g

7:’*’ lAﬂLAL I\hl I("U UN‘VER\ »
) a L I B R A R Y . -

———— -"—‘ .

STUDIES ON THE »u,-wn’#‘“ TDB: rsd ALDRIN
ON A BLUE GREEN ALGA - SPIF?UUNA PLATENSIS

Thesis submitted to the
Jawaharlal Nehru University
in‘partiail _fUlfiIment,bf the requirements
for the award of the Degree of

MASTER OF PHILOSOPHY

ASHOK KUMAR TRIPATH!

o
. ]
v Wy

i ¥

SCHOOL OF ENVIRONMENTAL SCIENCES
JAWAHARLAL NEHRU UNIVERSITY

NEW DELH! (INDIA)
1886 o

~

B



JAWAHARLAL NEHRU UNIVERSITY

New Mehrauti Road : New Delhi-110067 "Grams. : JAYENU

" Telephones : 652282
6521‘1‘4
CERTIFICATE
This dissertation entitled "Studies on the Toxicity of

| DDT and Aldrin on a Blue Green Alga:  Spirulina platensis"
embodies the work carried out at the School of Environmental

Sciences? Jawaharlal . Nehru Univefsity, New Delhi.- This work has

not been submitted in part or>fﬁll‘for any degree or diploma of

M

Ashok Kumar Tripathi
(Candidate)

any University.

2

D.K. Bamery34 519%

(Supervisor)

C*:W;LCZL)«“fS
—_—
V. Asthana

(Dean)
1986 . . .
School of Environmental Sciences,

Jawaharlal Nehru University,
New Delhi - 110 067.



t

ACKNOWLEDGEMENT

J  express my sincere gratitude. to Da. VD.K. Banenjee, my

dupenvisor, foa his constant encouragement and consitauctive
cadlticisams’ thaoughout ihe . pdeAQnt_ wonrk, Without his keen
. intenest, the study would have been practically impossible. 7

also express my thanks 2o Prof. F.m. Dave and Da. A.K.
Bhatkachaaya for thein moral support. My.thanka are adso due to

Dean fon providing neCQAJday Lacilities.

Thanks aze also due to my coddeagues fon thein constructive

discussions,

J wish to thank M. Deepak Mishra ﬂba his heldp duaing

compuiten analdyses.
7 am qlao thankfud 2o F.N.U. ﬁoa’awakding me. a Q.R.Ff

Finaddy 7 would like to thank Ma. Gajanan fegde fox tgping
the manudcaipt{ .

ASHOK KUMAR TRIPATHI



CONTENTS

INTRODUCTION
LITERATURE REVIEW

MATERIALS AND METHODS

RESULTS

~

DISCUSSION

SUMMARY AND CONCLUSIONS

REFERENCES

APPENDIX-T

APPENDIX-II

28

36

77

86

89



-

INTRODUCTTION

Use of chemicals in pest management is not new. Over a long
:period,' the chemicals used forrthis purpose were a comparatively
sméllbrange»of copper ér arsenic éqmpounds or naturally occuring
insecticides, éuch as pyrethrum.and rotenone. However, with the
advent of DDT in 1940s, ~$ new era in pest management emerged.
Its cheapness and general toxicity stimuiatedfthe search for new
chemicals with similar propertiés.-- These chemicals wére " so
successful in cohtrolling pests that today about 8000 such
pesticide formulations are in commone use; and over five hundred
"of these contain two or more "actiQe'ingredients" (Bafik, 1984).
These chemicals'were given the generai néme "pesticides" (to cide
; to kill) which meané'"any‘drganism, Substance, or thing that is
manufacﬁured, represénted, sold or:used“as a means of directly or
indirgctly céﬁtrolling, preventing, mitigating, attracting or
repelling any pest vor altering growth, development or

characteristics of plant life, that is not a pest" (Chagu and

Afghan, 1982).

-

However, shortly after tﬁeir wide acceptance as "wonder drugs"
(Heckman, 1982) avgenerai awareness about their possible harmful
side effects startéd.arising durihg 1950*s and 1960's. Carson's
’(1962) classic'"Silent Spring" was instrumental in shaping public

opinion on pbssible side effects of pesticides. It was noted

that some of these compounds, especially of organochlorine group,



were very slow to degrade and were toxic to nontarget organisms.
Morever, when people came to know about decreasing effectiveness
of some pesticides on target organism, the conclusion drawn was

that "each new pesticide is little more than a means of short

term control than a permanent solution" (Heckman, 1982).

Pesticides are classified either on the basis of their chemical
nature or on the basis of target organisms; On the basis of
target organisms, pesticides afe classified as :-

To ‘control insectS'(e.g., DDT, malathion etc)

(33

.,(I) Insecticides

.8

 (2) Herbicides 'To control herbs (e.g, 2-4-D, 2-4, 5-T, DMPA
' - etc.)
"To control rodents (e.g., Dicumarol,

(3) Rodenticides
' Coumachlor etc.)

(4) Molluscides To control snails '(e.g., Diquat, etc.)

To control fungi (e.g., Theran, Beramyle etc)

.

(5) Epngicides

(6) Piscides

se

To. control undesirable fish population (e.g.,
Rotenone, Toxaphone, etc.).

On the basis of chemical nature, pesticides are classified into
organochlorines (e.g., DDT, aldrin, etc.), organophosphates
(e.g., malathion, parathion, etc.) and carbamates (e.g.,

carbofuran, baygon, etc.).

~

Presence of pesticides in -aquatic enviromment may originate from
surface runoffs from agricultural land, industrial waste
_discharge, accidental spills, deliberate direct application, .

sewage effluents, air drift, dead animals and animal excreta,



food chain etc.. (Gerékis and Sficas, 1974). Relatively smali-
proportioné of -5pesticides reach aquatic systems through
agricultural runoffs. .Water soluble pesticides are tfanspdrted
in dissolvéd state, ~while nonsoluble pes£icides are carfied as
suspended particles or get adsorbed onto particulate matter and
then carfied to water bodies. This may be one of the‘reasons why
some organochlorin¢ pesticides are in much higher concentrations
in sediments than in the ovérlying waﬁer. According to Edwards
. . - - -
(1977) surface runoff may be important source of pesticide
‘pollutioﬁ of * lakes or local yater bodies but for ’rive;s aﬂd
.éstuaries, industrial discha;ge is more important. 'Con£aminétion
of» water bodies may‘alsofarise due to fall out from accidental

. spray from large scale spraying of forests or agricultural lands.

Wind may éérry drifts to large distances. -

Direct entry .of pesticides into aquatic systems to control
undesirable organisms is well known. In the following table,
some of the insecticides which have been intentionally applied to

aquatic systems are presented (Service, 1977).

Insecticides ' : Uses

(1) Chlorinated
hydrocarbons

{a) DDT ‘ Mosquito and black fly control

{b) Aldrin Rice culture



Rice culture, use is limited due to

(c) Endrin
’ ' its toxicity.
- (d) Dieldriﬁ ' Contrl of .DDT resistant mosquitoes
(e) Telodrin, Rice culture
(f) Lindane Limited use in rice culture,
(2) Carbaﬁates.
» (a) Hopicides Rice culture
(b) Propoxur Control of DbT and dieldrin
' - resistant mosquitoes.
(c) CaESOfuran Controi Qf insects éndvnematode. in
rice culture.
(3) Organéphéséhates
(a) Temephas 4 Mosduito lafvidide )
(b) Fenthioh Mosquito control
(c) Chlo;pyyifos‘ - do =
! (d) Fenthroﬁhion - do -
(e) Chlorthion - do -
Of these pesticides, some of the compounds, especiéilyb of
organochlorine group, havé a general toxicity and aré very slo%

to degrade. This property was once considered to be beneficial

because: of long lasting effects. ‘However, there was a little

anxiety}abouﬁ ecological hazards caused by them. It was 6nly in

late 1950s that reports regarding their occurrence in ecological

samples started :appearing,in the literature. Now, there is



little doubt th;t organochlorine pesticides are one of the most
importantvgroups of chemicals whiéh,cause consider;ble ecqlogical.
‘haéérds, Due to £hese re;sons, use of these chemicals have been
banned’ in western'coqntries but their use is still continuéa in
India. Tﬁe following'table giyes an insight fegarding status of

organochlorine pesticides in EEC, India and USA (Nénda, 1986).

S, Pesticide Status in USA Status in EEC Status in India
No. ' ’ '
.1. BHC Banned ' Approved for Approved for
. beet seeds and general use
~ o orchids only
2.  Dieldrin - do - ~_ Approved for used in sto-
individual ' rage and
trees only : quarantine

locust control
in scheduled

areas,
3. Chlordane = Restricted " Approved as a approved for
. dip for coni- general use.
fer seedlings
4. Aldrin : - do - Approved for:' approved for
strawberries, general use
ornaments and
vineyards; and
in U.K. and
. Ireland for
potatoes
5.  Endrin Banned Approved as. a phased out
caricide on
strawberries
6. Heptachlor  Restricted - approved for

general use,



7. DDT . - do - Approved for approved for
sugarbeets, general use
turf for sports,

,ornaments and
potatoes .

8. Lindane - db - . _ - ) approved for
C ' general use

Organochlorine pesticides are still used in India in siénificant

amounts as is shown in the following table (Nanda,.l986) :

~

Projected demand

Pesticide for 1984-85 Projected demand for 1989-90
in: M, tonnes . in M. tonnes -

BHC ’ 42500 '- | 47000

DDT o 17750 19750

Aldrin 200 ’ 300

Chlordane 50 : 100 »

Heptatchlér o 50 : _' 100 ‘

Lindane 20 ., 5§50

Algae play an important role in aquatic ecosystems. They are the’
main primary producers andlsome algée (of cyanophyceae family)
play véry im@ortant role in nmitrogen economy of paddy fields.
According tp Venkatraman (1983) about 20 to 30 kg/hectare of
bioiqgically fixed nitrogen can be made available from blue-green

algae. They have the capacity to accumulate large amount of



toxicants present in the aquatic system. Some of these algae can

be used as indicators of DDT pollution; i.e., Chladophora and

Oscillatoria (Ware ‘et al., 1968). - Venkatraman (1983)’ has -
reported that SEiruliné'sp;' can be used as a second stage 1in

treatment of sewage effluents after growing water hyacinth 1in

them.

Some of the algae can be used as potential sources of food and/or

feed.  Spirulina platensis and Scendesmus obiiqueus'have been

vrecognized*té'bg=important sourcés of protein (Venkatraman, 1983;
Becker,' 1984; Ciferri, 1983), 'Besides its use.as a protein
source, présence ~of carotene in Spirulina sp. is valuable for
vitamin A nutrition. The presence of vitamin B complex in

Spirulina sp, particularly combalamine and minerals are also of

significant interest (Ciferri, 1983).

According to Venkatraman (1983) blue green algae may be the
"technically advantageous candidate" for transfer nif genes from

prokaryotes to higher plants.

When pesticides enter the aquatic systems, they come in direct
contact or indirect contact with components of aquatic
environment. Algae being primary produéers of.this ecosystem are
also affected. They interact with pesticides in various ways énd

as a: resulﬁ, either change in their physiological processes is

- observed or the pesticides themselves get detoxified. Thus, it



’

is important to study the various kinds of stress faétors_ that

could affect productivity of algae. .

’

The‘ p}esént study aims to monitor toxicity Qf two organochlorine
pesficides,_ viz., DDT and aldrin on a cyanobacterium (Séirulina“
platensis). ;Effect of tempebature on pesticide tbxicitx has aléo
been’étudied. This study seeks.to invéstiggte the effects pf the

two pesticides mentioned above on Spirulina sp. in terms of:

. : N ’ /
1. Biomass, growth rate, specific growth rate and doubling
time; : '
2. LC 50 values; . ' o - _ .

: - 4
3. Chlorophyll content;
4. Protein content, and

5. so, %" uptake from medium.

4



LITERATURE REVIEW
Organochlorine : pesticides are a éroup. of very _ persistant
'compounds. Th;se compounds remain unaltered‘for-many years 1in.
aquatichsystéms (Edwards, 1973), Théir residues have been found
in farm soils iHarris et El".119775‘ Miles and Harris, 1978),
oligotrophic 1lakes and sedimenﬁs (Veith et Ei". 1977; Kueseth,
i981), aquatic envifdnmeﬁf‘(Bjerk and Bfevik, 1980), marine eco-
 systems (Yquné_ég al., 1976) and even injAntqrﬁican envifonment
(Woodwell 32 ‘él.; 1971), although their use in the West has

‘ceased since the early 1970's.

General toxicity of these pesticides and their insoluble nature
" in water were once considered to be beneficial to users but with
the publication of Carson's "Silent Spring" in 1962, studies

regarding their side effects started.

A chemical " is toxic to an organism only when it comes in the
surroundings of that orgahism. vTherefore, it is imperative to
~consider, in general, the behaviour of pesticidés in the aquatic
environment. /

The Behaviour of pesticides in aquatic environment is mainly
govgrned by ﬁheir solubility in—wgter- Since, 'mast of the
pesiticides are onganic.compbunds, theyfareralmost insoluble in

water. Gunther et al. (1967) have-revieked water soiubility of

many pesticides.  DDT is almost insoluble in water. Its water
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solubility ranges from 1 ppb to 100 ppb depending upon technique
appliéd (Bowman et al., 1976), while the lowest value of 1.2 ppb

at 25°C is accepted as the most correct (Haque and Freed, 1974).

