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of gill damage and thus impairment of osmoregulation.

Histological damage was observed on the gills at
concentrations 11.20mgl™? ,12.00mgl™,14.20mgl™" , at 96-h test
and 1.02mgl™", 1.40mgl™* and 2.00mgl™* for Q. niloticus at the
long term test. Pesticide - related changes included,
hyperplasia of epithelial cells of lamellae, thrombosed blood
vesgels, oedema in gills of fish exposed to sublethal
concentrations of paraquat, atrophy and total disruption of
gill structures in gills of fish exposed to acute
concentrationa of paraquat which led probably to impairment of
osmoregulation amd opercular ventilation.

The Liver also showed toxicosis, necrosis and vacuolation
of hepatocytes. The pesticide - related changes in brain,
included Oedema, inflammation of neuronal cells, glial scarring
ete. The extent of damage is dose - dependent. The damage to
the brain tissue might be responsible for abnormal behaviour of
the fish.

Opercular ventilation rate showed decrease with increase
in exposure period at the beginning of bicassays and an
increase towards the end. A gstatistically significant
difference (P<0.05) was observed in the opercular ventilation
rate of control group of fish compared to the ones exposed to .
paraquat. This could have been a result of stress as well as
gill damage.

There is evidence that indiscriminate discharge of

viii



effluents containing paraquat or usage of paraquat for
agricultural purpose which might be washed into streams and
rivers by rain water, or usage to control hazardous water plant
can have severe harmful effect on the ecosystem leading to the

destruction of our fish stock and perhaps other forms of life.
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CHAPTER ONE

INTRODUCTION

Fish provides one major source of animal protein the world
over and especially in Nigeria. It is the chief source of
animal protein in poultry ration (ONI, 1979). Fish meal has
also been known to be a good source of other essential
nutriente of poultry feed such as mineral elements (Ca, mg, Na
etec), vitamins (A,B,D and E) and bone meal. It is already a
common practice among poultry farmers to supplement poultry
ration with smoked and dried fish of all sorts (ONI, 1979).

The importance of fish as a source of protein in human
diets cannot be over emphasized. According to Abiagom (1980),
the total demand projection for fish by 1985 in Nigeria will be
2.82 million metric tonnes. Out of thls, it is estimated that
only 687,446 metric tonnes may be produced from the available
resources (study group on fisheries, 1981). Matton (1982)
observed that Nigeria consumed about 1.5 million metric tonne
of fish in 1980 out of which about 900,000 metric tonnes of
frozen fish were imported (Ologunmeta, 1985).

By his projection, more than 2 million metric tonnes would
be demanded by 1985, and out of this figure about 1.4 million
metric tonnes would have to be imported. Olaniawo (1983) also
indicated that the 1983 percaput fish consumption figure of
5.17kg in Nigeria was far below the planned average figure of

10kg envisaged by 1985. Fish consumed in Nigeria is either



ag a run ofl from ayrlceultural Laim landes as well as Lhrouyh
spraying in water bodies such as ponds and rivers to eradicate
weeds such as water hyacinth. Although there are definite
advantages in the use of this pesticide, particularly in area
of crop production, the extensive use has resulted in large
reduction in fish production, not only in capture fisheries
sector but also in aquaculture. The indiscriminate use of
pesticides has been identified as a cause for many previously
unexplained fish kills in fish farms in other parts of the

world (Oloruntuyi et. al, 1992).

Thus the improvement of the physico-chemical properties of
the water bodies is vital to the enhancement of fish production
and succesg of government’s agricultural programme on self-
suffiency and reliance in fish food supply (Ologunmeta, 1985).

