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PREFACE

Pesticides are synthetic chemicals widely used for protecting ecrops
from pests. Though their short-term benefits are undeniable they are con-
sidered as hazardous because of their interference with the environment.
Pesticides wherever applied, ultimately find their way into water bodies

affecting aquatic fauna especially the fish.

Acute toxicity test is only a first step in monitoring the effect
of pollutants, Responses of fish to chronie stress are usually predicted
from water quality standards (e.g., LC50 tests), life cyele toxieity tests
or changes in single or a few biological variables, Such approaches may
be pgenerally aceeptable for acute toxicity studies: or for screening the
effects of contaminants on a short-term basis, but they are less appropriate
for providing information on integrated responses of fish to chronie environ-

mental stress.

Pesticides interfere with carbohydrate, protein. and lipid metabolism,
ion transport, nerve conduction and the energy production at biomolecular
levels due to uncoupling of oxidative phosphorylation. The effects are
suggested to be mediated by adsorption into blood through respiratory sur-
faces, and then their distribution in different tissues resulting in numerous
damaging interactions to the organism. The long staying effect of pesticides
also causes serious damages to various organs in fishes. The degree of

damage to the organs helps in determining the toxicity of pesticides. The



liver and kidney sre the vital organs whieh easily get affected by the

poliutants.

Besides contributing to the capture fisheries, mullets form one of
the most highly cultured group of fishes. Infaet, it is opined that the
significance of mullet resources lies not so muech in the existing ecapture
fisheries, but in their potential as cultivable fishes for extensive and inten-
sive fish farming. Among the mullets, along with Mugil cephalus, owing
to its resistance to environmental changes Liza parsia gained considerable
importance as a candidate species for aguaculture. On account of this
and due to its economic value Liza parsia was selected as the tast species

in the present study.

The guideline in this work is to evaluate the acute toxieity range
of "Nuvan", find out alterations if any in the biochemical composition in
blood and musele, and physiological study including histological disorders

in kidney and liver tissue.
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INTRODUCTION

The pesticides which drain into water bodies through rain, agricultural
run~of f, discharge of industrial effluents and dust storms over cultivated
land and industrial areas cause degradation and disaster to the aquatic
ecogystem, But considering the usefulness of the pesticides and sinee no
other chemieals are found suitable to replace them, we cannot presently
suggest a ban on the use of pesticides. Pesticides or the bioecidal agricul-
tural chemicals that include insecticides, acaricides, nematocides, rodenticides,
herbicides and fungicides have got vast applicability in agriculture and
forestry. Of these, insecticides which include organochlorines, organo-

phosphates, thiocyanates and carbamates are the most widely used.

Organochlorine persists in the environment and aceumulates in different
tissues. Its use as pesticides in agriculture has given rise to criticism in
recent years prompting to prefer organophosphates by most of the agricul-
turists. The water soluble organophosphate insecticide "Nuvan" is widely
used in the Kolleru region of Andhra Pradesh for control of ectoparasites

such as Lernea, Argulus, ete. (Muthu et al. 1988). But the long range

effects of this practice are not known, The chemical "Nuvan Fish 500
EC"™ has been granted a U.K. Government product licence for use as medicine
in salmon farming to treat against the sea lice (Anon. 1989). The use
of these chemicals in salmon farming appears to have deleterious effects
on marine invertebrates species (Egidius and Moester 1987).  Stephanie
Pain (1988) links the epidemie of eye disease in salmon of the wild to

the use of "Nuvan 500 EC" in farms.



In general, levels of chemical pollutants are higher in coastal than
offshore areas and still higher in those areas associated with intense human

activities,

The backwaters and estuaries serve as nurseries for many organisms
including several commercially important species of fishes and prawns.
Liza parsia (Hamilton & Buchanan) a brackishwater species of economic
importance inhabiting both the coasts of india (FAO 1984} spends majority
of its life stages in estuarine condit.ion. During this peried it is subjected
to the toxieity of several pollutants discharged into the environment;
accidentally or directly. The level of toxie effects on fishes have been
experimentally identified for organophosphate chemicals by Rao(1974), Anees

(1975}, Sailathe et al, (1981), Verma et al.(1982), Pal {1983) and Ravikumar

and Gupta (1988).

