 0.1 ppm

would inhibit the growth of Chlorella pyrenoidosar Butler et al_., (1975b5)

reported an inhibited growth at 10 ppm and at 25 ppm growth was suspended

They concluded that because carbaryl is unstable and is subject to high rates

of photolysis and hydrolysis, it is likely that the breakdown products are

influencing the algal growth.

Kentzer _e_t_ a_l_., (1984) reported that at a concentration of IO ppm,

the carbaryl sevin inhibited the cell multiplication of _(_3_h_l_c_>_r_el_l_a_ and

in the laboratory culture. The present investigation also showed that concen

tration above 8 ppm stopped growth for the three microalgal culture. But

this was in contradiction to the existing reports of Khalil and Mostafa (1986)

and Kobbia §_t_ a__l_., (1991). They reported that a carbamate insecticide

"methomyl" showed no significant effect on the growth of fresh water alga

- Phormidium fragile upto a concentration of 112.5 ppm. But according to

them the same insecticide inhibited growth of Nost_o_c_ m_u_s_corum and.
Tolypothrix tenuis at a concentration of 100 ppm.

Thus it can be concluded that the effect of carbaryl sevin on micro

algae will depend on many factors. The results of present investigation

revealed that in concentrations above 8 ppm the growth of algal population

may be eliminated.

4. Herbicide - 'Gramaxone'

Apart from their widespread use in agriculture, the herbicides are

also used for aquatic weed control. It is therefore important that these
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herbicides be assessed for any deleterious effects on the ecology and quality

of treated waters.

The four different concentration of 'Gramaxone' employed in three

cultures showed varying results. With   the two lower-concent
ration of 0.2 and 0.4 ppm showed an enhancement of growthfover control

upto 4th day, and then growth diminished compared to control. But in the

case of _Il.__inornata_ concentration of 0.2 ppm showed enhanced growth through

out the 20 days period. For mixed culture little enhancement was observed

at the beginning for 0.2 ppm concentration. So the result revealed that

0.2 ppm of 'Gramaxone'had some stimulatory effect on growth of algae.

Algal stimulation by herbicides has already been reported. Walsh

3: §_1_., (1970) observed stimulation of algal growth and photosynthesis with

10 ppm 2, 4, D. This was also supported by Bednar3.(1981 a), who found

that low concentration of 2, 4 D, usually stimulated the growth of algae.

The stimulation of algal growth with simazine has been reported already

(Francois and Robinson, 1990). Austin _e_§_§l-, (1991) reported that, an organo

phosphate herbicide 'Glyphosate (R), enhanced growth above control values

which suggested that tlv phosphate constituent of this herbicide might be

acting as a nutrient.

The inhibitory effect of 'Gramaxone' follows a peculiar character

as revealed by the result. The two species tested i.e, ’_l‘.__gracilis and f)_.

_ii_1_o_r_n_at§_ showed that concer-'=»ation of 0.8 and 1.6 ppm effected almost

the same growth rate compared to control upto 8th day in  graci_l_i_s_ and
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only upto 4th day in  inoriiata. Afterwards the number of cells decreased

~showing declined growth. But when it attained a growth of 12 days again

the cell number increased. this was in agreement with the finding of

Abouwaly _e__t_ al_., (1991 a) who found that the herbicide llexazinone treated

cultures of Selenastrum capricorn_utum recovered substantially in 7 days time

after treatment.

There are good amount of literature on the inhibition of growth

by herbicides. Growth of unicellular algae was inhibited by two herbicides

MCPB and MCPA as reported by Krikwood and Fletcher (1970). Atrazine

and 2, 4, D were also found to inhibit the growth of algae at different con

centrations (Butler _e_t_ _a_l_., 1975 a). Plumley and’. Davis (1980) reported that

at 2.2 ppm concentration of herbicide 'atrazine',. the cell number in unialgal

cultures was reduced. Inhibition of growth rate by low concentration of

atrazine was reported by stratton (1984) and Mayasich gt _al_., (1986).

Bednarz (1981 b) reported that the various effects of herbicide on

microalgae are rather caused by the action of extra cellular secretion of

algae. It is also possible that the joint action of pesticides and extracellular

secretions can increase the sensibility of algae to the pesticides.

Millie _et_ _§l_., (1990) reported that herbicide - fluridone inhibited

biomass in Oscillat_or_i_a_ a_ga_r_d_hi_i_ upto a concentration of 100 ppb. The decre

ase in cell biomass with increasing fluridone concentration coincided with

the reduction in growth. Francois and Robinson (1990) also reported the

inhibitory effect of herbicide "l‘erbutryn' on Chlarnydornonas geitleri.
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The use of herbicide for the present investigation '.:ramaxone'

(Paraquat) and already tested and results were reported by Ibrahim (1990).

Contrary to his reports, in the present investigations, the inhibitory concen

tration of 'Gramaxone' was ‘found varying and this has been reported in the

section dealing with the results of bioassay studies.

Abouwaly 33 §_1_-, (1991 b) reported that reduction in growth was

observed with an increase of atrazine concentration.

As reported by other workers, the present investigation clearly showed

that at higher concentrations upto 1.6 ppm the decrease in cell biomass

retarded as a result of reduction in growth rate. The difference of

inhibition observed for different algae is not likely a function of variation

in tolerance among genotypes. It can be concluded that above 1.6 ppm con

centration of 'Gramaxone' the growth of microalgae was totally eliminated.

5. Fungicide - 'Cuman L(R)'.

Information on the effects of fungicides on microalgae are very

much limited. The present investigation showed that  at a concen

tration of 0.005 ppm made little enhancement of growth over control through

out the experimental period. This was in confirmaty with the results of

Rath _e_t _a_1_., (1985, 1986). They reported that at lower concentrations,

mercury based fungicides may act as growth regulator and at higher con

centration it acted as a growth inhibitr. They concluded that the effect

was totallay independent upon the dose of the toxicant and the duration

of application.
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(R)Concentration 0.02 and 0.04 ppm of 'Cuman L 'was found to inhibt

the growth of microalgae especially in _l1._ inornata, Depression of growth

rate by fungicide is already reported.’ Ethyl mercury phosphate was lethal

to all marine phytoplankton species tested when incorporated at a level of

60 ppb in the culture media (Ukeles, 1962). Harriss _g_t_ gl_., (1970) found

that the organomercury fungicides, at less than 1 ppb reduced growth and‘

photosynthesis of marine diatom Nitzchia gelicatissima and also in a natural

population of fresh water phytoplankton. Kosawska and Falkoswki (.1984)

reported that the fungicide Dithane M45 depressed 50% cell multiplication

at 0.2 to 0.6 ppm in Chlorella and Scenedesmus and at 2 ppm in Anacystis
nidulans.

The present investigation and results of previous authors revealed

that different fungicides had varying effects to different species of micro

algae. The growth of microalgae especially l3_._ inornata was seriously affected

above 0.04 ppm concentration.

Mixture of Bioc-ides:

Recognizing that in nature, organisms may be exposed to several

toxicants simultaneously, experiments were conducted with two mixtures

of biocides. The synergistic effect of biocide was found to vary with the

effect of each biocide independently

Mixture of 5 biocides:

Mixture of all the five biocides tested, showed varying effects on

the three species of microalgae. The lowest concentration of 0.5 ppm
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stimulated the growth of algae especially in _'I;._ gracilis and P_,_ inornata

The higher concentration of 0.2 and 0.4 ppm were found to be inhibitory

at the beginning but later the algae recovered from the inhibitory action

of toxicant mixture. ‘With the mixed fresh water culture the species diver-.

sity was very much affected by the toxicant mixture. Above 0.4 ppm of

toxicant mixture the growth of microalgal culture was totally inhibited.

Mixture of 3 biocides:

Mixture of one insecticide, one herbicide and one fungicide showed

almost same pattern of growth with the microalgal culture at the same con

centrations tested for mixture of 5 biocides. But the percentage of inhibition

showed some variations. With the freshwater culture the two mixtures

showed varying results.

When the independent effect of each biocide was considered the

synergistic effect of the mixture of biocide showed varying results. In this

case the synergistic effect was found to be higher compared to the inde
(R)‘dendent effect of each biocide, except for fungicide 'Cuman L . This

fungicide was found to be highly toxic above 0.04 ppm. But in the mixture,

the algae showed to withstand upto 0.4 ppm, for the two mixtures tested.

The most obvious result was with the organophosphate insecticide. 'Nuvacron'

which was found to be tolerable even at 100 ppm. But in the mixture,

after 0.4 ppm it was very much affected. ,

Eventhough considerable amount of literature is available about the

effect of different biocides on microalgae, the reports about the synergistic
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effect of biocide is very little. The only one report is that of Mosser _e_t_

_a_1_ (1974). They investigated the effects of mixture of organochlorines on

the growth of marine diatom Thalassiosira pseudonana, and it was found

that the interaction of mixture of organochlorines was far more inhibitory

to the algae than they were individually. This was in agreement with the

results of present investigation.

From the results of the present investigation it is very clear that

the effect of each biocidem-the growth of three microalgal culture varied

greatly. The effect of biocide and their mixtures was dependent upon a

number of interrelated factors.

Three microalgal cultures investigated here are from three different

habitats. I_._ gracilis is an estuarine form, _Q_._ inornata a marine species,

and the mixed culture raised through the collection from the paddy field

and they are almost freshwater species. The results of the present investi

gation showed that among these three cultures, the estuarine form is consi

.dered as the most resistant species. Same is the finding of other investi

gators like Menzel _e_t_ _a_1_., (1970) and Patin (1982). They are of the opinion

that euryhaline forms are much more resistant than oceanic species. In

general, euryhaline forms of organisms are considered to be sturdy species,

because, every now and then, they are subjected to changes in the environ

mental conditions. In this situation they might have acquired some resistance

to the external stress. The present results clearly indicate that eventhough

the biocides are causing some initial inhibition in the growth of L gracilis,

later this species got acclimatized and it showed the same growth rate as

control during the end of the experiment.
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Patin (1984) is of the opinion that certain freshwater forms of phyto

plankton are more resistant to the effect of chloro_organic compounds, even

though certain species may well be selectively sensitive to individual toxicants

The present result agrees with this statement. In nature, the phytoplankton

community is represented by an array of different species. In this population

some species may be dominant and yet some other may be represented by

only very low numbers. Results of this investigation showed that the

dominant species, was _Q_h_l_o_r_el__l_a_ o_val_i§_ which can withstand the effect of

pollutants, but other species, which were only nominally represented in the

culture, especially the diatom _lL__1_o_ng_i_s_s_i_rp_a are very much affected by the

action of biocides. This type of result has been reported by some investi

gators like Wurstur (1968), Mosser _e__t_ _al_., (1972b) and Moore and Harriss

(1974). They are of the opinion that for a mixed culture, selective toxicity

will result in changes in community structure and in the production of cer

tain size classes of species, which may be critical food for higher trophic

levels.

(R)Among the five biocides tested, the fungicide Cuman L was found

to be most toxic i.e., above 0.04 ppm, the growth of microalgae was severely

affected. The least toxic one among the five was the organophosphate

insecticide as reported by various other investigators (Ukeles, 1962;

Christie, 1969; Hu1bertgta_l_., 1972; Butler §_t_a_l_., 1975 a). In general organo

phosphates are considered to be less toxic to micro algae. Rath and Misra

(1981) even tested the nutritive value of an organophosphate insecticide at

400 ppm concentration and found that the algae could utilize the elements
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of organophosphate insecticide. The reason for the less toxic nature of

this insecticide is because that it can easily undergo degradation. Organo

phosphates are not persistent pollutants like organochlorines.

The three insecticides investigated here come under three categories;

organochlorine,‘ organophosphate and carbamate. The toxicity of these
insecticides are in the order organochlorine > Carbamate > organophosphates

But the findings of Christie (1969) showed that carbamate insecticide was

more toxic than organochlornes and organophosphates. Ramachandran _et_

§_l_., (1980) and Rajendran and Venugopalan (1983) are of the opinion that

carbamates are less toxic than organochlorines and organophosphates, the

order of toxicity being organochlorine)‘ organophosphate) Carbamates. The

difference in the toxicity order of insecticides may be because of differ

ence in the quality of insecticide used and also be difference in species

tested. All insecticides under organochlorine, or organophosphate may not

respond similarly as already stated. the comparison is very difficult in view

of the difference in chemical and toxicological properties of different bio

cides and the variation in experimental procedures of different workers.

Murray and Guthrie (1980) reported that eventhough the pesticides

showed an initial inhibition of growth, at a later stage the algal population

approached or exceeded those of control. The present results agree with

this statement.

The results clearly show that the different biocides tested react

differentially with three cultures. Lower concentration may cause stimulation
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But the stimulation of algal growth may also cause problems in the natural

environment. As reported by Hurlbert gt _al_., (1972) excessive algal product

ion may cause problem of eutrophication. Excessive algal production may

be because of increased nutrients which may be the results of insecticide

application. Since the water draining from agricultural land bears both

nutrients and insecticides, they may pose double threat to the aquatic
environment.
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2. CARBON PRODUCTION

In order to have a proper understanding on the potential direct

effects of environmental contaminants like biocides on‘ aquatic algae,

it is important to first consider examples of these effects on processes

at the cellular levels of organization.

As the carbon production of microalgal culture is an important

measure of the physiological state of an organism, the difference in carbon

production rate would clearly show the effect of various concentrations

of pollutants. Both gross and net carbon production were estimated for

each algal culture as an effect of biocide treatment.

The values of gross and net carbon production for three microalgal

cultures investigated showed makred variations. In the case of L_gracilis

which is an estuarine form of phytplankton, the maximum value of pro

duction was observed on 14th day of experiment. The values were 0.48

mgc/1/hr for gross production and 0.44 mgC/1/hr for net production (Fig.

15 and 16). But _I_)__._ inornata showed maximum value of 0.56 mgC/1/hr

for gross and 0.55 mgC/1/hr for net production. (Fig. 17 and 18). In

the case of mixed culture of freshwater algae as shown in the figure

19 and 20 highest rates were on the 10th day of experiment. i.e. 0.4

mgC/1/hr for gross production and 0.38 mgC/1/hr for net production.

1. Organochlorine insecticide -‘ B.H.C.

\

With the organochlorine insecticide B.H.C., control and acetone

treated cultures showed the same trend in carbon production in the three

microalgal cultures.



109

In _T._ gracilis 0.5 ppm concentration was; found to stimulate the

carbon production. Hence the highest value of gross carbon production

which was 0.58 mgC/1/hr observed on 14th day of experiment. This

was about 20% more than for control on the same day. The increased

gross production at 0.5 ppm was observed upto the 18th day of- experi

ment (Fig. 15a). Eventhough there was a well marked increase in gross

carbon production with the 0.5 ppm concentration, the net carbon production

did not show an increase over control (Fig. 16a). Upto the 10th day

of experiment, net carbon production at 0.5 ppm concentration showed

slightly increased values than control i.e. about 12.5% increase in production

on 10th day. But when the culture attained 14th day, the net production

values in control and in 0.5 ppm treated cultures were the same. The
difference in gross and net production values of treated cultures showed

that the respiratory rate was high in pesticide treated culture than control.

Concentrations of 1,2 and 4 ppm o_f ‘B.ll.C.’ invariably affected

the carbon production of T._ gracilis. In 4 ppm concentration, the culture

shows low value of gross carbon production, and net carbon production

observed at the beginning of the experiment was zero, indicating that

the respiratory value was very high, compared to all other treatments.

Another peculiarity observed in this case was that, at 2 and 4 ppm con

centration very low production in both gross and net carbon was effected

at the beginning of the experiment. But with the age of culture, ‘the

production increased.

Analysis of variance revealed that, there was significant variation
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in gross and net carbon production under four different concentrations

and also over days. Significance was at 1% level. (Table 13 dc 14).

But for respiration, statistics showed no significant Variation (Table 15).

The marine form 9; inornata also showed variation in carbon pro
duction as a result of treatment with different concentrations of 'B.H.C.'

The 0.5 ppm concentration shows increased carbon production than control

throughout the experimental period. The highest value of gross production

was observed in the 14th day of experiment i.e, 0.62 mgC/1/hr the corres

ponding net production of 0.58 mgC/1/hr was about 7.4% more over control.

The highest concentration of 2 ppm and 4 ppm always showed very low

values of production. Unlike in the case of I._ gracilis, the carbon pro

duction was not at all increased with the age of culture in pesticide

treated cultures especially for 2 and 4 ppm (Fig. 17a, and 18a). The

pesticide treated cultures showed increased rate of respiration throughout

the experimental period.

Analysis of variance showed that there was significant variation

in gross and net carbon production of Q inornata, under four different

concentrations, and also over days. The significance was at 1% level.

But there was nosignificant variation in respiration (Table 13, 14, and 15)

Mixed culture of fresh water microalgae with the four different

concentrations of ‘B H C‘ showed low values of carbon production compared

to control. No increased carbon production over control was observed
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.even at the lowest concentration tested. The percentage inhibition varied

with the age of culture. The highest carbon values for 0.5 ppm observed

on the 10th day of experiment was 0.34 mgC/1/hr (Gross production) and

0.32 mgC/1/hr (net production) which was about 16% lower than control

observed on the same day. Concentration of 2 and 4 ppm of ‘oB.ll.C‘.

was found to inhibit the carbon production especially at the beginning

of the culture (Fig. 19a and 20a). While the gross production was repre

sented by low values, the net production was zero indicating high respiratory

rate. As in the case of T_._ gracilis this culture also showed the peculiarity

that, after an initial inhibition in 2 and 4 ppm 'BHC" concentration, the

cultures regained their normal activity and the carbon production increased

when the culture attained 18 days growth. The highest production at

4 ppm was observed on the 18th dy of experiment i.e., 0.15 mgC/1/hr

gross production and 0.13 mgC/1/hr net production.

Analysis of variance revealed that there was significant variations

in gross carbon production as a result of‘B.H.C: treatment. (Table 13).

But the net production showed a mixed trend, significant at 5% level

(Table 14). There was no significant variation in respiration as a result

of‘B.H.C. Treatment (Table 15).

2. Organophosphate insecticide—'Nuvacron'

Four different concentrations of 'Nuvacron' was seen to affect

the carbon production in L gracilis (Fig. 15b and 16b).

I

$Nuvacron‘ at 25 ppm showed an increased carbon production than
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control. But the percentage of increase was varied on each day. The

highest gross production was observed on the 14th day of experiment.

At 25 ppm concentration the gross carbon production was 0.5 mgC/l/hr,

and net production value 0.48 mgC/l/hr. i.e., net production was about

11.63% higher than that observed for control cultures. \Nuvacroni of 100

ppm showed very low values of carbon production at the beginning i.e.,

on the 2nd day only about 12% of control value was observed. The same

‘day the net production observed was only 0.008 mgC/l/hr indicating high

respiratory rate at 100 ppm concentration. But with the age of culture,

the earlier inhibition of .high concentration had changed and the highest

value was observed on the'20th dy of experiment i.e., 0.32 mgC/l/hr

of gross production and 0.26 mgC/l/hr of net production.

Statistical interpretation using analysis of variance revealed that

there was highly significant variation in gross and net carbon production

as a result of 'Nuvacron' treatment (Table 13 and 14). But there was

no such variation in the respiratory rate as a‘ result of insecticide treat-’

ment (Table 15).

The rate of carbon production of _Ig._ inornata showed variation

with four different concentrations of‘Nuvacron’ (Fig. 17b and 18b). The

lower concentration of 25 ppm showed an increased carbon production

than control only at the beginning of the experiment. But later the pro

duction decreased compared to control. The highest production was observed

on the 14th day, the values being 0.43 mgC/l/hr for gross production
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and 0.32 mgC/l/hr for net production, which was only 62.75% of control

value on the same day. Concentrations of 50,75 and 100 ppm showed low

values for gross carbon production,and'the net carbon production was very

much affected. For 100 ppm, the maximum amount of net carbon prod

uction was only 0.12 mgC/l/hr observed on the 14th day, but on the same

day the control shows 0.57 mgC/l/hour. Unlike in the case of I_._ gracilis,

the earlier inhibition was not at all recovered in this species, and when

the culture attained 20 days of growth the net production observed was
ZGPO.

Analysis of variance revealed that there was significant variation

in gross and net carbon production as a result of 'Nuvacron' treatment.

(Table 13 ._ and 14). But the respiration showed no significant variation

(Table 15).

Figure 19b and 20b explain the variation in gross and net production

values of freshwater culture as a result of 'Nuvacron' treatment. The

four different concentrations of 'Nuvacron' showed variation in carbon

production-No increased production was observed even at low concentration

of 25 ppm. At this concentration the highest net production was observed

on this 10th day of experiment i.e., only 0.28 mgC/l/hr compared to0.4

mgC/l/hr observed for control cultures on the same day. For 50 ppm

the highest production was observed on the 12th day. Concentration

of 75 ppm showed maximum carbon production on the 16th day of experi

ment. But with the higher concentration, the net carbon production showed

very low values, the maximum amount it could produce was only 0.05

mgC/l/hr, which remained unchanged from 14th to 20th day of experiment.
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Analysis of variance revealed that there was significant variation

in gross and net carbon production as a result of four different concent

ration of‘Nuvacron (Table 13 and 14). But there was no significant vari

ation in the respiratory rate (Table 15).

3. Carbamate insecticide -'Carbaryl sevin'

The effect of four different concentrations of 'carbaryl sevin'

on gross and net production of three microalgal cultures showed variation

in their values. As observed in‘ the case of \BHC; in the control and

acetone treated control, the carbon production did not vary.

With T._ gracilis, the 2 ppm concentration ofCarbaryl sevin"stimulated

the gross carbon production on the 2nd and 4th day. But corresponding

net production values were very low compared to control showing that

the insecticide treated cultures had high respiratory rate compared to

control. The highest value for net carbon production of 0.47 mgC/l/hr

at 2 ppm concentration was observed on the 14th day of experiment

(Fig. 15c and 16c).- For 4 ppm concentration the maximum production

observed was on the 16th day of experiment. In concentrations of 6

and 8 ppm net production was zero, especially at the beginning of the

experiment. This indicated an increased respiratory rate of insecticide

treated culture. Concentration of 8 ppm always shows very low value

of net carbon production and the maximum value observed was 0.22mgC/l/hr

which remained unchanged from 16th to 20th day of experiment.

Analysis of variance revealed that there was significant variation

in gross and net carbon production of '_I‘_._ gracilis with four different con
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centration, over days. (Table 13 and 14). Between treatments, there

was no significant variation in respiratory rate. But, over the days, the

'Carbaryl sevin'showed significant variation in respiratory rate (Table 15).

Fig. 17c and 18c explain the variation in carbon production of

2; inornata as a result of 'carbaryl sevin' treatment. The four different

concentrations tested shows low values of carbon production compared

to control. But the percentage reduction varied with the age of culture.

At 2 ppm concentration the maximum gross production of 0.3 mgC/l/hr

was observed on the 14th day of experiment and the net production observed

was also 0.3 ,.mgC/1/hr showing that the respiratory rate was zero. Com

pared to control the percentage inhibition of net production was about

37.5%. In 4 ppm concentration, the maximum net production was observed

on 16th day which was 0.2 mgC/l/hr but afterwards the production decreased.’

In 6 ppm and 8 ppm the values of carbon production was very low and

the maximum production was observed on 20th day of experiment. The

amount of carbon produced was only 0.1 mgC/l/hr.

Analysis of variance indicated that there was significant variation

(significant at 1% level) in gross and net carbon production as a result

of insecticide treatment (Table 13 and 14). But the respiratory rate

showed 5% significance between four different concentrations, and at

1% significance over days (Table 15).

The variation in carbon production of freshwater culture as a result

of 'carbaryl‘ treatment is shown in the figure 19c and 20c. No increased
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production was observed even with the low concentration tested. The

2 ppm concentration showed its maximum gross production on the 10th

day, the value being 0.33 mgC/l/hr for gross and the corresponding net

carbon production was 0.32 mgC/l/hr, which is 88.89% of control production.

The 4 ppm concentration showed maximum production on 12th day and

the net carbon production value observed was only 0.14 mgC/1/hr. In

concentration of 6 ppm and 8 ppm showed very low values of carbon

production. For 8 ppm the production was beyond the detectable limit

upto 4th day. But after wards the same culture showed very low values

of carbon production. The maximum net carbon production at 8 ppm

concentration was observed on 16th day the value being 0.08 mgC/1/hr.

It was observed that the insecticide treated cultures shows increased

respiratory rate than control.

Analysis of variance revealed that there was significant variation

in gross and net carbon production of - mixed culture, as a result of

insecticide treatment (Table 13 and m14). But the variation in respiration

was not significant (Table 15).

4. Herbicide - 'Gramaxone'

With the herbicide 'Gramaxone' the carbon production of three

microalgal cultures varied very much.

With four different concentrations of 'Gramaxone'  gracilis showed

difference in carbon production. Fig. 15 d and 16 d. '1‘he lowest concent

ration of 0.2 ppm showed an increased carbon production than control

only on the 2nd day of observation. But corresponding net production
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value showed no increase than control. At 0.2 ppm concentration, the

maximum production was observed on the 14th day, the values being 0.5

mgC/l/hr for gross production and 0.44 mgC/1/hour for net production.

It was about 95.65% of that observed for control. culture. At 0.4 ppm

concentration the maximum production was observed on the 16th day.
Concentration of 0.8 and 1.6 ppm showed the peculiarity that, eventhough

they are showing low values for gross carbon production, net production

was zero. This may be because of increased respiratory rate of treated

cultures. At 1.6 ppm concentration the ‘\maximum net carbon production

was observed on the 20th day of experiment, the value being 0.08 mgC/1/hr.

1

Analysis of variance revealed that there was significant variation

in gross and net carbon production of ’_I‘; gracilis. as a result of 'Gramaxone'

treatment (Table 13 and 14). The respiratory rate was found to be signi

ficant at 5% level (Table 15).

The herbicide showed difference in the production values with

Q inornata, (.Fig. 17d and 18d). The lower concentration of 0.2 ppm

showed an increased production than control at the beginning of the experi

ment. But the corresponding net production did not show any increase.

The difference in gross and net production was due to the difference

in respiratory rate. In 0.2 ppm concentration the maximum production

was observed on the 14th day, the values being 0.48 mgC/1/hr for gross

production, only 0.4 mgC/1/hr for net productionwhich is 88.89% of the

control production. The 0.4 ppm concentration showed the maximum

production on the 14th day and the value was 0.3 mgC/1/hr. Concentrations
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of 0.8 ppm and 1.6 ppm showed low values for net carbon production.