This study is therefore designed with the f{ollowing
objectives:

a. Determining the LC,, of paraquat and its acute effects on
some physiological parameters vital to the gurvival of
Oreochromis niloticus.

b. Determining the effects of gublethal concentrations
(chronic effects) of paraquat in our aquatic environment

on some physiological parameters vital to the survival of

Oreochromis niloticus.

c. Examining histopathological effects of paraquat in

tissues.

d. Examining haematological effects of paraquat on



Oreochromls nlloticus Llood.
e. Examining paraquat’s effects on growth, behaviour and

respiratory system of Oreochromis niloticus




CHAPTER TWO

2.0 LITERATURE REVIEW

Since the beginning of history, mankind has had to compete
with more than 1 million other species for the earth’s goods
which are essential for sgurvival. Many insects, rodents and
birds found man’'s crops to their liking, and his dwellings
provided shelters not only for man but also for a host of his
competitors. As man continued to modify his surrounding, the
competition became more intense, and organized patterns of
"pest control" eveolved (McEwen and Stephenson, 1979). At first
thegse efforts were minimal: sBcarecrows to discourage birds,
hand removal etc. With technological advancement and greater
menance of pests, there was development of more advanced ways
of dealing with Lhe insect and plant pests, These included uge
of arsenic, use of oils and salt for weed control and copper
and mercury compounds for control of certain plant diseases.

According to McEwen and Stephenson (1979), developments of
pesticides were slow when viewed from the modern era. By 1939,
only 30 were registered for wuse in the United States.
Application techniques were limited largely to small sprayers
and dusters, and applying of pesticides was time-consuming and
the acreage of crops treated being relatively small. Under
these circumstances, the environmental impact of peaticides wasg
small and restricted to the immediate area of application.

World war II placed a strain on Western Civilization to an

w



unproecodonted magnitude with restrietion In avallabllity of
imported pesticides and pest control became more difficult.
This led to research to find ;:eplacement for pesticides which
are no longer available because of the war. oprT (1,1,1-
trichloro-2-2-bis (parachlorophenyl) ethane) was the first of
the "new" insecticides. It had been aynthesized as part of a
doctoral study by Zeidler in 1874, but its insecticidal
properties were not recognized until 1939, when Miller,

searching for something to control clothes motha repeated

Zeidler’s synthesis (McEwen and Stephenson, 1379).

The rapid developments in insecticides were paralleled by
new discoveries of conpounds effective for plant disease and
weed control. In weed control, the search was escalated by
riging labour costs that made hand-weeding too expe;lsive, and"
the pioneering discoveries of 2,4-D and atrazine provided
selective herbicides that contributed immeasurably to the
mechanization of crop production and the efficlency of lahour
input. Water hyacinth Eichornia cragsipes which was first
recorded in Nigeria in September 1984 (Kusemiju, 189%2) has been
subjected to a vigorous control by governments (Akinyemiju and
Imevbore, 1990) and estuarine communities (Adekoya, 1987).
However, mechanical control first used had limited success
{Adekoya and Ekpo, 18992), Chemical method’s pilot scheme
conducted yielded good result. This c¢ould lead to more

intensive use of pesticides for aquatic weed controel

nationwide.



CIIEMIZTRY OI' PARAQUAY

Diquat and paraguat are twe heterocyclic cationiec
compounds that are referred to as either bipyridinium or
guaternary ammonium compounds becausge of the positively charged
"four bonded" nitrogens in their structure. Brian et al.,
{1958) first disclosed the herbicidal properties of this family
of compounds in 1958. Both diquat and paraguat act as
nonselective contact herbicides with essentially no activity in
the scoil (McEwen and Stephenson, 1979). Diquat and paraquat
are potent inhibitors of photosynthesis in plants. Both
compounds are highly water-soluble and are absorbed by weeds
(Way et al, 1979). Levels of these herbicides rapidly decrease
within 4 to 14 daye of treatment (Earnest, 1971). This may
occur due to uptake by weeds and adsorption to auspénded soil
particles or bottom mud (Calderbank, 1970).

Dawood et al. {1965) reported that paraquat was uged in
Egypt to control aquatic weeds in irrigation canals, drainage

ditches and marshes where it caused mortality of snails Bulinu

truncatus, Bicmphalaria alexandria and Lymnaea galliad. In New

Zealand, treatment of a small river with 2.0ppm paraquat
reduced amphipods to 5% of the pre-treatment level in 30

minutes exposure (Burnet, 15%72).

Paragquat is available commercially as a salt of

dichloride.



PARAQUAT OR
1,1-DIMETHYL-4,4~Bipyridinium

(Cation) dichloride.