Responses by individual organisms to changes in the environment,
ineluding pollutants can be measured as physiological and or biochemieal
events (Bayne 1986, Conner and Huggett 1988). The former may lack speci~
fieity but relate directly to the fitness of the individual. The later provides
specificity and increased sensitivity but may be difficult to relate direetly
to traits of phenotypic fitness (Uthe et al. 1980). Together they are useful
in assessments of environmental impaet, and current toxicological re;earch

provides a cogent integrated frame-work for quantifying pollution damage.

Acute toxieity is rate in natural environment. Sometimes it occurs

due to accidents of direct application of pesticides. Voluminous literature,

on the other hand, is available on the acute toxicity of organophosphates



to fishes (Matton and LaHam 1969, Symons 1973, Shakoori et al. 1978,
Konar 1977, Shaffi 1980, Qureshi et al. 1983, Rashatwar and Ilyas 1984,

Pal and Konar 1985} and decapods (Eisler 1969).

In the long rum, the sub-lethal concentrations may prove more dele-
terious thanl the lethal concentrations, because subtle and small effects
on the fish may alter their behaviour, feeding habits, position in the school,
reproductive success, ete. Subtle effects at the organ or cellular level
may alter the metabolism of the fish and hence its ability to withstand
stress. Even if the fish is not directly affected, any effect on its food
organisms may result in a starved population of fish. The effects of sub-
lethal exposure to organophosphates in relation to growth, behavioural,
biochemieal, histological and physiological alterations in the body have
been studied for fish (Bull and Mclnerney 1874, Thomas and Murty 1976,
Kon-ar 1977, Mukhopadhyay and Dehadrai 1980, Ramalingam and Ramalingam
1982, Awesthi et al. 1984, Desai et al. 1984, Basha et al. 1984, Kumar
and Alam Ansari 1986, Bashamohideen et al. 1987, Khillare and Wagh 1988),

decapods (Shukla and Shukla 1985) and Lamellidens marginalis (Ahamed

et al. 1978).

Recently muech attention has been paid to evaluate the hazards
of pesticides on the physiology of the non-target organisms both at lethal
and more often, at sub-lethal levels. The symptoms generally involve respira-
tory distress, inerease in the glycolytic rate, changes in oxidativel metabolism,
ionic conecentration, enzyme activity, endocrine activity, osmoregulation,

ete; As such respiratory changes are used as good indicators of stress



on fishes (Dalela et al. 1980a, and Murty 1986). Several studies have been
done on respiratory metabolic disturbance, opercular movement, respiration
rate, ete. of fish due to pollution stress. Some of the recent Indian contri-
butions on this are Lingaraj and Venugopalan (1978), Singh and Singh (1979),
Rao et al. (1980), Ramalingam and Srinivasa Rao (1982), Bakthavathsalam
and Srinivasa Reddy (1983 and 1985), Patel and Sexena (1983), Basha ot
al.(1984), Jawale (1985), Pal and Konar (1955), Bashamohideen et al.(1987)

and Singh et al. (1987).

Protein represents an enormous group of complex nitrogenous comp-
ounds having high molecular weight found in all living cells. Wherever
they occur, they play vital role in the biclogical functions and serve as
building bloeks for cellular and organie structures. The plasma proteins
help in the maintenance of acid-base balance and osmotic pressure of the
body fluids. Plasma protein, being a source of nutrition to tissue proteins,
establishes a dynamic equilibriumm with the proteins of the tissues. In eondi-
tion of protein deficiency tissue proteins are broken down to maintain the
plasma protein level (Shanmugam 1977). There are reports on the changes
induced by poliutants on protein content of serum (Chitra and Ramana
Rao 1980, Saxena and Mani 1985, Rai 1987}, muscle tissue (Panigrahi and
Mishra 1980, Ramalingam and Ramalingam 1982, Verma and Tonk 1983,
Sashikala et al. 1885, Sastry et al. 1987, and Parveen et al. 1987), liver
and kidney (Dubale and Shah 1981a, Dubale and Awasthi 1982, Verma and
Tonk 1983, Awasthi et al, 1984, Kumar ahd Alam Ansari 1986, and Parveen

et al.1987). Mustafa (1977) has studied the cffect of maturation on the



musele protein content of the fish. Ahamad gt El_.(1978) have studied the

effect of malathion,on the mantle protein content of Lamellidens marginalis.