For 1.6 ppm the maximum net carbon production was observed on the

20th day of experiment, the value being 0.14 mgC/l/hr.

Analysis of variance indicated that there was significant variation

in gross and net carbon production, between treatments and also between

days. (Table 13 and 14). There was no significant variation in respiration

between treatments. But between days the variation in respiration was

found to be significant at 5.%leve1. (Table 15).

With the mixed culture of fresh water microalgae, the different

concentrations of 'Gramaxone' showed variation in carbon production.

Even with the lowest concentration tested no increased production was

observed. But when the culture attained 12th day of growth, the maximum

gross production was observed with 0.8 ppm concentration (Fig. 19d and

20d). But the net carbon production was varied with different concentration

In 0.2 ppm concentration the maximum net carbon production was observed

on 12th day of experiment. For 0.4 ppm the maximum production -was

observed on 12th day. The 0.8 ppm concentration” showed maximum pro

duction on the 12th day of experiment. At 1.6 ppm concentration the

net carbon production was zero upto 4th day showing increased respiratory

rate. The maximum production was observed was 0.075 mgC/l/hr.

Analysis of variance revealed that there was significant variation

in gross and net carbon production between treatments and also between

days (Table 13 and 14). But there was no significant variation in respiration
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as a result of herbicide treatment (Table 15).

(R)5. Fungicide - 'Cuman L.

The four different concentrations of fungicide affected the carbon

production of three microalgal culture under investigation.

In the case of :l“_._ gracilis the concentration of 0.005 ppm showed

little increase over control at the beginning of the experiment (Fig. 150

and 166). At this concentration the highest value obtained was 0.5mgC/l/hr

for gross production and 0.44 mgC/1/hr for net production which was

97.78% of control. With 0.01 ppm concentration the highest value obtained

for net production was 0.40 mgC/l/hr. The concentrations of 0.02 and

0.04 ppm was found to reduce the carbon production very much. At

the beginning of the experiment these cultures showed very low values

of gross carbon production and the net production was also less. This

showed that at higher concentration, the respiratory rate increased. At

0.02, and 0.04 ppm. the highest net production was observed on the 20th

day of experiment, the values being 0.26 mgC/1/hr and 0.12 mgC/l/hr

respectively.

Analysis of variance revealed that there was highly significant

variation in gross and net carbon production, between treatment and between‘

days (Table (13 and 14). The respiratory rate showed significant variation

between treatments, but between days there was no significant variation

in respiratory rate (Table 15).
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(RYThe fungicide 'Cuman L was found to inhibit the carbon production

of Q; inormata to a more extent than that observed in T._ gracilis (Fig.

We and 18e). At 0.005 ppm concentration the highest value of carbon

production was observed on 16th day and the gross production was 0.4

mgC/l/hr while net production was 0.32 mgC/1/hr. At 0.01 ppm the °highest

value obtained for net production was 0.2 mgC/l/hr and it was on the

16th day of experiment, concentration of 0.02 and 0.04 ppm showed very

low values for carbon production. In the early period of the culture

they showed low values for gross carbon production and the net production

was negligible or zero. This indicated high respiratory rate at higher

concentrations of fungicide. But with the age of culture, these concent

ration showed an increased production than at the beginning and when"

the culture attained 20 days growth, these cultures showed the highest

production.

Analysis of variance indicated that there was significant variation"

in gross and net carbon production of g inornata, between treatments
and over days (Table 13 and 14). The variation in respiratory rate was

found to be significant at 5% level, between treatments. But over days

there was no significant variation in respiration (Table 15).

The freshwater culture showed various patterns of carbon production

as a result of. fungicide treatment (Fig. 19c and 20 e). Upto the 12th.

day of experiment, the four different concentrations tested showed low

values of carbon production compared to control. But afterwards the
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treated cultures showed little enhancement over‘control. At 0.005 ppm

the highest value was observed on the 10th day, the values being 0.34

mgC/1/hr for gross production and 0.3 mgC/1/h for net production which

was 88.24% of control values observed on the same day. For 0.01 ppm

the peak value obtained for net production was 0.22 mgC/1/hr on the

14th day. At the beginning of the experiment, the highest concentration

tested showed very low values for net carbon production and this -may

be because of increased respiratory rate. But with the age of culture

this condition had changed and the peak value of net production at 0.02

ppm observed on 16th day was 0.15 mgC/l/hr. The 0.04 ppm concentration

gave the highest value of 0.08 mgC/1/hr on the 20th day of experiment.

Analysis of variance revealed that there was significant variation

in gross carbon production between treatments and between days (Table

13). For net carbon production, between treatments the significance

was at 1% level and between days the significance observed was at 5%

level (Table 14). Between treatments the variation in respiratory rate
was not significant.‘ But, between days there was 5% significance in

variation (Table 15).

6. Mixture of 5 biocides

The effect of four different concentrations of five biocide mixture

were found to inhibit the rate of carbon production in three microalgal

cultures. Control and acetone treated control showed same trend in gross

and net carbon production.
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L gracilis showed an increase in carbon production compared to

control at the low concentration of 0.05 ppm only on the 2nd day obser

vation (Fig. 15 f and 16f). But the corresponding net carbon production

observed was below control values. This difference showed increased

respiratory rate of toxicant treated algae. The highest value ‘of net

carbon production at 0.05 ppm observed was on 14th day and it was 0.42

mgC/l/hr which was 87.5% of control on the same day. At 0.01 ppm

concentration the maximum production of 0.42 mgC/l/hr was on the 16th

day of experiment. As observed in the case of each biocide, the mixture

of biocide also showed very low values of net carbon production with

the highest concentration tested because of increased respiratory rate.

At 0.2 ppm the highest net production was_ observed on 18th day the

value being 0.36 mgC/l/hr. The highest concentration of 0.4 ppm showed

the maximum production of 0.22 mgC/l/hr on the. 18th day and this re

mained unchanged upto the 20th day of experiment._
Analysis of variance indicated that there was significant variation

in gross and net carbon production between treatments and between days

(Table 13 and 14).‘ But there was no significant variation in respiratory

rate (Table 15).

The four different concentrations of biocide mixture was found

to inhibit the carbon production of _I_)_._ inornata (Fifi. 17f and 18f). The

concentration of 0.05 ppm showed an increase in gross carbon production

upto the 6th day of experiment corresponding net carbon production was

low compared to control. This showed increased respiratory rate of toxicant

treated cultures. The highest value of carbon production at 0.05 ppm
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was observed on the 16th day, the values being 0.49 mgC/l/hr for gross

production and 0.45 mgC/1/hr for net production. At 0.01 ppm the highest

net production observed was 0.42 mgC/l/hr on 16th day of experiment

concentrations of 0.2 and 0.4 ppm show very low values of net carbon

production in the beginning, indicating a high respiratory rate. At 0.2

ppm concentration a maximum production of 0.22 mgC/l/hr was obtained

on the 20th day of experiment. At 0.4 ppm production of 0.12 mgC/l/hour

was observed on the 20th day of experiment.

Analysis of variance revealed that there was significant variation.

in gross and net carbon production of Q; inornata, between treatments

and also between days (Table 13 and 14). But the variation in respiratory

rate was not significant. (Table 15).

The mixed culture showed various values for carbon production

at four different concentrations tested (Fig. 19f and 20f). The low con

centration of 0.05 ppm showed a little increase  carbon production com

pared to control on the 2nd day of observation. But the corresponding

net production was lower than control. The highest value of net carbon

production at 0.05 ppm concentration was observed on 10th day of experi

ment and it was 0.30 mgC/l/hr, which is 88.89% of control values observed.

on the same day. In 0.1 ppm concentration a maximum net production

of 0.22 mgC/l/hour was noticed on 12th day of experiment but in 0.2

and 0.4 ppm only very low values of carbon production was seen compared

to control. The highest production at 0.2 ppm was observed on the 14th

day and it was 0.1 mgC/l/hr. At 0.4 ppm highest production observed

was 0.075 1ngC/l/hr on the 20th day of experiment.
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Analysis of variance revealed that the four different concentrations

of biocide mixture did not show any significant variation in gross and

net carbon production. But between days, gross production showed highly

significant variation (Table 13 and 14). The respiratory rate also showed

significant variation between treatments. But between days there was

no significant variation in respiration (Table 15).

7. Mixture of 3 biocides

Mixture of one insecticide, one herbicide and one fungicide at

four different concentration showed low values for production compared
to control.

With j‘_. gracilis this biocide mixture showed varying values for

carbon production (Fig. 15g and 16g). At 0.05 ppm, the highest production

was observed on the 14th day and it was 0.39 mgC/1/hr, for gross production

and 0.32 mgC/1/hr for net production which is 65.31% of that observed

for control on the same day. At 0.1 ppm the maximum value of net

production obtained was 0.3 mgC/1/hr on 16th day. Concentrations of

0.2 and 0.4 ppm yielded zero value for net carbon production on the

2nd and 4th day showing increased respiratory rate. Afterwards production

values showed little increase with the age of the culture. The highest

value of net production obtained at 0.2 ppm was 0.3 mgC/l/hr on 16th

day of experiment. At 0.4 ppm. the maximum production observed was

0.3 mgC/l/hr which was on the 20th day of experiment.
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Analysis of variance revealed that there was significant variation

in gross and net carbon production of j‘_. gracilis, under four different

concentrations and also between days (Table 13 and 14). The respiration

showed 5% significance between treatments. But, between days the effect

of biocide mixture on respiratory rate was not significant (Table .15.).

With the species _I_)_._ inornata, the various concentration of biocide

mixture showed varying value of carbon production, as shown in the figures

(Fig. 17g and 18g). The lowest concentration of 0.05 ppm showed little

increase- in production than control upto the 6th day of experiment.

At this concentration the highest value was observed on the 14th day

of experiment, the values being 0.45 mgC/1/hr for gross and 0.39mgC/l/hr

for net production, which was 86.67% of control observed on the same

day. At 0.1 ppm, the highest value of net production observed as 0.36

mgC/1/hr on 16th day. Concentrations of 0.2 and 0.4 ppm showed very

low values of net carbon production indicating a high respiratory rate

at this concentration. The maximum net carbon production at 0.3 ppm

was 0.24 mgC/1/hr on the 20th day of experiment. The maximum value

obtained for net carbon production at 0.4 ppm ‘was 0.19 mgC/l/hr on

the 20th day.

Analysis of variance revealed that there was significant variatrion

in gross and net carbon production of _Q_._ inornata, between treatments

and also between days (Table 13 and 14). But there was no significant

variation in the respiratory rate of D. inornata.
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The freshwater culture showed different rates of carbon production

as a result of toxicant treatment (Fig. 19g and 20g). In 0.05 ppm con

centration a maximum gross production of 0.38 mgC/1/hr was seen on

the 10th day, and the corresponding net production was 0.38 mgC/1/hr,

the respiratory value being zero. At 0.1 ppm, the maximum value of

net roduction obtained was 0.18 mgC/1/hr on the 12th day of experiment.

The highest concentration of 0.2 and 0.4 ppm showed very low values

of net carbon production at the beginning of the culture. But afterwards

the net carbon production showed an increasing trend with the age. of

culture. At 0.2 ppm the maximum production observed was 0.15 mgC/1/hr

on the 16th day of experiment. At 0.4 ppm the maximum production

was only 0.10 mgC/l/hr on the 16th day of experiment.

Analysis of variance showed that there was significant variation

in gross and net carbon production of freshwater culture, between treat

ments in different days (Table 13 and 14). But there was no significant

variation in the respiratory rate of culture as a result of toxicants in
mixture (Table 15).’

DISCUSSION

Evethough, volumious literature is available on growth rate of

microalgae as a result of biocide treatmet, very little is kown about
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TABLE-13.

ANOVA TABLE FOR GROSS CARBON. PRODUCTION

.Tetrasc1mis grucilis Dicrateria inornata Mixed culture of fresh_g_ H Source D.F - water algae>11 c: - -_59 8 s.s M.S F s.s M.S F s.s M.S*1! *4!
~O Treatment 5 0.1255 0.0251 14.37 0.9331 0.1855 33.95 -0.0819 0.0154 5»102* . 1*
5; Replicate 9 1.9550 0.1174 07.13 0.8019 0.0891 10.21 0.2273 0.0253 7.
.00 Error 45 0.0787 0.0018 0.2473 0.0055 0.1459 0.0033V ** 3* R -*
‘ Treatment 4 0.0795 0.0199 11.18 0.5252 0.1313 32.25 0.1522 0.0405 37.r

c.‘

g Replicate 9 0.5934 0.0559 37.33 0.1458 0.0153 4701 0.1057 0.0118 10.1
C5

3 Error 30 0.0539 0.0018 0.1455 0.0041 0.0385 0.0011
anal: ' **---- --.-.----.‘-——.-.-----_

Treatment 5 0.1207- 0.0317 23.77 0.4570 0.0935 24.75 0.2528 0.0525 14.5-—¢ ** *1:
$1 Replicate 9 1.1521 0.1280 95.03 0.3537 0.0404 10.59 0.1093 ' 0.0188 5.2.0 C: '
(‘<33 5; Error 45 0.0479 0.0013 0.1700 0.0038 0.1509 0.0035» U)‘(D ** ** ‘A’
5 Treatment 4 0.7701 0.1925 25.77 0.5507 0.1377 18.02 0.1095 0.0274 4.0>1 .
E Replicate 9 0.5477 0.0009 8.35 0.3224 0.0358 4754 0.3420 0.0380 5.5cu .

,0 Error 35 0.2589 0.0072 0.2002 0.0074 0.2424 0.0057\ ‘ uni: an H-»
E '1re0tment 4 0.5845 0.1711 27.84 0.0057 0.1504 25.38 0.1458 0.0355 0.0"’ ** =1->1: +
*2 Replicate 9 0.5018 0.0558 9.07 0.2852 0.0317 5.02 0.1028 0.0181 3.9:cu .'E
5 Error 35 0.7213 0.0052 0.2271 0.0003 0.1532 0.0045In ‘ _ an H: ‘mu:. '1t‘etttm.ent 5 0.4111 0.0822 , 34.73 0.5313 0.1053 20.40 0.1109 0.0222 0.21

O , an 112* ~
§§ Repllcate 9 1.3337 0.1482 52.50 0.7393 0.0821 15.77 0.9139 0.1010 1.3:“,,_ . .
5; Error 45 0.1055 0.0024 0.2344 0.0051 3.3914 0.07544... 4. ““ “ll
°° Treatment 4 0.1732 0.0433 8.38 0.5221 0.1305 24.84 0.0853 0.0215 11.40
9.4O *3! ** "‘
3 3 Replicate 9 2.4794 0.2755 53.32 0.2918 0.0324 5.17 0.1019 0.0179 0.5:»:39

-3; 8 Error .35 0.1859 0.0052 0.1891 0.0053 0.0575 0.0019
:25;

IF Significant at 5% level, ** Significant at 196 level, N.S. Not significant



TABLE-14. g
ANOVA TABLE FOR NET CARBON PRODUCTION

Tetraselmis gracilis Dicrateria inornata Mixed culture of freshH Source D.F t water algaeCZ -:3 8 s.s M.S F s.s M.S F s.s M.S 1‘\ .   t- Treatment 5 0.0741 0.0148 8.99 0.7116 0.1423 22.25 °' 0.1174 0.0235 3.1:11* ** 9
3: Replicate 9 0.8674 0.0964 58.51 0.4924 0.0547 8.55 0.1460 0.0162_ 2.12
_ Error 45 0.0741 0.0017 0.2879 0.0064 0.3350 0.007401 1.... .. R I
‘ Treatment 4 0.1973 0.0493 16.67 0.3769 0.0942 32.70 0.2542 0.0643 12.3F8 , ** *1! "
=5 Replicate 9 0.6658 0.0739 25.00 0.0823 0.0091 3.16 0.1765 0.0196 3.77G 2
E Error 36 0.1065 0.0029 0.1037 0.0029 0.1873 0.0052an *4. flit‘Treatment 5 0.1720 0.0430 19.76 0.4467 0.0893 28.52 0.2334 0.0467 14.4:F; . 33* JIUII :1:35 . Replicate 9 0.8286 0.0921 42.29 0.2361 0.0262 8.37 0.1041 0.0116 3.5:;.0 1: . t
5%, Error 45 0.0784 0.0022 0.1409 0.0031 0.1450 0.0032\ ** 4
g Treatment 4 0.8208 0.2052 38.3"?‘ 0.5044 0.2161 14.92 0.1292 0.0323 15.27>< _ an
E Replicate 9 0.3759 0.0418 7.8? 0.2515 0.0279 3.31 0.2359 0.0262 12.30
G3

15 Error 36 0.1925 0.0054 0.3043 0.0085 0.0761 0.0021 .,\ ** ' * # -;
3 Treatment 4 0.4532 0.1133 21.36 0.5883 0.1471 41.29 0.1235 0.0309 7.54"’ wink _ ** ' 1v
'2 Replicate 9 0.4073 0.0453 8.53 0.1853 0.0206 5.78 0.0927 0.0103 2.51
Cd

5 Em, 36 ‘-0.1909 0.0053 0.1282 0.0036 ‘0.1474 0.0041In an ' ““.,. Treatment 5 0.3018 0.0604 20.85 0.4736 0.0947 30.56 0.6021 0.1204 1.71
O

§§ Replicate 9 1.2424 0.1380 -17.7“; 0.4548 0.0505 16.3*0* 0.7618 0.0846 1.2’?‘_""" Q
égi Error 4_5 0.1301’. 0.0029 0.1395 0.0034" 3.0551 0.0679, *4: c‘-‘ —r *4: 4:‘‘° Treatment 4 0.0748 0.0187 7.72 0.3865 0.0966 27.78 0.1188 0.0297 14.01O t
3 3 Replicate 9 1.2131 0.1348 55.65 0.2155 0.0239 6.8*8* 0.0118 0.0132 6.6:
DP.
.2 _8 Error \36 0.0872 0.0024 0.2152 0.0035 0.0715 0.001925

"' Significant at 5% level, ** Significant at 1% level, N.S. Not significant



TABLE-15.
ANOVA TABLE FOR RESPIRATION

"‘ Significant at 5% level, ** Significant at 1% level, N.S. Not significant

Tetraselmis gracilis Dicrateria inornata Mixed culture of fi‘c.~;I1H Source  - water algaeC.‘:3 8 s.s M.S F s.s M.S F s.s 6 M.S F‘ N.S. _‘ ;\'.;-,
0 Treatment 5 0.0059 0.0012 1.29 0.2997 0.0599 0.81 -0.0408 0.0082 0.54. N.S ' N.S 1\.:~;:1: Replicate 9 0.0144 0.0016 1.73 0.7228 0.0803 1.08 0.1866 0.0207 , 1.36
_m Error 45 0.0415‘ 0.0009 3.334 0.0741 0.6785. 0.0151N.S :12:Treatment 4 5.659 1.415 ‘W3 0.03050 0.0076 0.59 0.0041 0.0011 2.26‘S N5 N.S 11.:-.3 Replicate 9 10.865 1.207 0.96 0.1351 0.0150 ~ 1.17 0.0050 0.0006N .
2 13m,.- 36 45,22 1.256 0.4629 0.0129 0.0166 0.0005‘ N.S ' ' *'1reatment 5 0.0093 0.0023 1.62 0.0119 0.0024 3.22 0.0304 0.0061 1.11:.u-1 *1! -.‘'I_-_.
g’. Replicate 9 0.0517 0.0058 3.99 0.0210 0.0023 3.16 0.0980 ' 0.0109 1333
,0 C.‘

51 3 Error 45 0.0517 0.0014 0.0333 0.0007 0.2605 0.0058m .‘G, * . N.S $4.:
5 Treatment 4 , 0.0144 0.0036 3.03 0.0046 0.0011 1.19 0.0183 0.0046. 1.71X * ' * ' '-T.‘1
g Replicate 9 0.0272 0.0030 2.54 0.0187 0.0021 2.19 0.0209 0.0023 0::-:3ct! .

_o Error 36 0i.04'28 0.0012 0.0343 0.0009 0.0950 0.0026. an *_ .-kw ‘he
33 Treatment 4 0.0422 0.0106 4.59 0.0083 0.0021 3.43 0.0024 0.0006 2.32V N.S N.S 1"
': Replicate 9 0.0343 0.0038 1.66 0.0044 0.0005 0.80 0.0052 0.0006 2.22to -'
5 E,.,.0,. 36 0.0828 0.0023 0.0218 0.0006 0.0093 0.0003.,, r I , N.S  - ’_ l‘reatm_ent 5 0.0104 0.002i_ 1.91 0.0883 0.0177 1. 0.0064 0.0013 2.71° N.S N.S 111:
3 § Repiicate 9 0.0196 0.0022 1.99 0.1734 0.0193 1.48 0.0075 0.0008 1.763 ....

._;S,§f Error 45- 0.0492 0.0011 0.5872 0.0131 0.0212 0.0005. co _‘ =1= N.S “M. N:
2 “eetment 4 0.0121 0.0030 3.25 0.0179 0.0045 1.76 0.0029 0.0007 1.82o . N.S N.S NJ
3 3 Replicate 9 0.0179 0.0019 2.15 0.0229 0.0025 0.99 0.0059 0.0007 1.67
2: SP.

33 .§ Error 36 0.0334 0.0009 0.0917 0.0026 0.0141 0.000453 D3 '1
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its effects on photosynthetic processysince a substantial part of world's

photosynthesis is performed by phytoplankton (Yentsch, 1963), interference

with this process could be important to the biosphere.
Results of present investigation made it clear that, the four different

concentrations of each biocide tested had significant effect on Both gross

and net carbon production. Respiratory rate was also found to be affected

by the biocide treatment.

1. Organochlorine insecticide-'BHC'

Because of the low water solubility of 'BHC', acetone treated

cultures were also tested. The acetone was found to have no stimulatory

or inhibitory action on carbon production of microalgal culture. This

was earlier verified and established by Ramachandran gt _a_l_., 1981, and

Rajendran and Venugopalan (1983). They observed that there was no

effect of solvent (acetone) on primary production.

The _lowest concentration of‘BHC' tested showed increased carbon

production than control in  gracilis and _l_)_._ inornata. Increased carbon

production at low concentration of organochlorines has not been reported

earlier. The increased carbon production in low concentration of _the

biocide may be due to the increase of photosynthesizing cells, than that
was present in the control. As already stated, the 0.5 ppm concentration

&

of 'BlIC' showed an increased growth rate than control.
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It was found that, at 1 to 4 ppm concentration of 'BHC', the

gross and net carbon production was inhibited considerably. The per

centage inhibition increased with the increase in the concentration of

'BHC'. Reduction in the rate of photosynthesis in a number of microalgal

species has been reported for organochlorine pesticides (Wurstur ‘1968;

Menzel §_t_a_l., 1970; Subramanian gt _a_l_., 1979, Ramachandran gt_ _a_l., 1981;

Rajendran and Venugopalan 1983. Wurstur (1968) reported that concent

rations of DDT as low as few parts per billion in water reduced photo

synthesis in laboratory cultures. Menzel _e_t _a_l., 1970 reported that concent

ration above 10 ppb reudced the 14C uptake significantly.

The present finding that organochlorine insecticide inhibited photo-7

synthesis per cell in phytoplankton is consistent with the similar conclusions

of Mac Farlane _e__t_ _g_1_., (1972) Fisher 1975; Harding and Phillips (1978b).

Their findings are also compatible with the fact that several organochlorine

compounds inhibit the photosynthetic process possibly by interfering with’

electron transport (Lawler and Roger, 1967; Biggs gt _a_l_., 1978). Fisher

(1975) reported that ~Poly chlorinated biphenyls did not inhibit photosynthesis

per cell and that, decreased carbon fixation resulted from reduced number

of photosynthesizing cells. But contrary to this, Harding and Phillips

(1978b) reported that Polychlorinated biphenyls caused an immediate in

hibition of photosynthesis which resulted in reduced growth. Michaels

_€_!_t_ _t}_l_., (1982) concluded that inhibited photosynthesis by phytoplankton

cultures, apparently resulted both from reduced photosynthesis per cell,

and a smaller number of photosynthesizing viable cells in treated cultures

than in control. The results of present investigation agree with this
statement.
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By adopting _in _:_sit_t_i_' method of investigation, there are reports

about the decrease in primary production by pesticides (Nassar, 1979,

Rajendran and Venugopalan, 1983, Patil _e__t_ §_l_., 1985). They are of the

opinion that at higher concentration the primary production was very

much affected. The decrease in gross production is because at Higher

concentration large population of the autotrophs are practically killed

due to the lethal effect of pesticide. (Thosar and Das, 1984).

The present investigation showed that 2 ppm and 4 ppm concent

rations of 'BHC' increased the respiratory rate, as a result of which the

net production observed was zero, especially at the beginning of the experi

ment. This was in conformative with the findings of Patil _e_t _a_1_., (1985)

that, at higher concentrations of DDT, the reserve food material is meta

bolized and hence the net production became nil. The findings of Piska

and Waghray (1990) also support the conclusion, that gross and net pro

duction were found to decrease gradually in treated samples when compared

to control, and the respiratory rate increased gradually.

Another aspect observed during the present investigation is that,

except in _12_._inormata, with the age of culture, the carbon production

was found to increase in treated culture especially at 2 and 4 ppm.

This may be due to the reason that after initial inhibition, with the age

of culture, the cell number increased. This increased number of photo

synthesizing cells could produce more carbon.
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2. Organophosphate - Nuvacron'

Except mixed culture, the 25 ppm concentration of 'Nuvacron'

showed an increased carbon production than that observed for control

cultures. It was found that at this concentration the cell number also

increased than in control. The increased number of cells may be responsible

for the increased carbon production at 25 ppm concentration.

Concentration of 50, 75 and 100 ppm of 'Nuvacron' was found‘

to inhibit the carbon production of three algal cultures under investigation.

Several 0l‘g'an0phOSpho['us insecticides such as Dursban, Baytex and Abate

were found to reduce photosynthetic activity in aquatic algae (Derby

and Ruber 1970; Brown _e_t_ _a_l_., 19762), by inhibiting the Hill reaction.

Derby and Ruber reported that photosynthesis in four estuarine phyto

plankters was inhibited by Baytex and Abate at concentrations of 0.01,
to 1 ppm. But they are of the opinion that the response varied with.

the algal species tested. The results of present investigation also show

that the response varied with each microalgae tested.

Methyl parathion and malathion, two organophosphates, were found

to inhibit the primary production as reported by Rajendran and Venugopalan

(1983). They concluded that the primary effect of pesticide might be

on cell division and growth and the decrease in the photosynthetic rate

was merely a reflection of the effect as reported‘ by various authors.