/ \ o / \ W

A
\
2 2.C

Paraquat saltes had been known since 1882 (Weideland Russo,
1882) and had been used as oxidation reduction indicators unde:
the name methyl viologen since 1932 (Michaelis, 1932). The
bipyridinium herbicides are water-soluble salts. They rapidly
desiccate all green plant tissue with which they come in
contact. They are substantially inactivated on reaching the
goil by being adsorbed on clay mineral constituents. They have
no residual activity (Summers, 1980). They are effective as ‘¢
herbicides at low concentrations of about 1/8 - 21b/acre (0.14-
2.2kg/hectare), This combination of properties led to their
world-wide use in a variety of weed control situations. These
include weed control in orchards, plantation crops and forests,
in weed control before crop sowing or before crop emergence, in
pasture renovation, in pre-harvest desiccation, in total weed
control and in aquatic weed control.

The principal formulations of diquat and paraquat
available to farmers consist of concentrated aqueous solutions
of the herbicides containing about 20-25% of the active

ingredient in addition to additives such as wetting agents and



corronlon luhlbltors. Those concentraltow ars dlluted In Lho
field before being applied. The paraquat concentrate is known
under the registered trade mark of Gramoxone.

The usual starting material for the synthesis of paraquat
is the isomeric bipyridine, 4,4-bipyridine, which is solid at

ambient temperature (4,4'-bipyridine melts at 114°C and distils

.. 5 y

5 G

at 305°C). The 4,4'-bipyridine obtained is then purified from
its isomers by distillation, crystallization and continuous
extraction into an organic solvent such as trichloroethylene
(imperial chemical industries LTD, 1963). The 4,4-bipyridine
is treated in water with methyl chloride under pressure. This
gives an aqueous solution of paraquat dichloride or 1,1'-
dimethyl-4,4-bipyridinium di-chloride.

Homer et al. (1960) put forth the theory that the
herbicidal activity of the type shown by digquat and paraquat is
due to the ability of the salts to be reduced to free radicals

in plants. 1t was also discovered that the one electron



saltes of 4,4 -bLlpyridiney regulted lun Lhe salls lonterferring
with aspects of electron flow in the photosynthetic mechanism
in plants thus giving rise to their herbicidal and desiccating
activity (Summers, 1980}.

It ies mostly applied pre - emergence. It is an important
annual weed and grasses controller. It is alsgo used on many
fruite: almond, apples, apricots; potato, sugarcane, sorghum,
.aa cotton defoliant, peppers, scyabeans tomatoes, rubber trees,
palm and other tropical crops for weed control.

. It iz immediately inactivated when in contact with the
soil, thereby building up no'residues in soil. It is rapid
acting and non-volatile- It can be tranglocated but most
activity is by local absorption. Paragquat’s active ingredient

is 270g paraquat dichloride, (200g) paraquat {Thompscn, 1971).

2.2 SOURCES OF PESTICIDES IN WATER
2.2.1 INTENTIONAL APPLICATION ‘

McEwen and Stephenson (1979) reported that pesticides are
used to control weeds on farmlands and algal blooms in ponds
and streams; to control insects sueh. as mosguitoes, black
flies, and biting midges that breed in water, to contrel
lamprey which is predacecus on useful fish species, and to
remove trash fish or diseased fish from ponds prior to
restocking. Each of these procedures results in contaminaticon
of eurface waters, the extent of contamination and its duration

being a function of conditicne in the aquatic environment and

10



Lhe nature of the pesticlde lnvolved.

2.2.2 UNINTENTIONAL APPLICATION

Water is also contaminated in the same way as soils
through pesticide drift during application and as atmospheric
fallout on rain and dust., Water may be contaminated through
scil erosion, industrial effluent, sewage and occasionally by

spill into or adjacent to water courses (McEwen and Stephenson,

1879).

2.2.3 PERSISTENCE QF PESTICIDES IN WATER

McEwen and Stephenson (1979} explained that the
persigstence of pesticides in water depends on a number of
factorg. These factors include nature of peaticide, that isg’
whether they are persmigtent in water or not. Summers {1980)
reported that Diquat is more easily degraded than parauat
since agqueous paraquat solutions are degraded only very slowly,
if at all, in sunlight. However it is evident that paraquat
and diquat are broken down by irradiation, with diquat being
mnore susceptible to degradatipn than paraquat.