The magnitude of change in total free amino acids of fish has been
studied by several workers in relation to different concentrations of chemicals
and exposure periods in blood (Mukhopadhyay and Dehadrai 1980, Dabrowska
and Walasow 1986), muscle tissue (Sashikala et al. 1985) and liver (Kumar

and Alam Ansari 1986).

Phosphatase comprises of a large group of hydrolysing enzymes involved
in the process of digestion and intermediary metabolism. They are present
in the blood as alkaline phosphatase and acid phosphatase. The alkaline
phosphatase has an optimum pH of about 9 formed mainly in the bones
and in the liver, responsible for membrane transport. The acid phosphatase,
a lyscsomal enzyme has an optimum pH of 4.9 present in plasma in small
amounts and also in liver and red cells. During stress the creatine
phosphatase in the skeletal muscle breaks down resulting in the release
of phosphoric acid and the glycogen present in the tissues gets oxidised
te lactic acid (Shanmugam 1977, Sastry and Siddiqui 1983, Govindan 1983,
and Sastry et al. 1987). Both the acids mentioned above constitute to
a rapid lowering of the pH value of the tissue fluids thus augmenting
the proéess of acid phosphatase formation in the blood. There arc several
reports by many investigators on the changes induced by pesticides on alkaline
phosphatase and acid phosphatase contents of serum (Dalela et al. 1980b,

Sharma et al. 1982, Gupta and Dhillon 1983, and Verma et al. 1984), liver



and kidney (Thomas and Murthy 1976, Sastry and Gupta 1978b,c, Sastry
and Agrawal 1979, Sastry 1979, Sastry and Malik 1979, Shaffi 1980, Dubale
and Shah 1981ta, Dubale and Awasthi 1982, Kumar and Alam Ansari 1386
and Sharma and Maya 1987), brain (Sastry and Sharma 1980 and 1981, and
Shaffi 1980), intestine (Lata and Sriwastwa 1983, and Arora and Kailshrestha
1985), and muscle (Shaffi 1980) of fish. However, reports on the enzyme

contents of decapods are a few (Shukla and Shukla 1985 and Omkar 1986)

only.

Ribonucleie acid is present largely in the cytoplasm of actively
growing cells which are engaged in the produetion and secretion of protein.
The coneentration of RNA increases with inecrease in protein synthesis
or vice versa. DNA is present always in the nueclel of cells and is confined
to the chromosomes. A very small amount is present in mitoehondria,
 which are outside the nuelei. Altered DNA and RNA content in muscle
of fish exposed to various pollutants have been noted by Mustafa {(1977),
Dubale and Shah (1981a), Kabeer Ahamad et al. (1981 Denizeau and Marion
(1984) Stueber and Zahn (1985, and Kumar and Alam Ansari (1986}, Recently
the RNA-DNA ratio is used as a sensitive index of toxicant stress in relation
to growth (Bulow 1970, Dagg and Littlepage 1972, Kearns and Atchinson

1979 and Barron and Adelman 1984).

Several surveys and experimental studies have identified histological
disorders in liver and kidney associated with poellutant exposure in fish

which serve as indicator of pollution {Mukharjee and Bhattacharya 1473,
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Bass et al. 1977, Konar 1977, Sastry and Gupta 1978a,b, Sastry and Malik
1979, Goel and Garg 1980, Dubale and Shah 1981a,b, Kumar and Pant 1881,
Ramalingam ﬁnd Reddy 1981, Sultan and Khan 1981, Akhilendra Neaidu et
al. 1983, Bakthavathsalam et al. 1984 and 1987, Desai et al. 1984,
Rashatwar and Ilyas 1984, Radhaih et al. 1986, Razani et al. 1986, Gupta
and Dalela 1987, Mukhopadhyay et al. 1987, Ram and Satyanesan 1987

and Bhatnagar et al. 1987).

The present investigation was undertaken to study the effect of

"Nuvan" on the physiology, biochemistry and histology of Liza parsia.



MATERIALS AND METHODS

Acute toxicity tesis were conducted to determine the LC50 values

of "Nuvan" to Liza parsia.