Raine _et_ _al_., (1990) reported that the organophosphate insecticide,
(R)Nuvan , inhibited photosynthetic carbon dioxide fixation by natural
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assemblages of phytoplankton. The inhibition was dose related.

At the Nuvacron concentrations at 75 and 100 ppm, very low values

of net production were'obtained. This may be because of the reason

that as result of increased respiratory rate the complete metabolism of

food materials takes place. This was in conformity with the findings

of Saha and Singh (1981) that, Malathion, at higher concentration meta

bolized the reserve food materials and because of the consumption of

more oxygen increased respiratory rate was seen.

Monocrotophos, an organophosphate insecticide, was found to inhibit

the carbon production (Piska and Waghray, 1990). At and above 100 ppm

no net production was observed. This was confirmative with the findings

of present investigation. Gross production in the case of treated series

descreased with increased concentrations, whereas net production decreased

gradually reaching to zero value at high concentration. Thus respiration

increased considerably.

3. Carbamate insecticide Jcarbaryl sevin'

Above 2 ppm concentration of 'carbaryl sevin', the carbon production

was very much affected in the three microalgal culture experimented.

At 2 ppm concentration, the gross production of T._ gracilis showed very

little increase than control. Stadynk §_}_ _§_l_- (1971) reported that carbaryl

stimulated MC assimilation in low density population of fresh water alga.

But the net production values were low compared to control. This shows

an increased respiratory rate of insecticide treated culture.
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Concentrations of 4, 6 and 8 ppm of carbaryl sevin invariably

affected the gross and net carbon production of microalgae. Inhibition

of carbon production by carbamate insecticide has been reported by various

investigators. (Derby and Ruber, 1970, Rajendran and Venugopalan 1983).

'Baygon, a carbamate insecticide at concentration of 0.01 to 10'. ppm

inhibited photosynthesis (Derby and Ruber, 1970).

Rajendran and Venugopalan (1983) tested the effect of carbaryl

sevin on primary production by adopting E _s_i_t_u method and it was found

that the carbon production was very much affected by ‘Carbaryl sevin’

even at 20 ppb level. They are of the opinion that a decrease in cell

number would affect the photosynthetic rate.

The present data agree with this opinion. But the concentration

ofitiiarbaryl sevin used in both the tests show wide difference. Rajendran

and Venugopalan (1983) tested upto 20 ppb only and at this concentration

only 45.64% production was observed compared to control. During the

present investigation the production showed very little inhibition upto

2 ppm but after that serious inhibition was seen. The difference in the

required concentration may be because of the reason that, the above

mentioned authors used the technical grade Sevin which is 100% pure..

But in the present case commercial grade sevin was used which contain

50% active ingredient. Another reason may be that, as reported by various

investigators, the inhibition of primary production varied with the algal
species.
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As reported in the case of organoclorine and organophosphate in

secticides the carbaryl insecticide also showed increased repiration especially

at the beginning of the culture. At the beginning, the cell number was

low in the treated cultures especially at 6 and 8 ppm. As a result of

increased respiratory rate, the carbon produced was completely metabolized

which ultimately lead to negligible or nil values for net production.

4. Herbicide - Gramaxone

The four different concentration of 'Gramaxone' showed inhibition

of carbon production with three microalgal culture under investigation.

The lower concentraion tested was 0.2 ppm under which eventhough an

increase in gross production was observed, the net production was less

compared to control. Reports about photosynthetic inhibition by herbicides

are plenty. Walsh (1972) listed a variety of commercial herbicides that

inhibit photosynthesis. Two triazine herbicides, atrazine and simazine,

inhibited photosynthesis in aquatic algae by blocking electron transport

in the Hill reaction in photosystem II (Hawxby _e_t _a_l., 1977).

Plumly and Davis (1980) reported that 2.2 ppm concentration
of atrazine reduced the rate of photosynthesis in unialgal cultures of Nitzchia

si ma. Results with low concentration indicate an ability to maintain

chlorophyll production and cell division but with reduced photosynthesis.

The same herbicide atrazine showed an almost complete inhibition of

photosynthesis at 500 ppb concentration as reported by De Noyelles _e_t_

EL: (1932)- Another herbicide 'Magnacide-Ii was‘ found to inhibit the photo
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synthesis in microalgal cultures (Fritz Sheridan (1982). As reported by

Hawxby _e_2_t_ _al., (1977), Hersh and Crumpton (1989) concluded that herbicides

inhibited photosynthesis by blocking electron transport between photosystem

II and I.

The present investigation showed one peculiarity that with the

age of culture, the inhibitory effect changed and at 1.6 ppm the highest

production was observed which was on 20th day of experiment. This was

in agreement with the findings of Moorhead and Kosinki (1986) that after

one week the initial inhibition of primary production changed as a result

of herbicide treatment.

Concentration of 0.8 and 1.6 ppm of 'Grama_xone' showed increased

respiratory rate. Moorhead and Kosinki (1986) also report high respiration

relative to oxygen production and net community productivity values were

fairly low.

Recently, Abou waly 91 _al_., (1991b) also report that with two

herbicides, atrazine and hexazinone, the 14 uptake was inhibited, and

this inhibition was generally related to the herbicide dose.

5. Fungicide - 'Cuman L.(R)

The four different concentrations of fungicide were found to inhibit

the carbon production of three microalgal cultures. But in '_l‘; gracilis,

0.005 ppm was found to produce more carbon than control, only at the

beginning of the culture. This increased carbon production may be because
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at this concentration the cell number increased than in control.

Concentration of 0.01, 0.02 and 0.04 ppm of fungicide inhibited

the gross and net carbon production of microalgae. However, the per

centage inhibition was found to vary with respect to dose of the fungicide.

The three microalgae under investigation responded differently to the

fungicide.

Compared to other biocides like insecticides and herbicides, literature

about the effect of fungicide on microalgae is very rare. Harriss it

a_l. (1970) reported that organomercurial fungicide of concentration as

low as 0.1 part per billion in water reduced photosynthesis. This shows

the high toxic nature of the fungicide tested. But the fungicide tested

here showed‘ that above 0.005 ppm (5 ppb) the photosyntiiesis was very

much affected. The difference in concentration required may be due

to the difference in quality of the fungicides tested.

Another report about effect of fungicide on primary productivity

is that of Somasekhar and Sreenath (1984). The. fungicide tested were

Brassicol and Benlate from 100 to 1000 ppm. They reported that in com

parison with the control, the gross production in the‘ case of treated series

decreased with increase in concentration. Whereas the net production

decreased gradually reaching a zero value at 1000 ppm.

The present investigation showed that a higher concentration of

0.02 and 0.04, an increase in respiratory rate occurred. At higher concent

ration of fungicide, probably the reserve food material is metabolized
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among phytoplankton ‘and hence the net production become low. This

was in line with the findings of Somasekhar and Sreenath (1984).

It was observed that with the age of culture, the production in

creased especially at 0.2 and 0.4 ppm concentration. As already Reported

in the results of growth studies, the cell number was found to increase

in 0.2 and 0.4 ppm concentration. This increased cell number might

have resulted in an increased production of carbon.

6. Mixture of 5 biocides

The three microalgal cultures under investigation showed that as

a result of the synergistic effect of biocide the carbon production was

decreased. The synergistic effect of biocide mixture on phytoplankton

production has not been reported earlier.

In this case the inhibition of carbon production was dose related,

greater inhibition occurred with high concentration. As observed in the

case of each biocide, the mixture of biocides also showed very

little net production values at higher concentrations and it was due

to increased repiratory rate.

Reduction in carbon production may be due to reduced growth

rate. As reported earlier the higher concentration of biocide mixture

reduced the growth rate of culture. Treated cultures showed reduced

number of photosynthesizing viable cells in the culture. Due to less
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number of photosynthesizing cell the production was also at a low rate.

7. Mixture of 3 biocides

Compared to the mixture of 5 biocides, the three biocide mixture

shows more toxic effect at the same concentrations. The percentage

inhibition of carbon production was more with mixture of 3 biocides.

As a result of reduced growth rate of toxicant treated cultures,

the cell number was reduced. This reduced cell number was responsi

ble for the decreased carbon production in treated culture than in control‘

cultures.

From the data on carbon production of three microalgal cultures,

it was clear that the seven toxicant tested varied in their effect on micro

algal culture. Among the 5 biocides tested the fungicide was more toxic

than other biocides. The least toxic one was organophosphate insecticide

‘N uvacron'.

As already stated the culture of the estuarine form _'l_‘_._ gracilis

was more resistant than the other two cultures. In most cases freshwater

culture showed maximum inhibition for carbon production. But recovery

from the earlier inhibition of carbon production in _l_)_._ inornata did not

take place with the age of culture as observed in  gracilis and freshwater

mixed culture "of microalgae.

It was observed that the different concentrations of biocide which

retarded photosynthesis were found to inhibit the growth of algae. But
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the percentage of inhibition was more with respect to production. As

already mentioned with the results of 96 hours bioassay tested production

is considered as a sensitive parameter than growth. This is in conformity

with the findings of Plumly and Davis (1980) who stated that low concent

ration of herbicide exhibited an ability to maintain cell division with

reduced photosynthesis. As already discussed most biocides affect the

photosynthetic electron transport system in chloroplasts of microalgae

because photosynthesis involve; a series of reactions and external stress

of any kind can reduce their photosynthetic activity.
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_3. PIGMENT CONTENT

The effect of various concentrations of biocides on pigments such

as chlorophylls and carotenoids were investigated.

Chlorophyll a

1. Organochlorine insecticide - B.ll.C.

The effect of various concentration of 'BHC' on the chlorophyll

a_ content of L gracilis is shown in Fig. 21a. The acetone treated

cultures showed the same trend in pigment content as observed for control

cultures. Concentration of 0.5 ppm of 'BHC' stimulated the pigment

content of algae upto the 8th day of experiment. The 2 ppm and 4 ppm

concentrations of 'BHC' yielded very low values of chlorophyll _a at the

beginning of the experiment, but later the values were found to increase
a

from 0.9 /ug/106 cells on the 4th day to 1.9 '/ug/106 cells on the 20th
day of experiment.

Statistical interpretation of data, using analysis of variance showed

that, between treatments, the variation in chlorophyll a_ content was

significant at 5% level. But between day the variation showed high signi

ficance (Table 16).

As in the case of L gracilis, Q; inornata also shows stimulated

production of chlorophyll _a_ for 0.5 ppm concentration of 'B.H.C.' (Fig. 21b).

But in higher concentrations of 'B.H.C.', the trend of chlorophyll a pro

duction was different from _’I_‘._ gracilis i.e. at this concentration the chloro
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phyll values increased upto the 12th day of experiments, and then the

pigment content decreased with the age of culture.

Analysis of variance showed that both treatment wise and daywise

the variation in chlorophyll a content was highly significant (Table 16).

Unlike in the case of the two other pure cultures, this mixed

freshwater culture showed that there was no stimulation of chlorophyll

_a content at the beginning of the experiment. But after the 12th day

the treated cultures showed more pigment content than control. Concent

rations of 2 ppm and 4 ppm of ‘Bl-1C‘ showed the highest production

of chlorophyll a_ on the 12th day of experiment but later the pigment
content decreased.

Analysis of variance showed that there was no significant variation

in cehlorophyll 3 content of freshwater culture between treatments.

But between days the variation in chlorophyll a content was highly signi

ficant (Table 16).

2. Organophosphate insecticide - 'Nuvacron'

The three culture investigated here responded differently to this

insecticide (Fig. 22).

'Nuvacron' of 25 ppm caused an increase in chlorophyll 'a' content

than control in _'l‘_._ gracilis and mixed freshwater culture, only at the beginn

ing of the experiment. But in the case of  inornata 25 ppm showed

increased chlorophyll 'a' content than control on the 12th day of observation
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At 100 ppm concentration of 'Nuvacron', the chlorophyll a content was

not very much affected in _'£._ gracilis and mixed freshwater culture.

But in the case of marine species _lQ_._ inornata, 75 and 100 ppm concent

rations showed very low values of chlorophyll a_.

Statistical analysis showed that in L gracilis there was no signi

ficant variation in chlorophyll a_ content between treatments. But between

days there was significant variations. In _I)_.ino1'nata, between treatments,

the variation was highly significant, but between days it was not significant.

In the case of mixed freshwater culture between treatments there was

no significant variation in chlorophyll 3 content. But between days the

chlorophyll a_ content was found to be highly significant (Table 16).

3. Carbamate insecticide — 'Carbaryl Sevin'

Fig. 23 shows the variation in clorophyll _a_ content of three cultures

under four different concentration of 'CarbaryI Sevin'. As shown in the

figure, the chlorophyll a_ content of L graciliswas not much affected.

Increased chlorophyll a content than control was observed for the 2 and

4 ppm concetrations on the 4th and 8th day. Observation made onthe

20th day showed the highest value of chlorophyll _a content in 8 ppm

concentration. But in the caseof  inornata, the chlorophyll _a content

was not stimulated by the lower concentrations of carbaryl sevin. The

four different concentrations tested shows low values for chlorophyll 3

than control.‘ For 8 ppm the maximum chlorophyll a content was observed

on the 20th day of experiment. In the case of mixed culture of freshwater

algae eventhough no stimulation of chlorophyll a was observed at the



142

beginning the four different concentrations gave chlorophyll value which

was above 50% of that observed for control cultures. When the culture

attained 16th day growth the 6 ppm and 8 ppm of carbaryl sevin showed

the highest values of chlorophyll a_.

Statistical interpretation of data using analysis of variance indicated

that, in the case of ;I_‘_._ gracilis, the variation of chlorophyll a content

was not significant between treatments. But between days the variation

was highly significant. In _D_._ inornata, between treatments the variation

was highly significant but between days the variation was significant

at 5% level. Coming to freshwater culture, there was no significant

variation in chlorophyll _a content between treatments. But between days

there was highly significant variation in chlorophyll a content (Table 16).

4. llerbicide — 'Gramaxone'

Fig. 24 shows the effect of four different concentration of

'L3ramaxone' on chlorophyll a content of three microalgal culture.

At the beginning of the experiment, eventhough higher concentration

of 0.8 and 1.6 ppm showed some decreased ‘production of chlorophyll

_a compared to control, the difference was not well marked. in the case

of _'l:._ gracilis 0.2 and 0.4 ppm concentration showed’ an increased chlorophyll

_2:_l content than control from the 8th day onwards. At concentration of

1.6 ppm, the highest chlorophyll a_ content was observed on 4th day of

experiment, after that the chlorophyll content decreased upto the 16th

day, and the 20th day observation showed little increase than on the

16th day. Q; inornata also showed reduced chlorophyll a content than
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control. In the case of mixed culture of freshwater algae, 0.2 ppm showed

increase in chlorophyll a content than control on the 4th day. After

the 8th day of experiment. the chlorophyll §_ content was found to decrease

in both control and treated cultures.

Statistical treatment of data using analysis of variance showed

that, the three microalgal cultures under investigation shows, significant

variation in chlorophyll _a content, between treatments. But between

days _"l;_ gracilis showed significance at 5% level. In E; inornata, the

variation was not significant. But in the case of freshwater algae there

was variation between days in chlorophyll a_ content and was highly signi

ficant (Table 16).

(R)
5. Fungicide — Cuman L

The effect of different concentrations of fungicide Cuman hm)

on chlorophyll a content of three microalgal cultures is shown in figures
25.

111 the case of gracilis the lowest concentration of 0.005 ppm

showed an increase in chlorophyll _a_ content than control. On the 4th’

day of observation 0.005 ppm and 0.01 ppm showed the peak value of

3.7 /ug/106 cells on 12th day observation. The highest concentration

of 0.04 ppm concentration shows the peak value of 2,5 /ug/106 cells on
the 20th day. Unlike  gracilis chlorophyll '3 content of _D_. inornata

was very much affected by fungicide treatment. The lowest concentration

of 0.005 ppm showed the maximum value of 1.8 /ug/106 cells on 12th
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day which was only 69.23% of control observed on the same day. The

highest concentration gave very low values of chlorophyll a upto the 12th

day of observation. Afterwards little enhancement was noticed and the

highest value of 0.5 /ug/106 cells was observed, on the 20th day. But
in the case of mixed culture of freshwater algae 4th, and 8th day ‘obser

vations showed low values of chlorophyll 3 content compared to control.

But with the age of culture, the variation was not well marked, as shown

in fig. 25c.

Analysis of variance revealed that in the case of ;I_‘._ gracilis, both

treatment wise and daywise the variation in the chlorophyll a content

was highly significant. In the case of _l;._ inornata the variation was highly

significant between treatment. But between days the variation was not

significant. The freshwater culture showed significance at 5% level between

treatment and between days the variation in chlorophyll a was highly

significant('1‘ab1e 16)

6. Mixture of 5 biocides

Fig. 26 shows the effect of mixture of 5 biocides on the chlorophyll

_a content of three microalgal cultures. No increase 0" chlorophyll _a_

content was observed in any of the cultures tested. Eventhough the treated

cultures showed low values of chlorophyll a_ compared to control, the

percentage of inhibition was very less. With the highest concentration

tested the three cultures especially _'l;._ gracilis showed increased chlorophyll

a content with the age of the culture.



145

Analysis of variance revealed that in the case of _'I;._ gracilis, between

treatments, the variation in chlorophyll _z_1_ content was not significant,

but between days, highly significant variation in chlorophyll _a was observed

_l._7._ inornata ishowed highly significant variation in chlorophyll _a content

between treatments and betweendays. 1n the case ‘of mixed culture,

the variation in chlorophyll _a_ content was not significant between treat

ments but between days the variation rwas significant at 5%level (Table 16).

7. Mixture of 3 biocides

The effects of four different concentrations of mixture of three

biocides on chlorophyll a content of three microalgal culture are presented

in Fig. 27. In :I_‘;_gracilis and fresh water algal culture, the lower concent

rtion of 0.05 ppm, showed an increased chlorophyll _a_ content than control,

at the beginning of the experiment. The higher concentration tested

showed low values of chlorophll a_ at the beginning, but afterwards with

the age of culture it increased.

Analysis of variance revealed that in the case of '_I‘_._ gracilis, there

was no significant variation in chlorophyll §_ content between treatment,

but between days there was highly significant variation. &_ inornata

showed highly significant variation in chlorophyll a content between treat

ments and also between days. The mixed culture of microalage showed that

between treatments the variation was significant at 5% level, and between

days the significance was very high (Table 16).
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TABLE-16.
ANOVA TABLE FOR CHLOROPHYLI, 2"

Tetraselinis gracilis Dierateria inornata Mixed culture of fresii,;_ H Source D.F ~ ' water algae2; ae- o S.S M.S F S.S M.S F s.s M.S :1*. , H .~1.raTreatment 5 9.035 -1.8069 4.049 8.4723 1.6945 127.71 0.0099 0.0019 0.74
:1: Replicate 4 19.1147 4.7787 10.7*1* 1.4109 0.3527 26.58 0.0692 0.0173 , (‘1.-‘.*i.
00 Error 20 8.925 0.4463 0.2654 0.0133 0.0539 0.0027

0N.S H ‘" ' I\:i’.:;Treatment 4 0.5385 0.1346 0.58 14.1342 3.5335 36.22 0.0045 0.0011 2.0’.<: N.S . .
E3) Replicate 4 3.3434 0.8356 3.62 1.1288 0.2822 2.89 0.0452 0.0113 21.11:
(U

3 Error 16 3.6962 0.2310 1.5609 0.0976 0.0085 0.0005,
N.S ,,,,, “'“‘""'"° ‘ ° N'..‘3Treatment 5 1.0299 0.2059 0.48 5.9849 1.1969 16.19 0.0098 0.0019":3: - -our . =0: " I "5;, Replicate 4 12.5133 3.1283 7.21 1.1289 0.2822 3.82 0.0557 0.0139 0.1.0.0 r: ,

51 5; Error 20 8.6745 0.4337 1.4785 0.0739 0.0304 0.0015(1)Q) sink - an: H
5 Treatment 4 44.681 11.1702 20.13 1.5905 0.3976 6.79 0.0586 0.0146 18.77x ‘ N.S ..
E Replicate 4 8.245 2.0613 3.71* 0.4069 0.1017 1.74 0.0474 0.0119 1.3.1’:CU .
5 Errol‘ 16 8.880 0.5550 0.9360 0.0585 0.0125 0.0008*4: *4:

33 Treatment 4 11.607 2.9018 8.99 8.5957 2.1489 10.32 0.0205 0.0051 4.3.:v - N.S .,
*2 Replicate 4 19.3228 4.8307 14.97 0.8473 0.2118 1.02 0.0329 0.0082 6.95N .
E E,.,.o,. 16 5.1633 0.3226 3.3327 0.2083 0.9189 0.00120U, ‘ . N.S H, "i.9'.§;._ Treatmeiit 5 2.3651 0.4730 1.59 3.4276 0.6855 5.14 0.0218 0.0044 1.66

O

3 § Replicate 4 15.4314 3.8579 12.9*9* 2.8743 0.7186 5.3*9* 0.0439 0.0109 4.20’33 ...

éé Error -20 5.9422 0.2971 2.6679 0.1334 0.0524 0.0026N.S  L‘-‘-—'. V ‘j99 Treatment 4 0.9934 0.2483 0.94 3.9349 0.9838 28.51 0.0168 0.0042 1.14"" aka: .. =1 v
3 3 Replicate 4 23.1072 5.7768 21.86 0.7203 0.1801 5.2*2* 0.0295 0.0074 5.51
L‘ '0

'3' lirror 16 4.2279 0.2642 0.5522 0.0345 0.0214 0.0013'5. 2:3‘ __
* Significant at 5% level, ** Significant at 1% level, N.S. Not significant
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Chlorophyll 'b'

Chlorophyll b is an accessory pigment in chlorophytes. Out of the. . . ‘ . ' - ' ' ' - t‘ t‘ 
three microalgal cultures investigated, lggicilfi -and mixed cultule 0 res“
water algae have the chlorophyll b content in their chloroplast. Like

chlorophyll a_, chlorophyll b was also affected with the biocide trezftment.

1. Organochlorine insecticide - B.ll.C.

Fig. 28 a shows the effect of four different concentrations of

'BHC on chlorophyll 2 content of _’I;._ gracilis and mixed culture of fresh

water algae. Both control and acetone treated control did not show any

variation in their chlorophyll 3 content. In L gracilis 0.5 ppm of ‘BHC'

showed increased chlorophyll E content than control. The observation

showed 1.5 /ug/106- cells for U.5 ppm but on the same day the control

showed only 1.1 /ug/106 cells. In the case of WXGU culture no
increased chlorophyll _b_ content was observed even with the lowest concent

ration tested. The higher concentration tested showed low values of

chlorophyll _b_‘ content at the beginning But afterwards with the age
of culture, this inhibition reduced.

Analysis of variance revealed that in the case of _T_._ gracilis, there

was no significant variation in chlorophyll _b_ content between treatments.

But between days the significance was at 1% level. In the case of mixed

culture freshwater algae, between treatment and between days the variation

was significant at 1% level. (Table 17a).
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2. Organophosphate insecticide - 'Nuvacron'

The effect of four different concentrations of 'Nuvacron' on chloro

phyll Q content of two microalgal culture is explained in Fig. 28b.

The chlorophyll _b_ content in _'l_‘._ gracilis was not 'much affected with the

'Nuvacron' treatment, but little variation in chlorophyll B conterit was

noticed especially on the 4th and 20th day of observation. With organe

phosphate insecticide the chlorophyll _l3 content of mixed freshwater culture

was very much affected. Observation made on the /lth and 8th day showed

that all the cultures treated with .four different concentrations of pesticide

had chlorophyll _b content below 50% of that control.

Analysis of variance revealed that in the case of  gracilis, between

treatment the variation in chlorophyll 3 content was significant at 5%

level, and between days the significance was at 1% level. In the case

of mixed fresh water culture, both treatment wise and daywise, the vari

ation in chlorophyll 3 content was significant at 1% level (Table 17a).

3. Carbamate insecticide - 'Carbaryl sevin'

Fig 29 a presents the difference in chlorophyll _Q values as

a result of 'Carbaryl sevin' treatment. As shown in the Fig. it was

observed that the chlorophyll 2 content of  gracilis was not much altered

by this insecticide. Stimulation in chlorophyll b_ was observed with the

lower concentration especially at the beginning of the experiment. But

coming to mixed culture, chlorophyll Q values showed significant

variation with the 'Carbaryl .' treated cultures. The insecticide treated

cultures showed low values of chlorophyll Q content compared to control.
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Analysis of variance revealed that in the case of _'I;._ gracllis ,

between treatments there was no variation in chlorophyll 2 content, but

between days the variation was highly significant. In the case of mixed

culture of freshwater algae, the variation was highly significant between

treatments, and between days the variation in chlorophyll _t_)_ content was

not significant (Table 17a).

4. Herbicide 'Gramaxone'

The variation in chlorophyll _b content as a result of herbicide

treatment is shown in Fig--. 29b. The lower concentration of 0.2 and

0.4 ppm effected increased chlorophyll _|_3_ content than control. With

a concentration of 1.6 ppm the chlorophyll _t_)_ ‘remained the same upto

the 12th day, then after decrease it again increased on 20th day of ‘obser

vation. The herbicide was found to affect the chlorophyll _t3 production
in the mixed culture. The herbicide treated cultures showed low

values of chlorophyll _t3 content compared to control. 'l‘he inhibition was

very marked with the age of culture.

Analysis of variance revealed that in the case of :I;._ gracilis both

treatment and day wise there was highly significant variation in chlorophyll

_b_ content. But in the case of mixed culture the variation was not

significant (Table 17a).

5. Fungicide - Cuman L(R)

Fig. 30 shows the variation in chlorophyll _b content of two micro

algal culture as a result of fungicide treatment. In :1; gracilis the lower
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concentration of fungicide showed increased amount of chlorophyll _b_ values

than that of control cultures. With the other biocides tested, in this.
case also the highest concentration showed an initial inhibition. With

the same fungicide, the mixed culture showed no increased chlorophyll

_b content even at the lower concentrations tested. The four different

concentration tested invariably affected the chlorophyll 3 content of the

microalgae.

Analysis of variance revealed that, two microalgal culture under

investigation SNOW highly Significant V_3I‘i&ti0T1.iT1chlorophyll Q content, both

treatment wise and daywise (Table 17a).