‘-

Many - of these pesticides form a cluster and remain dlspersed in
aquatic system in the form of collolds (Blgger et al., 1967). It
"is also probable that pesticide r¢51dues may be accumulatgd near
sediﬁents. Studies of Glboshenko.gg al.. (1976) show that DDT and
its metéboli?es, HEOD and mirex constitute reservoirs of stable
organochlorine residues in the lake sediments. Frank et al.
(1979) have sho&n_the pfesence of”DDT and its m§£abolites and -

‘h?patchlor.in the sédiments of lake Huron and Georgian Bay.

Pesticides; .due to their lowbéolubility in water 'ana_ higher
hydrpfqbic-character tend tofﬁdsorb,onto solid Surfacés. Extent
of adsorption of these péstiéides én solid surfaces depends on a
lérge number of physical and chemical characteristics of both,
solid particle and adsorbiné material. Important properties of
adsorbing compound that will affect adsorption include water
solubility, size, shape, configuration and charge distribution of
molecule; and in case of adéprbent,.its surface area, the exposed
functional group, composition'at surface, porosity, size, shape,
chargc-AdistriButiong .polarity’and»polarizability:will have an

effect on adsorption (Bedding et al., 1983).

Adsorption of neutral organic pesticides to particulate matter

follows a physical type of adsorption and amount of peéticides
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adsorbed is inversely related to its water solubility (Leopold et
al., 1960). Presence of electrolytes in the aqueous system has a
pronounced effect on adsorption of pesticides (Hurle,an& Freed,

1972) .

Adsorption processes ,are generally represented by adsorption

_isotherms.(Connell énd Miller, 1984). Two widely qsed isotherm
are: - | ] |

(1) Laﬁgmuir Iéotﬁerm:". Moles of solute adsorbed per gm of
adsorbent (X) are exbreséed as é fﬁnction of equilibrium

concentration of solute in solution (C)

where Xm is the number of moles of solute adsorbed per gm of
adsorbent in forming a complete monolayer; C is the equilibrium
concentration of the chemical and b is a "constant related to

energy of adsorption. ~ .
. : R

(2) Freundlich Isotherm: It is aﬁ empirical relationship and

is expressed as :

X

m:

kcl/n

where X is the amount of chemical adsorbed per gm of adsorbent, C
is equilibrium concentration of the chemical; K is 7 the

equilibrium constant indicative of the strength of thevadéorption
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and 1/n is a constant describing the degree of nonlinearity and m

is numbr of moles. -

Temperature plays an iﬁportant role in the Solubility of
pesﬁicides. In general solubility increases with an increase in
temperature. However, this is not the'case'with thiocarbamate
pesticides where pesticide solubility decreasesvwith ‘increasing
températurés .(Haque .and Freed, !974), "which may be due ¢to

hydrogen bond ::formation ‘between thiocarbomate and water

~

molecules.,

High lipideOlﬁbiliﬁy of organochlorine pesticides contriﬁutes to
their accumulétioq in biotic communities ih aquatic environment.
Hemelink et al. k1971) have suggested théf water insolubility of
highly 1lipid soluble inéecticides provides the driving force in
producing' lipid storége through a series of simple partitioning

from water to lipid.

ngt of the organochlorine ﬁesticides are extremely persistent
and 'slow to degréde in natural conditions. However, they may
undergo degraaation in sunlight or under UV light; for example,
ﬁhotoproducts from chlorinated cyclodienes are formed by aétion
of sunlight. The residues of aldrin‘and dieldrin under sunlight
y
form photoaldrin and photodieldrin, respectively (Reddy and Khan,
1975). Photoaldrin is further converted to photodieldrin (Khan
et al., 1972). Under UV Iight ﬁhotodieldrin was reported to form

two metabolites, metabolite I and metabolite II (Reddy and Khan,
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1975). These metabolites were formed within 12 hrs of exposure
to UV light. Bensen (1971) reported two metabolites 'ofi
photodieldrin ﬁnder UV light irradiation in 68 Ars.
Photochemical 'degradation of DDT was reported by Rosen et al.
»(1966) and Sheutz et al. (1971). . -

Toxicity . of organochlorine’pesticides to algaé‘is reviewed by

many workers (Lal, 1982,' 1983, ’1984;. Butler, 1977; Cox, 1970;

Ware and 'Roan, 1970;  Lal and-.Saxena,_ 1980). In reviewing
literature on this aspect, ' one may find conflicting results
obtained by various authors. This may be due to different

conditions under which experiments were carried out.

Effect of endrin on algae was studied by many workers (Vance and
Drummond, 19695 Menzel et al., 1970; Batterton et al., 1971;
Clegg and Koevenig, 1974, etc.). Menzel et al. (1970) have shown

that growth of a marine alga Dunaliella tertiolecta was not

affected .at concentrations upto 1000 ppb of endrin. . They have

also shown that in the presence of 100 ppb of endrin, the early

growth rate of Skeletonema costatum was reduced but it did not

affect the final cell concentrations. 100 ppb endrin reduced

~

growth rate of Coccolithus huxlyeii and completely inhibited

growth of Cyclotella nana. Vance and Drummond (1969) have shown

that endrin concentrations ranging from 5 ppm to 20 ppm

eliminated growth of four unicellular algae. ‘They have also

shown . that 20 ppm of endrin has no effect on ~Scendesmus
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quadricauda, Qedogonium  species . and Anabaena cylindrica.

However, 5 ppm of endrin inhibited cell division of Microcystis

aerﬁginosa. Batterton et al. - (1971) have shown that Agmenellum

quadruplicatum and J|Anacystis nidulans were more tolerant to_

ketoendrin than endLin; the former was inhibited at all
concentrations tested -whereas the latter was inhibited only at

higher concentrations. Cylindrospermum sp. has been shown to be

tplerantﬁ to endrin conceantrations as high as 600 ppm (Singh,

s

1973). .

Effect of 1lindane on gréwth Qf algae.was "studied by éeveral
‘wokers (Ukeles; 19625 ‘Borghii et gi.; 1973; Moore and Dorward,
1968; Sodergreh3 1971; Ellis and'Gouldiﬁg, 1973; Hansen, 1979;
Jeéne—Levain; 1979; ete. ). ~Hansen (19%9)-has shown 511 ppb of
iind?ne to Qe iethal to Cﬁloreiia sp. whereas 2 ppm of .lindane

was  léthal. to Amphidinium carteri. (Jeane-Levain, 1979).

-However, Singh .(1973) hls shown - that 200 to 600 ppm of 1lindane

has no effect on Aulosira\gertilissima. Loosanoff et al. (1957)
have shown.that 1 ppm of gindane has no effect on Chlorella sp.

and Chlamydomnas sp. Ukeles (1962) treated five wunicellular

algae with 1-9 ppm of lindane. He found that Protococcus sp. was

the most sensitive. LindaTe concentrations of 4 and 8 ppm were

toxic “to Navicula ostrearia and Phaeodactylum tricornutum (Daste

and Neuville,A1974). Borghik‘ggigi. {1973) have shown that 'S5 ppm

of lindane stoppe&icell.grqwth in’ Acetabularia mediterranea.
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Inhibition - was geherallyzfebersible and recovery was quick once
pesticide héd been removed froﬁ medium. Young cells were more
sensitive than  older, _regenerating algae. Moore and ' Dorward

(1968) reported that , 0.5 |ppm of lindane inhibited growth of

.Endorina elegans by 60% of the control and alga was eliminated at

2.5 ppm whereas the same concentration reduced growth of Gonium °

pectorale by 84%. - Chlorella pyrenoidosa accumulated 30% of
lindane added tb the meﬂium but there was no effect on its growth

(Sodergnen, 1471; Ellis and Gouldiné, 1973).

>

Effect of ‘aldrin and dieldrin on algae was studied by several
workers (Vance and Drummond, 1969; Clegg and Koevenig, 1974;
Kopecek et al., 1976, etc.). Vance and Drummond (1969) have
shown that éldrin‘at evén thh concentrations Qf 15 to 20 ppm has

no effect on Scendesmus quadricauda, Oedogonium sp. and Anabaena

cylindrica. Clegg and Koevenig (1974) have shown that 100 ppm of

aldrin has no effect on Chlamydomonas 'sp. and Euglena gracilis.

However., Poorman (1973) Jas shown that 50 and 100 ppm of 'aldrin

inhibited growth of Euglena gracilis after a 24 hr treatment
period and both concentrations stimuléted growth after one week.
In field studies, Lazaroff and Moore (1966) reported that
dieldrin inhibited.the gbowth of~algae present in several samples
_of: surfate water of New York state. - However, dield;in did not
stop flagellar'moveménts of Euglené'sp. (Mébfe,'1967). Growth of

Navicula seminulum was reduced to 50% by 12.8 ppm dieldrin and

growth was eliminated at-32 ppm (Cairns, '1968). = Menzel et al.
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be able to metabolize DDT. Ukeles (1962) treated cultures of
marine phytoplankton with concentration of DDT from 0.02 to 0.60
ppm. The insecticide was generally non-toxic to_growth of ’all

algae except for Monocystis lutherisa in which growth was

inhibited. Concentrations of DDT from 0.01 to 100 ppm had no

.effect on the growth of Chlorella pyrenoidosa (Ch?istie, 1969).
Concentrations of DDT ranging|from 0.2 and 20 ppm had no effect

on the growth of Chlamydomoﬁas_reinhardtiiv(Morgan,' 1972; Egloff

and Partridge, 1972; Mosser Eg‘él.;'-1972) and on Coccolithus,
huxleyii at_concengrationvupto 1 bpml(Menzel et al., 1970; Bowes,
1971, 1972; Fisher, 1975). Dekoning and Martimer (1971) and
Mosser et al. /(1972) have reported that 0.1 ppb, 1.0 ppbAand 1

ppm DDT trgatyent for four days had no effect on the growth of

Euglena gracilié. " Poorman (1973) has found this growth to be
stimulated. two _or three fold after 7 days exposure to 100 ppm
DDT. = Palmer and Malony (1955) reported no_cffect of 2 ppm DDT

‘upto 21 -dayé exposure on Chlorella variegata. Poorman (1973)

éxposed cells of Eugléna gracilis to DDT concentration of 1, 5§

and 10 ppm and found little effect on growth during 24 hrs
period, while 50 and 100 ppm of DDT showed some inhibition.

Treating cultures at 10, 50 and 100 ppm of DDT for 7 days caused

growth to be stimulated.

Ellis and Goulding (1973) have shown that growth of Chlorella sp.
was inhibited for four days by ! ppm of DDT but after this period

growth commenced at rates comparable to that of controls and the
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final cell yield was phebsame as’ the control. Degree of
inhibition yas dependént on initial inocuium size and én the time
of sampling. Bowes (1972) . studied effect of DDT on several
phytoéiankton. DDT at 80 ppb had no effect on all but

,Skeletohema costatum which exhibited a 9-day lag before the cell

\

divisioﬁ commenced. ~ Further inoculation of Skeletonema sp. into

80 ppb of DDT gave another 9-day -lag.

Bowes (1972) has shown that growth of Ske1etonema costatum was
completely inhibited for periods upto 9 days at 0.08 ppb DDT

while Mosser et al. (1972) have shown that 0.1 ppm DDT caused

only an initial inhibition of'growth of Skeletonema which was
resumed:aftér four days. For the same species, results of Menzel
et al. (1970), Fisher‘(1975) and Subfamanian é& al. (1979)'are in
accordance with.thdse obeowes>(1972) growth beipg inhibited by

20% at less than 0.1 ppm DDT.- In Thalassiosira pseudoqana growth

was inhibited by 70% by 0.1 ppm DDT (Manzel et al., 1970) after 7
days and by 30% by 0.05 ppm DDT after two days (Mosser éﬁ al.,
1972). In Anabaena Sp. ‘growth'was not affected by 1.0 ppm.DDT
(Goulding and Elles, 1981; Lal et al., 1982)‘and 10, 50 and.100
ppm of DDT stimulated growth (Lal et al., 1982) stimulation being

maximum at 100 ppm after 35 days.

Cole and Plapp (1974) reported that DDT inhibition of the growth

of <Chlorella pyrenoidosa was inversély proportional to cell

concentration and DDT was a weak inhibitor of photosynthesis.
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*

In Anaéystis”nidulans DDT, DDD and DDE inhibited growth markedly

*

(Boush "and Matsumura, 1975). Toxicity was in the order: DDD »

DDE > DDT. ' Mosser et al. (1974) reported gfowth inhibition of

Thalassiosira pseudonana at 500 ppm of DDE. In Exuviella baltica

DDE has been found to be highly toxic (Powers et al., 1979).
Concentrations of DDE that affected this alga are those which
"have been reported in natural marine phytoplankton communities:

(Cox, 1972; Sodergren, 1971; Bowes, 1972). .