Collection of test animals:

Liza parsia of 85-120 mm sizes and 6.50-13.25g weight were collected
by cast nets from brackishwater cana!é of Puduvypeen. area. The salinity,
dissolved oxygen and pH of the collection site were determined to indicate
the water quality into which the animals should be transferred on arrival

at laboratory.

Acclimatization of the test animals in laboratory condition:

The live animals were acclimatized to laboratory condition by main-~
taining them in plastic pools of 2 tonne ecapacity containing water of
salinity.i{).nﬂ%o, pH 6.0+0.5 and temperature 27.541.5°C. To avoid fungal
attack of test animals the medium was treated with 11 mg of malachite
green per 100 litres of water. The organisms were fed once in a day.

The faecal matter and other waste materials were daily siphoned off,
and to reduce the ammonia content in water the biological filter was used.
Onee In two days the medium in the tank was changed. Electrically operated
aerators were used for aeration. The test animals were acelimatized for

about 2 weeks prior to the experiments.



Test mediums:

The commercial grade "Nuvan" of Ciba-Geigy having the composition
of "Diehlorvos 76% m/m, Emulsifier 10.6% m/m, solvent 13.4% m/m" was
used for the preparation of stoeck solution. The desired concentration of

- test media were obtained by diluting the stock solution in distilled water.

Test containers:

Fibre glass tanks of 40 litre capacity were used as test containers.
Each of the test containers was provided facilities for drainage of water
{from bottom and continuous saeration, Each container was covered with

velon sereen netting to prevent the animals from jumping out.

8Selection of test concentirations:

A range-finding bioassay was conducted after APHA-AWWA-WPCF
(1975) and Reish and Oshida (1987) with the test organisms exposed to
a range of concentrations, in logarithmic secale such as 0.01, 0.1, 1.0, 10
and 100 ppm. Four animals were released to 32 litre of test solution per
test container without feeding and water was changed during the tenure
of the experiment. At intervals of 24, 48, 72 and 96 hr the percentage
of mortality was recorded. As no mortality was observed at 0.1 ppm and
75% mortality at 1 ppm during 96 hr, the concentrations between 9.1 and

1.2 ppm were selected for biocassay procedure.

Bioassay procedure: [ Plate L. a,;b]

Static bioassay method (Reish and Oshide 1987) was used in which

the organisms were kept in same test solution for the entire experimental



Plate La: Photograph showing experimental set-up for

bioassay.

Plate Lb: A test contaminer with experimental animals
after 48 hours of exposure to 0.2 ppm "Nuvan"

during bioassay.
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period. Bach bioassay consisting of a series of six test coneentrations
and a control were used. Each concentration was run in duplicate(APHA-
AWWA-WPCF 1875). To avoid contamination, the controls were maintained
away from bioassay tanks. As suggested in the method, the test animals
were not fed during the experiment. The percentage of survival at the
end of every 24, 48, 72 and 96 hr was accounted. Dead animals were

removed from the experiment immediately.

The data obtained from experiments were processed by "probit
analysis” (Finny 1952, Reish and Oshida 1987) for determination of LC50
value in ecomputer, The percentage mortality verses log concentrations
were plotted in probability papers to get the LC50 values graphically(Seegert
et al. 1879). The slope function, 95% confidence limit and 95% fiducial
limits (upper limit and lower limit) were calculated using the following
formulae from ‘“response curves" for different exposure times (Reish and
Oshida 1987)

LC84  , LC50
ILCs0 LC16

Slope (8) =

: o A
85% confidence limit (fLCSO) 8

(Where N = total number of organisms tested at those exposure concentrations

whose expected results were between 16% and 84%, and "2.77" is a eonstant)
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95% fiducial limits are:

Upper limit g LC50 X fLCS{]
Lower limit = LC50
fLC5{)

The lethal concentrations were plotted against time in hours in nomo-
graph paper to get the "toxicity curve" and corresponding 95% fidueial

limits were shown for each L(C50 values on graph paper.