Other factors include nature of water, PH, temperature,

aguatic life and amount of suspended organic and inorganic

materials. Since many pesticides degrade by hydrolysis, it
might be assumed that pH of natural water would play an
important role in their persistence., Laboratory studies on

fenitrothilon indicate it is quite stable under glightly acid to

11



slightly alkallne conditlons and ls stable for 44 days In Lap
water at pH 7.0. However, its persistence in natural waters is
only a few days (Sundaram, 1973). Paragquat tends to be more
stable in water of pH 10-12 (Summers, 1980). Paraquat usually
diggipates quickly from mnatural water systems. The
disappearance is largely due to their adsorption by sediments
and suspended materials and by absorption and uptake by aquatic
plantg and algae (Summers, 1980).
McEwen and Stephenson (1979) also explained that increase

in temperature increases the rate of chemical reaction and the
rate of volatization of pesticides. Thus, higher temperatures

tend to reduce persistence of volatile pesticides.

2.3 SELECTION OF THE TEST ORGANISM

It has been suggested thalt economically important local
fish species be used in toxicity assay (Doudroff et al., 1 1i).
Oreochromis niloticus of the family Cichlidae and genus
Oreochromig, is a fish of high commercial value and is very
common in Nigeria freshwaters. Eyo (1975) reported it to be of
high nutritive value. It is also reported to be hardy, being
able to acclimatise to stressful conditions. Reed (1967) in
his studies of fish and fisheries of Northern Nigeria gave the
report as contributed by John Burchard that where the Cichlids
occur, they are usually a dominant element in the aquatic
fauna. They also feature prominently in many fisheries. They

are used extensively for fish culture because of their great
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adaptablility, hlgh fecundlty and rapld growlh ralte. Burchard
(1967) reported that certain species of reochromig, in
particular, are important in fisheries planning in Nigeria and
in many other tropical regions where animal protein is at a
premium.

Cichlids are one of the very few groups which extend
parental care to the young for a considerable time after
hatching. They are reported to have brought this family life
to a degree of perfection not seen in other fishes. The
elaborate behaviour this involves has made them favourite
objects for the study of animal social life, and stocks of
c¢ichlid fish are gaid to be kept in behaviour laboratories in
many parts of the world (Reed and Burchard, 1967). Oreochromis
are basically vegetarian, Pelmatochromis are bottom grazers or
detritus feeders and Hemichromls are predatora., Qreochromis
niloticus can be recognised at a glance by the characler. 'ic
pattern of dark and light bands crossing the caudal fin. The
body is rather elongated and usually shows a number of rather
narrow bands on the back. 0. niloticus inhabits rivers and
lakes in Asia minor East Africa, and the Chad, Niger and
Senegal basinsg in West Africa, In Nigeria its mnatural
occurrence is limited, to River Niger and Lake Chad but it has
been transplanted to other parts of the country for pond
culture (Reed and Burchard, 1967). O. niloticus is one of the
largest Tilapia, reaching the considerable length of about

50cm. It is a typical mouthbrooder, in which the female takes
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gare of the egys and laler takes sovle charye of guarding and
rearing the fry. Purdom (1993) corroborated the findings of

Reed by reporting that Oreochromis are hardy, easy to breed and

show good growth rates. They are also attractive in market in-
termz of having good flavour and a good flesh texture. They
are impoftant as a source of protein in underdeveloped
countries particularly as they are mainly Omniverous with
digtinct leanings towards vegetarianism.

Madu (1984) also reported that it can be kept in captivity
and it grows to table size within a short period and with
minimum management. It has a high tolerance of poor water
gquality and sgpawns easily, It is resistant to many diseanen
and it can be handled easily. It has good consumer
acceptability. All thege factors make it an excellent fish in
aquaculture. Therefore on the basis of avallability,

commercial and ecological importance, Oreochromis niloticus has

been chosen for this study. '