6. Mixture of 5 biocides:

Fig. 31a shows the effect of mixture 5 biocides on chlorophyll

b_ content of two microalgal culture.- In the case of ’_l‘_._ gracilis the chloro

phyll _b was not much affected by toxicant treatment. But with freshwater

culture, the _higher concentration of 0.4 ppm gave very low values of
6

chlorophyll 2. The peak value observed in this concentration was 0.04 /ug/ 10

cells on the 12th day and afterwards there was a decreasing tendency.

Analysis of variance revealed that, in the case of T; gracilis.,

between treatment the variation in chlorophyll _b content was not signifi

cant. But between days the variation was highly simificant. Mixed

culture showed highly significant variation, between treatments and between

days (Table 17a).
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7. Mixture of 3 biocides:

Fig. 31b. shows the chlorophyll _b_ content was effected with

the toxicant treatment. At the beginning of the culture, the lower con

centration caused a little increase in chlorophyll P_ content compared
to control. It was observed that when the culture reached the 16th and

20th day of growth, the toxicant treated cultures showed high values

of chlorophyll _b than control. In the case of mixed culture, as obser

ved with _'_I‘_._ gracilis, the earlier inhibition was removed with age of culture.

Analysis of variance indicated that, in E._ gracilis, between treatment

the variation was significant at 5% level, and between days 1% significance

was observed. But in the case of mixed culture the variation

was highly significant between treatment and between days the variation

was significant at 5% level (Table 17a).

Chlorophyll c

In addition-to chlorophyll a_, _ll._ inornata contain chlorophyll _c_,

also as a necessary pigment in their chloroplast. As observed in the

case of chlorophyll §_ content of _I2_._ inornata chlorophyll _<_:_ also was found

to be affected with the biocide treatment (Fig. 32 and 33).

With the organochlorine insecticide, ‘[3110, 0.5 ppm concentration

showed a little increase in chlorophyll 3 content than control on the 8th

and 12th day of experiment. When the highest < acentration of 4 ppm

was tested the chlorophyll _c_ content decreased very much compared to
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control. Analysis of variance revealed that both treatment wise and

daywise the variation in chlorophyll 3 content was significant at 1% level

(Table 17b).

The organophosphate insecticide 'Nuvacron' showed that, even_though

at concentrations of 25 and 50 ppm, the chlorophyll _c_ did not show much

difference, in the higher concentration of 75 and 100 ppm the chlorophyll

3 content was very much reduced. Less than 0.1 /ug/106 cells was observed
at 100 ppm. But the statistical results showed that the variation in chloro

phyll g content was not significant (Table 17b).

'Carbaryl sevin' treatment showed that eventhough there was marked

variation in chlorophyll _c_ content of insecticide treated cultures, at the

beginnning of the experiment, with the age of culture the variation was

not well marked. Analysis of variance showed that between treatment

the variation was not significant, but between days the significance was

at 5% level (Table 17b).

Culture treated with 0.2 ppm of Herbicide, \Gramaxone/ showed

very little increase of chlorophyll _t_)_ on the 8th and 12th day of observation.

On the 4th day the chlorophyll 3 content of herbicide treated cultures

was not much affected. But afterwards the chlorophyll 3 content declined

at 1.6 ppm concentration of‘Gramaxone;~ Analysis of variance showed that

between treatments the variation in chlorophyll 3 content was significant

at 1% level, but between days the variation was not significant. (Table

17b).
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TABLE-17.
ANOVA TABLE FOR.

(fl) c111,ono1>niY1.1. 32' (b) CHLOROPIIYLI, w-.1

'l‘etrasei1’mis ggacilis Eféiégre ‘of fresh Dicrwleria inorngtg
‘J Source D.Fo 5 _e o s.s M.S F s.s M.S I" s.s M.S F.s H '*
‘U Treatment 5 2.3113 0.5624 1.96 0.0125 0.0025 13.94 1.2325 0.2465 7.30_ *1. tt
3: Replicate 4 9.3705 2.3426 3.17 0.0039 0.0009 5.49 0.6173 0.1544 4.53

. ‘*0 Error '20 5.7352 0.2363 0.0036 0.0002 0.6750 0.0333. ._ * ** ' N.S 1\ Treatment 4 2.3214 0.7054 4.12 0.0065 0.0016 12.19 94372.1 23713 1.01 .g H M 1 31.5=5 Replicate 4 3.7339 2.1959 12.33 0.0056 0.0014 10.43 94455.1 -23613 1.00 i«s ' 1'
E Error 16 2.7379 0.1711 0.0021 0.0001 37763 23605" N_s an N..'-)

Ireutment 5 1.7677- 0.3535 1.60 0.0133 0.0033 0.17 0.2033 0.0403 1.07 Eu-- IOU! ‘S t 1
E‘, Replicate 4 4.3154 1.2039 5.46 0.0016 0.0004 0.99” 0.2766 0.0692 3.35 g.0 1: 1
3 3; Error 20 4.4073 0.2204 0.0032 0.0004 0.4134 0.0207 §.. (I) ''°’ '1‘ t t ** N's '"g F90 me“ 4 23.665 5.9161 19.41 0.0979 0.0245 0.93 0.3206 0.0302 7.663.3 R . ; *1. ‘ N5 1145,E eplleete 4 6.7392 1.6343 5.53 0.1233 0.0322 1.29 0.0492 0.0123 1.1.(U .'
,5 13I‘r0I‘ 16 4.3773’ 0.3043 0.3931 0.0249 0.1675 0.0105. an n ,
3 Treatment .4 6.6219 1.6555 5.33 0.0241 0.0060 13.32 1.9434 0.4371 31.45"" , :1-an
: Replicate 4 3.3673 2.2169 -7.73 0.0093 0.0025 5.63 0.1903 0.0493 3.272

Cd

5 firm 16 4.9633 0.3106 0.0069 0.0004 0.2475 0.0155 1in ' I _‘ N.S *“'
.8 Treatment 5 4.0440 0.3033 2.52 0.02 9 0.0046 3.50 0.0173 0.0036 0,711; 1
‘.3’.§ Replicate 4 5.6307 1.4202 4.4:? 0.0159 0.0039 7.39’ 0.1502 0.0376 4.35:1...

gig. Error 20 6.4137 0.3207 0.0103 0.0005 0.1533 0.0077, ' .. H ‘ N.S
Z '1re0tment 4 5.1551 1.2333 3.45 0.0144 0.0036 7.74 0.1313 0.0320 1.34‘0 . 301* . an N.S
3 13 Replicate 4 13.613 3.4034 9.11 0.0075 0.0019 4.00 0.1333 0.0333 1.23
:29.fg 3 Error 16 5.973 0.3736 0.0075 0.0005 0.4231 0.0263':E"03 -.

* Significant at 5% level, ** Significant at 1% level, N.S. - Not significant.
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(R)The fungicide Cuman L was found to decrease the amount of

chlorophyll 3 content in microalgae on the 4th day of observation. Con

centrations of 0.02 and 0.04 ppm showed marked decrease but afterwards

the 0.02 ppm concentration enhanced chlorophyll _c_ production (Fig. 33.2).

But the concentration of 0.04 ppm inhibited the chlorophyll 3 content.

Analysis of variance revealed that between treatments the variation in

chlorophyll 1 3 content was significant at 1% level and between days the

significance at 5% level (Table 17b).

With the mixture of ' 5 biocides, the chlorophyll _c_ content was,

not much affected, as shown in the fig. 33.3. Analysis of variance also

showed there was no significant variation between treatment. But between

days the significance was at 1% level. The mixture of 3 biocides showed

very marked difference in the chlorophyll 3 content at the beginning.

But with the age of culture, the chlorophyll _c_ content of treated cultures

showed enhancement. Statistical analysis showed that the variation in

chlorophyll ‘_c_’ content was not significant (Table 17b).

Carotenoids:

These are accessory pigments in the phytoplankton which help

the process of photosynthesis. An attempt was made to assess the effect

of biocides on the carotenoid content of the micrgoalgae tested.

It was observed that in :I_‘;_ gracilis and _I_)_,_. innrnata, the carotenoid

content increased with the age of culture. But control cultures of
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freshwater algae showed an increase in carotenoid production upto the

8th day but it decreased with the age of culture.

Different biocides tested was specific in their action on carotenoid

content of algae. Carotenoid content of microalgal cultures were found

to be affected with the biocide treatment.

1. Organochlorine insecticide -‘ B.H.C:

Fig. 34 shows the effect of 4 different concentrations of B.H.C.

on carotenoid content of three microalgal culture. In T_._ gracilis the

lower concentration of 0.5 and 1 ppm showed very little stimulation in

carotenoid content. At 1 ppm the peak value was obtained on 12th day

and it was 2.0 /ug/106 cells, and afterwards it decreased. At , higher
concentration of 4 ppm eventhough earlier inhibition was noticed, ‘the

carotenoid content increased with the age of culture. Statistical analysis

showed that there was highly significant variation in carotenoid content

of T._ gracilis both treatment wise and daywise (Table 18).

'B.H.C.' treated cultures of _Il._ inornata showed increased carotenoid

content especially on 8th and 12th day of experiment. The lower concent

ration of 0.5 ppm always showed increased amount of carotenoid content

compared to all other concentration tested. Observation on the 20th

day showed that the carotenoid content was very low at 1,2 and 4 ppm

concentration. Analysis of variance revealed that between treatments

the variation in carotenoid content was not significant, but between days

the variation was highly significant (Table 18).
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In the case of mixed freshwater culture, the 'B.H.C.' treated cells

showed increased carotenoid content than control especially at the lowest

concentration. With higher concentrations tested eventhough some inhibition

was observed at the beginning the pesticide treated cultures showed in

creased carotenoid content with the age of culture. Analysis of variance

showed that between treatments and between days the variation in care
tenoid content was not significant (Table 18).

2. Organophosphate insecticide - ‘N uvacron'

The different concentrations of 'Nuvacron', tested affected the

carotenoid content of three ‘microalgal cultures (Fig. 35). In the case '

of I_._ gracilis except 100 ppm all other concentrations tested showed

an increased carotenoid content than control upto the 16th day of experi

ment. But when the culture attained 20 days of growth, the control

cultures showed maximum amount of 1,92 /ug/106 cells while all the
treated cultures showed less values. Analysis of variance indicated that

the variation .in carotenoid content was not significant (Table 19).

For _I_)_._ inornata, the 25 ppm concentration showed increased caro

tenoid content than control upto the 16th day. At 50 ppm concentration.

the carotene content was not so much affected. But 75 and 100 ppm

concentrations affected the carotenoid content of microalgae very much.

Less than 0.05 /ug/106 cells was observed at 100 ppm, throughout the
experimental period. Analysis of variance revealed that the variation

in the carotenoid content as a result of 'Nuvacron' treatment was highly

significant (Table 18).
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Concentration of 25 ppm 'Nuvacron' showed a marked increase

in the carotenoid content of freshwater microalgae during the 4th day.

After wards the treated cultures yielded low values of carotenoid content

than control. Analysis of variance revealed that, the variation in the

carotenoid content as a result of 'Nuvacron' treatment was not significant

(Table 18).

3. Carbamate insecticide — 'Carbaryl Sevin'

Fig. 36 shows the effect of 'Carbaryl Sevin' on the carotenoid

content of microalgae. As already reported in the case of 'B.H.C.'. control

and acetone treated cultures showed the same values of carotenoid content.

In the case of :l‘_._ gracilis, the carotenoid content was not much affected.

The lower concentration of 2 and 4 ppm showed increased carotenoid

content than control especially at the beginning of the culture. With

8 ppm concentration, the culture showed maximum amount of carotenoid

content on the last day of experiment. Analysis_of variance revealed

that between. treatments, the variation in carotenoid content was not
significant, but between days the variation was highly significant (Table 18).

Unlike _’[._ gracilis the carotenoid content of treated cultures of

_D_. inornata showed very low values than control and acetone treated

control. As in the case of control, the treated cultures also showed

an increase in carotenoid content with the age of culture. Concentrations

of 4 and 6 ppm showed the low value of 0.2 /ug/106 cells upto 16th
day. Concentration of 8 ppm carbaryl sevin was quite inhibitory to the

carotenoid content of li inornata. The carotenoid content of these cultures
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was beyond detectable limits. Analysis of variance revealed that, between

treatments, the variation in carotenoid content was highly significant,

but between days the variation was found to_ be significant, at 5%. .191/91

(Table 18).

In the case of mixed culture of freshwater algae, eventhough the

treated cultures showed decrease in the carotenoid content than the control,

the effect was not very marked as in the case of _l_)_._ inornata. The

highest concentration of 8 ppm showed more than 50% of the control

values throughout the experimental period. Analysis of variance indicated

that between treatments the variation was not significant, but between

days the variation was significant at 5% level (Table 18).

4. Herbicide 'Gramaxone'

Effect of four different concentrations of 'Gramaxone' on the

Carotenoid content of three microalgal cultures is shown in fig. 37.

T_._ gracilis shows increased carotenoid content in 0.2 and 0.4 ppm concent

rations upto the _11th day and the maximum carotenoid content observed

was 1.2 /ug/106 cells during 12th day of experiment. Afterwards the
carotenoid content decreased. Concentration of 1.6 ppm of herbicide

was quite inhibitory to carotenoid pigment of L gracilis. Analysis of

variance revealed that the variation in carotenoid content was highly

significant between treatments but between days the variation was signi

ficant at 5% level (Table 18).
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There was marked variation in the amount of carotenoid content

of 2; inornata as a result of herbicide treatment. The lowest concentration

of 0.2 ppm gave some enhanced values than control upto the 8th day.

At 0.8 and 1.6 ppm of 'Gramaxone', the carotenoid content was below

0.1 /ug/106 cells throughout the experimental period. As in the case
l‘._ gracilis 1.6 ppm was found to be totally inhibitory to the carotenoid

content of _12._ inornata. Analysis of variance revealed that the variation

in carotenoid content was highly significant between treatments, but between

days the variation was significant at 5% level (Table 18).

But compared to other two species, the carotenoid content of

freshwater culture was not much affected (Fig. 37c). But in this case
no increased carotenoid content was observed even with the lowest concent

ration tested. Eventhough the treated cultures showed decreased carotenoid

content than control values, the variation was not well defined as in:..

the case of Q; inornata and  gracilis. Analysis of variance revealed

that between treatments, the variation was significant at 5% level and

between days the variation was significant at 1% level (Table 18).

5. Fungicide - Cuman L.(R)

Fig. 38 shows the effect of fungicide Cuman L(R), on the carotenoid

content of three microalgal cultures. 1n._'I_‘._ gracilis 0.005 ppm showed

very little increase in carotenoid than control upto 12th day, afterwards

it showed less values than control. Concentration of 0.01 ppm showed

slight enhancement in carotenoid content during 8th and 12th day of
observation. The carotenoid content was below detectable limited at
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0.02 and 0.04 ppm especially at the beginning of the culture. At 0.04 ppm

concentration the maximum carotenoid content of 0.2 /ug/106 cells was
observed on the 20th day of experiment. Analysis‘ of variance showed

that the variation was significant at 5% level between treatments and

between days the variation was significant at 1% level (Table 18).

In the case of _Il._ inornata, the four different concentration of
(R)'Cuman L showed decreased values of carotenoid content. As in the

case of control, the fungicide treated cultures also showed increased

carotenoid contnt with the age of culture. No carotenoid content was

observed in the 0.04 ppm concentration. At 0.02 ppm upto 12th day

the carotenoid content was beyond detectable limits but afterwards very

low values of carotenoid content were observed compared to control.

Analysis of variance revealed that there was high significant variation

in carotenoid content, as a result of fungicide treatment (Table 18).

The four different concentration of fungicide tested showed variations

in the carotenoid content of mixed culture of freshwater algae. But

the effect was not well marked as in the case of _l2._ inornata. The lower

concentration of 0.005 ppm showed little increase in carotenoid content

on the 8th and 12th day of experiment. Analysis of variance revealed

that, both treatment wise and day wise the variation in the carotenoid

content was highly significant.

6. Mixture of 5 biocides

Fig. 39 represents the difference in the carotenoid content of

three microalgal cultures as a result of treatment with a mixture of
5 biocides.
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In _T_._,. gracilis with the exception of 12th day observation, the four

different concentrations tested, showed decreased carotenoid content than

in control. This 4th day observation showed that with concentrations

of 0.2 and 0.4 ppm of biocide mixtures the carotenoid content was below

detectable limits. But with the age of culture the carotenoid content

of these cultures increased and reached the peak values of 0.4 /ug/106
cells on 20th day of experiment. Analysis of variance revealed that

both treatment wise and day wise the effect of biocide mixture on caro

tenoid content was highly significant (Table 18).

On the 4th day of experiment with 2; inornata treated ,with _0.2.

and 0.4 ppm concentrations of 5 biocide mixture shows that the carotenoid

content was below detectable limits. But as observed in the case of

L gracilis, the carotenoid content increased -for this two concentration

with the age of culture. On the 12th day of observation the cultures

treated with 0.05 and 0.1 ppm shows increased carotenoid content than

in control. Analysis of variance revealed that both treatmentwise and

daywise the variation in the carotenoid content was highly significant

(Table 18).

As shown in Fig. 39c it was observed that the carotenoid content

of mixed culture of freshwater algae was not affected severe1y with

the treatment of biocides as in the case of ;l‘_._ gracilis and _l_)_._ inornata.

One peculiarity observed in this case was that the treated cultures show._ed

maximum carotenoid content on the 4th day. With the age of culture,

The carotenoid content of treated cultures decreased in 0.4 ppm concent

ration and the values were 0.085 /ug/106 cells on 4th day and 0.015 /ug/106
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cells on 20th day. Analysis of variance revealed that the variation in

carotenoid content as a result of toxicant treatment was highly significant

(Table 18).

7. Mixture of 3 biocides

Unlike the mixture of 5 biocides, the three biocide mixture was

more toxic to the carotenoid pigment of three microalgal culture. All"
the toxicant treated cultures showed decreased carotenoid content than

control values (Fig. 40).

In the case of _'E._ gracilis the 4th and 8th day observation no caro- ’

tenoid content was observed in the culture at 0.2 and 0.4 ppm concentration

But after 12th day the carotenoid content of the treated cultures showed

increased values, but it was less than that observed for control cultures.

Analysis of variance revealed that between treatments the variation in

carotenoid content was not significant, but between days the variation

was highly significant (Table 18).

In _D_. inornata the concentration of 0.4 ppm biocide mixture was

found to be quite inhibitory to the carotenoid content. All other concent

rations tested showed an inhibitory response in the beginning but after

wards the cultures showed the presence of carotenoids in their cells.

Analysis of variance showed that, the effect of 3 biocide mixture on

the carotenoid content of Q inornata was highly significant (Table 18).
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TABLE-18.
ANOVA TABLE FOR cARo'rENo1Ds

_ Tetrusclmis grucilis Dicrateria inornuta Mixed culture of freshI Source D - .-Q E» - water algae3 3 s.s M.S F s.s M.S F s.s M.S "15"‘ a--coc—{"‘ _ -* N.S N.STreatment 5 5.2641 -1.0520 6.31 0.4701 0.0956 2,42 -0.0030 0.0006 0.69. -M N.S:1: Replicate 4 13.1072 3.2760 19.62 0.9905 0.2496 631 0.0063 0.0016 1.00
0° Error 20 3.3390 0.1669 0.7916 0.0396 0.0176 0.0009s "~“

Treatment 4 1.4340 0.3507 0575 0.5619 0.1405 5.1%? 0.0090 0.0025 1.i‘r'°== N.S
‘ g Replicate 4 0.7399 2.1049 1 2,14 0.2502 0.0646 4:40 0.0146 0.0037 - 3.50(U .
E Error 16 16.3700 1.0231 0.3904 0.0244 0.0223 0.0014 ------4

8 ment 5 0.5079 0.1016 1,6 0.7960 0.1594 10.07 0.0030 0.0000 0.11-0 * - 1
3; Replicate 4 15.677 3.9-194 65f06 0.2502 0.0646 4.40‘ 0.0146- 0.0037 3.50
.0 C:

5 3-, Error 20 1.2040 0.0602 0.2934 0.0147 0.0204 0.0010U‘)

§ Trefltmellt 4 4.1400 1.0372 5.16‘ 0.4320 0.1002 5.51’ 0.0057 0.0014 3.57
X

E Replicate 4 3.4750 0.0609 4.33 0.3417 0.0054 4.35 0.0323 0.0001 20.36‘cu .' '
5 Error 16 3.1231 0.2000 0.3143 0.0196 0.0063 0.0004T ‘ * * ‘C33 reetment 4 2.9367 0.7342 3.50 0.4360 0.1092 4.41 6.0216 0.0054 13.09‘:1 . ** . O.
C Replicate 4 11.5765 2.0941 14772 0.7169 0.1792 7.24 0.0140 0.0037 9.53
(U

E

5 Error 16 3.2799 0.2050 0.3959 0.0240 0.0052 0.0004,,, H , H 4.. .7‘.. “‘°R”“.cnt 5 2.3109 0.4630 4.52 0.9110 0.1022 5.27 0.0497 0.0099 31.370 i I 11*
23 8 Replicate 4 16.3217 4.0004 3975 0.9776 0.2444 7.06 0.0195 0.0049 15.3?
3.290

£2 Errol‘ 20 2.0531 0.1027 0.6910 0.0346 0.0063 0.0003-.(I) , - N; H M.“ "<3 "treatment 4 0.2005 0.0501 2.5. 0.7345 0.0104 6.76 0.6331 0.6003 26.10' ~ in
S, 8 ncplicate 4 17.7610 4.4405 227.09 0.4590 0.1149 434 0.0090 0.0023 7.12
‘52
33 3 Error 16 0.3120 0.0196 0.4344 0.0272 0.0051 0.000325

I Significant at 5% level, "”" Significant at 1% level, N.S. Not significant

C11 @1411
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In the case of mixed culture of freshwater algae, the percentage

inhibition of carotenoid content was less compared to  inornata. The

highest concentration of 0.4 ppm showed the maximum carotenoid content

of 0.885 /ug/106 cells on the 8th day of experiment but afterwards it
decreased. Analysis of variance revealed that both treatment-wise and

daywise the variation in the carotenoid content was highly significant

(Table 18).

DISCUSSION

The most important component of the chloroplast lamellae are

the coloured organic compounds of photosynthetic pigments. The photo

synthesizing cells of microalgae contain very large amounts of pigments.

The pigment content of microalgae has great importance in productivity

studies because of the gross photosynthetic potential is estimated using

these pigment compounds.

The main pigments associated with photosynthesis are the chloro

phylls and carotenoids. Chlorophyll a_ is the main photosynthetic pigment

which is present in the three microalgal culture under investigation.

But chlorophyll Q is the accessory pigment of _'1;._ gracilis and freshwater

algae, and chlorophyll _c_ is the accessory pigment of _I2._ inornata. The

accessory pigment carotenoids, occur in the three microalgal cultures

investigated here.

Wide variations in the concentrations of chlorophyllous and non

chlorophyllous pigments were recognized throughout the experimental
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period in relation to the various concentrations of biocide treatment.

In most cases, the lowest concentration tested, showed an increased

pigment content than control especially at the beginning of the culture.

But the percentage increase observed was dependent upon the biocide

and the species tested. It was observed that, the two green algal cultures

tested Le. L gracilis and mixed culture of freshwater algae shows increased

chlorophyll _a content as a result of biocide treatment. Reports about

the increased pigment content as a.result of toxicant treatment are very

rare. Ibrahim (1983) while testing the toxicity of two insecticides ‘Dime

thoate' and Bayluscide, reported that low concentration of Dimethoate

increased the chlrophyll content of Amphiprora paludosa and Phaeodactylum

tricornutum. Another report by Rajarethnam et_ _u_l., (1987) is that in

Thalassiosira fluviatilis and _'I_‘:_ nitzchoides, the low concentration of an

organochlorine insecticide 'Heptachlor' increased the pigment production.

But the reason for increased pigment production was not reported in these

cases. Francois and Robinson (1990) reported on the slight stimulation

in chlorophyll occurring even at the lowest concentration of herbicides

such as 'Atrazine, terbutryn and simazine. They concluded that the stimu

lation of chlorophyll synthesis could be a tolerance mechanism. The results

of the present investigations agree with this conclusion.

Lin Yi-Xing and Sun Bo-zen (1987) reported that, upto 10 ppm

concentration of lindane (Y -BHC), the chlorophyll and carotene contents

in Scenedesums obliquus do not differ much from control. But the same
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insecticide Y BHC tested in the present series of experiments showed

that the pigment content was affected above 1 ppm concentration. This

may be because of the difference in the composition of insecticide and

also due to the difference in species. The insecticide BHC innvestigated

here is a local product.

Inhibition of pigment production as a result of biocide treatment

has been already reported by variuous authors. The results of the present

investigation revealed that, the higher concentration of all the biocides

tested invariably affected the pigment content of three microalgal culture,

especially at the beginning of the culture. But the percentage inhibition

was dependent upon nature of the biocide and the species tested. This.

was in confirmity with the findings of Wurstur (1968) who found that,

the effect of DDT on chlorophyll is dependent upon the algal species

involved and nature of pesticide used.

Schauberger and Wildman (1977) reported that the chlorinated in

secticide aldrin and dieldrin at 100 /ug/l decreased. the pigment absorption.
As observed in the present investigation the initial inhibition of pigment

content has been reported by Goulding and Ellis (1981) also. Saroja and

Bose (1982) while .testing the toxicity of an organophosphate insecticide

methyl parathion, found that 10 to 30 ppm concentration of insecticide

inhibited Chlorophyll content than any other parameters measured. They

concluded that inhibition of photosynthetic pigment was, as a result of

the inhibition of photosynthetic activities.

The results of the present investigation also lead to the conclusion

that the inhibited response to pigments at higher concentrations of biocides
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is mainly due to reduced concentration of chlorophyll content per cell

in biocide treated cells, as reported by Rajarethnam _e_3_t_ _al., (1987).

It was observed that in most cases, the earlier inhibition of pigment

production at higher concentrations of biocides, altered with the age of

culture. With higher concentrations of almost all biocides tested, the

percentage inhibition was high at the beginning of the culture. Afterwards

recovery was observed. This was in conformity with the findings of"

Goulding and Ellis (1981) who found that the initial inhibition was more.

marked and krecovery occured after 20 days of the experiment. This

type of observation has been reported by Abou Waly §_t_ §_1_-2 (1991 a,b)

also. They are of the opinion that after an initial inhibition, a strong

recovery in clorophyll content occurred after day one, and on day '7'

when the chlorophyll activity exceeded controls.