éarlier studies on interaction iof Vinseqticides with algae
revealed that iﬁsecticides have some form of damaging effect on
algae (Ukeles, 1962). This has prompted further research on
effects of insecticides.on photosynthésis in algae (Chako et al.,
1966; Wurster et al., 1968; Bbwes and Gee, 1971; ;Bowes, 1972;

Mosser et 3l(,}1972a,b; Cole and Plapp, 1974; Butler, 1977). Mac

Farlane et al. (1971) have shown that even 9.4 ppb DDT distorted

chloroplést in Nitzschia delicatissima and at 100 and 1000 ppb
morphology of chléroplast was completely distorted.' Clegg and
Koevenig (1974) have studied effeéts of DDT, aldrin, chlordane,
dieldrin and diazinon on light re;ctions of photosynthesis by
measuring production of ATP. Exposure of Chlorella sp. to 100
ppm of any one of the above pesticides reduced by half or moere
the amount of ATP as compared to that of the control, which was

_detected after 15 seconds of shaking. However, exposure of‘

Chlamydomonas -cultures to diazinon, aldrin, dieldrin, chlordane
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and DDT reduced ATP levels by 20-25%. Eipdsure of Euglena sp. to
chlordahe reducea/ATP level by 40% while aldrin and dieldrin were
less efféctive. DDT and diazinon had no significant effect after

15 secoﬁds,v but_afteb two minﬁtes the améunt of ATP‘was reduced

significantly. Since population level pf_thése aigae was not
affeéted vby these inseéﬁiéides, it was suggested by them that
inseétiéides interfere with -photphosphorylation during 1light

reaction of photosynthesis.

Wurster (1968) has shown that fixation of'14

CO2 in four marine
algae. declined as the concentration of DDT was gncreaséd to 100
ppb. Menzel et al. (1978)'§bserved thaﬁ'DDT affected _14CO2
uptake vdifferéntly.in.differént marine algae and this was due to

differential -penethation of insecticide through the cell walls

and membranes in different species.  Fisher (1979) observed no

decrease in'hiCO2 uptake éer cell in Thallassiosira pseudonana
andvsuggesﬁed.that reduced,photosynthe§is in DDT treated cultures
.was only due to the presence of fewer photosynthesizing cells,
~suggesting thereby that primary efféct of DDT is on cell division
rate rather éhan on éhotoéynthesis itself.  However, Lee et il'
(1996) repofted that DDT concentrations between 3.6 ppb to 36 ppb

inhibited photosynthetic CO2 fixatioen in Selanastrum

capricormutum and have shown that inhibition was dose dependent.

, indicated that DDT stimulated.

2
‘the incorporation of 14'(3-in:1',oglycolic hcid; a. major compound of
photorespiration, and caused the concomitant suppression of flow

-



21

of 14C62 into aspartic acid, a major component qf C-a -
' dicgrboxylic acid pathway. _This shjft-from an efficient péthway
to.a‘ nonefficient pathway by DDT was intérpreted as beiqg caused
by interruption of cyclic photéphosphorylation (Lal and Shivaji,
1984; Lal and Saxena, 1982). Bowes (1972) has "~ shown that
électroﬁ' transport in gploroplést particles of. Dunaliella

’

tertiolecta was sénsitivg/to DDT.and DDD.> He has shown that DDD

inhibits electron transport to the same extent as DDT.
"Concentration fo'cguse 50% inhibition for both compounds was 20
uM. It indicated that,»dechlobination process does not represent

a detoxification process of\DDT, at least, as far as this system

is concerned.

Moore and Harris (1972) have shown.that radioactive-carbon uptake
in marine phytoplankton cbmmunity,was_inhibited by SIppb of DDT,
uptake being Peduéed-ﬁy 50% at 35 ppb conéeﬁtraﬁion. Luard
"(1973) studied the effect of TDE, DDD and DDT on 14C uptake by

Scendesmus quadricauda. Concentrations of 0.1 to 1000 ppb of TDE

were stimulatory.’ Ho&ever, Sears and Yentsch (1977) were unable
to detect any significant effect of DDT on photosynthesis of"

Fucus vesiculosus, Rhodymenia palmeta and Ulva lactuca,.

DDT has been reportéd to inhibit Na' and k° ATPase activity in

Anacystis nidulans (Boush and Batterton,' 1971). Czeczuga and

o

Grievasimow (1977) have shown that 1-5 ppm. of DDmfaingéggs
: e

1S
g

-tyrosine content in Chlamydomonas nivialis; however, téta%,ami
. ‘| BRIEIN é.iz‘-b{ [

W TN R0 oA
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~acid content is reduced. At 10 to 25 ppm, alanine, aspartic acid

and threonine contents were also reduced.

‘Geike and Parashar (1976) studied the effect of BHC (0.001 to 10

ppm) on growth parameters of Chlorella Eyrenbidasa. The
chloroph&ll content and total nitfogen content of the algae were
inhibited while dry matter and cérbohydrate content were- - less

affected. BHC‘at'0.00I to 0.5 ppm aiso decreased dry weight and

chlorophyll content of Tetrahyﬁena pyriformes. Dieldrin at

concentrations rangihgbfrom 0.1 to lbO ppm adversely affected the

v

chlorophyll ‘content, dry yeight'ahd photosynthetic -activity in-~

Ankistrodesmus braunii and Anacystis nidulans (Kopecek et al.,
'1976). Aldrin and dieldrin at 100 ppm were toxic to Anabaena

"cylindrica, Anacystic nidulans and Nostoc muscorum (Schauberger

e

and . Wildman, 1977). . Parashar et al. (1978) have reported.
alterations at wultrastructural level in cell ‘morphology of

i

Chlorella sp. treated with 10 ppm of BHC.

In Acetabularia mediterranea lindane slowed down morphogenesis

(Puiseux-Dao'gg al., 1977) but DNA synthesis continued. It was
also suggested that lindane acts at cellular membranes as

indicated by osmotic shocks in Acetabularia and does not interact

with cellular membrane of prokaryotes, in order to explain why

lindane affects eukaryotes but notvpfOkaryotes,
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Anacystis

fixatioh primarily resulting in

Simonis and Lee-Kaden (1979). have shown that > in

~nidulans 1lindane affects 1_4C02

suppression of protein synthesis caused by a depletion of

intermediates of CO2 fixation.

Lott (1977) wusing oxygen output as a measure of photosynthesis

reported that <chlordane at 0.1 to ‘100 ppb in Scendesmus

quadricauda and 0.1 and 50 ppb* in Chlamydomonas 'sp. stimulated

respiration rate which increased with increasing concentrations
of chlordane. Kaushik_and'Veqkatraman'(l983) have shown that 1

ppm of BHC had no effect. on nitrogenase activity of Hapalosiphon

welwitschii var. Vaginatus whereas in H. fontinalls, .1 ppm BHC

produced 50% inhibition in nitrogenase activity. In

WestielleSis prolifica 1 ppm BHC enhanced nitrogenase activity.

s

Veéy few studies have been done regarding morpﬁological changes
induced by "addition of inéecticides  in’ medium (Jeane:LeVain,
1979; Borghi et al., 1973; Powers et al., 1977;‘_Géulding and
Ellis, 1981). Sodergren (1968) has shown that doses-of DDT which
were inimical to .growth of Chlorella sp. caused cell clumpiné to
occﬁr4 This indicates that under toxic doses cell properties may:
be changed. Bowes and Gée (1971) have shown that in marine algae
TDDT and - DDE alﬁered morphology of chloroplastn Powers et al.

(1977) have shown that 0.01 ppb dieldrin caused large number of

cells of Exunviella baltica to disintegraté'within 12 hrs of

exposure, The diameters of surviving cells Qere_li;Z% smaller
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than controls. ~ This size reduétion_persisted to at least . four
generations after the . cells had been transferred to dieldrin free

medium. Goulding and Ellis (1981) -observed that cells of

Chlorella fusca and Anabaena cylindricévwere smaller and more

ovoid-thag those in the normal cultures. Borghi et 1. (1973)

ﬂave shown phét due to lindane treatment invAcetabularia sp. in
thé basal éart of plastid, lamellae wefe'ektendéd with one or
'mqbq ‘ carbohydrate- grains;  whereas iﬁ apicai parts  small
cﬂldrépiasts with - huﬁerous~thylakoids and small polysaccharide
granules .were‘observed. . Puiseux-Dao et al. (1977) have shoyn
'fhat lindane treatment markedly altered structufe of plaspids in
Dunaliellé and AmRHidium spp. Jeane-Levian (1974, 1979) has shown
that iindane at 10 ppm'altered-the number of cellulaf organelles
and caused'deg?neration.of nuclear Apparatus.. it, also caused
enlarged pellé, _igcrease iﬁ the 'number of Golgi bodiés}
éndomultiplicatipn o%-organelleS»and'large vacuoles; He-gas~also.

shown %hat lindane'treaﬁment in Dunaliella sp. inhibited cell

division and synthesis ‘of DNA and RNA. Synthésis of DNA was
- strongly inhibited during first cell cycle as éompared to second

cell cycle.

' Some ° algae were reported to metabolize organochlorine

insecticides. Over 80% of the lindane added to- cultures of

Chlamydomonas neinhardtii and Chlorella vulgaris was gone from

the culture at the end of 2 weeks (Sweeney, 1968, 1969).. A known

~

metabolite was found in both cultures. Patil et al. (1972) have
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shown a species of'Dunéliellé that wa; able to metabolize .aldgiﬂ
to dieldrin and aldrin-diol. | Khan gg'gl. (1972) have also shown
several algae capablé to epoxidize aldrin to dieldrin. Uptake
and metabolism of DDT by six speéies of marine phytoplankton was

' studied by Rice and Sikka (1973). All species accumulated DDT

and all converted a small amount of DDT to DDE. Tétraselhis sb.

gave maximum conversion of DDT to DDE. Metabolism of DDT to DDE

~was shown by a marine diatom; Cylindrotheca closterium (Keil and

Priester, 1969). 'Neudrof and Khan (1979) have shown that

Ankistrodesmus amalloides metabolizes DDT to both DDD (0.8%2) and
.DDE (3.5%). Bowes (1971) recovered small amounts of DDE (3.0 to

7.4%) of his cultures of Skeletonema costatum, Thalassiosira

Eseudonané, T. fluviatilis and Dunaliella tertiolecta after two
or three weeks. He noticed that DDE was recoverable from

Dunaliella tertiolecta cells if the cells were raptured.

Growth of algae 1is affeted >byv variations in temperature.

Temperature may also affect toxicity due to pesticides.

Kremer (1978) has studied effect of temperature on photosynthesis

of sea-weeds. He found that maximum photosynthesis occurred at

ZSOC in Lemnea apnulata and at 35°C in Compsopogon hookeri.

Temperature effect on growth and proliferation of Gymnodinium

berve and Gomphospheria aponica was studied by Eng-Wilmot (1977).

' He found that G. breve showed optimal growth at '270C and

proliférated over a wide range of temperatures (17-30°C). At 4°cC
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and above 309C .alga started dying. G. aponica showed optimal
growth between 24OC - 29° with a maximum at 27°C and a minimum

at 31°C.

Swarkznan and -Adamé (1979) have studied effects of increased ’
temperature on seasonal dynamics of phytoplankton. They found
that species with a lower phosphorus tolerance, a greater

tolerance to nitrogen'.and lower optimal 1light intensity for

growth would better survive in warmer habitats.

\

Hanisak an Harlie_ (1978) have shown that thalii of Codium
fragile grewn best ag 250Cf‘ Optlmal - temperature for
photosynthesis of natural phytoplankton of blue green algae in
lake Mendota was’ found to be between 20 - 30.C (Konapka and

Brock, 1978). o : '-_ ’ .

Kruger and Eloff (1978) reported that lower temperature limit'fer

growth of Microcystis sp. varies from 10.5 to 13.50C, the thermal

arowth optlmum was between 28.8 to 30 5 C and upper temperature

»

limit between 30.5 to 40 0°c.

Briand (1975) has studied temperature effect on - membrane

structure of Anacystis nidulans. ‘"He has ;hown that cells grown

at 25°C before chilling, appeared unaffected; whereas those grown

at 39°C before chilling showed significant morphological

-

alterations.
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Venkateswarlu (1970) studied thermal preferencé in river Mossi

(India) and showed that Acananthus minutrssima and Cymbella

microphalla were favoured by low temperatdré and high' DO.

Spirogyra sp., . Cyclotella meneghiniana and Stiggcloneium' tenue

Qere adversely - affected by " higher témperaturés. Higher

temperatures - accelerated growth and multiplication . of
7/

chlorococaless blue-greens and desmids. In warm water high

oxygen>1evels favoured green algae and high organic load favoured

the blue gfeens. , . : ' T | .

fGoldman and Ryther (1976) and Goldman (1977) have grown marine

~

phytoplankton species in enriched continuous laboratory cultures.

Competition among species-wasfhighly dependent on temperatures,

although amount of organic matter produced was relatively

-

independent. Below 10.8°C, Phaeodactylum tricosmutum was

dominant species; at 27°C, Nitzschia sp. was predominating

" whereas above 27°C o0Oscillatoria species became increasingly

dominant.



MATERIALS AND METHODS -

Cultures of blue green alga,v Spiruliné platensis were obtained

from Indian Agricultural Research Institute, New Delhi. Cultureé
were grown in 3 litre Erlenmeyer flat bottom flasks at 2Qi2°C,
under 'artifiCiAl, fluorescént, ~cool, white light source with
~light intensity 2500 lux. Light and. dark cycles were
maintained‘at 16/8 ﬁfs.v | | | |

Stock cultures were maintained in log phase by adding a fixed

amount of medium once in a week. To avoid sticking, cultures

were shaken-at-1east four Limes‘inAa day.