2.4 PARAQUAT HAZARD TO MAN

Paraquat is normally immobilized almost immediately by
absorption unto the s0il particles, f£from which it is not
released and it is then broken down by bacterial decomposition
which is of advantage if carefully applied to its target
(Mellanby, 1880). However it has disadvantages and dangers
when wrongly used. First, it is very poigonous to man if

accidentally drunk in undiluted form, and haes caused death in
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wan whon aexposad through dermal route (Delarvrad, 146%), and
through oral route (Broad-hurat et al,, 1968). Its action is
particularly unpleasant, causing asphyxiation by damaging the
lungs which are choked by the proliferation of the epithelial
tissues. Eye irritation is'alao caused by exposure to low
volume (and therefore concentrated spray). Secondly, the
chemical is much less rapidly immobilized in wet vegetation,
when it is sprayed unto weedy stubble after rain, wild animals,
particularly hares which are more gusceptible than rabbit or

cattle have often been killed {(Mellanby, 1980).

2.4.1 EFFECTS OF HERBICIDES IN WATER AND ON DIFFERENT FISH
SPECIES

The use of the bipyridinium herbicides in aguatic weed
control, as well as the possible pollutiocn df rivers,
irrigation canals, ponds and reservoirs by herbicide run-off
from agriculture has prompted extensive investigations into the
toxicity of diquat and paraquat to fresh water fish and other
agquatic fauna. The toxicity of the herbicides to fish is
frequently expressed as the median tolerance limit (TLM) or
LC,,. These limits refer to the conceﬁtration of the herbicide
that produces 50% mortality after being in contact with the
fish for a specified period of time (Summers, 1980).

Herbicides are more toxie to fish in soft water than in
hardwater and the paraquat commercial formulation, Gramoxone,

containing wetting agents is more toxic than the formulation

without wetting agent, at least on specieg that had been
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oxanminad e.g. Dlua ygllls {(Lepowls macroghlrug) browa Liout

(8almo trutta), Roach (Rutilus rutilus), Minnows, etc.

(Summers, 1980).

Paraquat is very rapidly absorbed by the weedsa, reaching
concentrations in the plant tissue well above that in the
surrcunding water (Newman, 1566, Way. 1971), so that very low
concentration (from O0.lppm - 1.5ppm) in the water will give
effective control. Residue levels in water decline very
rapidly due to uptake by the weeds and adsorption to suspended
soil particles at mud bottom (Newman, 1971, Calderbank, 187.,.
The rate of disappearance of this herbicide from water is thus
rather variable and depends on movement of the water, density
of weeds presence of mud and suspended wmalt and sunlight.
Usually, residues decline to 0.0lppm or helow within 4-14 days
of treatment (Way, 1971, Newman, 1971, Calderbank, 1970,
Earnest, 1971).

Austin (1%63) and Calderbank (1970) also reported that.
there is a wide safety margin between the concentration of
paraquat which is toxic¢ te figh in 9%6-h immersion tests and
that which is needed for aquatic weed. control.

Paraquat, during laboratory tests indicated low toxicity
to fish (trout) but when field trials were carried out,
unforseen events occurred which are of considerable ecological
interest {(Water Pollution Research 1966, 1967; Summers, 1980).
A lake, 17,850m’ in area containing trout, roach and perch wasg

treated with paragquat at 0.5ppm. Within five days, the minimum
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dally oxygen conteunl of the water had fallen [rom aboul 110%
saturation to 4%. By that time, aquatic weeds had begun to
disintegrate and all captive trout were dead. Captive perch
still survived. The interpretation of these events was that
the lethal effect on trout was caused entirely by the indirect
effect of the herbicide destroying the plants and inhibiting
photosynthesis, respiration continued, and oxidation of the
organic matter produced by the disintegrating plant material
led to severe oxygen depletion (Summers, 1980).

Carter (1971) demonstrated that  paraquat is not
accumulated in fish kept in solution of this herbicide for
extended periods. Thua, Rainbow trout exposed to lppm paraquat
for 16 days had a whole body level of 0.5-0.6ppm of the
herbicide. The residues were confined to the skin, gills, gut
and other organs of the fish. No residue, however, could be
detected in the muscle tissues. On returning the fish to the
freshwater, the residues steadily disappeared. The work of
Carter (1971) corroborated those of Cope (1965) and Howe and
Wright (1965) who reported residues of bipyridinium herbicides
(Diquat and paraquat) in exposed fish.