The chlorophyll a/b ratio in _'£._ gracilis and mixed culture of fresh

water algae, _and' chlorophyll a/c ratio in 2; inornata were also found

to be affected by biocide treatment. But each biocide tested was specific

in its action on microalgae. The inhibitory or stimulatory action of each

biocide on pigment production was dependent upon dose and duration of

experiment. Changes in the chlorophyll ratios of microalgae could lead

to changes in the photosynthetic unit size and in the photochemical reaction

of two photosystems as reported by Saroja and Bose (1982).

Non Chlorophyllous pigments like carotenoids may also serve as

potential light harvesting pigments and these accessory pigments in algae
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and higher plants increase the absorption spectra over wider wavelength

than would exist if chlorophyll was the sole-absorbing pigment (Harris

1978). So change in the carotenoid content of microalgae will affect

the photosynthetic process.

The different concentrations of biocides were found to affect the

carotenoid content of microalgae. But compared to chlorophyll pigments,_

this non-chlorophyllous pigment was not affected severely. This was

in conformity with the findings of Saroja and Bose (1982).

Millie _e_t_ _al_., (1990) tested the toxic effect of carotenoid inhibiting

herbicide, fluridone on Oscillatoria agardhii and found that the reduced

carotenoid content led to the inhibition of photosynthetic efficiency.

The three microalgal culture under the present investigation, showed

that upto a certain period the chlorophyllous pigments increased sind then

declined with the age of culture. But the non-chlorophyllous pigments

like carotenoids increased with the age of culture. The peculiarity observed

with the biocide treated cells is that, in most cases, the treated cells

especially at higher concentrations show less chlorophyllous pigme: ‘s and

more carotenoid pigments especially at the beginning of the culture.

This leads to the assumption that, in the absence of major chlorophyllous

pigments, these accessory pigment would help in the photosynthetic process

of treated cultures.

The treated cultures shows inhibition of pigment content and pi ato

synthetic rate. But the peculiarity observed was that, the percc meO
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inhibition was high with respect to photosynthetic rate. It shows that

eventhough pigment production was there, the activity of pigments was

inhibited. Abouwaly _e__t_ _a_l_., (1991b) also report that chlorophyll activity

was inhibited more than chlorophyll content. In the present investigation

the quantity of pigments was estimated in all cases. In this estimated

pigments dead chlorophyll may also come.’

Photosynthetic rate per unit chlorophyll is often used as an indicator

of the physiological state of an algal assemblage (Perry _e_t_ _q_1_., 1981)

If chlorophyllous and non—chlorophyllous pigments are altered by the toxicant

treatment, it will adversely influence rate of.- photosynthesis, and will

decrease the oxygen production of the microalgal cultures. So the alter

ations in pigment content could ultimately lead to an unbalanced physio

logical state.

The present investigation leads to the conclusion that each biocide

tested has ‘varying effects on the pigment content of microalgal culture.

But the mode of action of each biocide on the pigment content of micro

algae needs indepth study. This type of study will help to find out the

actual reason for the inhibition of pigments in treated cultures.
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4.3. IMPACT OF 5 BIOCIDES AD THEIR COMBINATIONS ON PROTEIN AND

CARBOHYDRATE CONTENT OF MICROALGAE.

As a result of biocide treatment, the biochemical compounds like

protein.‘ and carbohydrate content of three microalgal culture showed

varied responses. But the percentage of inhibition or stimulation was
found variable with different biocides tested.

1. Organochlorine insecticide — 'B.H.C.'

Fig. 41 shows the variation in the biochemical compounds such

as protein and carbohydrate content of three microalgal culture as a

result of 'B.H.C.' treatment. Control and acetone treated control yielded

same values for protein and carbohydrate content. It was found that

protein content of the three microalgal culture decreased with the age

of culture, whereas the carbohydrate content showed increased values.

In the case of  gracilis the lowest concentration of 0.5 ppm_

B.H.C. resulted in a stimulation in protein content throughout the experi

mental period. l_);.inornata showed stimulation only on the 5th day of

the experiment. But in the case of mixed culture of freshwater algae

no increased protein content than control was observed even with the

lowest concentration of 0.5 ppm. Concentrations of 1,2 and 4 ppm of

'B.I-l.C'. shows inhibitory effect. But the percentage inhibition was found

to be variable in the three microalgal cultures. In the case of L gracilis '
the 4 ppm concentration of 'B.H.C.' showed that after the initial inhibition

the protein content increased with the age of the culture. But the protein

content was very less compared to control and other treated cultures.
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In the case of _lQ_._ inornata a marine alga, the highest concentration of

2 and 4 ppm showed peak value on the 10th day and afterwards it decreased

Compared to freshwater culture, the percentageinhibition was very high

in D. inornata.

Statistical interpretation of data, using analysis of variance showed

highly significant variations in protein content as a result of B.H.C. treat

ment (Table 19).

As shown in the Fig. 41, the carbohydrate content of the three

microalgal cultures showed variations as a result of ‘B.H.C.' treatment.

As observed in the case of protein content, the carbohydrate content

also showed no variation in the control and acetone treated cultures.

In the case of _'I_‘._ gracilis, the lowest concentration of 0.5 ppm enhanced

carbohydrate content than control upto the 15th day. But with the other_

two cultures enhancement was observed on the 15th and 20th day of

experiment. Concentrations of 1,2 and 4 ppm of B.H.C. showed inhibitory

effect. The percentage of inhibition was well marked in the beginning

of the culture but with the age of culture, the percentage of inhibition

was reduced, except in D. inornata.

Analysis of variance revealed that in the case of L gracilis and

__[3_._ inornata, there was highly significant variation in carbohydrate content

as a result of ‘B.H.C.' treatment. But in the case of freshwater culture,

the variation was not significant between treatment, but between days

there was highly significant variation in the carbohydrate content of treated

algae (Table 20).
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2. Organophosphate insecticide - ‘N uvacron'

The effect of four different concentrations of 'Nuvacron' on protein

and carbohydrate content of three microalgal culture is given in Fig

42. Compared to 'B.H.C.', the toxic effect of 'Nuvacron' was very low.

'I‘he protein content of three microalgal culture under investigation

showed varied responses. In the case of 1‘_._ gracilis, the 'Nuvacron' treated

cultures showed increased protein content. The peculiarity observed in

this case is that at 25 and 50 ppm protein content increased than in

control upto the 15th day of experiment. But on the 5th day,at 75 and

100 ppm concentration of the protein values were low but afterwards,

the protein content increased and this trend continued upto the 15th day.

In the case of _ll._ inornata, 25 ppm concentration showed increased protein

content than ‘- control throughout the experimental period. Concentrations

of 75 and 100 ppm of 'Nuvacron' were found inhibitory. In the case

of freshwater culture, 50, 75 and 100 ppm concentration of 'Nuvacron'

showed low values of protein content compared to control. But the per

centage of decrease was less compared to _]2._ inornata.

Statistical interpretation of data using analysis of variance showed

that, in the case of '_I‘_:_ gracilis, between treatments there was no signi

ficant variation in protein content, but between days, the variation was

highly significant. But the other two cultures showed variation in protein

content to a highly significant level between treatments. and between

days (Table 19).
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The carbohydrate content of three microalgal cultures was foun_d
to be affected with 'Nuvacron' treatment. The lower concentrationfof

25 ppm showed stimulatory effect especially in '_I‘_._ gracilis and Q; inornata.

In the case of mixed culture of freshwater algae, stimulation was observed

only on the 5th day of experiment. Concentrations of 50, 75 and 100

ppm showed inhibitory response with respect to the carbohydrate content

of three microalgal cultures. Compared to other two cultures, the per

centage inhibition at 100 ppm was wellmarked in the case of _I_)_._ inornata.

Analysis of variance revealed that, in the case of _T_._ gracilis,

there was highly significant variation in carbohydrate content as a result

of 'Nuvacron' treatment. Between treatment, _]Q_._ inornata showed highly

significant variation, but between days, the variation was not significant.

In the case of freshwater culture, between treatments, the significance

in variation was at 5% level and between days there was highly signi

ficant variation in carbohydrate content (Table 20).

3. Carbamate insecticide 'Carbaryl Sevin'

Fig 43 shows the effect of carbamate insecticide - 'Carbaryl Sevin'

on biochemical compounds of three microalgal culture. This insecticide

showed stimulatory effect at lower concentrations and inhibitory effect

at higher concentrations tested. In the case of L gracilis the lower
concentration of 2 ppm showed an increased protein content than control.

At 6 ppm concentration, after initial inhibition, it showed an enhanced

protein content on the 10th day of observation. At 8 ppm concentration
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about 50% inhibition was observed at the beginning and afterwards, the

percentage inhibition was decreased with the age of culture. In the case

of Q; inornata and freshwater mixed culture, the four different concent

rations of carbaryl sevin showed inhibitory response. But the percentage

of inhibition was found varied, and it was well marked in the base of

D. inornata.

Analysis of variance revealed that the three microalgal culture

under investigation had highly significant variation in protein content,

between four different concentrations of ‘carbaryl sevin‘. Between days,

L gracilis and _I_); inornata showed highly significant variation, but --.in

mixed culture of freshwater algae the significance was at 5% level (Table

19).

Concentration of 2 ppm carbaryl sevin was. found to stimulate

the carbohydrate content in L gracilis and Q_._inornata. But in the case

of freshwater. culture no such stimulation was observed even at the lowest

concentration tested: Concentrations of 4, 6 and 8 ppm invariably affected

the carbohydrate content of microalgae. But the percentage inhibition

showed variation. Another peculiarity observed was that, in the case

of _11._ inornata, the cultures treated with 6 and 8 ppm concentration of

‘carbaryl sevin‘, the carbohydrate content decreased with the age of culture.

Analysis of variance revealed that in the case'of :[._ gracilis, the

variation in carbohydrate content was significant at 5% level, between

treatments, but between days the variation was highly significant. In
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the case of P; inornata, between treatments the variation was highly

significant and between days it was not significant. Mixed culture of

freshwater algae showed no significant relation between treatments, but

between days highly significant variation was observed (Table 20).

4. Herbicide - 'Gramaxone'

The effects of four different concentrations of ‘Gramaxone' on

biochemical content of three microalgal culture are given in Fig. 44.

In this case no stimulation of protein content was observed even

with the lowest concentration of 0.2 ppm. As in the case of control,

the treated cultures also showed reduction in the protein content with

the age of culture. But in the case of _IZ3._ inornata and freshwater culture

the peak value was observed on the 10th day of experiment. The per

centage of inhibition of protein content, especially at 0.8 and 1.6 ppm. . . l . .
concentration was high In?‘ D. inornata than in two other cultures.

Analysis. of variance revealed that, the three microalgal culture

under investigation had highly significant variation in their protein content

as a result of 'Gramaxone' treatment (Table 19).

Unlike in the case of protein content, the carbohydrate content

of microalgal cultures showed stimulation with the lowest concentration

of 0.2 ppm of 'Gramaxone'. In the case of mixed culture of freshwater

algae, the stimulated production was observed only on the 15th day onwards

Concentrations of 0.4, 0.8 and 1.6 ppm of 'Gramaxone‘ was found inhibitory

to the carbohydrate content of microalgae. A very marked inhibition
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was observed in the case of _Il._ inornata at the higher concentrations

of 0.8 and 1.6 ppm.

Analysis of variance revealed that, except Q; inornata, the other

two cultures had highly significant variation in -carbohydrate content,

between treatments. But between days the variation in carbohydrate

content was not significant, except in _T_. gracilis (Table 20).

5. Fungjicide - Cuman L(R)

Fig. 45 shows the variations in biochemical compounds of three

microalgal cultures as a result of fungicide treatment.

As observed in the case of herbicide, the fungicide also showed

no stimulated protein content than control even with the lowest concent

ration of 0.005 ppm. The four different concentrations of ‘Cuman LU“

invariably affected the protein content of microalgal cultures. The per

centage inhibition was very marked in the case of ii inornata. Another

pecularity observed in this case was that, at concentration of 0.02 and

0.04 ppm the microalgal cultures particularly '_I‘_._ gracilis and 2_._ inornata

showed peak values of protein content on the 20th day of experiment.

Analysis of variance revealed that between treatments the variation

in protein content was highly significant in three microalgal cultures.

But between days the variation was not significant in _'_I‘_._ gracilis and

Q; inornata. In mixed culture of freshwater algae the variation was

found significant at 5% level (Table 19).
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In the case of _'I_‘._ gracilis 0.005 ppm concentration of Cuman L( )

showed stimulated carbohydrate production than in ‘control. The freshwater

culture showed stimulated production only on the 5th day of observation.
(R)Concentrations of 0.01, 0.02 and 0.04 ppm of Cuman L were found

inhibitory to the carbohydrate synthesis of microalgal cultures.. More
(R)

than 50% inhibition was observed at 0.04 ppm concentration of Cuman

Analysis of variance revealed that between treatments, the variation

in Carbohydrate content was highly significant except in freshwater mixed

culture. But the variation was not significant between days except in

L gracilis (Table 20).

6. Mixture of 5 biocides:

The synergistic effect of 5 different biocides on biochemical com

pounds of three microalgal culture is depicted in fig. 46.

The mixture of 5 biocides at 0.05 ppm showed an enhanced protein
content on the 5th day of experiment, but afterwards the protein content

decreased compared to control. Concentrations of 0.1, 0.2 and 0.4 ppm

of biocide was found inhibitory to the protein content of three microalgal

cultures. More than 50% inhibition was observed with 0.2 and 0.4 ppm

especially at the beginning of the experiment. Another peculiarity observed

was that, in the case of mixed culture of freshwater algae and L gracilis,

0.2 and 0.4 ppm concentration of biocide mixture treated cultures showed

the peak value on the 20th day of experiment, i.e., with the age of culture,

the protein increased.
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Analysis of variance revealed that, between treatments the variation

in protein content was highly significant except in '_l‘_._ gracilis, but between

days, there was no significnt variation except in _D_. inornata which showed

significance at 5% level (Table 19).

Carbohydrate content of biocide treated cultures showed variations.

At 0.05 ppm concentration, the biocide mixture showed increased carbo

hydrate content compared to control in the three micrialgal cultures.

But the percentage of increase was high in _T_._ gracilis. All other concent

rations tested showed inhibitory response in the three microalgal culture.

At 0.4 ppm the carbohydrate content was very much inhibited.

Analysis of variance showed that, the three microalgal culture

had highly significant variation in carbohydrate as a result of treatment

with 3 biocide mixture (Table 20).

7. Mixture of 3 biocides:

Fig. 47 shows the variation in the biochemical compounds of three

microalgal cultures as a result of 3 biocide mixture treatment.

Compared to the 5 biocide mixture the three biocide mixture was more

toxic. No increased protein content was observed even with the lowest

concentration of 0.05 ppm. The protein content of treated cultures was

inhibited. Percentage of inhibition was high in the case of 0.2 and 0.4

ppm concentration. Another pecularity observed was that at these
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concentrations, after the initial inhibition, the protein increased with

the age of culture.

Analysis of variance revealed that, the three microalgal cultures

had highly significant variation in protein content between treatments.

But between days, the variation in protein content was not significant

(Table 19).

Unlike in the case of protein, the carbohydrate content was not

so much affected with toxicant treatment. At 0.05 ppm this biocide

mixture showed an increased carbohydrate content than control especially

in _’1:._ gracilis. The other two cultures shows increased carbohydrate content

at 0.05 ppm on 5th day only. Concentrations of 0.1, 0.2 and 0.4 ppm
showed inhibitory effect. But the percentage of inhibition was high with

the highest concentration. As observed in the case of control cultures,

the treated cultures also showed increased carbohydrate content with

the age of culture. But in _13.__ inornata the 0.04 ppm concentration the

carbohydrate remain. unchanged.

Analysis of variance revealed that, in the case of ;I_‘_._ gracilis and

mixed culture of freshwater algae, the variation in carbohydrate content

as a result of toxicant treatment was significant at 1% level. In the

case of Q inornata between treatments, there was highly significant

variation, but between days the variation was significant at 5% level

(Table 20).
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DISCUSSION

The biochemical compounds of the three microalgal cultures showed

variation as a result of biocide treatment. This variation in content

of biochemical compounds such as protein and carbohydrate was related

to the dose of the toxicant and duration of the experiment.

The protein content of" the algae is a direct function of the amount

of available nitrogen in the growth medium. The protein content is quite

high in cells during vigorous exponential growth. But in the case of

carbohydrate, the microalgae produce more carbohydrate as the cultures

age. The untreated cultures of three microalgae showed this type of

result i.e., the protein content decreased with the age of culture and

carbohydrate content increased with age of culture.

Eventhough there is sufficient literature about the effect of different

biocides on physiological changes of microalgae, it is very rare for the

effects on biochemical contents of microalgae.

The present results revealed that some of the biocide tested have

stimulation of protein content with the lowest concentration tested.

This may be because of the reason that, the increased cell number at

this concentration may tend to produce an increased protein content than,

control. The treated cells at lower concentrations of different biocides

had a stimulatory effect. The cells showed a tendency to absorb more

nutrients from the medium. As observed in the case of 'Nuvacron'treatment
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on I; gracilis, the results showed increased protein content in treated

cultures. As already given, 'Nuvacron', the organophosphate insecticide

tested here, is a degradable insecticide. This insecticide may undergo

biodegradation and the resulting compounds may act as nutrients in %_ the

medium. Naturally the treated algal cells may tend to absorb more nutri

ents so that eventually resulted in the high protein content of treated
cultures.

Cochrane (1958) reported that the increase in total protein-N is

the real sign of increase in cytoplasm. DCMU treated cultures of Euglena

showed increased protein content per cell. (Calvaryrac gt _a_l_., (1979).

But no other reports are available for the actual mechanism of the stimu

lation in protein content as a result of biocide treatment.

Goulding e_t_ _a_l_. (1984) reported that the amount of protein per

cell was unaffected by DDT treatment. At the higher concentrations
almost all biocide tested here showed variations in biochemical content.

The percentage of,inhibition of proteins and carbohydrate was found to

increase with increase in the toxicant concentration. A marked inhibition

was observed in the beginning of the experiment.

The peak production of biochemical compound, especially in the case

of protein contents, was postponed to later days of growth. This was in

conformity with the findings of Saroja and Bose (1982) that, the ‘methyl

parathion’ at 10 and 20 ppm had the peak production of protein content

on 19th day of experiment.
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Collyer and Fogg (1955), Lewin and Guillard, (1963) are of the

opinion that the decrease in the protein levels was caused by an insufficient

nitrogen level in nutritive medium. But during the present investigations,

all the control and treated cultures were supplied with same quantity
of nutrients. The toxicant concentration may vary in each culture. At

the higher concentrations, perhaps due to the external stress these algal

cells might have proper conditions to absorb the nutrients from the medium.

This may result in the decreased protein and carbohydrate content at

higher concentrations.

Ibrahim (1983) reported that the protein and carbohydrate contents

of microalgae were affected with insecticide treatment. Bazulic _e_t__al_.,

(1988) also reported on the toxic effect of polychlorinated biphenyls on

the biochemical composition of phytoplankton Phaeodactylum tricornutum.

The present results reveal that it was the protein content of micro

algae which was affected with biocide treatment than carbohydrate.

This was in conformity with the findings of Ibrahim, (1983) and Bazulic

gt _a_l_., (1988). Bazulic 31 _al_. (1988) reported -that total carbohydrate

content was slightly higher in contaminated cultures. The present results

also obtained similar result at the lower concentrations of biocides. With

the age of culture the carbohydrate increased in both control and treated

cultures.

Carbohydrate and protein content of three chlorophytes tested

showed similarity in their response to paraquat (Ibrahim 1990). This her

bicide has an inhibitory effect on microalgae.
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The results of effect of biocides on biochemical compounds of

microalgae, leads to the conclusion that the protein content was affected

more than carbohydrate with biocide treatment. Each biocide tested,

and mixture of biocides tested was specific in their action, and the per

centage of stimulation or inhibition was related to the dose of the ,toxicant

and duration of the experiment.
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TABLE-19.
ANOVA TABLE FOR PROTEIN

Tctrascltnis gmcilis Dicrateria inornuta Mixed culture of f[‘C.‘.ilE, Source D.F — water algae13 8 s.s M.S F s.s M.S F s.s M.S 1-‘** ** ( “ITreatment 5 5746.9 -1149.4 18.29 2102.4 420.48 56.31 .147 9.2 295.8 4.1.7-1an5; Replicate 3 481.95‘ 160.65 2336 938.6 312.88 41.89 616.10 205.36 34.5..
9e Error 15 942.5 62.83 112.01 7.467 89.22 5.947\ an A _' f_

Treatment 4 396.10 99.03 132? 2749.6 687.41 61.15 1419.4 354.8 I 16.77C.‘ P’
§ Replicate 3 1459.5 486.49 6fT7 1060.12 353.37 31.44“ 692.6 230.88 10.91
(U

:1’; Error 12 945.5 78.79 134.89 11.241 253.8 21.15
Treatment ’ 5 1562.5 312.5 51:68 2628.0 525.6 34.57 1109.6 221.92 3.37

E Replicate 3 1144.6 381.5 631 645.5 215.2 14.14‘ 255.5- 85.16 3.40.0 C ’
55,) Error 15 922.4 61.49 228.2 15.22 375.3 25.02. an . _ -'7 ;
9:’ Treatment 4 2435.5 608.86 174.46 3099.4 744.9 15.78 1060.9 265.24 15.4.2 , * *4: ”E Replicate 3 1319.9 439.98 12.6? 742.3 247.5 5.04 541.46 180.48 10..-1:CU .
5 13N‘0t‘ 12 418.7 34.89 589.3 49.11 205.68 17.14*1: i ** . ’ Ni‘

1,; Treatment 4 2986.6 746.6 9.35 2493.9 623.5 9.77 1403.4 350.84 20.2,:" . N.S .s .,
'2 Replicate 3 278.05 92.68 1.16 95.09 31.69 0.49 173.3 57.78 1.5 1.

Cd

5 Ewm. 12 958.7 79.89_ 765.5 63.79 140.96 1.75m - H: _’M 'l‘retlt1n_ent 5 978.3 195.67 1I‘tt5°' 1853.7 370.7 10.80 3562.0 713.62O . '1'!‘
93 é’ Replicate 3 23.14 7.714 070% 415.69 138.56 4.044’ 47.07 15.651 0.3:3 ....

g-.3. Error -15 2030.6 135.37 0.06 514.74 34.32 771.64 51.443-. CD **   -" H 4" .’m Treatment 4 1015.34 253.84 5.87 1566.0 391.5 8.32 2061.4 315.36 2'1./.1M ..N.S ‘ .S .
:8 Replicate 3 96.96 32.32 0.75 249.9 83.31 1.7”} 104.74 34.91 ...«,.
‘:3 29.

§_ _§ Error 12 518.67 43.22 564.9 47.07 230.36 19.19'5. (11 L
* Significant at 5% level, ** Significant at 1% level, N.S. Not significant



TABLE-20
ANOVA TABLE FOR CARBOHYDRATE

* Significant at 5% level, ** Significant at 1% level, N.S. Not significant

Tetraselmis gracilis Dicrateria inornata Mixed culture of.1. .. SOUPCG D-F - water algae
’o‘§5- o s.s M.S F s.s M.S F s.s M.S#30! till
0 Treatment 5 1636.03 337.21 64.33 3171.2 634.2 62.95 46.53 9.316** ** I
3; Replicate 3 1223.1 409.33 73.09 625.70 203.6 20.69 1740.23 503.09
90 Error 15 73.63 5.24 151.14 10.03 143.53 9.902** =|I* -5Treatment 4 156.51 39.12611.46 2742.0 635.51 44.47 167.32 41.33= N.S ,
g Replicate 3 940.24 313.415 91.79 67.03 22.36 1.45 1110.36 370.29
(U

5 Error 12 40.97 3.414 134.99 15.42 131.14 10.93
Treatment 5 440.33 33.175 3.64" 4633.01 336.60 1931 72.03 14.41.. _N.S

g‘ Replicate 3 1737.3 579.26 23.33 103.47 34.49 0.729 1139.09-379.69
.0 C‘.

5:; Error 15 363.11 24.207 709.24 47.23 77.55 5.17(DQ, ** an
5 Treatment 4 620.91 155.23 13.06 3313.06 323.26 31.01 243.39 60.35*5 =l¢*
E Replicate 3 1133.61 334.54 45.39 43.309 14.603 0."55S 1396.01 465.34CU ' .0 Error 12 103.16 3.596 320.57 26.713 264.39 22.07** ** 

3; Treatment 4 3952.3 933.03 20.41 1203.53 302.13 11.24 95.913 23.93V 212* ' slut:
: Replicate 3 1051.3 350.60 -7.24 219.02 73.006 2.72 432.63 144.23
(U

E5 Error 12 530.9 43.41 322.59 26.33 660.39 55.03Ln , I _*
3 “‘°°"“.°'“ 5 507.32 101.56.15.13 1410.3 232.07 66.63 267.03 53.41. : *'
§§ “°P1*°t1te 3 1546.47 515.49 77.37 555.9 135.32 43.31 1037.62 345.37Hm

fig Error 15 100.33 6.639 63.45 4.230 40.93 2.73
II!!! #10! L.-‘-‘--.-—‘

‘° Treatment 4 623.27155.32 9.73 1594.2 393.54 33.61 286.13 71.5’;
0-40 *3! III
0, 3 Replicate 3 714.34 233.11 14.33 113.33 39.44 3.32 412.64 137.55‘SP.fgg Error 12 192.03 16.007 123.33 10.32 27.34 2.32
E65
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4.4. MORPHOLOGICAL CHANGES EFFECTED BY BIOCIDES

A study was made on the morphological changes brought about on the

cell characteristic by the 5 biocides used for the experiments. For the

purpose of the study photomicrography of the treated algal cells were taken
using an ‘Olympus’ Universal rescarchnmicroscopc (Vonvox model P {V1.10 A.D)

equipped with an automatic exposure systems.

1. Tetraselmis gracilis

Normal cells of Tetraselmis gracilis are green and oval shaped with
5

an anterior furrow from which arises four flagellae (Plate 2a). However

the flagellae are not visible in the photograph.

Morphological deformities were observed as a resuilt of biocide treat

ment and the same are as follows:

The organoehlorine insecticide - ‘BllC' at 4 ppm concentration caused

the breakdown of the cell wall, and as a result the cell lost its oval shape.
Cells with different sizes were also observed (Plate 2b).

No remarkable change was observed in cells treated with 25 ppm

concentration of 'Nuvacron' (Plate 2c) one cell under the process of division

is seen in the photograph.

The carbamate insecticide 'carbaryl sevin' did not have any marked

effect in the shape of the cells. But some cells become larger than their

normal size (Plate 3a).