Nutrient medium used to grow alga was as given by Menon (1981)

excluding EDTA. The pH of the medium was maintained at 8.2;

The chemical composition of the medium as per .reference quoted

above was as under:-

Nauco3 _ = 18.0 g/1

K, HPO,, = 2.5 g/1

NaNo, = 2.5 g/1

NaCl- - 1.0 g/1 '
MgSo,.7H,0 = ofz g/1

Caclz,zﬂ?o = . 0.04 g/1

FeSO4.7H2Q. = OfOI_g/l

A_ soln. = 1.0 ml/1

5
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A_ solution is a micronutrient solution and its compoSitiop was :

5

Boric acid = 2.9 g/1
MnClé ' = 1.81 g/1
ZnCl1, = 0.11 g/1 .
'Cuso4.3H20 = 0.08 g/1
(NH4)2M004-.= 0718 eg/1
Temperature -studies | were performed in ‘thermally stabie
énvi}onment. Tempeﬁaturg- was maintained 'thermbstatically in
_glasslaquaria, which were képt under artificiél, ébol, white,
fiuoresceﬂt light sburce. Algée were grown in these aéﬁéria at

v

20 + IOC, 30 + 1°C and 40 + 1°C for tempefatufe studies.

~

Two.,organochlorine  pestiéides, namely DDT and -aldrin, were
selected‘for dé§ailed(study. DhT was obtaiﬁed as p—p'>DDT from
Hindustan Insecpicides Ltd., Deihi, 3whe;eas gldrin was obtained .
as 30-ber ceht’EC soiution from Northern—Chémiéals, - Daulatabéd,
Marg, Gurgaon. Pesticide solutions were made in absolute ethyl
alcohol. Pesticide solutiogs were added in aigallcultures so as
to give final peasticide concentration 0.5 pém, 1.0 ppm, I;S’ppm,

2.0 ppm. Similar amounts of alcohol were added in control

cultures. All studies were done in triplicate.

Various algal responses to these pesticides included measurements
of (i) biomass as mg/l dry wt; (ii) chlorophyll content; (iii)
protein content and (iv) sulphate uptake.

1

29 .
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All studies . regarding biomass and chlorophyll content were
performed in 15 ml screw cap culture tubes whereas studies
regarding protein content and-SO4—- uptake were performed in 250

ml conical flasks.

Biomass

Biomass was monitored spectrophotometrically at 49Q'nm, ét every
24 hrs intervals upto‘a maximum of L20'hfs using av Bausch and
Lomb "spectroﬁic—ZQ" spectrophotométer (Stein, 1973). ‘Biomass B
represented as mg/l dry wt..was calculated from optical demnsity,

0.D. by the following équation :

-

B = 7.5696 + 800.7673 x OD

Survival ratio was calculated by the~folloﬁing formula :

Bex cont o
S.R. = <-SXP_  _€on% QO x 100
cont exp. O
where, Bexp = Experimental Biomass at time t
= Control Biomass at time t
cont
t = Experimental Biomass at time t
exp o » . o
B t = Control Biomass at time t
cont o A o
Instantaneous growth rate  and specific growth rate were

- calculated by. the following formulae (Od&m, 1971)
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7 ~
inN, - 1n N1
P B mememema e ———— -
L2 m Y )
where, N1 = No. of organisms .at time tl
N2 = No. of organisms at.time tz
r = growth rate,

and r sp =if/N1

Doubling time (time required for cells to multiply once)  was

calculated as (Turk, 1985):

tD = 0.693/r

LC values were calculated as per‘Finney (1971) by regression

50

analysis of survival ratio against 1ln concentrations.

Chlorophyll Estimation

Cultures were incubated with‘variéus pesticide concentfations for
6 hrs. A gimiiar alcohol control was also incubated. After
incubaiion- period was over, contents were filtered with 2.5 cm
Whatman GF/C glass fibre filter paper and were kept in
dessicators"which, .in,turn, were kept in a deep freeier for 24
hrs prior to extraction. 5 ml of 80 per cent aéetone were added
ﬁo —each-filter paper and extfgction was continued for about 24
hrs in dark, .cool conditions. After extraction peried, the
cqntents were traﬁ;ferred in cuvette and - optical density was

measured at 663 and 645 nm using a Bausch and Lomb "Spectronic

s
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1001" spectrophotometer. The chlorophyll content was calculated

as per Venkatraman (1983) using the following equation
Chl. (mg/ml) = (0.127 x A663) - (0.002‘69 x A645)

where, A is absorbance at a particular wavelength.

Protein Content ' _ . -

Protein content of the alga was measﬁred initially and at'48 hrs,
72 hrs énd 96 hrs. Aftér aﬁove.mentioned time intervals, 10.ml
of culture was takeﬁ'from’each flask and aftér meaSuring,biomgss
(spéctrophotometrically at 490 nm) the contents were filtered by
2.5 c¢m Whatmah GF/Cugléss fibre filters and these were kept ip'
aeep freezer for 24 hrs. Aftef thiS'time-iﬁterval filters were
kept 1in 5.0 ml of 0.5 N NaOH for‘24 hrs in a dark, cool place.

The‘ﬁrotein content of the resultant extract was measured as per

Lowry (1959). . - . )

To 1 ml of protein extract, 5 ﬁl of reagent A- (1 ml of 2.7 per
cent Sodium Potassium Tartrate and 1 ml of 1 per cent CuSO4.5H20
added ih 2 per cen# Na2c03 to make the volume 100 ml) and 0.5. ml
of reagent B (Folin-Ciocalton reagent, Oser, 1975) were added.

After half an hour 0D was measured at 750 nm using é Bausch' and

Lomb\“Spectronic 001" spectrbphotometer.‘

Protein standards were made from egg albumin. Protein content. in

the extract was calculated by the following equation 1
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Protein (mg/ml) = -8.934 + 386.7 x OD

' §g4“ Uptake

A S0, ffee medium waS,pfepared for SO4_f uptake studies. . In

4

placé of K,S0 FeSO, and MgSO similar amounts of KCl, FeCl

. 4° 4 4’ , 3
and MgCl2 were added to provide these nutrients (Menon, 1981).

Filtered algal sample was washed thrice with this .5041- free

medium and then it was put in the SO4 "~ free medium. Alga was
allowed to grow in this medium for 24 hrs, - so as to acclimatize.
-the alga“-in this enviyénment; . Known concentrations of SO4
solutions were added in thesefcultﬁres. Pesticide solutions.were
added in algal cultures to make final concentrations 1.0 ppm and

2.0 ppm.

Algal growth and amount of SO,  present in the medium were

4

monitored at every 24 hrs iﬁterval. It was found that the SO

4

uptake at 24 hrs interval was not much, So it was monitored at
every 48 hrs intervals. Growth was monitored by the method

described earlier. SO, = content in the filtrate was measured

4
spectrophotometrically at 420 nm (APHA, 1977) by Bausch and Lomb

- -

"Spectronic 1001" spectrophotometer} so, content ~was

4

~

calculated by the following equétionaz

s0,”" (in ppm) + 0.5899 + 370.5 x OD. .
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Statistical Analyses

Simple correlations and regression 'equations . for In
concentrations vs various parameters were  computed. All
Statistjcél analyses were .programmed on HP 1000/40 computer

installed in the School of Cdmputer.and Systems Sciences, J.N.U.,

-

New Delhi. .

Formulae used. for calculating correlation coefficients were of

Snedecor and Cochran (1967).
_ N
Sxy

Correlation coefficient r = —-—-ce-v-————-——-
- #(Sxx) . (Syy)

where,
o (zx)e(zy)
(i) Sxy = fxy - —=--s----moe-
n
where, I xy = sum of the'prdducts of x and y’
X = ‘experimental parameters o -
y = 1n conc. of toxicant
n = no. of samples. -
2 ¢z x)
(ii) Sxx = §gx° - ~—e-e- ‘
n
2 .
where, I x” = sum of squares of x

. 2
{gx) square of total of x.



" where, ,zyz sum of~squéres of y

(1:y)2

square of total of y,

Formula for regression equation :-

-~

'Y = mX + €

where, y = 1n concentration of pesticides
x = experimental parameters
. m = slope

c = intercept.

35



RESULTS

Biomass
Y

Biomass of Spirulina platensis; was monitored  every A24 hrs .

épectrophotometriqally *at 490 nQ upto é maximum @f 120 hrs, It
wag‘ represented aS-mg/l dry wt.. Biomass of alga under 'varipus
téﬁperatures and pesticide concentrations are givén in Tébies 1-
6. The maxim;m increase in algalbiomasé Qés seen at 20°C, when .
aftér the 1end 6f‘thé expebimeﬂt_(lZO hrs) the final value was
" found to be 83.73 + 2,49 mg/l_dry-wt.v~from an initialvvalue bf
34.06 + 2 17 mg/l dry wt. Aﬁ 30°C -~ maximum blbéass observed at
the end of the experiment was 166.45 + 6 38 mg/l dry wt. from an
initial value of_ 100 02 + 6 95 mg/l dry wt. At 40 C alga
started dylng and at the end of the experlment only 43.59 + 6;79
mg/l dry wt. biomass was 'obtained from_an 1n1t1al value of 68.22
+ 4.14 mg/ivdry wt. The growthtréte at various teméérapures was
fognd to be 7.50 x 10" 3/hr, 4.24 x 10~3/hr and -3.73 x 10~ 3/hr at
- 20°C, 30°C and 40°C, respectively (Tables 7 and 10).  Doubling
time, i.e. the time required by cells to multiply once, was found

to be 92.40 hrs, 163.44 hrs and -185.79 hrs at 20°C, 30°C and

40°C, réspectively.

Addition of either of the two pesticides, namely, DDT and aldrin,
tb_ algal cultures alter the growth rate and this alteration was
found to be temperature dependent also.. Addition of DDT upto 1.5

ppm was found to increase growth rate at - 20°C and 30°C5 whereas,
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-~
ya

when 2.0 pm DDT was addéd ﬁo cultures, growth rate was reduced in
the algal cultures which were inéubétgd at 20°C. Addition of 2.0
ppm DDT at 30°C to algal cultures has no inhibitory effect oﬁ
growﬁh rate;. At 40°C, growth raté of alga was found to.be in
neg#tive térms, indicating thereby a net death in algal cultures.
This death proc?ss was foﬁnd to be_increaéed with increasing

concentrations of DDT. ¢

A gradual decrease in the growth rate of alga was noticed at 20°¢C
with increasing conceﬁtrations of-ald;in. At 30°C, aldrin upté
1.0 ppm was found to increase grbwth rate, ‘thereafter a éeneral
decrease with~inépea$ing pesticide concentrati;ns'wasvseen,' The
same situétion was observed when aldrih solutions were added’ tq'
Algél éultures'iﬁcubéted at 40°C. 1In this case also, gfowth rate

wasvfound‘tovbe more than controls upto 1.0 ppm whereas addition’

of '1.5 ppmbor 2.0 . ppm aldrin markedly reduced growth rate.

Doubling time - for. Sgirulina sp. also showed the "effect of
pesticides add temperatures on algal biomass. Doubling time was
found  to be lesser than that of cogtrols-upto 1.5 ppﬁ DDT added
to cultures at 20°C, wheréés addition of 2;0’ppm DDTv at same
temperatures was found to increase doubling time. At 30°C,
doubling time of treated’cnltureslwas always found to be lesser
than cohtroi cultures. This shows that DDT has no inhibitory
~effect oﬁ alga at thiS'temperature upto 2.0 ppm. At 4Q°C,

doubling time became negative, indicating thereby that after that
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Table - 1

Effect of DDT ‘on Spirulina sp. Biomass (mg/1 dry wt) at 20°c

Initial

120 hrs




-

Table :jg

Effect of DDT on Spirulina sp. Biomass (hg/lﬂdrypwt) at 30°C

Time : o

-------- " Initial 24 hrs 48 hes 72 hrs 96 hrs 120 hrs
Toxicant ° . ) '

Control- - 100.2 126.83 143;46 - 149.49 158.58 * 166.45
- +6:95 +12.84 +7.8$ +6.95 +3.02 +6.38
0.5 ppm  95.13 .143.33 161.87 163.72 167.38  171.42
1.0’ ppm '97.62°  125.00 i36.7§' 156.19  167.25 175.73
. :5135 .+2.85 +3.02 +4.32 +11.84 +6.69
1.5 ppm 99.11 . 122,01* 139.89 . 158.99 -169.00 177.25
' +4.89  +7.63 +6.09 - +3.26  +3.37  +6.69
2.0 ppm 106.13 ~ 130.20  149.01 166.12 177.85 188.45

+2.74  +6.63 - +3.56 - .+3.32  +3.44  +6.21

.




|
Table - 3

. l :
Effect of DDT on Spirulina sp. Biomass (mg/1 dry wt) at 40°c

v | |

Time : 1
———————— Initial 24 hrs 148 hrs 72 hrs 96 hrs °120 hrs .
Toxicant : l' -
e e e e e o o e e et = it e e o el e e e . e o = e e o e . e e e o
. | | | o,
Control 68.22 - 72.37  |50.83 54.68 44.86-  43.59
, . +4.14 +0.0 - ¢8.48 +2.29 +4.85% +6.74
. : r
0.5 ppm 71,67 65.47 45.53 49.65 41.00 40.32
+1.21  +4.72 &5.30 +2.22 - +2.25 +2,17
1.0 ppm: 71.32 64.09 _%1.01 -~ 48.96 46,90 38.90
. +1.47 +0.0 42,81 +0.0 +3.21 +4.85
1.5 ppm 65.46 56.70 38.36 43.80 36.20 35.39
+1.18 +4.18 . +5.01 +4.50 +5.46 +5.41
T : T .
2.0 ppm 65.46  55.71  38.01  40.41  35.06  34.65




Effect of ‘Aldrin on Spirulina sp. Biomass (mg/1 dry wt) at 20°C

Time :

———————— Initial 24 hrs 48 hrs 72. hrs 96 hrs 120 hrs
Toxicant o

Control - 34.06 38.46 46.15 56.02 73.78  83.73

0.5 ppm - - 36.57  40.01 45.51 53.36  75.73 86.68

, +0.0 +2.93 +2.96 +5.01 +2.49 +5.05
1.0 ppm 39.10 40.37 45.50  50.06 73.88 86.01
: +2.19 +1.91 ~ +2.24 = 0.0 +1.22 "+2.16

1.5 ppm . 42.28 40.18 42.96 = 50.75  69.10  79.87

2.0 ppm 44.86  40.86  43.53  42.46  61.35  71.73




Table - §

Effect of Aldrin on Spirulina sp. Biomass (mg/1 dry wt) at 30°c.