Acute exposure studies:

The test animals were exposed to lethal concentration of 0.48 ppm
(i.e., 96 hr LCS50 concentration in the bioassay) at pH 5.5, salinity 10.0%
1%, and temperature 27.5 + 1.5°C in three tanks. Simultanecusly controls
were maintained. The test solutions were not renewed and animals both
in experiments and control tanks were not fed. To¢ each test container
10 animals were released. At the end of 24, 48, 72 and 96 hr exposure
from each tank one specimen was taken for oxygen consumption estimation
and subsequently sacrificed for biochemical analysis. Animals exposed for

96 hr were used for histological studies also.

Acute exposure studies on lethal concentrations of 1.01 (24 hr LC50),
0,75 (48 hr LC50}, 0.55 (72 hr LC50) ppm for 24, 48 and 72 hours respect-
ively against controls were conducted with 8 animals each released to ensure

at least 3 animals after the exposure period for physiological, biochemical

and histologiecal studies.
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Chronic exposure studies:

Three sub-lethal concentrations (1/5th, 1/10th and 1/15th of 96 hr
LC50) were selected for chronie exposure studies and 3 sets of each concent-
ration and control were maintained. Total 12 tanks of 40 litre capacity
each were maintained with 4 animals in each. The animals were fed with
pellet feed once a day and the test media were kept well aerated. Half
of the test media from each test container was replaced every two days
through the dradinage pipe provided at the bottom of container, After
15 days of exposure the test organisms were removed from one control
tank and one tank of each concentration. They were put in respirometer
for oxygen consumption estimation and later sacrified for biochemical and
histological study. The same procedure was repeated after 30 and 45 days

with other animals.

Physiological study:

The oxygen consumption of fishes subjected tfo lethal and sub-lethal
concentrations of "Nuvan" were studied (Grothe and Eaton 1975) by using
4 litre rectangular glass jar and liquid paraffin to seal the exchange of
gas between the water of respirometer and atmosphere. In reépirometer,
water of same salinity was used to avoid stress on the experimental animals.
Utmost care was taken to avoid stress while handling the fishes and to
recover them from the effects of handling if any, they were kept in respiro-
meter for sometime {(Fry 1967). Dissolved oxygen in water samples (125
ml each) ecollected just before and after the experiment from respirometer

were estimated by using unmodified Winkler technique (APHA, 1955). After
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each experiment the individual weight of fishes was recorded. The oxygen

consumption was calculated based on following formula:

Water vol. in ml 1000 gm
1000 ml Weight in gm of fish

{Initial DO _-Final D02) X

2

60 minutes

% time in minutes

The values were expressed in "mg/Kg body wt/Hourt

Biochemical studies:

1. Extraection

In biochemieal estimation, test animals subjected to lethal and sub-
lethal concentrations were wiped free of water. Blood was removed by
direetly puncturing the heart with a hypodermie needle attached to a 2
ml syringe, and transferred to a 15 ml glass centrifuge tube corked air
tight so as to avoid any kind of haemolysis. It was than allowed to clot
at room temperature for 40-60 minutes. After clotting, it was centrifuged
at 3000 rpm for 15 minutes following Mahobia (1987). The eclear serum
was transferred by micropipettes to 5 ml bottles and frozen in sealed con-

dition at 0°C till chemical analysis was performed (NewComb 1974).

The belly musecle tissue was dissected out and kept in deep freezer

for the biochemical analysis (Sastry and Siddiqui 1983).

2. Analysis

The methods used in the analysis of biochemieal parameters were

as follows:
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I. The protein content of muscle tissue and blood serum was esti-
mated by the Biuret method (Gornall et al. 1949). Bovine serum
crystals dissclved in 1IN NaOH was used as the standard solution

in the preparation of standard graph.

iI. The total free amino acids of muscle tissue and blood serum
were estimated with ninhydrin (Yemm and Coeking 1955) using

glyeineand glutamic acid mixture as the standard.

III. DNA and RNA in musecle tissue were estimated as per the scheme
given by Dagg and Littlepage (1372). Nucleic acids were extracted
using cold perchloric acid solution. The optical density of DNA
and RNA were measured by using double beam spcrtrophotometer
at 595 and 665 nm respectively. Purified and high polymerised
Calf-thymus DNA and purified yeast RNA obtained from SIGMA

were used as standards for DNA and RNA estimation respectively.