In pools treated with 1-3ppm of diquat, residues in fish
reached peak levels 10 days after treatment and disappeared
after 6-12 weeks. The maximum residue found in adult blue-
gills was 0.5ppm from lppm treatment and 1.45ppm from the 3ppm
treatment (Summers, 1980)., These results, in which the

residues were determined by chemical assay, agree generally
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with the result umlng radlolabelled (C') dlgual reported by
Beasly et al. (1965, 1966). Radio-activity in most organs
increased with time, but no accumulation occurred above the
external concentration of the chemical.

Daniel and Gage (1966) reported that on oral
administration of the bipyridinium herbicides to rats, diguat,
and to a leagser extent, . paraquat, were gubstantially
metabolised but little metabolism of the herbicides occurred
after subcutaneous administration. Calderbank and Slade
(1976) , however, suggested that paraquat is less metabolized

after oral administration in contrast to the report by Daniel

and Gage (1566).

2.%.2 EFFECT OF DURATION OF EXPOSURE

Mohammed (1995) reported that the period for which the LC,,
is determined is usually of congiderable importance, values
normally being much lower after 96-hours, than after 24-hours.
The ratio between such values is however very variable for
different pesticides. Karz (1961), determining LC,, values for
periods of 24, 48, 72 and 96 hours in static test, using four
species of fish and thirteen insecticides in general, found
only relatively small increase in susceptibility from 24 to 96
hours, with Rainbow trout showing no change at all with DDT and
methoxychlor, and almost none with lindane. Pickering et al.
(1962) found that there was only a small decrease in the LC,,

value from 24 to 96 hours in assays for of a number of
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value [from 24 to 96 houre In assgaye for of a nuwber of
Organophosphorus insecticide formulations. TEPP (big-0,0-di-
ethylphosphoric anhydride}, which is easily hydrolysed, caused
no decreage. Metathion, parathion, Demeson and EPN only caused
a slight decrease. However Trichlorphon and metasytor caused
more significant decreases. Chlorinated insecticides, in
general are more stable than organophosphorus compounds and

show a greater difference in toxicity between 24-hour and 96-

hours tests.

2.4.3 EFFECT OF SIZE AND SPECIES OF TEST FISH

Larger fish will remove proportionately more of pesticides
than gmaller £figh (Mohammed, 1995). Mogt invegtigations
according to Mohammed (1995), suggest that susceptibility
decreases with increase in size. Pickering et al, (1962) found
that larger fish were less susceptible in gtatic bioassays, and
Mount (1962) reported 96-hour LC*" values of 0.27ug/L and
0.47ug/L endrine respectively, using 60mm long guppies and
blunt nose minnows. However, Cope (1969) reported in contrast
to earlier studies, that DDT showed no sgize dependence in
static bicaspay over the size range 0.5g to 40g. In
haematological studies in white fish, it was reported by
McKnight (1965), that differences were observed in the various
values of haemoglobin and hematocrits between small and large

fish, males and females and for fish taken in sBummer and

winter.



Lhat, the effectivencug of the continuoug [low syslLem employed
could account for a lower severity of damages done to some
organs like 1livers and kidneys of the exposed fish when

compared with reports of other workers in static bioassays.

2.4.5 EFFECT OF TEMPERATURE

The effect of temperature on the toxicity of a large
number of chemicales to fish is well documented. The toxicity
of a number of pesticides at different temperature was studied
by Macek et al. (1969) using bluegills and rsinbow trout, in
static tests.

Generally, toxicity increased with temperature but there
were some exceptions (Mohammed, 1995). With Methoxychlor, the
sugceptibility of both species of fish decreased with
increasing temperature. Bluegills were unaffected by
temperature in tests with lindane and azinphos methyl. After
96~hour tests, the effect of temperature was lesgs than in 24-
hour tests, except with trifluralin on rainbow trout. Cope
(1965) found that with bluegills the effect of temperature on
the toxicity of trifluralin was considerable, although less in
96-hour tests than in 24-hour test. At 7.2°C, the 24-hour and
96-hour LC,, values were 1.30 and 0.28mgl™* respectively but at
29.4°C the corresponding values were 0.010 and 0.0084mgl™’

Respiration and hence the absorption of pesticide wvia
gilleg, will be more rapid at higher temperatures, the oxygen

demand being greater but oxygen solubility less (Mohammed,
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1995} . Howover, as Macolt and hlse culloagﬁeu Indlcated, lon Lhe
ptatic tests, the pesticide available is limited, and after
96hours the effect of temperature could be expected to be less
than 24hours.