182

Plate 3b shows the irregularity caused in the size of the L gracilis

cells treated with herbicide. Some of the cells become swollen. Shape

of the cells was also altered compared to normal cells.

As a result of fungicide treatment i.e., Cuman L(R)’ the micmalgal
cells underwent morphological changes. At 0.02 ppm concentration of ‘Cuman

(R),L , the cell wall of some of the cells brokendown and they showed a

tendency to clump together (Plate 4a). Plate 4 b clearly shows that ‘Cuman

l.(R)' at 0.04 ppm concentration caused the clumping of algal cells into

separate groups.

2. Dicrateria inornata

Normal cells of Dicrateria inornata are brownish yellow in colour

and rounded in shape having two equal flagellae. But the flagellae are not

seen in the photograph (Plate 5 a).

As in the case of _'E._ gracilis, this species also showed morphological

deformities as a result of biocide treatment. Plate 5b shows cells with

broken and irregular walls as a result of 'BHC' treatment at 4 ppm concen

tration. Cells treated with 'Nuvacron' of 25 ppm become more brownish.

No broken cell walls were observed but cells with irregular size are seen

in the photograph (Plate 5c).

Unlike in the case of gracilis the 'carbaryl sevin’ treated cells

of Q; inornata showed broken cell walls. Carbaryl sevin at 8 ppm concen

tration caused the disruption of cell wall (Plate 6a).
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Plate 6 b reveals the effect of 'Gramaxone', the herbicide on cell

size of _l_)_._ inornata. One of the cells become very much gigantic compared

to other cells.

Most of the algal cells treated with 0.04 ppm concentration of the

fungicide became clumped together and formed separate groups as shown

in the photomicrograph (Plate 6 c).

_3_, Mixed culture of freshwater algae.

The mixed culture -of fresrwater microalgae was dcminated by Qilorella ovalis

cells. Scenedesmus cells are also seen in the photograph (Plate 7 a) but

other two species are not seen in the photograph.

As a result of \Nuvaeron" treatment, the cells showed a tendency

to group together. Only Chlorella cells are seen in the Plate 7b.

'Gramaxone' treated cells also showed clump formation. Some of the cells

became more green coloured compared to other normal cells (Plate 8 a).

Separate groups of cells were formed as a result of fungicide treat

ment(Plate 8b)along with normal cells.

\

DISCUSSION

Morphological deformities like disintegration of cell wall and dis

arrangement of chloroplast are reported by various authors as a result of’
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biocide treatment (Sodergren, 1968; Mac Farlane _e_t__a_l_., 1972; Ramachandran

35 §_1_., 1980).

The results obtained in the present study showed that the cell wall

of mieroalgae namely  gracilis and Q.__i_ngr_rla_t_a_, treated with 'B.ll.C'

were in a broken state. As a result of 'BHC' treatment at 4 ppm concen

tration, the cell walls became wrinkled and broken‘, so that the shape of

the cells become irregular. This result was in conformatory with the findings

of other investigators. Sodergren (1968) reported that Chlorella species

agglomerated and became wrinkled and hexagonal in the presence of DDT,

shape loss occured in Skeletonema costatum (subramanian gt _a_l_., 1979), and

deformity and changes in the chloroplast structure were recorded in “the

diatom Nitzchia delicatissima (Mac farlane _e_t_ _a_l_., 1972).. But Goulding

and Ellis (1981) did not obsrve any broken cell, but they reported that DDT

treated cells were considerably smaller and more ovoid than control cells.

Goulding 33 _£}_1_-, (1984) concluded that, the effect of DDT on cell size and

shape in Chlorella fusccxwas more related to the markedly decreased levels

of fatty acids, chlorophyll La‘ and other components in the treated cells.

The disruption of cell wall may be because of the interaction of

'BHC' with lipid materials of the cell membrane as reported by Mac Farlane

gt_a_l_., 972). Powers _e_t__al_., (1977) reported on the dieldrin,an organochlorine

induced destruction‘ of marine algal cells which resulted in concomitant

decrease in size of survivors and their progeny
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There are only very few reports of changes in cell size and shape

as a result of treatments with biocides other than organochlorine insecticides

The ;F_._ gracilis cells did not show any particular change at 25 ppm concen

tration of 'Nuvacron'.

The results of the present investigation showed gigantism in some

of the cells as a result of 'Gramaxone' treatment. This was in consonance

with the findings of Walsh and Alexander (1980) who found that, as a result

of 'ethoprop' treatment, giant cells of 2 to 5 times larger than normal cells

occurred in Skeletonema costatum. The gigantism of the cells observed

in the present investigation may be because of two reasons. One is the

increased production of pigments and other cellular components. Another

reason may be the absorption of pesticide from the medium into the cells.

The fungicide treated cells of the three cultures investigated showed
(R)a tendency for clump formation. At 0.04 ppm concentration of Cuman L ,

the cells of the microalgae became sedentary and some of the cells lost

cell wall also. In adverse condition, the individual algal cells may form

groups to withstand the effect of fungicide. Hence clump formation occurs.

Canterford (1980) reported on the mercury induced development of

abnormal cells and ultra structural changes in the diatom Ditylum brightwelli

He was of the opinion that, a true ‘  phase occurred when the cells in:

the inoculum were viable but not in a condition to ‘tie. The lag phase

represents a period of detoxification and reconstitution of the cell.

Apparently the higher the toxicant concentration and exposure time, longer
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the period of reconstitution prior to cell division. No cell division occurred

until the cell was completely normal. This statement was in line with the a’

present observation.

Most of the morphological deformities reported here were found

to occur at the beginning of the culture usually after 4 days of growth.

Later as the age of the culture advanced the cells showed a tendency to

regain the normal size. As already reported in the results of growth studies

most of toxicants are toxic at the beginning. The algae became acclimatized

to the toxicant medium and after 20 days of growth, most of the toxicants

were not found to be much toxic especially in the case of miroalgae,

The reduced cell number at the beginning indicated the delayed
cell division, and with that the lag phase was very much extended. During

this lag phase detoxification of the toxicant took place and the deformities

to the cells disappeared and normal cells were formed.

The five biocides investigated here ‘affected the morphology of phyto

plankton cells in different ways; some cause disruption of cell wall, some

others caused chlorophyll destruction, yet other caused gigantism of cells

and also clumping of cells. //fall these effects of biocides are considered

abnormal compared to normal cells of phytoplankton. Whether these defor

mities of the morphology will change the internal structure of the cell, espe

cially that of the chlorophyll structure need indepth study.

In a natural ecosystem, where a number of species of phytoplankton

are present such type of morphological changes of the component
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phytoplankton would affect the species diversity of the particular ecosystem.

As reported by Powers _e_t_ a_1_., (1977) pollutant induced cell distintegration,

size reduction and growth inhibition among sensitive phytoplankters in natural

waters could affect those consumers that feed selectively on algal species.
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X 400.
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PLATE 3

a) Photomic1'ogut'agl1" showing 'Carbaryl Sevin' treated cells of
L gracilis X 400.

b) Photomicrograph. showing ‘Gr-awn.-axone' treated cells of
_'_I‘_._g_I_'_aci1is X 400.
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PLATE 4

(R)a) Photomicrograph showing ’Cuman L treated cells of
_'E._ gracilis (at 0.02 ppm) X 400

b) Photomicrographr showing 'Cuman L(R) treated cells ofT. gracilis (at 0.04 ppm) X 400
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PLATE 5

a) Photomicrograph. showing Dicrateria inornata cells X 400

b) Photomicrographz: showing‘ 'B.H.C' treated cells X 400

C) Photomicrograph: showing 'Nuv-acron’ treated cells T{ 1.1’)
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PLATE 6

a) Photomicrogwaph showing 'C:,u?h.-;u*;,r‘-. Sewn‘ treated celis of
‘.7. iI1'.):f:1..'_7.TC1 ‘-‘I 433

13) Photo Inicrograph. showing 'GrarmaLxone' treated cells of
D. inornata X 400

- 1 v ° 9 _  _ _ I.‘re) Photomlcrograpn. snowmg Cum-an L tt'o:11-e<] cells on
_Q_._ inornata X 400 _
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PLATE 7

a) Photomicrograph" showing untreated cells of Chlorella ovalis
and Scenedesmus indicus X 400

b) Photomicrographr showing 'Nuvacron' treated cells of
Chlorella ovalis X 400
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PLATE 8

a) Photomicrograph.-2 showing 'Gramaxone' treated cells of
Chlorella ovalis X 400

(R),b) Photomicrography showing 'Cuman L treated cells of
Chlorella ovalis. X 400.
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4.5. ACCUMULATION OF AN ORGANOCHLORINE INSECTICIDE\BHC’ IN
THE MICROALGA TETRASELMIS GRKCILIS 

The ability of microalgae Tetraselmis gracilis to accumulate.BHC"

from aqueous solution has been demonstrated.

As shown, in the table (Table 21) the particular algal species concen

trated BHC from aqueous solution. Control and acetone samples with "no

pesticides in the medium did not accumulate BHC. It was observed that

the percentage of ‘BHC’ accumulated, to what actually present in the medium

was found to increase with increase in the concentration of BHC in the

medium. Algae grown in 0.5 ppm of BHC in the medium accumulated 0.106

ppm, i.e., about 21.2% of that was present in the medium. But when it

reached 4 ppm concentration, it was observed that about 29.43% was

accumulated after 10 days of exposure.

After 20 days of exposure of the microalgae to the insecticide ‘BHC’

it was observed that nearly 86% of the toxicant present in the medium was

concentrated by the algae at 4 ppm concentration. For 2 ppm concent

ration 50% was accumulated, for 1.0 ppm concentration 36.5% was accu

mulated, and in the case of 0.5 ppm concentration only 35.4% of the toxi

cant present in the medium was concentrated after 20 days exposure.

From the results, it was observed that as the concentration of ‘BHC’

in the culture medium increased, the amount of BHC accumulated also

increased. Further, long term exposure of the algal cells to the organo

chlorine insecticide, 'BHC' increased the chance for the accumulation of



'1‘ABLE- 21 Concentration of organochlorine insecticide  'BHC'
extracted from microalga - Tetraselmis gracilis

Initial BHC extracted from alga - ppmconcentration —-------—----------—---—-———
of 'BIsIC' in After 10 days exposure After 20 days exposure
the medium —-———-—-—-—-——-———----—-—-----——-—--—--——--------~----— ---
in ppm Cone. of BHC Percentage Cone. of BHC Percentage

accumulated accumulated accumulated accumulated

0.5 0.106 21.2 0.177 35.4
1.0 0.253 25.3 0.365 36.5
2.0 0.586 29.3 1.0 50.0
4.0 1.176 29.43 3.423 85.58

-4 444-; -44 —u¢—.Qg:.-3-:s
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the ‘BHC’ i.e, accumulation is enhanced with lengthened duration of contact.

DISCUSSION

As indicated in the literature review there are several reports

concerning the bioaccumulation of organochlorine insecticide by the mi_croalgae

in laboratory cultures. It was not surprising that different species responded

differently to the insecticide.

It was observed that, the accumulation is enhanced with longet}

resident time to the insecticide. A similar observation has been reported

by Lin Yi-Xing and Sun Bo-zen (1987). They tested the bioaccumulation

of Y —BHC after 1, 3, and 5 days of exposure and found high accumulation

after 5 days of exposure.

Rice and sikka (1973 b) reported the uptake of dieldrin another

organochlorine insecticide by Tetraselmis chiu. As observed in the present

study, they also reported that uptake of dieldrin increased linearly with an

increase in dieldrin concentration. But the accumulation of toxicant reported

was many times higher than the original concentration in the culture medium.

This is in contradiction to the present report. However, it may be due to

the nature of pesticide used.

The same insecticide Y -BHC was tested in Chlorella pyrenoidosa

also (Sodergren, 1971). The insecticide, which contained atleast 99% gamma

BHC was less readily accumulated by Chlorella pyrenoidosa from aqueous

medium containing 0.18 ppb lindane than DDT, which again has much lower

affinity for water (Sodergren, 1968).
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Another organochlorine insecticide, DDT was found to accumulate

in marine diatom to about 265 times to that present in the culture medium,

as reported by Keil and Priester (1969). Contrary to the present investi

gation, diatoms accumulate DDT many times more than what actually is

present in the medium. This may be because the diatoms store food as
oil and leucosin. But the species which was investigated during the present‘

study stores food as starch. The oil and leucosin may serve as storage or

‘pick-up‘ substances for oil soluble insecticides (Keil and Priester, 1969).

The present investigation shows that algae has the capacity to

concentrate certain amount of organochlorine insecticide from the medium

in which they are grown. The uptake of organochlorine ‘by Tetraselmis

g_r_a_cilis could be considered as adsorption into the cell followed by absorption

into cell as reported by various authors (Sodergren, 1968; Rice and Sikka,

1973bL

Because of its prolific growth this particular species would have

a larger exposed surface to absorb the insecticide. If this species is kept

in the same medium for a long time there is a tendency to absorb more

and more toxicants into the cell. That is why the rate of accumulation

is high after 20 days of exposure when compared to 10 days exposure. The

rate of magnitude of bioconcentration of chemicals is governed by different

chemial and physical process that vary among different taxa of algae

(Sodergren, 1968, 1971, Rice and snags 1973bL
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The uptake of BHC from the growing medium by algal cells may

be the result of several processes. The insecticide may be metabolically
active and may act as an essential nutrient or mineral, get transported across

the cell membrane and thus enter into biochemical processes (Boyle, 1984).

As pointed out earlier, the lower concentration of BHC, was found to.

enhance growth of algae which may be due to its functioning as an addi

tional nutrient for the growth.

Regarding the behaviour of 'BHC', an organochlorine insecticide it

is considered that all organochlorines are 'heavy‘chemicals' (Addison, 1976).

One of the reasons for its persistence and accumulation is the inability of

most of the biological degradative forces to act on this heavy chemical.

But Lin Yi-Xing and sun-Bo-zen (1987) reported that there is simultaneous_

lindane( Y -BHC) accumulation and degradation in the alga.

Glooschenko _€_£ _3__1-2 (1979) suggest that bioaccumulation in algae

is not affected by rate of cell growth or metabolism. But contrary to this

report Lakshminarayana and Bourque (1980) suggest that the degree of absor

ption of organochlorines by plankton depends on various environmental

conditions, particularly their population number, seasonal variation, bloom

formation, growth rate etc.

Among the organochlorine pesticides detected in the coastal sediment

from the Arabian sea (Sarkar and Sengupta, 1987) the concentration of BHC
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was more, compared to other organochlorines. So there is chance. for

accumulation of this chemical in natural phytoplankton and thus get incor

porated in the other members of food chain. Although Tetraselmis gracilis,

which was used in the experiments during the present studies is a laboratory

culture, it is one of the representative genus found in natural _waters.

Joseph and Nair (1975) considered this as an estuarine form of phytoplankton.

So chances of accumulation of organochlorine from natural waters by this

alga are high. The accumulation of 'BHC' by Tetraselmis gracilis may be

an important link in providing or transferring this chlorinated hydrocarbon

from agricultural run off to the aquatic environment. Significant amount

of this insecticide may be removed from the water column via absorption

or uptake by the alga. The role played by this alga in the exchange of

pesticide must be considered in aquatic environments.

Other than bioaccumulation, another process that is biodegradation

is also important in understanding the interaction of toxic chemicals on

aquatic ecosystem. Algae appear to act directly in the degradation of organic

chemicals. Thus algae may be an important agent in the mitigation of conta

minating effects on other organisms by sorption or rendering the toxic

chemical to a harmless form by degradation.

Eventhough, the present investigation shows the capabilities of algal

species to accumulate the insecticide, tests on single species of algae are

of limited applicability in assessing the effects of °pollutants on algal

communities. The reason is that the algal communities are composcd'of

an array of species with different sensitivities.
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Further research is needed to understand the magnitude to which

algae are able to bioconcentrate or biodegrade pesticides. It is important

in understanding how the pesticides move through food chain, and also how

algae provide some sort of protection to other organisms in the aquatic

ecosystem.

With the liberalization of global trade and tariff it is possible that

several toxic pesticides might reach the country in the name of plant prote

ction and increasing agricultural production. Some of tlfisialgae can remain

as very useful sentinels for protecting the ecosystem from toxicity and bio

accumulation.



CHAPTER V



GENERAL DISCUSSION

The present investigation on the impact of five different biocides

and their combinations on three microalgal cultures was restricted to labo

ratory based bioassays. The adoption of batch cultures allowed the simul

taneous study of the effect of different concentrations of toxiean.ts upon

the physiological and biochemical parameters like proteins and carbohydrates

of three microalgal cultures. The inoculum for the present investigation

was taken from the same stock culture and therefore initially they were

in the same physiological condition.

There is no doubt that the observed alterations in physiological and

biochemical parameters like proteins and carbohydrate contents of microalgae

were caused by the bioeide treatment. Since control and treated cultures

were derived from the same stock culture and as the experiments were‘

performed under the same strictly controlled conditions (nutrients, light and

temperature), the differences observed with the microalgae can only be attri
- . Of . .

buted to the act1on,b1oc1des.

Among the three microalgal cultures tested, it was observed that

the microalgal cells with smaller size had the capacity to grow faster.

_l_)_.____i__n_gr_'_nata grew faster than _'l;.__g_racilis\ Mixed culture of fresh water algae

though it was composed of four species, the species smaller in size, namely

Chlorella ovalis showed high growth rate. This is in agreement with the

fact that smaller species have the capacity to grow faster (Raymont, 1980).
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The results of the 96 hour bioassay tests revealed the wide range

of responses of the test algae to the biocides within the same species.

The 50% effective dose values reported by several authors varied greatly

and such varied responses may be due to the interspecifie difference of

the test organism (Menzel e_t_ _a_l_., 1970; Mosser gt a_l_.,|972 a, b, Fisher _e__t_

a_1_., 1974). Goulding and Ellis (1981) reported that the amount of inoculum

and the duration of exposure period determined the EC5 values, because0

a very high initial inoculum can markedly reduce the degree of inhibition.

But in the present investigation the amount of inoculum for each treatment

was taken from the same stock culture and also the amount of inoculum

added to each treatment flask was the same.

The four different concentrations of the seven toxieants, affected

the physiological and biochemical parameters, like proteins and carbohydrate

content of three microalgal cultures in different ways. Both stimulatory

and inhibitory actions were observed in almost all cases, depending on the

concentration of the toxicant

Out of the four different concentrations selected for each toxicant,

the lower concentration of most of biocides caused a stimulatory response

especially in the ease of _’_l‘_._ graeilis. The other two cultures tested i.e.,

D. inornata and mixed culture of fresh water algae also showed a stimulatory

response but the percentage stimulation was less ‘compared to '_l‘_.__g£a_c_ilis.

There is a controversy among different investigastors about the actual).

reason for the stimulation of algal growth as a result of biocide treatment.

Some are of the opinion that the stimulation could be attributed to the fact
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that, certain algal strains might metablize the pesticide for their growth

(Butler e_t_ _a_1_., I975; Rath and Mishra, 1981). 'lhis conclusion may be correct

especially in the case of easily degradable biocides like organophosphatcs.

But during the present investigation the stimulation of growth at 0.5 ppm

of 'B.H.C.', was also noticed. B.H.C. is persistent organochlorine insecticide.

Reports about algal growth stimulation by lower concentrations of organochlo

rines are rare (Patin _e_2_t_ a_l_., 1982, and Rajaretnam et al., 1987). But they

failed to explain the actual reason for the transient stimulation of photosyn

thesis and cell division of algae. The algal growth stimulation at the lower

concentration of the most of the biocides shows that at particular concen

tration they may act as an additional nutrient in the medium.

Francois and Robinson (1990) are of the opinion that the obvious

stimulation in growth and C02 fixation observed with one herbicide - simazine

treatment was perhaps dueito the stimulatory effect of herbicide upon proteiw

synthesis. This conclusion may be true in the case with some of the biocides

tested in the present investigation. But in some cases though the treated

cultures showed increased growth rate than control, the protein synthesis

may have been inhibited.

Recently Van Donk _<_a__t_ _a_l_., (1992), have reported that the stimulatory

effect of Dursbanm), 413, an organophosphate, insecticide, may be due to

the direct effect of the carrier substances in Dursbanm) 413. This supports

the conclusion of Lewis (1986) that the carrier contains surfactants and it

is conceivable that these substances may exert their influence on the

physiology of algal cells.
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Almost all the biocides tested here were of commercial grade,

and they contained adjuvants and carrier substances other than active

ingredients. These carriers may be responsible for the sudden stimulation

of growth in algae in lower concentrations. But the chemical action of

these adjuvants and carriers HGQUS further explanation. Anyway, the carriers

of differentbiocides tested ma‘ have their role in affecting the growth of

algae which needs further study

In order to find out the actual reason for the stimulation of algal

growth as a result of toxicant treatment, through understanding of action

of each and every biocide on the cellular components of microalgae needs

to be explained.

As a result of biocide treatment the rate of carbon production was

very much affected. Lower concentrations of some of the biocides shows

stimulatory response. In almost all cases net carbon production was round

to be affected seriously, due to increased respiratory rate which leads to

complete metabolism of carbohydrate.

The increase in the pigment content was also observed at the lower

concentrations of biocide treatment. According to Francois and Robinson

(1992) the increase in the pigment content is a tolerance mechanism against

the action of herbicide. One peculiarity observed was that, the green algal

members showed higher stimulation in pigment content than in _l)_._in_<)_r_na.t_a.._

High chlorophyll concentration indicated severe eutrophication of waters

in the polluted area (Raman and Phani Prakash 1989). Exponentially growing



198

cells showed high chlorophyll pigments, but with the age of culture the pro

portion of carotenoids was found increase which may be due to the deple

tion of major nutrients such as nitrate and phosphate (Droop, 1973) or it

may be due to their role in protecting the photoxidation of chlorophyll

(Bogorad, 1974).

When we compare the percentage inhibition of pigments with that

of carbon production, it was observed that percentage inhibition was high

with respect to the carbon production. It shows that even though the

treated cultures show capacity to production of pigments, the activity of

pigments especially chlorophyll activity was inhibited that ultimately leads

to decrease in carbon production. Among the estimated pigments, dead

chlorophyll may also come. This statement was in line with those of Abou

waly 9; a1,., (1991 b).

With the increase in the concentration of biocides, the growth and

metabolism of algae were inhibited. But the percentage inhibition varied

with different concentrations and also with the age of culture. One pecu

liarity observed was that almost all biocides tested had severe effect at

the start of the culture. But in the case of herbicide 'Gramaxone', the

effect was not well marked, at the beginning, but when the culture attained

10 days growth, the percentage of inhibition became more and again after

two or three days an increased growth rate was observed.

The inhibition of growth and metabolism of microalgae have been

already reported. But there is controversy between different investigators

about the reason for inhibition. Fisher (1975) is of opinion that the
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pollutants do not inhibit photosynthesis per cell, but decreased carbon

fixation resulted from reduced number of photosynthesizing cells. But

contrary to this, Harding and Phillips (|978b) concluded that the immediate

inhibition was on photosynthesis which resulted in reduced cell growth.

Plumley and Davis (1980) also support this view and they reported that the

lower concentration of herbicide atrazine indicated an ability to maintain

chlorophyll production and cell division with reduced photosynthesis. The

present data also agree with this statement. The carbon production was

found to be more affected than any other parameter tested. Since a sub

stantial part of world's photosynthesis is performed by phytoplankton (Yentsch

1963), interference with this process could be important to the biosphere.

Experiments with mixed culture of microalgae, which represent the

natural population lead to the conclusion that selective toxicity will result

in changes in community ‘structure and in the production of certain size

classes of phytoplankton which may be critical food for higher trophic levels.

This type of result was reported by Moore and Harris (1974). Another

conclusion derived from studies with mixed culture is thattoxicity increased

with decrease in the cell concentration. In the present study Nitzchia

_l_o_ngissima, representing by 5% of total population, was affected severely.

This signifies that a natural population with vast diversity will be affected

by biocide treatment. Species which are dominant in the community were

not very much affected. As reported by Mosser gt__a_1_., (1972) on the possible

effects of toxicants on algal community structure and seasonal succession,

a depression of growth rate at any concentration should be considered

environmentally meaningful.
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As reported in various other investigations the toxicity of a pollutant

depends on the duration of the experiment. In the present case after an

initial inhibition of algal growth and metabolism the‘ treated algae returned

to the normal stage. These types of results were already reported by various

investigators (Power _e_t_a_l_., 1975; Goulding and Ellis, 1981, Patin _e_t_a_l_., 1982;

Abou Waly g_t_ al., 1991 a, b).

Detoxification of biocides after initial toxification may be because

of the function of extra cellular products. Bednarz (1981 b) was of the

opinion that joint ation of pesticides and extra cellular secretions can increase

the sensibility of algae to pesticidesssrisudha (1989) also reported that deto

xification of trace metals may represent an important physiological function

of extracellular products.

In the case of long term studies with different pollutants, the

conclusions of‘ Stockner and Antia (1976) become very important. They are

of the opinion that, the short term ‘shock’ response should be clearly distin

guished from the long term ‘habituation’ response of phytoplankters to the

test chemical in the bioassays. The candidates data agree with this state-_

ment. It was observed that the short term response would indicate the rela

tively immediate tolerance potential. But only the long term response,

that is expected to be ecologically realistic for adaptation to environmental

protection against pollution and eutrophication. Short term studies may be

technically convenient for laboratory and field manipulations. But the phyto

planktons in seas and lakes have infinite time to adapt to all forms of
environmental stress.
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According to Walsh (1983) the long term studies may be ineffective

for detection and quantification of toxicity because the fate and behaiour

of toxicant in exposure vessels can affect toxicity. This is in conformity

to the findings of Hansen (1980) that within the concentration range of

10-100 /ug/litre a portion equal to 2.3% of the lindane was adsorbed onto
the glass wall. Whether the biocides used in the present investigation’ were

adsorbed on to glass walls needs further study.

Patin gt _a_l_., (1982) are of the opinion that short term experiments

do not yield a complete picture of thepossible consequences of the toxicant

in the medium inhabited by unicellular algae. But unlike the results of

present studies they observed that toxicity of DDT became considerably

higher in long term experiments as compared with short term experiments.

But Abou Waly _e_t_ al_., (1991a, b) reported that biomass production

and MC uptake were inhibited by both herbicides on the lst day and began

recovering on day 3 over different concentration.

All these observations and also the results of the present study lead

to the conclusion that long term studies will be more appropriate to under

stand the specific effect and also the fate of the toxicant in the medium.

In order to understand the specific action of each biocide, the

decision to use more than one parameter is justified (Goulding andEl1is 1981).