IV¥. The alkaline and acid phosphatases activity were determined
following the procedure of Barret (1972). P-nitrophenyl phosphate
(PNP) was used as substrate and in the experiment the enzym-
atiec reaction was stopped by 10% ecold trichloroacetic acid.

Potassium dihydrogen orthophosphate (KH’ZPO4)waS used as standard.

Standard deviation, percentage coefficient of variation for samples
of same treatment, and percentage variation of parameters in exposed

animals from control were calculated. Using student 't' test the significance



of difference between two sample mean was tested for acute exposure
biochemical parameters. The 'F' test was worked out for testing the signi-

ficance among the samples of chronic exposure.

Histological studies:

The liver and Kkidney of test animals exposed to lethal and sub-
lethal concentrations were used for histological studies. The tissues were
fixed in Bouin's fluid for about 24 hours and then processed by routine
histological techniques. Sections of 4-5 M were stained with haematoxylene
and eosine and mounted in DPX. Photomicrographs of sections were taken

using an Olympus Universal Researeh Mieroscope.



RESULTS

1, Acuie loxicity studies:

The results of acute toxicity studies expressed in terms of LC50
values for 24, 48, 72 and 96 hours obtained in computer analysis are given
in Table 1A-1D and Fig.1A-1D. The I_;C50 values are found to be 1.01
ppm, 0.75 ppm, 0.55 ppm and 0.48 ppm for 24, 48, 72 and 96 hours respect-
ively showing gradual decrease with increase of time, The 85% fiducial
limits of LC50, LC16, LC84 of each response eurve for different exposure
periods in hours given in Table 1E also show decreasing order. The 95%
confidence limit and slope function shown against each LC50 value in Table
1E have overall decreasing trend except for a slight increase in 48 hr LCS§0

visible clearly from acute toxicity curve in Fig. 1E,

However, the graphical values of all LC50 were tallying well with
the results obtained by computer analyses, Among different coneentrations
of LCSO(T&ble 1E) the values showed variations. All these results were
obtained at salinity 10.0 £ 1%,, temperature 27.5 % 1.5°C, and pH 5.5

of test solution.

2. Biochemiecal studies:

2.1. Studies on muscle

2.1.1,. Protein content

2.1.1.1. On secute exposures

From the Table 2A and Yig. 24 it is seen that there is gradual
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Fig. 1A:

Fig. 1B:

Fig. 1C:

Fig. 1 p:

Response curve for "24 hr LC50"

LC84 = Anti Log (0.337) = 2.175 ppm.
LC50 = Anti Log (0.0068) = 1.015 ppm.
LC16 = Anti Log (-0.330) = 0.468 ppm.

Response curve for "48 hr LC50"

LC84 = Anti Log ( 0.290) = 1.950 ppm.
LC50 = Anti Log (-0.125) = 0.750 ppm.
LC16 = Anti Log (-0.530) = 0.295 ppm.

Response curve for "72 hr LC50"

LC84 = Anti Log ( 0.030) = 1.072 ppm.
LC50 = Anti Log (-0.256) = 0.554 ppm.
LC16 = Anti Log (~0.550) = 0.282 ppm.

Response curve for "96 hr LC50"

LC84 = Anti Log (-0.070) = 0.851 ppm.
LC50 = Anti Log (-0.317) = 0.482 ppm.
LC16 = Anti Log (-0.565) = 0.272 ppm.



Fig.1 B

Fig. 1 A
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Fig. 2A:

Fig. 2B:

Fig. 2C:

Fig. 2D:

Variation in musecle tissue protein of Liza parsia

exposed to "96 hr LC50" of "Nuvan".

Variation in muscle tissue total free amino acids

of Liza parsia exposed to "96 hr LC50" of "Nuvan"

Variation in musecle tissue RNA of Liza parsia

exposed to "96 hr LC50"™ of "Nuvan".

Variation in DNA of Liza parsia musele tissue

exposed to "96 hr LC50" of "Nuvan'.
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deerease in the muscle protein content in fishes exposed to 24, 49, 72
and 96 hours in 96 hr LC50 experiment. In student 't' test means signi-
ficantly differed at 5% level between protein contents of control and exposed
animals. The calculated 't' value was 3.706 against tabulated value of

1,701

From Table 3A and Fig. 3A it is observed that there is decrease
in the protein content in fishes exposed to 1.01 ppm €4 hr LC50, 0.75
ppm {48 hr LC50) 0.55 ppm (72 hr LC50) ahd 0.48 ppm (96 hr LC50) for 24,
48, 72 and 96 hours respectively. The decrease was maximum for exposure
periods of 96, 72 and 48 hours and minimum for 24 hours against control

value.