Toxicity has in some instances been found te increase with
decreasing temperature. Cope (1969} gave data for the 48 hour
LC,, of DDT for blue gills, showing that the wvalue at 45°F
(7.2°C) was 0.0024mg/L and at 85°F (29.4°C) war 0.064 mg/L. 1In
96 hours the values were 0.0016 and 0.0056mg/L respectively,.

Murad et al. (1990) in their studies on haematological

response of Carassium auratus I,. to increased temperature in a

long term asgay, discovered that increasing temperature was

asgociated with modest reduction in the haemoglobin and
haematocrit levels of control animals. Similar chénges have
been reported in a number of species (Houston, 1980} and may be
linked to Viscocity reduction and metabolic cost of cardiac
work. In treated animala, both variables increased. By day
50, analysis of wvariance, (ANOVA), revealed no significant
differences at the 0.01 level between the two groups.
Mohammed (19395) reported that .increased. metabolism in
O.niloticus and oxygen uptake resulted in lower dissolved
oxygen concentration and the acceumulation cf higher

concentrations of waste products, thus inereasing

sugceptibility.
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2.4.6 EPFFECT ON DBEHAVIOUR AND PHYSICAL CHANOLKS

Walsh and Ribelin (1975} in his report showed more of
appetite depression in fish exposed to pesticides such as
Carbaryl, malathion, endosulfan, dieldrin, 2,4-D etc. while
only DDT stimulated appetite in the fish. Other changes
include disturbkance of equilibrium, alteration cf posture,
increase in response to stimﬁli, increase and in some cases,
decreased activities, alteration of pigmentation and alteration

of water depth selection.

Following exposure of the indian cat fish (Heteropneusgtes

fossilis Bloch) to heptachlor in an acute toxicity test, the‘
fish were reported to show hyperactivity characterised by rapid
pectoral and opercular movements, erratic swimming or darting
and gradual loss of equilibrium, followed by =sluggishness and
death (Srivasta and Mishra, 1987). It was algo further
reportted by the authors that prior to death, the fish swam
laterally or lay at the bottom of the test container belly.up.
Mount (1962) attributed the behavior in blunt-nose minnows
poisoned with endrin to disorder of the central nervousz #ystema
commencing with rapid, jerky movement of the body and fins, an
increase in ventilation rate, and in gensitivity to external
stimuli. The fish then moved to the surface, swimming slowly

and sometimes backwards and c¢onvulgion followed which

eventually ended in death.
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2.4.7 HISTOPATIHIOLOGYCAL EFFECTD

Earnest (1971) cbserved no abnormalities in the eyes, skin
or musclea of green sunfish exposed to lppm Paragquat in water.
On histological examination, occasional necrotic spots were
obgerved in the liver and some abnormalities were noticed in
the Pancreas. Oloruntuyi et al. (1992) in his 96-h bioassays
observed extensive hyperplasia in the gill £filaments and
epithelial s8louching in Q. niloticus when exposed to paraquat.
Omoregie and Ufodike (1991) reported that damage done to gills
of O. niloticus exposed to actellic 25EC resulted in
respiratory impairment  of the fish. The gills were the most
damaged organ by the pesticide.

Studies on different pesticides in a 30day-sublethal tests
on different fish as reported by Walsh and Ribelin (1975) gave
abnormalities which include hepatoma of the liver, nuclear
hypertrophy and cytoplasmic vacuclization of the liver. Others
included hyperemia, peterchia or discoloured area, congestion
of the liver sinusoids and veins and periportal necrosis.
Thiyagarajah and Grizzle (1985) reported hepatic necrésis of
liver in the fish Rivulus Qgrmoralis exposed to
diethylnitrosamine for 6 weeks at gsublethal concantration.l
Chinabut et al. {1287) reported that fatty degeneration in the
liver was the histopathological change commonly observed in
Cyprinus carpieo exposed to sublethal c¢oncentrations of

dipterex,

Walsh and Ribelin (1975} reported precipitate in kidney
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tubules and vacuolization of distal tubules wheu loke Lroul aund
cohosalmon were exposed to several pesticides. Other effects
include degeneration of distal tubules and tubular epithelium,
disintegration of convoluted tubules, yellow pigment in tubules
and vacuolated cellsg in glomeruli. Thiyagarah and Grizzle
(1985) reported Oedema of kidney and gills.