It was also noted that the time course of inhibition for one parameter. is

different from other parameters. As reported by Saroja and Bose (1982)



202

the present investigation aisr suggest that each biocide tested has multiple

sites of action on cell metabolism.

The inhibition of algal growth by different concentrations of biocides

will lead to the alterations in the community structure in a natural ecosystem

The stimulation of algal growth can also make alterations in the ecosystem.

The present investigation shows that, the lower concentrations of most of

the biocides stimulate the algal production and also another stimulation of

algal growth was observed at the end of experiment. As already reported

some of the‘ biocides can easily undergo degradation, and the resultant

product may act as nutrients to the culture medium. Butcher f_ta_l_., (1977)

reported an increase in the nutrients especially phosphorus resulting from

degradation oi3organophjosphorus insecticide.

A conclusion similar to that drawn by Hurlbert §_t_ _a_l_., (1972) can

be made that the insecticides are capable of aggragating eutrophication

problems. Water draining from agricultural land pose a double threat to

the aquatic environment in that, they bear both insecticide and excess

nutrients. Excess nutrients will always cause eutrophication which may lead

to oxygen depletion in the water.

The results of bioaccumulation studies are of special interest. It

was observed that the estuarine form _'l_:._ gracilis  able to accumulate

the organochlorine insecticide 'BHC' from the growing medium. A percentage

of 35.57 was accumulated at 4 ppm concentration. Hansen (1980) reported

more than 90% lindane (Y BHC) uptake by the primary producer Qnlorella
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But the interesting result was that eventhough this algal species accumulate

this toxicant in the cell they can grow in the same medium. Results of

the 20th day observation show that at -4 ppm concentration of 'BHC', the

cell number exceeded that of control. Perhaps it may due to the reason

that, eventhough at the beginning this concentration showed an inhibited

growth, with the age of culture, this species became acclimatized and the

toxicant was concentrated in the cell. This concentration may be insufficient

to cause a severe inhibition. This type of observation leads to the conclusion

that the resistant form of microalga like  gracilis can be used as very
useful material for waste water treatment.

Among the three microalgal cultures investigated here,  graci_l_i_§

‘the estuarine form was found to be the most resistant strain. The other

two forms, i.e., marine and fresh water strains showed variation in their

response with respect to different parameters.

Among the different bioeides tested the fungicide 'Cuman L(R)'

was found to be the.most toxic. Above 0.1 ppm this biocide caused total

lethality in the three microalgae tested. Organophosphate insecticide
'Nuvacron' was the least toxic biocide tested.

The combination of different biocides gave varying results. The

combination of 3 bioeides, i.e, one organophosphate insecticide 'Nuvacron'.
(R)herbicide - 'Gramaxone' and fungicide - 'Cuman L ' was more toxic than

the combination of all the‘ 5 bioeides tested at the same four concentrations.

When the synergistic effect of biocide mixture was taken into consideration



204

it was observed that except fungicide, the toxicity of all other biocides

tested caused more toxic effect in their combination. The orgaophosphate

insecticide 'Nuvacron' even at 100 ppm was not lethal to the microalgae,

but when it was mixed with other biocides, the toxicity increased and letha

lity occurred above 0.5 ppm ' of this mixture.

As the nature often contains mixtures of biocides in different combi

nations’ this type study needs further clarification. The interactions of

different biocides needs indepth study especially regarding their synergistic

effects.

When we consider the different physiological, biochemical and

morphological alterations induced by different biocides, the prediction of

an application factor is very much difficult;.Because of the reason that each

and every alga, and its test parameters respond differently to the action
of biocides. ‘But when we take into consideration, the lethal limit of each

biocide tested herewith respect to three microalgae, the possible application

factor may be as follows:

1. B.H.C. - Below 5 ppm
2. 'Nuvacron' — Below 130 ppm
3. Carbaryl sevin - Below 10 ppm
4. Gramaxone - Below 2 ppm

(R)5. Cuman L t - Below 0.1 ppm
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In the case of mixture of these biocides, below 0.5 ppm is
recommended.

The farmers apply these different biocides in the following concen

trations.

1. B.‘H.C. - 5000 ppm/acre
2. Nuvacron - 500 ppm/acre
3.‘ Carbaryl Sevin — 2500 ppm/acre
4. Gramaxone - 2500 ppm interrestrial

habitatand 1.5 ppm in water

5. Cuman L(R) — 1000 ppm /acre

The microalgae tested here, especially 1 gracilis and __Q_. inornata

are considered as pollution indicators. Still, this species may be adversely

affected by biocides after a threshold limit.

Thus the rate applied in the field is always on high side. On the

basis of information. already available and the results obtained during the

present study it can be concluded that the variable response of algae to

different biocides and their combination depend upon many factors. The signi

ficant role played by the chemical structure of compounds, the pathways

of action and the variability of species.

Programmes directed towards detecting large scale fispatial differences

and relatively long term temporal changes of the order of a year or more

are required for the evaluation of the stress carried by the organochlorine

pesticides.
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It is hoped that field studies on phytoplankton communities will

enable a realistic interpretation to the problems of biocide treatments and

their interactions in the ecosystem.



CHAPTER VI



SUMMARY AND CONCLUSIONS

The impact of some commonly used biocides on three microalgal

cultures was investigated. The two unicellular algae selected are of

importance for mariculture as larval and post larval food in hatchery

systems. The fresh water algae collected from paddy fields, formed a mixtur

representing a natural population.

In order to find out the effective concentration of biocides that

would inhibit the growth of algae by 50%, 96 hour bioassay tests were

conducted. The number of cells, and rates of carbon production were deter

mined after 24, 48, 72 and 96 hour and they were compared with that of

control. The variations in pigment contents were also estimated. The

significance of using three parameters is that one parameter does not give

accurate results.

The results ,of 96 hour bioassay tests revealed that there was

variation in growth responses of microalgal species with three biocides.

In almost all cases the rate of carbon production was found to be more

affected than other parameters. It was also revealed that EC values50

varied with the duration of experiment.

The 96 hour bioassay tests did not give a real picture of the impact

of various biocides. Therefore, long term experiments were conducted to
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understand the effect of different biocides on physiological and biochemical

characters of three microalgal cultures. Each experiment was of 20 days

duration. A total 21 sets of experiments were Conducted

Among the physiological parameters, growth, rate of carbon product

ion, pigments such as chlorophyll a and _b in green algae and chlorophyll.

a_ and 3 in brown algae as well as carotenoids were estimated during the

period of experiments lasting 20 days. Biochemical parameters such as

protein and carbohydrate contents were also estimated.

The five different biocides selected were of common use in agri

cultural fields. Hence their residues may be ultimately reaching the aquatic

ecosystem. In nature mixtures of biocides occur and so combinations of five

different biocides were also tested.

Due to the low water solubility in the case of 'B.H.C' and 'Carbaryl

sevin', acetone was used as the solvent. Results showed that acetone has

no stimulatory or inhibitory effect on microalgal culture.

The growth of algae was found to be affected by the presence of

biocide. The effect of different concentrations was specific for each biocide

The lower concentration of most of the biocides caused a stimulatory effect

especially in I_._g_r_ac_i1is.

The percentage inhibition of algal growth was found to increase

with increased concentration of biocide. It was also observed that alnbst all
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biocides showed maximum toxic effect in the culture at the commencement

of application. With the ageing of culture the toxic effect decreases. So i’

it can be concluded that most of the biocides show an immediate shock

response followed by a habituation response.

The results of experiments with mixed culture of fresh water algae

showed that species composition was affected. In the natural population

of phytoplankton, the chlorophycean members were found dominating,

Chlorella ovalis was the dominant species. The other species especially

Nitzchia longissima was only nominally represented and this species was

found seriously affected by biocide treatment.

The rate of carbon production was found to be affected by biocide

treatment. In this case also lower concentration of some of the biocides

showed stimulation in carbon production. But the percentage stimulation

was less compared to that observed for growth of microalgae..

With "the increase in the concentration of biocide, the carbon

production was inhibited. The maximum inhibition was observed at the

beginning of the experiment. Compared to gross carbon production, net

carbon production was less. The difference in gross and net carbon

production may be due to the fact that, at higher concentrations of biocide

treatment, due to increased respiratory rate, the reserve food material

is completely metabolized and that leads to decrease in net production.

The percentage inhibition in carbon production was founddecreased with;

the age of culture.
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The pigment content was also affected by biocide treatment. At

lower concentrations the chlorophyll pigment was stimulated especially

in ]‘_._g_r_a_ci__lis_ and mixed culture of fresh water algae. The higher concen

trations showed very low values for pigments especially at the beginning

of the culture.

In the case of control cultures, after an expoential phase, the

chlorophyll pigments decreased but carotenoid content increased. But a

reverse condition was observed in treated cultures especially at higher

concentrations. In the case of l_)_._ inornata the pigment content was very

much affected.

Another peculiarity observed was that even though the treated

cultures show inhibitory response with respect to pigment, the percentage

inhibition was less compared to photosynthetic rate. It shows that chlorophyll

activity was inhibited. Among the estimated pigments, dead chlorophyll

may also come.

The biochemical products like proteins and carbohydrate of algae

were found affected by biocide treatment. In the case of control cultures,

the protein content was found to decrease with age of culture and carbo

hydrate content was found to increase. The lower concentrations of some

of the biocides tested showed stimulation of proteins and carbohydrates.

But the percentage stimulation was high with respect to carbohydrate

content. This showed that carbohydrate was resistant to biocides than

protein. With the increase in the concentration of biocides, the protein
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and carbohydrate content was found inhibited. One peculiarity observed

with 'Nuvacron' treatment is that in the case of ;l‘_._ gracilis the protein

synthesis was not much affected even at .100 ppm concentration of 'Nuvacron

This may be because of the fact that, the 'Nuvacron' undergo degradation

and these metabolites may ‘act as nutrients in the medium. These increased

nutrient uptake may ultimately leads to increased protein content. Thus

it can be concluded that there was a relationship between the available

nutrients and protein synthesis in microalgae.

Morphological deformities like cell well breakage, chloroplast

disarrangement, gigantism of some of the cells, and even clumping of cells

were also observed as a result of biocide treatment.

The results of bioaccumulation studies revealed that the estuarine

form of an alga/I; g_r_a_c_i_1_i_s_/ had an ability to absorb the organochlorine

insecticide from the medium and got accumulated in it. The degree of

accumulation was found to increse with the concentration of toxicant
in the medium and.lengthened duration of contact. It was observed that

nearly 86% of the toxicant present in the medium was concentrated by the

alga at 4 ppm concentration.

Statistical analysis of data was done using analysis of variance.

In most cases the variations in growth responses of algae as a result of

biocide treatment were highly significant.

Out of the three microalgal cultures investigated theestuarine form

I_.__grac_ilis was found to be a resistant species. Because of this character
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and also due to the capacity to accumulate toxicant this alga can be

recommended for waste water treatment as scavengers.

Among the different biocides, the fungicide - 'Cuman L.(R) was

found most toxic. The organophosphate insecticide 'Nuvacron' was less toxic

and because of its highly degradable nature it can be recommended for

field use.

The combination of biocides showed more toxicity than individual
(R)biocides, except the fungicide 'Cuman L .

It was observed that the lethal limit of five different biocides tested

here was low as compared to the concentrations of biocides that farmers

are applying in the field. So caution is advised in applying different

biocides in the field.

The above findings revealed that the interaction between different

biocides and the microalgae could play a significant role in the alterations

in aquatic ecosystem.

Further research is needed especially in the case of biodegradation

and bioaccumulation characters of microalgae. This area should focus on

the identification of kind of algae that take up different pollutants into

their cells andhow the pollutants are degraded or are passed on to consumer

organisms.
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With the liberalization of global trade and tariff it is possible that

several toxic pesticides might reafch the country in the name of ,plant

protection and increasing agricultural production. Some of this algae can

remain as very useful sentinels for protecting the ecosystem from superfluous

toxicity and bioaccumulation.

The protection of aquaticresources requires the quantities of biocides

used to be held to the minimum possible. It is hoped that the use of

natural biocides and also by adopting the biological control of pests would

provide an answer for a safer environment in future years.



REFERENCES



REFERENCES

Abou-waly,H.F., 1991. Response of fresh water algae (Scenedesmus_ spp.)
to phenylurea herbicides. Water Ai__r_ __S_<_)_i_1_ Pollut_. 55 (3-4): 295-303.

Abou-waly,H,, M.M. Abou-setta, ‘rI.N.Nigg and L.L.Mallory, 1991 a. Growth

response of fresh water algae, Anabaena flos-aquae_ and Selenastr-um
_ga_pr_i_<_:_o_r;nutum_ to Atrazine and I-Iexazinone herbicides. Bull-Environ._

contain. Igxicol. 46: 223-229.- :—.-17

1991b. Dose response relationship of Anabaena flos-aguae1.4

and Selenastrum capricornutum to Atrazine and Hexazinone using
140 uptake. Aquat. Toxicol. 20,13): 195-204chlorophyll (a) content and

Agarwa1,R.A. 1986. "Pesticides in India". Pesticides _i_nf;gr;_m_a_t_i_gn XII(2): 1-5

APHA, AWWA, WPCF 1980. Standard methods for the examination of water
and wastewater. American Public Health Association, 15th Ed.
Washington, DC: 1193.

AOAC, 1984. Analytical methods. Pesticide and Industrial Chemical residues
In: AOAC Analytical method. 29:’ 33-562.

Austin,A.P., G.E.Harris andW.P.Lucey, 1991. Impact of an organiphosphate
I-Ierbicide (Glyphosate) on Periphyton communities developed in
experimental streams. Bull. Environ. contam. _'l:o_xicol.g; : 29-35.

Awasti,A.K. and S. Sing, 1987. Effect of DDT and BHC on green algae
Spirogyra cylindrica. Environ. §i_o_l_._5(4): 814-815.

Bazulic D., M.Najdek, B.Pavoni, A.A.Orio, 1988. PCB effects on production
of carbohydrate, lipids and proteins in marine‘ diatom Phaeodactylum

tricornutum. Comp. Biochem. Physiol.__‘,1_‘_l__C (2): 409-412.



215

Bednarz,T. 1981 a. The effect of pesticides on the growth of green and
blue green algae cultures. Acta Hydrobiol. 23(2): 155-172.

Bednarz.T., 1981 b. The effect of 2, 4 D acid on green and blue green
algae in unialgal and mixed cultures. Acta hyrobiol:
23(2» 173-182.

Bednarz T., 1981 c. The evaluation of the adaptation ability of some green
algae to 2, 4-D acid, monuron, and diuron admixtures, under labo
ratory conditions. Acta _Hydrobiol. 23 (3): 251-257.

Biggs, D.C., R.G.Row1and, H.B.O'connors, Jr., C.D.Powers and C.F.Wurstur,
1978. a comparison of the effects of chlordane and PCB on the
growth, photosynthesis and cell size of estuarine phytoplankton.
Environ. Pol1ut.,15: 253-263.

Bogorad L., 1974. On Chlorophyll. In: Physiology and biochemistry of algae.
R.A.Lewin (ed) Acad. Press. London.

Borthwick, W.Patrick and Gerald E. Walsh, 1981 a. Initial toxicological
assessment of Ambush, Bolero, Bux, Dursban Fentrifanil, Larvin and
Pydrin,-static acute toxicity tests withselected estuarine algae,
Invertebrates and Fish. EPA-600/4-81-076 U.S.Environmenta1 prote
ction agency.

BOy1e T.P. 1984. The effect of environmental contaminants on Aquatic
algae. In: Algae as ecological indicators ed. L. Elliot‘S1ubert Acade-’
mic Press. 237-256.

Butcher,J.E., M.G.Boyer and C.D.Fowle, 1977. Some changes in pond
chemistry and photosynthetic activity following treatment with incre
asing concentrations of chlorpyrifos. Bull. Environ. contam. Toxicol.

17 _: 752-758.



216

"But1er,P.A. and P.F.Springer, 1963. Pesticides - a new factor in coastal
environments. Trans; 28th N.M. Wildl. Nat. Resour. Conf. 378-390.

Butler,G.L., T.R.Deason and I.C.O'Kelly, 1975 a. Loss of five pesticides
from cultures of twenty one planktonic algae. Bull., Environ. contam
toxicol. 13: 149-152.

__ 1975 b. The effects of Atrazine, 2, 4 D, Methodoxychlor,
carbaryl and Diazinon on the growth of planktonic algae. Br. Phycol.
_.l. 10: 371-376.

Cain J.R., R.L.K1otz, F.R.Trainor and R.Costello, 1979. Algalassay and
chemical analysis.A comparative study of water quality Assessment
techniques in a polluted river. Enviro_n._ _p_o_l_l_ut_._ 19: 215-224

Cain,J.R. and R.K.Cain,l984. Effects of 5 insecticides on zygospore Germi
nation and growth of the green alga chlamydomdnas moewuxi Bull.
Environ. contam. :F_oxicol. 33: 571-574.

* Calvayrac,R., J.L.Bomse1 and D.Lova1 Matin, 1979. Analysis and characteri
zation of 3-(3,4-Dichlorophenyl)-1, 1-Dimethyl urea (DCIVIU) resistant

Euglena. f_1_.__ physiol. Lancaster 63: 857-865.

Canterford,G.S. 1980. Formation and regeneration of abnormal cells of the
marine diatom Ditylum gbrightwellii (wort) Grunar.  mar. biol. /\ssoc_

U_._'.r§_._ 60: 243-253.

Caquet T., E.Thyband, S.Le Bros. O.Jonot and F.Ramade, 1992. Fate and
biological effects of lindane and deltamethrin in fresh water
mesocosmos. Aquat. Toxicol. 23: 261-278.



217

* Carson,R.L. 1962. Silent Spring Houghton Mifflin Boston. 368.

Chinnaswamy, R. and R._J.Patel, 1986. Detoxication of herbicides by blue
green algae. Ind. J. Ecol. 13(1): 5-9.

Christie,A.E. 1969. Effects of insecticides on algae. Wat. Sew. Wks. 116:
172-176.

* Cochrane, V.W. 1958. Physiology of fungi. John Wiley and Sons, London.

Colin Walker, 1975. Environmental pollution by chemicals. 5 . Insect
icides and fungicides. Hutchinson «Sc Co. (Publishers) Ltd.

*Collyer D.M. and G.E.Fogg, 1955. Fat accumulation by algae. _«1._e_3<_p_._ _l§i_o_1_._
6: 256-262.

Cox. J.L. 1970. DDT‘ residues in marine phytoplankton Increase from 1955
to 1969. Science. NY 170: 71-73.

*de Fatia celeste M. and O.Caceres, 1984. The effect of oranochlorine inse
cticides on the growth of Ankistrodes_m_L_i_s_ _f_us_i__f_ormis _in_ _vitro. REV.

_l§_r_'_a_s_.___Eii_o_l_., 46(4): 711-717.

De Noyelles, F., W.Dean Kettle and D.E.Sinn, 1982. The responses of plankton
communities in experimental ponds to Atrazine, the most heavily
used pesticides in the United states. Ecology 63: 1285-1293

Derby,S.B. and E.Ruber, 1971. Primary production : depression of oxygen
evolution in algal cultures by organophosphorous insecticides. Bull.
_En_viron. _§3_<_)_rlt_arl1_._:I‘__gxicol. 5: 553-558.

Dhanraj,P.S., S. Kumar, R.Lal, 1989. Bioconcentration and metabolism of
aldrin and phorate by the blue green algae Anabaerlg (ARM 310)
and Aulosira _f_e_r_ti1issima (ARM 68) Agric._f._c_gs_y_s_t_._ _F:r1_v_i_r;on_._ 25 (2-3):

187-193.



218

Dorsy,'I‘.E., P.Mc Donald and O.S.Roels, 1978. Measurement of phyto Protein
content by heated biuret folin assay _._ Phycology: 14(2): 167-171.

Droop,M.R., 1973. Some thoughts on nutrient limitation in algae. l.__F:h_ycol.
9: 264-272.

*Dubois,M., K.A.Gilles, _J.K.Hamilton, P.A.Repers and F.Smith, 1956. Colori
metric method of determination of sugars and related substances
Analyt. _Chem. 18: 350-356.

Fisher,N.S., 1975. Chlorinated hydrocarbon pollutants and photosynthesis
of marine phytoplankton. A reassessment. Science, 189: 463-464.

_‘_______‘__., E.J.Carpenter, C.C.Remsen and C.F.Wurster, 1974. Effects
of PCB on interspecific competition in natural and gnoto biotic phyto
plankton communities in continuous and batch cultures, Micro. Ecol.
1: 39-50.

and D.Frood, 1980. Heavy metals and marine diatoms:
Influence of dissolved organic compounds on toxicity and selection
of metal tolerance among focus species. Mar. Biol. 59: 85-93.

Fancois,D.L. and G.G.C.Robinson, 1990. Indices of trazine toxicity in
Chalm3:clor_r1_gnz_1_s_ glitleri Ettl. Aguat_,_ Ioxicol. 16(3): 205-228.

Fritz-Sheridan 11.1’. 1982. Impact of the herbicide Mngnucidc -ll (2 propcnul)

on algae Bull. _Fin_viron. contam. Toxico_l_._ 28: 245-249.

* Gaarder, T. and H.H.Gran, 1927. Investigation of the production of plankton
in the Oslofjord Rapp._ _et_._ proc. verb. cons. _l*‘1>_<_pl_._ _lyI_er;._ 42: 1-48.

Glooschenko,V., M.Holdrinet and R.Lottjna Frank, 1979. Bioconcentration
of chlordane by the green algae Scendesmus quadricauda. Bull. Environ
cor1ta£n'_I‘_c3.~gi_c_o_l_ 21 (4-5): 515-520.-._¢g.¢n4

21-: :;-;-¢——



219

Gopinathan C.P.., 1982. Methods of culturing phytoplankton In: Manual of
Research methods for fish and shell fish Nutrition. C.M.F.R.__I_._ $_p_l_._

_p__u_i_$_1_._ 8: 113-118.

Gou1ding,K.H. and S.W.E1lis, 1981. The interaction of DDT with two species

of fresh water algae. En‘-‘iron. _P_ollut. (A) 25: 271-290.

____, A.K.Conno1ly, S.W.E1lis, P.Freeman and R.C.Kill, 1984.
The effect of DDT (1, 1, 1-trichloro 2, 2 bis (p-chlorophennyl ethane)
on the cellular composition of Chlorella fusca. _E_11viron. Pollut. (A)
34: 23-35.

Gurney,S.E. and G.G.C. Robinson, 1989. The influence of two triazine herbi
cides on the productivity, Biomass and community composition of
fresh water marsh periphyton. Aquat. Bot. 36: 1-‘-‘Z2.

Hansen P.D., 1980. Uptake and transfer of the chlorinated hydro carbon
-BHC) in a laboratory fresh water food-chain. Eenviro1_1_._

Po1lutio_Q (A) 21: 97-108.

hndae (

Harding Jr. L.W. and J.H. Phillips, Jr. 1978 a. Poloychlorinated Biphenyl
(PCB) effects on marine phytoplankton phytosynthesis and cell divi
sion. Mar. Biol 49: 93-101.

__T _____ ______, 1978b. Polychlorinated Biphenyl (PCB) uptake by marine
phytoplankton. Mar. Biol. 49: 103-111.

* Harris, G.P. 1978. Phytosynthesis, Productivity and Growth: The physiological

ecology of phytoplankton. Arch. l_I_y_drobiol. Be_i_h_ (Ergebn Limnol.):
10: 1-171.

Harris,R.C., D.B.White, R.B.Macfarlane, 1970. Mercury compounds reduce
photosynthesis in plankton. Science 170: 736.



220

Hatfield, P.lVI., J.A.GuiI<ema, J.B.St.John, S.M.Gendel, 1989. Characterization

of the adaptation responses of Ancagystis-_nidulans to growth in the
presence of sublethal doses of herbicide. Curr. Mic_robiol. 18 (6):
369-374.

Hersh,C.M. and W.G.Crumpton, 1987. Determination of growth rate depre
ssion of some green algae by atrazine. Bull. Environ. §_oji_t‘_ag]. :I‘__o_x_i_-_

_co__l_. 39(6): 1041-1048.

liersh,C.M. and W.G.Crumpton, 1989. Atrazine tolerance of algae isolated
from two agricultural streams. Enviro__r_1_._ Toxicol. Chem. 8(4): 327-’
332.

Hollister,T.A. and G.E.Wa1sh, 1973. Differential responses of marine phyto
plankton to herbicides.—6xygen evolution. Bull. Environ. Cotam. ]‘_o_x.i_-_

_c_:_o_l_. 9: 291-295.

Hu1bert,S.H., M.S.Mu1la, and H. Willson, 1972. Effects of an organophos
phorus insecticide on the phytoplankton, zooplankton and insect popu
lations of fresh water ponds. Ecol. _l}_/l_o_nogr. 42: 269-299.

Ibrahim, E.A._, 1983. Effects of some common pesticides on growth and
metabo1ism,of the unicellular algae Sl<e1et_<g>_r1<-2_m_a costatum, Amp_hi_-_

prora _p_aludosa,A and 3ha_e_o_da_c_t_ylum t_rj_c_o_1'nL1_t_ii_i_ii_-_:}_q_L1_§it_._ "foxicol. 3:Q ¢¢¢::g

1-14.

2 1990. The influence of the herbicide Paraquat "Gramaxon" on

growth and metabolic activity of three chlorophytes. Water _/3:l_I_‘_ §c_>_i_1_

Pol1u_t_.__ 51(1-2): 89-93.

Joy C.M. 1990. Toxicity testing with Fresh water algae in river Periyar
(India) Bull. Environ. contam. ]‘_o_)gi_c_<_)_l__. 45: 915-922.



221

Joseph K.J. and P.V.Ramachandr-an Nair, 1975. Growth characteristics of
certain estuarine phytoplankters. Bull. Dept. Mar. Sci. Univ. Cochin
VII,(1): 151-159.

Karanth N.G.K., 1990. Microbial technology for the abatement of pesticide
residue in the environment. Current trends in Biotechnology Sympo
sium at Cochin University. Nov. 28, 29, 30, 1990.

Kei1,J.E. and L.E.Priester, 1969. DDT Uptake and metabolism by a marine
diatom. Bull. Environ; Contam. Igxicol. 4: 169-173.

., ___., and S.H.Sandifer, 1971. Polychlorinated biphenyl.33 cc 1

(Aroclor 1242): effects of uptake on growth, nucleic acids and chloro
phyll of a marine diatom. Bull. _E_nviron. Contam. Toxicol. 6: 156-159.

*Kenega E.E., 1972. Res. Rev. 44: 73-113.