-------- Initial 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Toxicant . - o

" Control - 100.02 126.83 | 143.46 149.49 148.58 166.45
. +6.95  +12.84 +7.88  +6.95 +3.02 +6.38
0.5 ppm 106.89 . 150.87 -164.60 170.16 165.01 199.06
© o +7.39 - +6.09 +3.16 +1.68 +1.73 +6.93
1.0 ppm  96.70 129.73 138.87 136.87 132.90  162.04
' +0.0 +9.27 +4.21 +2.62 18.36 ~ +6.58
1.5 ppm 92.68 121.89 132.09  128.19 .129.90 150.53
: +1.32 +6.03 16.08' +4.24  +3.26 +9.95
2.0 ppm 100.02  122.47 129.40  127.39  124.27  142.29

+6.95 +5.34 +5.48 +3.11 +0.0 . +9.51




.Tabie -6

Effect of Aldrin on SEiruliha sp. Biomass (mg/l dry wt) ét-40°C

Time ) a
———————— Initial 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Toxicant - s
Control. 68.22 72.37  "50.83 54.68  44.86 43.59
+4.14 +0.0 +8.48 +2.29 +4.85 +6.74
0.5 ppm 7i.oo ‘' 68.78 | 47.29  50.24  43.11 46.82
» ) +4.84 +3.13 +1.16 +8.33  +3.90 +4.51
1.0 ppm 73.77  70.22  48.20  49.99 . 44.29  48.35
o +1.21 +2.07 +0.0 i2;26" +0.0 +4.601
1.5 ppm 75.88  70.97 . 48.83 ~ 50.06  44.25  47.06
: +1.22 +2.40 +2.37 +7.04 - +2.90 . +2.87
2.0 ppm 68.42 ~ 58.04 40;02 40.83 36.85 38.26
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much time, population of alga would remain at half of the initial
value. This. time was found to be decreasing - with - increasing
concentrations of DDT which shows that toxicity increases with
- increasing concentrations of pesticides.

Doubling time for Spirulina sp. -was found to bé more with'
increasing concentrations' of aldrin at 20°C and 30°cC indicating
thereby an increase in toxicity with increasing concentrations.
At 40°C, doubling'time was found to be lesser than required by

controls upto 1.0 ppm whereas at higher concentraions its. value

. was seen to increase with increasing concentrations.

Effects of pesticides on algal biomass can alsé be explained 1in
te;ms of survival ratio. Toxicity’of aldrin at 20°C in terms of
éurvivali racio, increase§‘ with time upto 72 hrs. Maximum’
reduction in percentage of living cells at 72 Hr interval was
found to be 88.71%, 77.74%, 73+38% and 57.55% for 6.5 p;;m,. 1.0
ppm, 1.5 ppm and 2.0 ppm, respectively. Aftef this time
interval, alga started tolerating the pesticide and percentage of
living cells was found to be more with increasing time intervgls.
Addition .of aldrin upto 1.0 ppm to aiggl cultures incubated at
30°C has a stimul#tory effect till 48 hrs. However, survival
ratio was found to be lesser with increﬁsing. time intervals.
Higher concentrations of aldrin showed toxic effects‘just .afper

first observation (24 hrs). Maximum reductioen in peréentagerof



Table - 7

Growth Rate of Sglrullna sp. at varylgg temperatures and DDT

concentrations (x 10 Y/hr)
’ Toxicant
Temperature Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°c 7.50 8.14 8.09 8.02 7.11
30°¢ 4.24 4.90 4.90 4.84 4.78
40°C -3.74 -4.79 -5.06 ~5.13 -5.30

Table - 8 .
Spec1f1c Growth Rate of Sglrullna sp. at varylng temperatures and
DDT concentrations (x 10~ /mg/hr)

v ’ Toxicant
‘Temperature - Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°C 2.20 2.24 2.49 2.49 2.20
30°cC 0.42 - 0.52 0.50 0.49 0.45
40°C . -0.55 -0.67 -0.71 -0.78 -0.81
Table - 9

Doubllng T1me for Spirulina sp. at varying temperatures and
DDT concentrations (in hrs)

Toxicant
Temperature Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°C 92.40  85.13 85.66 86.41 97.47
30°C 163x44  141.43  141.43  143.18  144.98

- 40°C - -185.29.  -144.68 © -136.96 -135.09 -130.76




Table 10

Growth Rate of Sglrullna sp. at varying Eemperatures and Aldrin

concentrations (x 10 °/hr)
Toxicent .

Temperature Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°C 7.50 7.19  6.57 5.30 3.91
30°c | 4.24 5.18 ° 4.30 4.04 2.94
40°C ~3.73  -3.47 -3.52 -3.98  -4.84

Table - 11 : ‘

Specific Growth Rate of Sglrullna sp. at virying temperatures.and

Aldrin concentratlons (x 10" %/mg/hr)
’ Toxicant . _
Temperature Control 0. 5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°c . 2.20° 1.97 . 1.68  1.25 0.87
30°c © 0.42  0.49  0.45. 0.44 °~  0.29
40°c ~ -0.55 ' -0.49 -0.48 -0.53 -0.71
B Table - 12

Doubling Time for Spirulina sp. at varying temperatures and
Aldrin concentrations (in. hrs)

' Toxicant
Temperature Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm
20°C 92,40 96.38 105.48 130.75  177.24
3QQC _ 163.44 133.78 ~ 161.16 171.54 235.71

40°¢c - -185.79  -199.71 -196.88 -174.12 -143.18
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biomass treated with 2.0 ppm éldrin was found at 96 hrs whken only
83.64 percent. of cells survived. In this case-hlso; after this
per%od alga started tolerating toxic effect of the‘pesticide and
suryival ratio was found to Be more than 100 per cent for lower
concentrations of pesticides. Higﬁer concentrations, however,
still have some toxi; effect, although survival ratio im this

case also was found to be more than that for lesser time periods.

At 40°C, toxicity was found.to increase with increasing exposure .
time upto 72 hfsbwhen maximum reduction in 1living cells was
noticed. - After  this rtime‘ period, ‘peéticidé 'toxicity
became 1e$ser with increasing time iﬁ?ervals and at the end of
the'experimént,_tfeated~cultﬁres wi;h'lbwer conceﬁtratiohs showed
better growth thaﬁ coﬁtrol cﬁltures, Higher concentrations still
had 'some:toxiéity but this toxicity wésrfdund lesser as compared

to toxicity at 96 hrs.

-

Survival ‘raﬁios'for<alga incubated at 20°C with DDT also showed
similar trend. deicity was found to increase with increasing
concentrations and with increasing time intervals upto 48 hrs.
Maximum decrease in survival rétio'was noted to be 71.09 per cent
in case of 2.0 ppm DDT at 48 hrs. After this time inter&al, alga.
started tolerating pesticide and growth was found to be more than
for lesser time periods. At 96-hr3'survivél ratio was found to be
“ﬁore than\tdo per cent upto 1.5 ppm of-DDT, whereas, Z;Oprm DbT

was still toxic to the alga.



-

T T T T
" 05 - 1.0 1.5 20
" conc - in  ppm

Fig 3 SURVIVAL RATIO OF  SPIRULINA eLArEN_szs'
TREATED WITH ALDRIN AT  20°C

survival

\ T

1
as - 10 15. _
o N ppm

Fig5 SURVIVAL -RATIO OF SFIRLINA _PLAT-E—NS!-S'

TREATED: WITH  ALDRIN. AF. 40C

T L g -

1. 15 . 20

0s 0 5 ‘

Fig & SURVIVAL RATIO OF SRULINA  PLATENS!
TREATED WITH ALDRE AT 30C



1004
95 4

90

ratio

% o]

75

conc .in ppm .
Fig 8 SURVIVAL RATIO - OF SPlRUUNA PLATENSS
TREATED WITH DOT AT LOC

Y T — .—]
- 05 0 15 20
conc in ppm

" Fig 6 SLRVIVAL RATIO OF SPIRJUNA PLATENSIS
TREATED WITH DDT AT 20°c

L

ratic
8

05

survival
8

: 10 1.5 )
n Ppm.
Fig 7 SuRwivaL RATIO OF OF SeRuLL
NA Pl
TREAren wm, oor M 30 LATENSls



50

Whén the alga was inéubéted at 30°C, 0:5 ppm DDT had no to*icity at a
Vtimé intgr?al.v‘ 1.0 ppnm DDchauséd .a marginal deérease in '
_survival ratio at 48 hr, thereafter, vgrowthiwas résum;d and
treated cultures showed better growth»tﬁan contrély cultures.
Addition Qf 1.5 ppm and 2.0 ppvaDT caused a decrease in survival
ratio upto 48 hrs, thereafter, ﬂééticide was nqt found to be:
toxic. | |

[N

7

DDT at 40°C was.found to be toxic at all concentrations and ‘all N
. . ) . E . ] , .

time ’intervals. Toxicity increased upto 72 hrs, after that a

sign of alga becoming tolerant to pesticide was obsér&ed, since

survival ratio was found to be more with increasing time. -

LCSO‘ values, concentrations of toxicants needed to kill 50 per
cent of the population was calcula@ed according to Finney (1971)
by - regression ‘ analysis of survival ratio against 1n

concentrations.

LCS0 values of both pesticides to Spirulina sp. were found to be

‘high which shows resistance of algae to these Apestigides. At
ZOOC, there was a decrease. in‘ LCSO value of aldrin with
increasing t;me intervals upto 96 hrs. After that LC50 values
were found to be more. Th&s'indicaﬁes ﬁhat toxicity increased

-

~upto 96 hrs, after that alga showed resistance to pesticide. At

30°c, LCSo value of aldrin was seen to decrease with "~ increasing

time intervals and 120 hrs LCSO

T At 40°C5 .LCSO ‘"value was found to be.vefy high wupto. 48 hrs,

L

;vaiﬁe was»found to be 14.59 ppm.



Table - 13
'LC50 values of aldrin for Spirulina platensis
Time - X
———————— 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Temperature '
20°C 32.79 ° 7.17 3.25 5.26 10.28
30°C 379.94  92.76  23.34  17.64  14.59
4°OC', | - - 354.25 - -
Table i 1_
LCSO values of DDT for Spirulina platensis
Time ‘
-------- _ 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Temperature .
20°¢C - . 188.67 17.46  383.75 - -
30°C 29.08  29.94 . - - _
40°C 2164.62 454.87 376.16 - -




whereas, 72 hrs LC was found to be 354.25 ppm. Aftér this

50 time
period, pesticide was not found to be toxic to the alga.
LCSO values of DDT showed a similar trend. At 20°C, 48 .hrs LCSO
value was 17.46 pm. After that LC50 value was found to be more
with increasing time intervals. At 30°C, toxicity of DDT was
found only at.the initial observation (24 hrs), after that LCSO.
value increased and it became very high after 72 hrs: At 40°C,
toxicity increased with increésing time intervals upto 72  hrs.
This was shown by decredsing‘values of_LCS0 with increasing time.
However, after 96 hrs toxicity became very less and'LCS0 value
was found to be immeasureable.
Chlorophy11+a
Chl a .is the mainvphotbsyﬁthesizing pigment of blue green alga,
e.g., Spirulina platensis. 'Uhlike'higher plants and green algae
they do not have chl b. Accessory pigments found in these algae
are pahycocyaniﬁg phycoerythrin, 8 -contene, myxoxanthin and
myxoxanthophyll (Desikachary, 1959).
Chl a of Spirulina sp. was monitored spectrophotometrically at
663 and 645 nm (Venkatraman, 1983).
Chl a in control cultures was found to be 4,79 + 0.07 x_:1073

3 mg/mg under 1light and

mg/mg and 4.18 + 0.43 x 10~

52

dark
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"conditions, Trespectively, when the alga was incubated at 20°C.
At'30°C, the éorfesponding amounts of Chl a was found to be 4.97
+ 0.42 x 1073 mg/mg and 4.33 + 0.26 x 10—_3 mg/mg. At 40°C, amount

of Chl a was found to be much less. It was 4.20 + 0.19 x 10”3

mg/mg under light and 4.10 1V0.19 x 1073 mg/mg under dark

conditions, respectively.