2.1.1.2. On sub-lethal exposures

Decrease in protein content of muscle tissue was observed following
sub-lethal exposures (Table 4A and Fig. 4A) for 15, 30 and 45 days at
1/15th, 1/10th-and 1/5th of 96 hr LC50. The decrease was maximum for
higher concentration and longer exposure period than lower concentration
and shorter exposure period. Anove sanalysis showed significant differences

between the treatments and exposure periods at 1% F-Value.

2.1.2. Total free amino aeids content

2.1.2.1. On acute exposures:

There was gradual elevation in muscle total free amino acids (Table

2B and Fig, 2B) following acute exposure to 0.48 ppm for 24, 48, 72 and



27

*UOIIBIADD PJIBpURIS F

cehTLE HZz'9 080°1 + €6€7LI 8h'0 gene GL9°0 F ChltsL 96

AVA S L1E°9] ZI6°C * £hR'LI ¢cto 9199 LEw'l F gee'se ZL

£1679¢~ LZ8° LI C61°C ¥ 62C°81 L0 hee'6 L2L'T F ClT6L 8h

£ee L 0ze9 66Z°1 ¥ Z8%8°0¢ {0°1 9259 L06"1 ¥ HZR'BZ he

0 £96%6 2167 * 91262 0 £96°6 ZI6°C ¥ 912°62 0

(uadd)
[0JIU0D WOIT UOTIBIIRA (YB1am 1om *2U0D uoreries jo HBram 1am (SINOK)
UOTIBTIRA O JO UDIDIFIN0D 9 Bwgg| /3wy wisioag WUBANN,  JUSIDIFIS0D 9  Buigpl/dun) url0ld porsad
aansodxyg
FANSOIXH TOUINOD

(6°¢ HA *D.¢*l 7 ¢'zz simeradwa) ¢ °w%| F 0°01 AuIES)

4UBANN],, 01 sainsodxs 21noe Jo1je ®isied BZIT JO UI10ad SNSSIE I[ISNW UT UOTIRIIBA

vYe - J7dVvl



Fig. 2I:

Fig. 3A:

Fig, 3B:

Variation in oxygen consumption of Liza parsia
exposed to "96 hr LCS50" of "Nuvan".

Percentage variation in muscle {tissue protein

of Liza parsia after acute exposures to "Nuvan'.

Percentage variation in musecle tissue total
free amino acids of Liza parsia exposed to
acute exposures of "Nuvan'.
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Fig. 4A: Percentage variation in protein content of

musele tissue on chronie exposures to "Nuvan'.

Fig. 4B: Percentage variation in total free amino acids

of musele tissue on chronic exposuresto "Nuvan'.

Fig. 4C: Percentage variation in RNA content of muscle

tissue on chronie exposuresto "Nuvan".
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96 hours. Using student 't' test it was seen that means are differing signi-
ficantly at 5% level between control and exposure values. The ecaleulated

't' value (3.242) was seen higher than that of tabulated value (1.701).

Fishes exposed to lethal concentrations of 1.01, 0.75, 0.55 and 0,48
ppm for 24, 48, 72 and 96 hours respectively had elevated total free amino
acids in the musele tissue (Table 3B and Fig. 3B). The increase was maximum
(35.707%) in muscle of fishes exposed to 1.01 ppm for 24 hours and minimum
(24.5%) in the muscle of fishes exposed to 0.48 ppm for 96 hours. In eontrol
the total free amino acids showed a gradual increase but less significant

than treatment.