Kentzer B.A., A.Kosakowsaka, L.Fa1kowski, 1984. Effect of carbaryl and
1-naphthol on selected phytoplanktonic algae. Limnologica, 15(2):
585-589.

Khalil Z. and_ LY. Mostafa, 1986. Interactions of pesticides with fresh water
algae. 1. Effect of methomyl and its possible degradation by Pher
midium fragile. _J..‘ Environ. Sci. ll_e_a_l_t_h 218(4): 289-301.

4
I{obbia,l.A., E.F.Shabana, Z. Khalil and F.I.Y.Mostafa, 1991. Fate of ‘C

labelled methomyl as affected by Nostoc _m_us__c_orum and Tolypothrix

_t_en_g_i_s_ and its role in their metabolic activities  Environ. Sci. ll_ea_l__th_
2613 (4): 409-425.

Kochert,G., 1978 a. Carbohydrate determination by the phenol-sulphuric
acid method. In: J.A.He1lebust and J.S.Craigie (Eds) Hand book of
phycological methods. Physiological and Biochemical methods.
Cambridge University Press, London, 95-97.



222

Kosakowska, A., L. Falkowski, 1981. The effect of organic fungicides Dithane

M45 and Cynkotox on some unicellular algae. Limnologica 15(2):
591-594.

* Krieger,K.A. and D.B.Baker, 1986. Agricultural herbicide effects on stream
algal productivity and nutrient uptake. Presented at 29th conference
of the International Assn. for great lakes research, Scarborough,
Ont. (Canada) 26-29 May, 1986.

Krikwood,R.C. and W.W.Fletcher, 1970. Factors influencing the herbicidal
efficiency of MCPA and MCPB in three species of microalgac. Weed‘
_f3_gs_. 10: 3-10.

Lakshminarayana, J.S.S. and I-I.S.Bourque, 1980. Absorption of Fenitrothion

by plankton and Benthic algae. Bull. _l;“._nviron. contam. Igxicol. 24:
389-396.

*Lal S., P.M.Saxcna, R. Lal, 1987. Effects of DDT, fenitrothion and chlor
pyrifos on growth, photosynthesis and nitrogen fixation in Anael)j1_g1_a_

(Arm 310) and Au1osira_ _ferti1issima. £\_gr_i_c_._ _F:c_gs_yst. Environ. 19(3):
197-209.

*Lawler, P.D. and L.J.Rogers, 1967. Nature, 215: 1515.

Lewin,J.C. and P.R.L.Guil1ard, 1963. Diatoms.  Rev. lVIicr_o_b_i_l_._ 17: 373-376.

Lewis, M.A., 1986. Comparison of the effects of surfactants on fresh water
phytoplankton communities in experimental enclosurers and on algal
polulation growth in the laboratory. Environ_._ Eoxicol. Chem; 5: 319-3321-2:.-.—.¢.Q 1-9



223

Lin ‘{i—Xiong and Sun Bo-zen, 1987. Accumulation, degradation and biolo
gical effectsof lindane on Scenedesmus Obl_iguus (Turp) Kutz. Hydro
biologica 153: 249-252.

Luard, E.J. 1973. Sensitivity of Dunaliella and Scenedesmus_ (Chlorophyceae)
to chlorinated bydrocarbons. Phycc_>_l_o_g_i_a 12: 29-33.

Maly M. and E.Ruber, 1983. Effects of pesticides on pure and mixed species
cultures of salt marsh pool algae. Bull. _l_*‘._riviron. Contam. Iox_icol.
_3_9_(4): 464-472.

Mani,V.G.’l‘. and S.K.Konar, 1985. Influence of the organophosphorus inse
cticide Malathion on aquaticecosystem. Environ. Ecol. 3(4).

Marco,E., F. Martinez, and M.l.Orus, 1990. Physiological alterations induced
by the organophosphorus insecticide "Il'ich1orfon' in Anaebaena PCC
7119 growth with nitrates. Environ. Exp. Bot. 30(2): 119-126.

*Martin, H., 1964. "The Scientific principles of crop protection". London:
Arnold

T3

Matsumura, r.., K.C.Patil, and G.M.Boush,1970 Formation of "Photodieldrin" _
by microorganisms. Science, N.Y. 170: 1206-1207.

Mayasich J.M., E.P.Karlander and D.E.'l‘erlizzi, Jr. 1987. Growth responses
of Nannoghloris Oculata Droop and Phaeodactylum trieornutum Bohlin
to the herbicide atrazine influenced by light intensity and
temperature in unialgal U1. ...gal assemblage. Aguat-:F_g>fj_gol_._ 10:
187-197.

Megharaj  K.\/enkateswarlu K., and A.S.Rao, 1986. ('31-owth response of
four species of soil algae ‘o Monocrotophos and Qlinalphos. Environ.Pollut. 42: 15-22. ' '



224

__., 1987. Metabolism of Monocrotophos and QuinalphosM‘

by algae isolated from soil. Bull. Environ. gontam. Toxicol' 39:
251-256.

Mehta,R.S. and K.W.Hawxby, 1983. Physiological Response of Anacystis
’nidu1ans (Cyanophyceae) to various Herbicides (Abstract only) i
Ehycglggy, 19(1-4): 15.

Menzel D.W., J.Anderson and A. Ranttke, 1970. Marine phytoplankton ‘vary
in their response to chlorinated hydrocarbons. Science: 167: 1724
1726,

*Metcalf, R.L. 1955. "Organic insecticides, their chemistry and mode of
action". New York <5: London Inter science publication.

Meyerhoff R.D., D.W.Grothe, S.Santer and G.K.Doru1la 1985 Chronic toxicity
of Tebuthiuron to an alga (selenastrum Capricornutum) a cladoceran,
(Daphina 1_r_1_agna), and the fat head minnow (Pimephalgs p_r_o:ne'las)

Environ. Toxicol. _(_3_l1e_n_1___., 4(5): 695-702.

Michae1s,R.A., G.Rowland, C.F.Wurster, 1982. Polychlorinated biphenyls (PCB)

inhibit photosynthesis per cell in the marine diatom Thalassiosira
psendonana Environ. p_o_l_l_gt_._ 27A: 9-14.

Millie, D.F. and- C.M.Hersh, 1987. Statistical Characterization of the atrazine

induced photosynthetic inhibition of Cyclo_tc.l_l_a_ i_n_cncgl_iiniun£
(Bacillarophyta). Aqgat. j‘._oxicol. 10(4): 239-249.

Millie,D.F., D.A.Greene, and P.B.Johnsen,1990Effects of the carotenoid inhi

biting herbicide, fluridone on Oscillatoria a_gardhii Gomont (Cyanoba
cteria) Aguat._ _'I:o_>gi_c_<)_l_._ 16: 41-52.



225

Misnra A.K. and A.B.Pandey, 1989. Toxicity of three herbicides to some
nitrogen fixing cyanobacteria Ecoto>gi_c_:_o_l__._ Environ SAF., 17(2): 236-246

Mitchell, D., 1974. Algal bioassays for estimating the effect of added
materials upon planktonic algae in surface waters. in: "Bioassay
techniques and Environmental Chemistry" (G. Glass, ed.) 153-158.
(Ann Arbor Science Publishers, Ann Arbor, Michigan).

Miyamoto, J., Y.Takimoto and K.Mihara, 1979. Metabolism of organophos
phorus insecticides in aquatic organisms, with special emphasis on
fenitrothion. ACS Symposium Series 99: 3-20.

Moore,R.B. 1970. Effects of pesticides on growth and survival of Euglena
gracilis Bull. Environ. Contam. Toxicol. 5: 226-230.

Moore,S.A., Jr. and R.C.Harriss, 1972. Effects of polychlorinated biphenyl
on marine phytoplankton communities. Nature (Lond)_ 240: 358-358.

g___ ____ __., 1974. Differential sensitivity to PCB by phytoplankton
Mar. Pollut. _Su_l_1_._ 5: 174-176.

Moorhead,D.L. and R.J.1{osinski, 1986. Effect of Atrazine on the productivity
of artificial stream algal communities. Bull. Environ“. Contam. T_o_>_c_i_cp_1_
37: 330-336.

"‘Morgan, J.l{. 1972. Effects of Aroclor, 1242“ (a polychlorinatcd biphenyl)
and DDT on cultures of an alga, Protozoan, daphnid, ostracod, and
guppy. Eu1l._F:nviron. _(_3_<_)_r1‘_t_z_;_rp_.__"[o_>gi_c:.o_l_._ 8: 129-137.

Mosser,J.L., N.S.Fisher, T.C.Teng, and C.F.Wurster, 1972 a. Polychlorinated
biphenyls: toxicity to certain phytoplankters. Science, N.Y. 175: 191
192.



226

., and C.F.Wurstur, 1972 b. Polychlorinated biphenyls and.ao¢—

DDT alter species composition in mixed cultures of algae. Scienc_e_,_
N.Y., 176: 533-535.

., 'I‘.C.’I‘eng, W.G.Wa1ther, and C.F.Wurstur, Interactions
of PCB's, DDT and DDE in a marine diatom. Bull. f:n\1i_r_ori_; C_3_o_r_1'c_am_;

:1_:O_X_i_(:oI._ 12: 655-668.

Murado Garcia, M.A., M.J.Fernandez Reiriz, J.M. Franco Soler, J.M., 1984.
Bioconcentration of Aroclor - 1232 and Aroiclor - 1248 by live and
dead cells of the diatom - ’I‘ha1assi_osira _r_o_t_u1‘a_ (Meunier, 1910) _I_r_1_\_I_e_s_t_._

_P_e_s_q_§_I}f\_I_1_C_;_)_, 48 (3): 431-440.

Murray, H.E. and R.K.Guthrie, 1980. Effects of Carbaryl, Diazinon and
Malathion on native aquatic populations of Microorganisms. Bull.
Environ. Contain. ’;a‘o3:ir;=oI. 2%: 535-542.-—.-n--\.¢

Mykiestad. S. and A. Haug, 1972. Production of Carbohydrates by the marine
diatom Chaetoceros affinis Var. Willei (Gran) Hustedt. I. Effect of

the concentration of nutrients in the culture medium. J. Exp. Ma_r_._
Biol. EcoI__. 9: 125-136.

Nasar,S.A.K., 1976. The effect of endrin on primary production in a pond
ecosystem. Phykos_,_ 15: 47-48.

Ohkawa, II., R. Kikuchi andJ. Miyamoto, 1980. Bioaccumuiatin and biodegra
dation of the (S), Acid isomer of Fenvalerate (Sumicidin) in an aquatic

model ecosystem it Pesticide 5: 11-22.

Pal, A.K. and S.K.Konar, 1985. Influence of the organophosphorus insecticide

DDVP on aquatic ecosystem. _F:i_1_\:iron. f‘._c_o_I_._ 3(4): 489-492.



227

Pal A.K. and S.K.Konar, 1989. Effects of Chronic exposure of phospharnidon

on aquatic ecosystem. Environ; Ecol. 7(3): 708-712.

__., 1990. Pollution of aquatic ecosystem by pesticide methyl
parathion. Environ. Ecol. 8(3): 906-912.

"Pandey,A.K,V.Srivastava and D.N.'l‘iwarai, 1984. Toxicity of the herbicide
stam f-34 (propanil) on Nostoc calcicola. §_._§_l_1g._ Mikrobio_l_._ 24 (6):
369-376.

Parsons,'l‘.R., Maita and C.M.Lalli, 1984. A manual of cherniczal. andbiological
methods for seawater analysis. Pergamon Press (Oxford): 101-104.

Patil S.G., D.K.Harshey and D.F.Singh, 1985. The effect of DDT on primary
production in a pond ecosystem. Comp_._ _P_h_ysiol. Ecol. 10(3): 139
140.

Patin, S.A. 1982. Effects of pollutants on cultured unicellular marine algae.
Effect of organochlorine toxicants. In: Pollution and biological
resources of the oceans (Butter worth scientific publication) '82
88.

Perry M.J., C.M.Ta1bot and R.S.Alberte., 1981. Photoadaption in marine phyto
plankton: Response of the photosynthetic unit. Mar. Biol. 62: 91-101.

Piska R.S. and Waghay, 1990. The effect of thre biocides Atrazine, Monocro
tophos and Endosulfan on Primary Productivity of a fresh water
ecosystem. Comp_._ _P_hysiol. Ecol. 15(1): 45-47.

Plumley, F.Gera1d and D.E.Davis, 1980. The effects of a photosynthesis
inhibitor Atrazine on salt marsh edaphic algae, in culture, micro
ecosystem and in the field. Estua_rj_e_s_:_ 3(4): 271-277.



228

Powers,C.D., R.G.Row1and, and C.F.Wurster, 1975. The toxicity of ‘DDE
to marine dinoflagelinto. Envir_gr}_._ _'tZg11ut., 9: 253-262.

., 1977. Dieldrin induced destruction of marine algal cells_o-3%; co4—:—Q $1

with concomitant decrase in size of survivors and their progeny.
Environ. Pollut. 12: 17-273.

Prevot,P. and M.O.Soyer, 1985- Effects of the organophosphorus insecticide

'Malathion' on the marine dinoflagellate Prorocentrum r_n_i_¢_a_n_s_ E.
Mileu, 35(1): 15-21.

Price, D.J., Murphy B.R. Smith L.M., 1989. Effects of Tebuthiuron on chara

cteristic green algae found in Playa lakes. 1]; Environ. _Qu_a_1_._ 18(1):
62-66.

* Reghu, K. and I.C. Mac Rae, 1967. The effect of the gamma-isomer of
benzene hexachloride upon the microfiora of submerged rice soils.
1. Effect upon algae. Can. ‘.1; Microi3_i_o_1_._l3: 173-180.

Raine,R.C.'I‘., J.J.Cooney, M.F.Cough1an and J.W.Patching, 1990. Toxicity
of Nuvan and Dichlorvos towards marine phytoplankton. Bot. ._'\fIa_r_i_na,_

33: 533-537.

Rajaretnam,A.A.,A.L.Pau1 Pandian, and A.Purushotham, 1987. The impact
of two orgunochlorinc p(‘..‘~‘.U(.'i(l(}::% on the growth of five .s'pc<:ir.-3 of

marine diatoms in Culture. _F:r_c_>__c_._ i‘\_I_e_1_ti1_._§em. Estuarine _i_n_a_i1_a_g_em_e:_r_1_t_,_‘.

Trivandrum. 194-207.

Rajendran, N. and V.K.Venugopa1an, 1983. Effect of pesticides on Phyto
plankton production. Mahasa_ga_r;, 16(2): 193-197.

Ramachandran, S., Ragendran, N. and V.K.Yenugopa1an, 1980. Effect of
pesticides DD’l‘., Dimethoate and Sevin on the Growth of Marine
Diatom Coscinodiscus Conc'innus_ in Culture. Mahasaga_r_, 13(3): 235-238



229

Ramachandran,S., N.Rajendran, R.Nandal<umar and V.K.Venugopalan, 1981.
Inhibition of photosynt‘ esis and respiration by chlorinated hydrocarbon

in some marine algae. 1ahasaga_r_., 14(4): 317-319.

Raman,A.V. and K.Phani prakash, 1989. Phytoplankton ecology in relation
to pollution in Visakhz—i etnam Harbour, East Coast of India, _zf}_§_i_a_n_

_I1/I_a_r‘._§i_<_>_1_._ 6: 161-166

Rath S. and B.N. Misra, 1981. Effect of "Dimecron-100". an organophosphorus

insecticide on the growth of Oscil1at_gI°_i§_ _(_)_b_§c_2_i£-_g_a_, Brulh et Biswas.

Comp. Physiol. Eco1., 6(3): 137-140.

Rath,P., A.K.Panigrahi, B.N.Misra, 1985. Effect of pesticides on the photo
synthetic efficiency of a blue green alga — Westiello_p_.s_i_s_ _p_r_gl_i_f_i_c__a,

Janet. l‘~/Iicrobios_ _Tiett_., 29 (113): 25-29.

_ “__., B.N- Misra and A.K.Panigraphi,_ 1986. Effect of 2-methoxy
ethyl mercury chloride (Emisan-6) on the nitrogen metabolism of
a blue green alga Westiellopsis Qr_o_l_i_f_ic_a_ Janet. _l}_’I_i_c_r;o_l3i_o_s_ _li§_’t_t«., 31

(121): 15-20.

Raymont John, E.G., 1980. Plankton _an_d_ _l:roductivit_y i_Q __t_llc_2_ .()‘(E-e‘}1l1S_, Vol.-5 c «fit--¢:a.¢¢4—

1—Phytoplankton (2nd ed) Pergamon press: Oxford, 489 pp.

Rciriz Fernandez,M.J., J.iVI.l:‘ranco Solcr and M.A.Murado Garcia, 1988.
Response of a marine diatom, Thalassiosira rotul_a_ to PCBS - Methodo
logical implication. Invest. Pesq (BARC): 47(3): 419-434.

Reish D.J. and P.S.Oshida, 1986. In: Manual of methods in aquatic environ
ment research. Part 10: Short term static bioassays. FAO Fish. :I‘.__<_=.-‘<_:_h_._

_l:a_p._ 247: 62 p.



230

Rice,C.P., and H.C.Sikl<a, 1973b. Fate of Dieldrin in selected species of
Marine algae. Bull. _l§n1..:i_i'_;)_n._ C_3_<3r1t‘_a_[_n_.__'I_‘<325c_i_c_ol_ 9: 116-123.

Sa1a'ma,A.M., l.A.Kobbia, N.Z.Haikal, E.F.Shabana, 1985. The influence of
the herbicide Amitorle on growth and dynamics of carbohydrate and
nitrogenous compounds in two \ blue green algae from the Nile drains
;X_r_'_c_h_.__llyp_ro_l_)_i_gl_., 105(1): 117-127.

Samuel, K. and S. Bose, 1987. Immediate effects of Pyridazinone herbicides
on photosynthetic electron transport in algal systems.i._ l3iosc_i_._ 12
(3): 211-218.

Sarkar,A., and R. Sen Gupta, 1987. Chlorinated pesticide residues in Sedi
ments from the Arabian Sea along the Central West Coast of India.
Bull. gggiron. Conta1_1_1_.__’I:ci2gi__co_l_._ 39: 1049-1054.Ljjil aj 1.51:‘

21988. Studies on organochlorine pesticide residues

in marine sediments along the east coast of India Mar. Pollut. _B_ul_l_
19(1): 35-37.

Saroja, G. and Salil Bose, 1982. Effects of methyl parathion on the growth,
cellsize, pigment and protein content of Ch1orel_l_a_ _prototh.ec¢oid~es.
;rEl_l_\:i_[‘_(_)_I’_l_.___EO11Ut. 27A: 297-308.

Sartory D.P. and J.U.Grobbelaar, 1984. Extraction of Chlorophyll a from
freshwater phytoplankton for spectrophotometric analysis. llydrobi;
lo_gia 114: 177-187.—.1 ban

SAS Institure, 1985. SAS users guide: Statistics. SAS Institute Inc., Cary,
North Carolina.



231

*Savinova T.N. and V.M.Savinov. 1987. Combined effect of Chloroorganic
pesticides on the primary production of phytoplankton communities
of the Barents Sea. Complex oceano graphic studies in the Barents
and White Seas. 98-103.

Schauberger, C.W. and R.B.Wildman, 1977. Accumulation of Aldrin and
Dieldrin by blue green algae and related effects on p‘notos;mthetic
pigments. Bull. Environ. _C_3__o_n_t_a_[_n_.__'I:o_x_i_c_o_l_._17(5): 534-541.

Singh,V.P., B.D.Singh, R.B.Singh, B.Dhas, R.M.Singh and J.S.Srivastava, 1978.
Effect of herbicide, Alacholr, on growth Nitrogen Fixation in Cyano
bacteria dc Rhizobia. India. _J_._ l:3_§p._ B_i___ol:, 16: 1325-1326.

Snedecor,G.W. and W.G.Cochran, 1967. Statistical methods. oxford and IBM
Publishing Co.,

Sodergren, A. 1968. Uptake and accumulation of 14
sp. (Chlorophyceae). Oikos_, 19: 126-138.

C DDT by Chlore_l_l_a_

., 1971. Accumulation and distribution of Chlorinated hydro

carbons in culture of Chlor_e_1_l_a_ Ey_r_e_no_i_d_gsTa_ (Chlorophyceae) Oikos:

22: 215-220.

Somashel<ar, R.K. and K.P.Sreenath, 1984. Effect of Fungicide on Primary
productivity. Indian _q_.__l7;rl\£i.ro_n_.__H_l_.t_l1_._ 26(4): 355-357.

Sprague J.B., 1973. The ABC's of pollutant bioassay using fish. Biological
methods for the assessment of water quality. American Society
for Testing and Materials, USA, ASTM Si‘? 528: 6-30.



232

5"1SU(“‘3 ,S., 1989. Role of trace elements on the growth and physiology
of selected microalgae. Ph.D. Thesis submitted to CUS.~\.'[‘.

Stadnyk, L., R.S.Campbell, and B.T.Johnson, 1971. Pesticide effect on growth

and MC assimilation in a fresh water alga. Bull. Environ_._ Contam.
Toxicol. 6: 1-8.

Stockner J.G., and N.J. Antia 1976. Phytoplankton adaptation to environ
mental stresses from toxicants, nutrients and pollutants - a warning.
J. Fish. §_e_s_._ §o_a_t;d_._ Can. 33: 2089-2096.m at Q -njj.-4

Stratton, G.W., 1984. Effects of the herbicide atrazine and its degradation
products, alone and in combination, on phototrophic microorganisms.
Arch. _l:3n\1i_r_gn._ Contam. _T_‘g>_c_i_c_o_l_._ 13(1): 35-42.T as 4..4—&;.¢——n

____ ___., and C.T.Corke, 1981. Interaction -between Acetone and
two pesticides towards several unicellular green algae. Bull. _E;l1\./_l_l‘_(2_r_l_:_

Contam. Io_)gi_<_:_o_1_._ 27: 13-16.—:.::¢:—¢'-11-an
I

Subramanian B.R., T. Lingaraja and V.K.Venugopalan. 1979. Effect of low
concentration of DDT on the growth and production of marine diatom
Skeltonema pg-,_ostat‘um (Grev). Curr. _S_c_i_. 48(5): 226-228.

*ThOSaI‘ ii/LR and, T-K- D85 1984. A study on the effect of some insecticides
on the primary production of few freshwater bodies from Nagpur.
Proc.__Sem._ Eff. __lj_e_s_t_.__ Aqu. Fan Mhow, .\«l.P. 197-208.

*Ukeles, R., 1962. Growth of pure cultures of marine phytoplankton in the
presence of toxicants. g;\.ppl. Microbiol., 19: 532-537.

Vance, B.D., and W. Drummox. ‘=0. Biological concentration of pesticides
by algae.  Am. Wat. Wks.  61: 360-362.cu .4-¢ c.—.2



233

Van Donk,E., M.I.Abdel Hamid,B.A., Faafeng and I.Kallquist, 1992. Effects
of Dursban 4E and its carrier on three algal species during exponen
tial and P-limited growth. Aguat. toxicol. 23: 181-192.

Venkataraman, L.V. 1990. Biotechnological potentials of miroalgae for food,
biochemicals and bioenergy. In: Current trends in Biotechnology
Symposium at Cochin University Nov. 28, 29, 30 199015-16.

Walne, P.R. 1974. Culture of Bivalve molluscs - 50 years experience at
Conway. Fishing News (Books) Ltd., 173 pp.

Walsh,G.E., J.M.Keltner, and E. Matthews, 1970. Effects of herbicides on
marine algae. U.S. Fish and Wildlife Circular No. 335, 10-12.

walsk G_E,, 1972. Effects of herbicides on photosynthesis and growth
of marine unicellular algae. Hyacirit_h__C_of_1_t_r_.__J_. 10: 45-48.

____ -_, and S.V.A1exander, 1980. A marine algal bioassay method:
results with pesticides and industrial wastes. Water, Air, _Soil, _l:o_l_l_u_t_._
13: 45-55.

., L.H. Bahner and W.B. Horning, 1980. Toxicity of textile.¢.@ »-Q4 1 1-1joQ—1 <

mill effluents to fresh water and estuarine algae, crustaceans, and
fishes. Environ. Pollut 21A: ;169-179.

., 1983. Cell death and inhibition of population growthno.1 ¢ —¢ .9 -1-; 14

of marine unicellular algae by pesticides.
Aquat__._ Toxicol. 3: 209-214.

____ ____ ., and R.G. Merrill, 1984. Algal bioassuys of industrial
and energy process effluents. ln: Shubert L.E.(ed) Algae as ecological
indicators. Academic Press, London, 237-256.



234

Ward,G.S. and P.R.Parish, 1982. Manual of methods in aquatic environment
research. Part 6: Toxicity tests. FAO Fish. Tech. Pap., (185): 23
PP

Wikfors,G.H., J.W.Twarog and R. Ukeles, 1984. Influence of chemical compo
sition of algal food sources on growth of juvenile Oysters, Crass_os_t_r_ea
virginica Biol. _}§_u_l_l_._ 167: 251-263.

Wright SJL, 1978. Interactions of pesticides with microalga in: Hill IR,
Wright SJL (eds) pesticide microbiology, Academic Press, New York,
535 pp.

Wurstur,C.F. 1968. DD!‘ reduces photosynthesis by marine phytoplankton.
Scicn_c_e_ 159: 1474-1475.

*Yasuno, IVI., T. Hanasato, T. Iwakuma, K.’l‘akamura, R. Veno and N.Takamura
Effects of permethrin on phytoplankton and zooplankton in an enclo
sure system in a pond. Presented at 23rd congress in Newswaland
8 Feb 1987. Proceedings Sladecek V. (ed.)

*Yentsch, C.S. 1963. Oceanog_. Marine Biol. ‘grin; Rev. 1: 2.37.

*Yu I-Iuzhao SJ-I. 1987. The effect of DDT and BHC on the amino acid
contents of Ch1o_rel1a _\_I_ul_gar_i_s._ Beij. Oce:1__r)_gl_.__lii.rp_r1_o_l_._ 18(2): 145-150.

* not referred in original.


	IMPACT ASSESSMENT OF BIOCIDESON MICROALGAE - A STUDY IN VITRO
	dedication
	CERTIFICATE
	DECLARATION
	PREFACE
	ACKNOWLEDGEMENT
	CONTENTS
	list of tables
	LIST OF FIGURES
	list of plates
	CHAPTER 1
	CHAPTER II
	CHAPTER III
	CHAPTER IV
	CHAPTER V
	CHAPTER VI
	REFERENCES