Addition jOf either of the two pesticides  to cultures had a
.ﬁrofound effect on Chl a coﬁtent of Alga: Chl a content was found
to éecrgase and this decrease was found tb be concentration and
teméerature‘dépendent. Thus;>toxiciﬁy.was found to increase with
inéreasing conceqprations aﬁd tehperatUrés. Toxicity was found
tq be maximuﬁ,ﬁith‘z.c ppm DDT at 40°C'when Chl a content was
only .56.96 per cent of contfol; Tée corresponding .values. for
ZOOC'_ andl 309C, | wepé 85.60 per‘ cent. and 74.46 per vceﬁt.
respectively; The Chl aICOntent dnder-dark condiﬁipns at Z.thpm
were found to be 77:27 pérvcent, 73.23 per cent and ~62.26 per
éenf of thé.controi at ZOOC; 30°C énd‘40°C respectively. Similar

trend was also obsefved with other concentrations of DDT;

At 40°cC, addition of 0.5 pm DDT did not cause much difference in
Chl a content undér light and dark conditioens.’ It was»féund to
be 4.00 + 0.09 x 1073 mg/mg and 3.99 + 0.04 x 1073 mg/mg under -
light and dark conditions respectively. HOWéQer, with increasing
concentrationsb of p&stici&e,-vcultures under light showed more

decrease in Chl a content than under dark;_ Under 1light



Table 15

Effect of DDT on Chl a content of Spiruliha platensis

+

- ' . ' Toxicant
VTemperéture Control ©0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm n 4
L 4.79  4.20 © 4.27 © 4.20 . 4.10 _ 0.13 -4.23
o +0.07  +0.03 +0.21 +0.08 +0.15
20°C : - S ‘ : .
D 4.18 ° 3.99 3.96 3.80 3.23 0.47 -3.79
+0.43  +0.0 . +0.49 +0.49 +0.06 o
L . 4.97 = 4.87 - 4.60 4.28 3.85 0.70 -4.47
+0.42 +0.87 +0.0 +0.09 +0.79
30°c - T 3
D 4.33 4.20 " 4.15 3.27° . 3.17 0.82 -3.78
10.42' +0.0 +0.0 10’54 +0.19
L. 4.20 4.00 - 3.79 ' 2.60 2.39 1.29 --3.34
e . +0.19  +0.09 = +0.0 +0.06 +0.05 o :
 40°C | ‘ : -
D 4.10 - 3.99 3.90 = 3.21 2.55 1.00 -3.5]

+0.19 +0.04 +0.0 +0.09 +0.08




Table 16 .

Effect of Aidrin on Chl é cohtent of Spiruliné piatensis

, g ' . Toxicant
Temperature Control 0.5 ppm 1.0 ppm 1.5 ppm 2.0 ppm n K
L 4.79 3.58 3.50 2.93 . 2.78 " 0.61 -3.26
.+0.07 +0.0 .. +0.04 +0.0 +0.09
20°C - T _ :
D 4.18 3.25 3.03 - 2.93 2.80 0.32 -3.03
+0.43 +0.10 :_0;'06 ' +0.25 - +0.11 - !
L 4.97  4.23 . 4.10  3.98 3.66 0.37 -4.03
o +0.42 +0.15 +0.21 +0.44 +0.09 N
30°C o ‘ - - -
D 4.33 3.96 3.91 3.80 3.45 0.32 -3.81
i0.26; +0.30 .. +0.35 = -+0.28 +0.78 - :
D VL 4.20 - 3.62 3.37  .3.30 2.49 0.68 -3.27
o +0.19 +0.12 +0.02 +0.03 +0.02 :
40°C :

D 4.10  3.81 3.53 3.46 3.22 0.39 -3.55
+0.19  +0.07.  +0.06  +0.0 +0.20 -
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"conditions, it waé found to be 4.00 + 0(09, 3.79.1 0.0; ‘2.60 +
0.06 and 2.39 + 0.05 x 1072 mg/mg at 0.5, 1.0, 1.5 and 2.0 ppm
concentrations. _ Corresponding values under dark cohditions were
3.99 + 0.04; 3.90°+ 0.0; '3.21 + 0.09 and 2.55 + 0.08 x 1073

mg/mg.'

Additiqn of aldrin ﬂo.algél cultures showed a similar response.
Maximgmv reductioﬁ in Chl a content yielding 58.04 per cent of
thev contfol was found'to be with 2.0 ppm aldrin at 20°C under
~light‘ conditions. ~ Under dark cbnditions the same éoncentration
reduced Chl "a content to 66;99 ﬁer  cent. When algae were

o

incubated at 30°C, Chl a was found to decrease gradually with

inc;easiné~concentratiohs of'pesticide. ~Under 1ight conditions,
Chl a w;svfopndrto be 85,il.éer cent, 82.50 pef'cént, >80t08 per
cent and 73.64 per cent'of'thercoﬁtrol at 0.5 ppm, 1.0 ppm, 1.5
ppm and 2.0 ppm DDT conceﬁfrations. The‘corresponding values for

'dark' conditions were 91.46 per cent, 90.30 per cent, 87.76 per

cent and 79.68 per cent, respectively.

At 40°cC also, addition of ald;in caused a gradual decrease in Chl
It was fdund to be 3.62 « 0.12;'3.37 + 0.02; 3.30 + 0.03 and 2.49
+ 0.02 x 1073 mg/mg at O.S_ppm,‘.l.o ppm, 1.5 ppm and 2.0 ppm
respectively under light conditions, Corresponding values for
dark conditions weée,'“3.81 + 0.07; 3.53 + 0.06; 3,46;£ 0.0 and

3.22 + 0.20 x 10—3 mg/mg.

—

~
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+
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Table 17

,Increase/Decﬁease at % of cpntrol in Chl a content of Spirulina
‘ : platensis due to DDT _

i : )
' - Toxicant

VTemperaturg Conﬁrol »O;S.ppm 1.0 ppm I.S;ppm 2.0 ppm'
~ L 100 89.56  89.14 87.68  85.60
20°C ! . ' -
D 100 95.46  94.74 . 90.90 77.27
L L 100 - .97.09 92.56 86.12 77 .4
32°% . S Lo —_— , |
. D 100 96.99 95.84 - 75.52 °  73.23
. L. 100 95.24  90.21  61.91 56.90
40°c L .
D 100 97.32 95.12 78.29 62.20

]
S

i
Table 18 .

Increase/Decfeaée at %.of'co$£r01 in Chl a content of Spirulina
‘ : platensis due to Aldrin
1

|
, v i Toxicant v
Temperature . Control Oii pPpm l.O_ﬁpm 1.5 ppm 2,0 ppm
= L 100 74.74 - 73.07 61.17 58.04
20°C T . ’
) o 100 77.75 72.49 70.10 66.99
o L - 100 85.11 82.50  80.08 73.64
30°¢C” : : . -
D 100 91.46 90.30 - 87.76 79.68
. L 100 86.19 ° 80.24 78.57 59.29
40°¢C : .

D - . 100  92.93 86.10  84.39 ' 78.54
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Géherally, pecentage reduction in Chl a content of alga was

found to be lesser under "dérk" condition as compared to 1light
) e _ . { . _ .
" -conditions (Tables 17 and 18){ This -showed that pesticidqs are

more toxic under light than under dark.

il

Protein Content ’ ’

Protein is one of the main cbnstituents of Spirulina Qlatensis.

"It forms upto 65% of total dry wt. (Venkatraman,'1983);

t
‘

In the present study total protein was estimated as per Lowry

© & 40°C was found

‘v(195i);' Initially, protein content at 20°, 30
to bpv0.47>1.0.008 ng/mg. b$480 “i 0.003 mg/mg and b.473'1 0.008
mg/mg dry wt, respectivel#; : When_pesticides.vwere ‘added to
Eultures_ they had profound %ffect on the protein content (Tables

21 to 26). This - was found to be time, temperature and

~concentration dependent.

At 200C, addition of 0.5 ppm‘aldrin caused an initialiihcrease in
protein content to'0.472 + 0.008_at 48 hr§ whereas éxposure for
more time éaused a reduction in protein content. At 48 . hrs
protein content cha&ged to 0.468 + 0.009; 0.462 + 0.002 and 0.457
+ 0.007 mg/mg dry wt. .undeﬁ 1.0 ppm, 'I;S'ppﬁ ahd.Z.O pPpm qldrin_
resbectively from an initiai’value of 0.470 1 0.008 mg/mg dry wt.
Aé the alga was allowed to be with pesticides for longer times,
inhibitién was found .to.Be’more.. After 96 hrs only 0.463 *

0.003;° 0.452 + 0.007 and 0.449 + 0.008 mg/mg dry wt. protein was
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obtained when alga was exposed to 0.5 ppm, 1.0 ppm, 1.5 ppm and

- 2.0 ppm aldrin, respectively.i

_ Addition of DDT to algal cultures at this temperature showed a

similar trend. .Q.S,pph DDT caésed an initial inérease in protein
'content followed by a decréa%e‘with inéreasihg time intervals.
Toxicity was found.to be dosé,dependént. frotein content .was
found to be lesser either wit% increaéing time intervals at 5
particular ~concentration or wigh increasing:coﬁceﬁtratidns at a
pargicﬁlar time'interval. | | ‘
When alga was incubated'at 300%, the'protgin content was found
to be 0.480 + 0.003’mg/mg dry wta There‘is a general decrease in
protgin content of alga.withlintreasing coqcentration of aldrin
and DDT. This can be seen'atiéach time specific exposure for a
par%icﬁlar concentration as.weli with a parﬁicular time .period
for. each .céncentration., DDT-%ét 0;57 ppm incneased _protein
content initially (at 48 hrs) bLt aéter that, a réduction in
. , : 1
protein content was hoticed. ‘?1.0 ppm DDT had no effect on
protein content of alga upto 48 grs;‘ after that a reduction in
_protein content. with increasing time intervals was seen. Higher

concentrations of DDT caused a reduction in protein contént just

after 48 hrs.

When ' alga was incubated at 40°C, the temperature effect

manifested itself. Protein conten£ in control cultures decreased



Table - 19 .

Aldrin on protein content of Spirulina platensis

Effect of at
- 20°¢
|
Time i
———————— Initial 48 hrs 72 hrs 96 hrs
Toxicant ' i :
Control 0.470 | '0%470 0.470 0.471
+0.008 - - +0.006 +0.009 +0.008
0.5 ppm o 0L472 0.465 0.463
- +0.008 +0.007 +0.003
1.0 ppm "o 0l468 0.465 0.458
‘ - +04009 +0.006 +0.003
1.5 ppm " - 0L462. 0.455 . 0.452
| +0.002 +0,008 +0.007
2.0 ppm " 0.457 1 0.451 0.449
+0.007 +0.008 +0.008




Table - 20

‘Effect of DDT on protéin content of Spirulina platensis at -20°C

Time
e Initial 48 hrs 72 hrs 96 hrs
Toxicant
Control 0.470 0.470 0.470 0.471
' +0.008 +0.006 +0.009 +0.008
0.5 ppm n - 0.473 . 0.468 0.465
© 7 4+0.004 +0.007 . +0.010
1.0 ppm B 0.469 T 0.468 0.461
+0.011 +0.006 - +0.013
1.5 ppm n 0.466 0.460 0.456
+0.0 40,007 +0.007
2.0 ppm " 0.459 0.455 0.450

+0.009 +0.0 - +0.009




s Table 1

Effect of Aldrin on protein content of Spirulina platensis at 30°c¢

Time ) ’

———————— ] Initial 48 hrs 72 hrs 96 hrs

Toxicant -
Control \ ~0.480 _ . 0.480 0.482 0.481
: " +0.003 : +0.006 - +0.002 +0.008
0.5 ppm o . 0.476 0.474 0.470
- +0.006 +0.000 - +0.008
1.0 ppm " - 0.473 0.468 0.464
' T +0,005 = +0.0 +0.007
1.5 ppm " . 0.474 0.466 0.460
o 40,0 . +0.009 ~ +0.010
2.0 ppm " 0.470 0.462 0.454

+0.007 +0.002 +0.006




2

. _ " Table

Effect of DDT on protein content of Spirulina platensis at 300C

Time
———————— Initial 48 hrs 72 hrs 96 hrs
Toxicant
Control .  0.480 0.480 0.482 0.481
: : _ +0.003 +0.006 +0.009 +0.006
0.5 ppm | o - 0.483 C0.475 0.470
, ' : +0.003 +0.009 40,007
1.0 ppm S . 0.480 . 0.472 0.468
| , +0.007 . +0.006 +0.006
1.5 ppm " - 0.477 0.472 0.465
- S 40,005 ° +0.004 +0.009

2.0 ppm ' no o 0.472 0.464 0.458
g +0.009 +0.006 +0.0




Téble

=23

Effect of Aldrin on protein cogtent of Spirulina -platensis- at

40°% - : -
Time » R _
mm———e Initial . 48 hrs 72 hrs . 96 hrs
Toxicant : : .
Control ~ 0.473 10.470 0.468 1 0.465
© +0.008 -,  +0.006 . +0.007 ~  +0.006
0.5 ppm | " ' 0.463 10.460 0.458
: : : +0.006 . +0.0 +0.005
1.0 ppm " 0.458 0.451 . 0.441
; S . 10.008 +0.008 © +0.007
1.5 ppm E 0.453 0.442 0.430
: . : +0.009 - 0.0 - +0.,006
2.0 ppm W 0.451 ). 438 0.425
. : ] 0




Time . -
e e ‘ Initial 48 hrs 72 hrs 96 hrs
Toxicant .
Control - 0.473 0.470 0.468 0.465
: +0.008 +0.006 +0.007 . £0.006
0.5 ppm " v 0.468 . 0.464 ©0.460
- +0.002 +0.0 +0.007
1.0 ppm ’ "o  0.460 0.456 0.453
40,007 +0.006 +0.007
1.5 ppm " 0.456 10.449  0.449
2.0 ppm- " - 0:455 02441 0.431

+0.010 +0.012 . +0.019
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Withu increasiné time’intervals, butvthis decrease was not that
huch fast as comparéd td cultures containing peSticides. Addition
of 0.5 ppm‘aldrin caused_a,reQU¢£ion in proteih cgntent to 0:458
+ 0.005 mg/mg dry wt. at 96 hrs from an ihitialvvalug of 0.473 iv
0.008 mg/mg dry.wt.. The corresponding values for 1.0 ppm, 1.§
épm and 2.0 ppm aldrin{were 0.441 + 0.007; 0.430 :' 0.006 and

0.425 + 0.0 mg/mg dry wt, respectively:

DDT ét this temperéturé-showed’a similar trend. However, the
magqifude " of ighibitfon was not that much as that with aldrin.
Protein céntents observed>é£ 96 ﬁrs were 6¢460 +.0.007; 0.453 +
0.007; - 0.449 + 0.009 and 0.431 + 0.019 mg/mg dry wt. at DDT

concentrations of 0.5 ppm, 1.0 ppm, 1.5 bpm and 2.0 ppm,

respectively.