2.1.2.2. On sub-lethal exposures

Table 4B and Fig. 4B show the variations in the muscle total free
amino aecids in fishes exposed to sub-lethal concentrations of "Nuvan”,
The decrease was observed for all the 3 sub-lethal eoncentrations (i.e.,¥15th,
1/10th and 1/5th 96 hr LCS50) at 15th day and also for 1/15th 96 hr LC50
at 30th day exposure. But elevation was noted for all the 3 sub-lethal
concentrations at 45th day and for 1/16th 96 hr LC50 and 1/5th 96 hr
LC50 at 30th day. Slight increase in control value was seen with inereased
exposure periods. Anova indicated that the variations in total free amino

acids between 15th day and 45th day was significant at 5% level.
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2.1.3. RNA econtent

2.1.3.1. On acute exposures

Table 2C and Fig. 2C indicate the gradual decrease in musecle tissue
RNA in fishes exposed to 0.48 ppm (96 hr LC50) for 24, 48, 72 and 96
hours. The maximum decrease in RNA content (-50.467%) was observed
at 96 hours of exposure. From student 't' test it was seen that the means
are significantly differing between control and exposed RNA values at 5%

Ievel. The ecalculated 't' value was 3.214 against tabulated 't’ value 1.701.

The RNA content in all groups of fishes exposed to 4 lethal concent-
rations (1.01 ppm, 0.75 ppm, 0.55 ppm and 0.48 ppm for 24, 48, 72 and
96 hours respectively) were depleted (Table 3C and Fig. 3C) against control
value. The maximum depletion in RNA touched the value of -50.467%

in 0.48 ppm for 96 hours against -34.483% in 1.01 ppm for 24 hours.

2.1.3.2. On sub-lethal exposures

In chronic exposures to "Nuvaml' the RNA content in muscle tissue
was depleted against control value (Table 4C and Fig. 4C}).  The higher
concentrations and longer exposure periods showed the increased trend of
depletion. Anova analysis showed significant differences between the treat-

ments and exposure periods at 1% F-Value.

2.1.4. DNA content

2.1.4.1. ©On acute exposures

The DNA in muscle tissue increased gradually in fishes exposed
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Fig. 3C:

Fig. 3D:

Fig. 3E:

Fig, 3F:

Percentage variation in muscle tissue RNA of

Lize parsia efter acute exposures 1o "Nuvan".

Percentage variation in muscle tissue DNA of

Liza parsia after acute exposures to "Nuvan’.

Percentage wvariation in blood serum protein

-
of Liza parsia after acute exposures to "Nuvan.

Percentage variation in blood serum total free

amino acids of Liza parsia after acute exposures

to "Nuvan",
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to 0.48 ppm (96 hr LC50) for 24, 48, 72 and 96 hours as shown in Table
2D and Fig. 2D. The enhancement was maximum (117.648%) for 96 hours
against minimum (35.717%) for 24 hours exposure period. Student 't' test
showed the significant difference between DNA content of control and

exposure animals at 5% level (where t-cal = 4.210 and t-tab = 1.701),

RNA-DNA ratic of musele tissue of fish after acute exposure to
86 hr LCS50 is shown in Table 2J. Both in control and exposure the ratios

are seen in decreasing order, but it is more pronounced in exposed animals.

Table 3D and Fig. 3D indicate the elevation of DNA content in
muscle tissue of fishes exposed to 24 hr LC50, 48 hr LC50, 72 hr LC50
and 96 hr LC50 of "Nuvan™ for 24, 48, 72 and 96 hours respectively.
The maximum elevation (126.665%) was observed in fishes exposed to
0.55 ppm for 72 hours against minimum value (107.147%) in 1.01 ppm for

24 hours. Table 3D also shows slight elevation of DNA content in control.

RNA-DNA ratio of muscle tissue of fish after acute exposures to

"Nuvan" is shown in Fig. 3J. In all the exposures the ratios were dedcre-~

asing steeply than in control.

2.1.4.2. . On sub-lethal exposures

The elevation in DNA content of muscle tissue following exposures

to 1/15th 96 hr LC50, 1/10th 96 hr LC50 and 1/5th 96 hr LC50 for 15,30

and 45 days are given in Table 4D and Fig. 4D. At higher concentration

and longer exposure period the elevation was seen maximum than the
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Fig. 4D:

Fig. 4E:

Fig. 4F:

Percentage variation in DNA content of

musele tissue on chronic exposuresto "Nuvan"

Percentage wvariation in protein content
of blood serum on chronic exposures to

"Nuyan".

Percentage variation in total free amino

acids of blood serum on echronic exposures

to "Nuvan®,
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