. 2.0 ppm aldrin at 40°C was found to be most toxic in terms of
percentage reduction iﬁ protein content. After 96 hrs, protein

content was found to be 89.59 per cent of the control.. The

o

toxicity was found to be in the following order - aldrin: 40°C
DDT: 40°C  aldrin 30°C 'DDT 30°C  aldrin 20°C = DDT 20°C.

: §g4"‘ Uptake
Sulphate 1is a macronutrient required by all plants. It is the

constituent of amino acids, vitamin A, coenzyme A, etc.

In this study algae were grown at 20°C in a medium éontaining

less SO, " than normal media. Pesticides were added to study

4



L R Table - 25

Spirulina §p.‘Biomass'(mg/l) under 15 ppm 804—_

S Initial 48 hrs 96. hrs 144 hrs
Toxicant
Control =~ 93.98 . 126,61 . 136.67 - 173.82
. “+4.14 +0.0 . +5.28 . +4.39
1.0 ppm . 93.98 146.84 173.82 221.86
ppT +4.14 © - +3.97 - . +4.19 - +6.28
2.0 ppm 93.98 © . 141.69 179.47 . 209.21
DDT ‘ +4.02 . +4.85 +6.10 +3.92
1.0 ppm - ‘ 89.55 ; 112.34 - 100.98 ©106.09
Aldrin  +3.33 - +4.82 +3.11 +5.88
2.0 ppm .- 91.00  98.46 74.36 . 66.46
Aldrin - +2.65" © +2.00  +2.27 +2.17
Tabie : 26 )
SEirulina'sp. Biomass (mg/1) under 20 ppm 804_—
Time
———————— Initial 48 hrs 96 hrs 144 hrs
Toxicant
Control . . 89.55 136.61 146.84 183.82
- - +3.95 +4.27 . £3.25 +3.44
1.0 ppm 93.98 . 141.69 ©197.01 234.99
DDT " +2.56 +5.82 +4.32 +3.37
2.0 ppm T _' 93.98 | 152.07 191.06 215.48
DDT i +2.56 . +3.80 +3.82 +6.81
1.0 ppm ' 91.75 112.28 107.62 117.02
Aldrin o +4.06 +2.24 © " +3.85 +3.11
4 - N .
2.0 ppm- ’ 97.62. 118.18 71.17 73.17

-Aldrin +5.35 - . +3.91 +4.02 +2.36




their-effect on the growth of and SOA—— uptake by algae. ~ Uptake
was measured ihdireétly by estimating 504-— femaining 'in the

medium,at fixed time intervals.

'

Growfh of alga.was found to be more wheﬁ\Zb ppm SQ4 was present

in the medium. In this case at the end of experiment 183.82 +

3.44 .mg/l dry wt. biomass was.obtained from an initial value of

83.55 + 3.95 mg/1 dry wt. With 15 ppm 864 " growth was not that

~

mUch_fést;’ 173.82 + 4.397mg/l dry wt biomass was obtained at 144
hrs from ' an initial value of 93.98 +.4.14 mg/1. Growth rate

worked out to be.  4.27 x 10f3/hr and 4.99 x 10_3/hr under 15 and

«

20 ppm'SO4 , respectively.

Addition of DDT was found to increase growth of algae in lower

.SQ4-- concentration. 'At 1.0 ppm DDT qoncentration, .when 15 ppm
_804__\was present in culture, 221.86 + 6.28 mg/1 dry wt. biomass
was . obtained from‘an initial value of 93.98 +'4.14 mg/l dry Qt-
Under ﬁhe same 804_- concentration addition - of 2.0  ppm DDf

changed the biomass value to 209.21 + 3,92 _mg/l dry wﬁ. from an

initial value of 93.98 + 4.02 mg/l dry wt.

_ 4
DDT producad 234.99 + 3.37 mg/1 dry wt. biomass from an initial

When 20 ppm SQ was added in the culture, addition of 1.0 ppm

value of 93.98 + 2.56 mg/1 dry wt. With 2.0 ppm DDT biomass grew

to 215.48 + 6.81 mg/1 dry wt.\ from an initial value-of 93.98 +

2.56 mg/1 dry wt.

Addition " of aldrin to these cultures reduced growth of -alga



Growth rate of Spirulina sp. under low SO4

concentrations (x 10_3/hr).

Table 27

stress and pesticide

 (in parentheses are doubling time)’ -

Aldrin

TOfiCANT »
L ’ Control
SO4
15 ppm 4.27
(162.30)
20 ppm  4.99
: (138.87)
normal 7.50

concentration (92.40)

5.96 ~ +  5.57
(116.28) . (124.42)
6.36  5.76
(108.96) (120.31)
8.09 7.11
(97.47)

(85.66)

1.17 -2.19

(592.31) (-316-44)

1.69 -2.00
(410.06) (-346.5)

6.57 3,91
(105.48) ~ (177.24)

-




Table - 28

S0, "~ concentration in algal cultures at various time intervals
initially containing 15 ppm

Time
———————— Initial 48 hrs 96 hrs 144 hrs
Toxicant ' :
Control 15 11.69° . 11.02 10.00
1.0 ppm " _ 12.10 11.85 10.65
DDT - o 7
2.0 ppm " 13.89 12410 , 11.19
DDT ‘ : : . '
1.0 ppm - L 13.36  14.38 14.64
Aldrin ' C ' ' ,
2.0 ppm K 13.96 .« 14.69 . 16.01
Aldrin ’ .
‘Table - 29
804"- concentration in algal cultures at various time intervals
, initially containing 20 ppm
Time
———————— Initial 48 hrs 96 hrs 144 hrs
Toxicant
Control 20 17.16 14.76 11.72
1.0 ppm " 18.57 17.11 14.76
DDT
2.0 ppm " 19,61 17.86 15.00
DDT
1.0 ppm " 17.67 18.52 19.88
Aldrin
2.0 ppm " 19.00 18.89 20.52




Table - 30 -

Survival Ratio (SO4

7 conc. 15§ ppm)

Time . , -
e Initial ) 48 hrs 96‘hrs 144 hrs
Toxicanp .
Control .. 100 100 . 100 ... 100
- 1.0 ppm : "o 115.98 127.18 - 127.64°
DDT :
2.0 ppm ' : u 111.91 £ 131.13 . 120.36
DDT o ~ B
1.0 ppm ' " ' ‘88.73 : 73.89 61.03
Aldr‘in . E: v
5 . . L . ‘ . . - 5 . ]
2.0 ppm , " : 77.74 54.41" 38.24
Aldrin , : o : o
Table 31
. Survival Ratiq.(zo_ppm_so4--)
Time ) ' :
———————- Initial 48 hrs . © 96 hrs 120 hrs
Toxicant ' . .
Control 100 - 100 100 100
1.0 ppm " 98.82 ) 127.84 121.81
DDT- : ’
2.0 ppm " 106.06 123.98 111.70
DDT .
1.0 ppm " 80.22 71.53 58.40
Aldrin . . ’
2.0 ppm " : 79.37 . 47.31 - 36.52

Aldrin
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markedly when 15 ppm SO4 " was préseﬁt in the medium, 1.0 ppﬁ
aldrin  produced 106.09 + 5.88 mg/1 biomass—frém an iﬁ££1a1 vayue
of  89.55 + 3.33 mé/l dry_wt. . The co;respondingbvalues for 2.0 -
ppm. aldrin were 66.46 + 2.17 and 91.0’1 2.65 mg/1 dry wt.,
respéctively. . This shows t;at under 2.0vppm aldrin, a net death

. ]
process started and alga started dying.

4‘_,' addition of 1.0 ppm aldrin

changed the biomass to 117.02 :.3.11>mg/1 dry wt. from an initial

In the presence of 20 ppm SO

1Qalhe qf 91.75§ + 4.@6 mg/l dry wt. In the prgsence.df; 2.0 ppm
aidrin in the culture, 'alga sté?ted dying and only 73.17 + 2.;6
ﬁg/l dry wt. biomass was~§btained\froﬁ an initial value of 97.62
+ 5.35 mg/1 dry wt. - - . - N

Uptake of sulphate was measured indirectly by measuring the
concentration of. sulfate  in Vthevmedigm after a fixed time

interval. In control cultures, uptake was found to be very fast.
4
15 ppm:  When 20 ppm of SO

After 144 hrs 10.00 ppm S0 remained out of the initial value of

, 4
culture, after 144 hrs 11.72 ppm 804—— was recovered.

was initially present in the

In the presence of DDT, SO4°- uptake was suppressed and at the
4

end of the experiment, the remaining .SO

4

was always found to be more than what remained in .control

ycontent in the medium
cultures. In the presence of aldrin, when alga started dying,‘

SO,”” content found in the medium was not much less than initial

4
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4

content »in the medium was ~more than the initial 504-

value. = With '2.0 ppm aldrin at the end of the experiment SO

concentration. . : ' .



DISCUSSION

Presence of organochlorine pesticides in aquatic system has an
effect on theiproductivity of phytoplankton. - they may change the
species composition of the ecosystem (Mosser et gl.,‘ 1972b),

alter the growth of species (Moore, '1970), or alter ‘the

morphology of cellsv(Powers ££ 3l., 1977; 'Puisepx—Dao et al.,
1973).
As vreported b earlier workers (Poorman, - 1973; Ellis and

Goulding, 1973; Mooser, i972), in the present study also, growth

of 'Spirulina platensis was found to be inhibited by both the

~

experimentél pesticides.upto a certain period of time. ' There-

after,. growth started 'reSuming.' As shown 1in the results,

toxicity of aldrin to alga incubated at 20°C increased upto 72

hrs. After that growth (in terms of survival ratio) was found to
be more with inéreas{ng time intervals. At 300C, élga could

tolerate aldrin ubto‘I.O ppm whereas higher concehtration$ were
"still toxic. In this case also, alga started developing

OC_,‘ the

resistance to the experimental pesticide. At 40
‘temperature itself is deleterious to alga. At this temperature,

with lower concentrations of aldrin the algal growth was more

than in control cultures, but only after 72 hrs.

In case of DDT contaminated algé incubated at ZOOC, toxicity

tolerance was found to increase after 48 hrs. After that, algal
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growth was found to be at faster  rates. At 30°C, lower

concenﬁrations "of DDT had no toxic ‘effect at any time interval,
- whereas higher concentrations had toxic effeté.only upto 48 hrs,
thereéfter, growth became apparent. At 400C, DDT was found to be

toxic at all concentrations, indicating thereby that toxicity

increased due to increased temperature. -

~

Thé. éxplanation of. the,quéstion why ﬁestiéides are becoming
leésq; toxic after éertain time interval'm#y be offered by the
metaboliém of pesticides 5y algae (Sweeney, 196é, 1969; Patil et
él:,A 1972; Khan et gi.}f 1972; Keil and Priester: 1969). The
‘development_“of-resistancg by algaé to these pesticides may' also
be one 6f the;heasons‘(Poorﬁan, i976} Borghi et al., 1973;.P6we;sv
EE_EL"'1977)' 'Deﬁositioh of pesticidés togethef with dead celis
" of algae at 'the bottom of cﬁlﬁure tubes may cause lesSer
jayaiiaﬁility éf ,pésticides for the .remaining cells. With
increasing time intervals, cell humbérs4increéserwhereas, lesser

amount of pesticides remains in the medium. ‘This may also lead

to lesser toxicity at increased time intervals,

LC values of both the pesticides were found to be high for

50 _
Spirulina sp. This shows the relatively high tolerance of algae

to these pesticides (Clegg and Koevenig, 1974; Poorman, 1973;
Morgan, 1972, -etc.). Christie (1969) hasvexplained this due to
very low water solubility of these pesticides, thereby minimizing

the probability of their getting into surroundings of these
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algae. He has also ascribed this high tolerance to rapid

degradation of pesticides by micro-organisms.

-

LCSO values for both the pesticides were found to be decreasing
with ' incregsingrtime intervals. This shows increasing toxicity
with increasing ‘time intervals. But after a certain time

interval, the LC values were found to increase with time. This

50
shows the development of resistance in algae or £he metabalism of
the pestiéides by algae. Christie (i969), Gregory (1969) and
Poorman (1973) have shown that DDT is not toxic to Euglena
gracilis even ;t very high éoncéntfations; . In the present
study, DDT'Wasifound tq be only init??lly toxic to algaé, LC50
values be;ng 29.08 ppm at 24 hrs interval and 25:94 ppm at 48 hrs
interval but after that time interval, thete was a sharp increase
in LC

values.

50

Chl a content of Spirulina platensis under the influence of . these

‘ .
two pesticides was found to decrease with increasing

concentrations and temperatures. In control cultures, it was

found to be 4.79 + 0.07 x 1073; 4.97 + 0.42 x 1073 and 4.20° +

o

- 0.19 x 1073 mg/mg dry wt. under 20°, 30° and 40°C when cultures

were grown under light. Thus, under normal conditions Chl a was

found to be maximum at 30°C, the,tempebature which has been found
to be suitable to most of the enzymatic activities of algae. At

pa

40°C, when the temperature effect manifests itself, Chl a content
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\ .

was found to be much lésser. Kirt et al. (1967) have also shown
that prolonged eXposdre_to supra-optimal tehperatures by Euglenai
gracilis resulted in bleaching of the cells, Chl. a at these

.temperatures‘ being 25% lower than dark grown cells developed at

optimal temperatures.'

In the present study, Chl a content of Spirulina sp. in control
cultures - was always found to be lesser under 'dark' conditions
vthan_undérl'light' conditions. It was found to be 4.18 + 0.43 x

3

1073, 4.33 + 0.26 x 10"3 and 4.10 + 0.19 x 10 ° mg/mg dry wt. at

o] o

207, 307 and 400C respeétiyely.

Synthqsis'-of‘ Chl a involvés?many ligﬁp mediated{ processes 'aﬁd
only in the presencé ofblight the Complege‘synthesis of Chl a can
take place; The précﬁréorA of Chl a biosynthesis,’ i.e:, proto-
chlorophyllide vis ‘ACcumulated in the dark conditio;s and this
prbtochlbfophyllide' i; CGnverted to Chl a in thé présenc? éf
light (Baker, 1984)." . Under dark~conditipns, conversion of
‘protochlorophyllide to Chl a does not take place, so new Chl. a

synthesis is stopped. This is why Chl a content is found to be.

more in light grown cultures than under dark grown cultures.

Presence of the two experimental pesticides, viz., DBPT and aldrin
in algal cultures caused a reduction in Chl a content of alga .and
this reduction was found to be concentration dependent, With

increasing concentrations of pesticides, reduction in Chl a
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content was found to be more. That DDT cauSed a feduction in- Chl
‘a content of algée has been reported by many workers (Mac Farlane
g&,gl., 1072; Coulding and Ellis, 1984, etc.). This decrease in
Chl a content of alga by'pestiCiAe is interpreted to be due to
their inhibitory’éffect.on synﬁhesis and activity of some enzymes
féspdnsible fof Chl a'synthesis. Geike (1974)_has reported'that
higher ‘concentration of BHC above 1.0 ppm inhibited activity ‘ofb
some'enzym?s including ALA dehydrogenase, the enzyme which plays
mést important role in Chl a Syqthesis.._ALA.dehydrogenase is the
first' enzyme in the synﬁhesis of Chl a frbﬁ ALA to‘ PBG
(Pdrphobilinégen). éimiiar iﬁhibition of. other enzymes by other

pesticides may also take place which may result in the Teduced

content of Chl a in the alga. . : C .

Light and dark conditions have been found to influence the
b'toxicity of. pesticides. In the present study, cultures under
‘light showed more reduction iﬁ Chl a content (in terms of. %
. reduétion).as coﬁpared to cultufes under dark. Thié shows that
pesticides are more toxic undef 1igﬁt conditions than under dérk'
conditions. lThis may be due to the higher toxicity of degraded
products of the pesticides . than the parenfv compound.
. PhotdéroductS' of DDT have been reported by many workers to be
more toxic than the parent compound. Bousch and Mat sumura (1975)
have shown that in theé case of Anacystis sp. toxicity is in the

order of DDD > DDE > DDT. Mosser et al. (1974) reported growth

-

inhibition of Thalassiosira pseudonana, more by DDE than DDT.
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Powers et al. (1979) haver shown DDE to be highly toxic to

Exuviella baltica.

Protein content of organisms depends on many factors, including
temperature, since enzymes responsible for protein synthesis are

sensitive to higher temperatures. At 400C, protein content of -

Spirulina sp. was found to be lesser as compared to that at other
temperétureé.; Presence of algé'at-400C for longer times resulted
in the death of cells and inactivation of enzymes. and

inactivation of protein. This is the .reason why,protein content4

in control cultures was found to.decrease with increasing time

intervals at 40°cC.

Preseqée of pesticides in algal cultures had a profound effect on
ftﬁe p?otein_content of algae: Whereas, lower concentrations
produced slightly ﬁighér protein content initially,b higher L
concentrations of ’pesticides wereAfound' to decrease ’proteiﬂ
content of alga at all time intervals and this toxicity was found
to be dose &ependent. Slightly higher ﬁrotein content found at
ilowe} conceﬁtrations of pesticides may be due to the stimulatory
or hormatic effect of some of theienzymes related to amin; acid
synthesis or polypeptide synthésis, Geike (1975) also has
reported that BHC at 0.061 ppm stimulted the activity of glutamic

dehydrogenase,' the enzyme that is responsible for synthesis of

glutamic acid from -ketoglutaric acid.
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However, when lalga'was‘éllowed to be with péstipides for longer
time intervals, even lower concentrations had adverse effects in
terms of protein conteat. _ At higher concentritionél pesticides

showed their toxic effect at first observation itself (48 hrs).

Ainhibitory eff?ct'of pesticides on protein conﬁéht 6fvalgac may
be éxp%aiﬁedvén the basis of fheif inhibitoryvaction on DNA or
‘RNA' synthesis alsof Organochloripe pesticides are reported to
iﬁﬁerfere' wiﬁh théyuptake[of-nucleic—acid precursors (French,
1976). This inhibition>of synthesis of nucleic acid.is due to
thg interactibn of DDT with comélexr régulatoby processes
associgted with the transfer of précursé;s necessary_for ducleic
acid synthesis (Lal and Saxena, 1982). Lal et al. (1980) and Lal
,aqd' Saxena_t(IQSO) have alsd shown iﬁhibit}on of nucleic acid
.synthesis in DDT treated organisms} DDT is also reported- to
inhibit thé synthesis of RNA—traﬁscriptioh (Erench, 1976). Thus,
it can be assumed that inhibitofy effect of DDT .and alérin‘ at
transcription and translation level of protein s&nthesis may be

responsible for lower protein content in pesticides treated

cultures.

Reduction in the protein content of treated cultures may also be

attributed to the decreased uptake of amino acids, as reported by

Czeczuga -and Gierasimov {1977) for Chlomydomonas sb. “and

Scendesmus basilliensis. Lower concentrations of pesticides are

reported to either having no effect or slightly increase the

-
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- uptake of amino acids which may also be one of the "reasons of
highér - protein .content when algae are exposed to lower
concentrations of pestiéides. Saxena et al. (1981) have }epOfted

"~ that uptake of leucine was strongly inhibited in the presence of
. ] . - N

higher concentrations of pesticides.

In the pfeseﬁce.of lower than normal 804-— concéntrations in thé
cﬁlture . medium the growth rate was 10ng¢d. It was'found to be
4.27 x ._10’3/hr- and 4.99’ x 10—v3/hr' under 15 and 20 ppm '304“
concentrations és'cbmparéd to 7.50 x 10-3/hr in-normai medium as
per Menon (1981). Addition of DDT to the médium increaséd ﬁhe
growth rate which may'be explained by the fact that DDT is lésser
toxic to alga and under lower qoncentratidns of DDT alga may‘ be
acclimatizing itself‘to toleraté‘the toxicant.. Addition of aldrin
decreased the growﬁh_rate-and at 2.0 ppm aldrin, net death in

culture indicated its higher toxicity.

Sulphate ‘uptakea és measured indirectly by measuring sulphate
Eontent in the medium was found to be markedly influenced in the
presence of pesticides.  In control cultures, when sulphate was
added, it was £emoved from the medium-?e}y fast. This is similarA
to the results reported earlier (Dreyfus, 1964; Vallee, 1969). In

treated cultures uptake was not that much fast. -

Uptake of sulphate by living cells is known to be an active
process mediated by permease enzyme system (Utikein et al., 1976;

Wedding and Black, 1960; Vallee, 1969). Uptake of sulphate is



" also mediated by enzyme ATP sulphurylaSe which catalyzes

v

sulphurylatiqn of ATP to form APS.

DDT and other organoch;orine pesticides are known to inhibit ATP
synthesis (Clegg and Koevenig, 1974). The reduced assimilatory
4poWer may be one of the reasons ﬁhy less sulphate is absorbed. by

‘algae in the presence of pesticides.

In £he_ aduatic médium; nutrients are absorbed by general cell
surface of algal ceils and siqée algal morphology is changed 1in
the preéence,of organochloring:pesticides (Sodergren, 1968; Bowes
and Gee, 1971; .Puiséux—Dao et 3£;,‘ 1977; Fbench and Roberts,

1976; etc.), the wuptake of_sulphatevis altered due to altered

cell surface. Since for given mass of cells, maximum surface
area. will be 1in dispersed éonditions of cells, 1if cells are
'-forming clumps (as is reported by Sodergren, 1968; in Chlorella

Sp. in the presence of DDT) this may reduce their surface area,
thereby adversel&A affecting their ability to absorb sulphate

efficiently.

In case of aldrin, cglls Started dying'due to its higher

toXiéity and concpmittent decay of dead cells result in the release
of sulphate élong with other nutrients into the  medium.
Simuitaneously, there are lessef number of ceils present in the
medihm to absorbd suiphate. This is one of the reasons why very

limited amount of sulphate is removed from the medium in the case

of aldrin treated cells. ' ' _ -



.t

SUMMARY AND CONCLUSIONS

-

Presence of organochlorine pesticdes in aquatic environment has a

profound effect on aquatic organisms, including algae. Earlier

. , .
they were considered as a boon to users but soon after ‘their wide

acceptance, data regarding their resistance and toxicity to non-
target organisms started appearing in literature.

Toxic effect of organochlorine pesticide on algae is_reviewed by

many workers (Butler, 1977; Lal, 1980,'1983,‘1984; 1985; Ware and

Roan, 1970).

1
.

In- the present study toxicity of two organochlorine pesticides,

viz., DDT and aldrin to a cyanophycean alga, Spirulina Qlétensis'

is monitored. The parameters selected.were biomass, Chl a,

protein and SO, . uptake. Biomass was monitoréd_'spectrophoto—

4
metrically at 490 hm-(Stein,' 1973). Chl a content was measured

as per Venkatraman (1983). = Protein content was measured

'according to Lowry (1951). Growth under limited SO

4 .
oncentrations in the presence of pesticideé was also studied.

S0, was measured indirectly by measuring amount of SO,

4 4

present in the medium after a fixed time interval. '804-_ content

in medium was measured spectrophotometrically at 420 nm (APHA,

1980).

On the basis of ressults obtained in the présent study, following

conclusions can be drawn :



1)

2)

3)

4

5)

6)

7)

8)

"high.

‘under. light than under dark conditions.

DDT is found to increase the growth rate under limited SO

87

Based on experimental parémetérs selected, aldrin is found

to be more toxic than DDT.-

Toxicity increases upto a certain period of time, thereafter

alga starts  tolerating adverse effects which is due to

development of resistance towards or due to metabolism of

pesticidés by alga. ) L
LC50 values of‘ both the pesticides are found to be very

Toxicity of pestiéidesfin terms of Chl a is found to be more

Cultures with_~lower concentrations of pesticides produce

slightly higher protein content initiallyvat ZOOC,thereafter

° ~
a reduction in protein content is noticed.

Higher concentrations of pesticides cause reduction in

protein content uniformly._

4

Growth of alga is reduced ﬁnder limited SO concentration.

4

-

concentration’ whereas aldrin causes a reduction 1in the

growth rate.
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4

pesticides, reduction being more in the case of aldrin.

9) Uptake of S0 by ;alga is reduced in the presence of

For future work, studies regarding C14 uptake and metabolism of

pesticides and mechanism of action are proposéd to be undertaken.
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APPENDIX I

Regression Equations Between 1n Concentration of Aldrin (y) and

Survival Ratio (x)

20.
48

72

96

1120

30°c . 24,

172

96
120

24

.72
96

120

hrs. y = -0.08x + 7.49
hrs y = ;o 07x + §.47
hrs  y = -0.05x + 3.76
hrs ‘y = -0.04x + 3.65
hrs y = -0.05x + 4.83
hrs y = -0 10x + 10.94
hrsv y = -0.09x + 9.03
hrs  y = -0.07x + 6.65
hrs y = -0.07x + 6.37
hrs y = -0.06x ; 5.68
hfs‘ y = -0.29x + 25.52
hrs  y = -0.31x + 26.80
hrs } = 20.18x + 14.87
hrs  y = -0.15x + 15.43
hrs y = -0.32x + 28.91




: - - o o " APPENDIX II
Regression Equations between 1n concentration of DDT (y) and
~Survival Ratio (x) ' "

20°C 24 hrs y = -0.13x + 11.74
48 hrs  y = -0.08x + 6.86
72 hrs y = -0.11x + 11.45
96 hrs y = 20.22% + 20.41
120 hrs y = _oﬂ14x + 15.07

30°¢C 24 hrs y = -0.06x + 6.37
48 hrs y = -0.07x + 6.90
72 hrs y = -0.14x + 15.57
96 hrs y = -0.28x + 30.28
120 hrs =~ y = -0.95x + 102,67

40°c 24 hrs  y = -0.24x + 19.68
48 hrs y = -0.17x + 14.20
72 hrs y = -0.17x + 14.43
96 hrs y = -0.28x + 24.04
120 hrs y = -0.25x + 22.10
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