Walsh and Ribelin (1975) reported vascular congestion in
blue gill trout brain exposed to phenoxy acetate herbicides.
In lake trout and Coho Salmon, when exposed to several
pesticides, cerebral hyperemia or haemorrhage of brain war
observed during necropsy and microscopic examination.
Vacuolation of optic tectum or lateral geniculate was also
observed during necropsy. Erosion of the premaxillary region
and haemorrhage of base of dorsal fin was also observed on the
skin during necropsy (Walsh and Ribelin, 1975).

2.4.8 EFFECT ON HAEMATOLOGY

Mclay and Vars (1931) first demonstrated that alteration
in blood and damage to haemopoietic tissue in fish can be
associated with pathological conditions related to water-borne
pollutant. Halsband and Halsband (1963), while studying the
threshold effects of various contaminante, noted that the blood
was affected prior to any other visible changes in fish.

Haematocrit measurements reported by Allison et al. (1964)
showed no difference between exposed and control cut throat
trout and Gilderhus (1966) found the same with the exposure of

blue gills to sodium arsenite. Other workers, however, have
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noted a significant reduction 'n haematocrlt values. Audrews
et al. (1966) observed an increage in haematocrit wvalues of
blue gills exposed to 0.05mg/L of heptachlor for four hours,
but they returned to normal after 28 days. Mount and Putnicki
(1966), invesgtigating a fish-kill due to endrin, found tissue
abnormalities in the fish kidneys, where large vacuolated cells
were seen in glomeruli while haematocrit wvalues were 50% of

normal. Eisler (1967) also found that both methoxychlor and

methyl parathion produced this effect on Northern puffers.
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CHAPTER THREL

3.0 MATERIALS AND METHODS

The method employed in ths study is based on the
recommendation for teast of acute toxicity of pollutents to fish
degcribed by Sprague (1973) ASTM (1977), standard methods for

examination of water and waste (APHA, 1985).

3.1 SELECTION OF TEST ORGANISM
It has been recommended (Doudoroff et al., 1951) that
economically important local fish species be used in toxicity

agssays. Orecochromis niloticus of the family Cichlidae and genus ,

Oreochromis are fishes of high commercial and nutritive value.

They are very common in Nigerian freshwaters. The Nigerian
government has of recent focused her attention on the protein
needs of the increasing population by encouraging both small

and large scale fish farmers Oreochromis niloticus is one of

the most common fishes which can be kept in captivity and grow
to table size within a short time and with minimum management

and as such could occupy a prominent position in this effort.

3.1.1 COLLECTION AND MAINTENANCE OF THE FISH

Fingerlings of O. niloticus of weight range of 6.97-772g
and mean weight of 7.35+0.53g were obtained from the Ahmadu
Bello Univergity dam, The fish were transported to the

laboratory in an ice-box containing sufficient water from the



dam which ip tho natural habltat of Lhe [lch. In the
laboratory, the dam water was gradually replaced with
dechlorinated tap water over a period of 24hours during which
the aquarium tanks were aerated. After twenty-four hours, the
water was then changed to pure dechlorinated laboratory tap
water. The fingerlings were acclimated at temperature range of
21.5°C - 24°C for two weeks prior to the commencement of the
assay. The laboratory was lit by flourescent lamps but the
natural daylight photoperiod of 12/12 was maintained.

The fish were fed daily during acclimatization on a feed
formulated based on the the recommendation of the Kainji Lake
Research Institute (Sado, 1986). Feeding stopped 24 hours
prior to the commencement of the acute toxicity assay andl

during the assay. They were fed twice daily during the long

term assay.

3.1.2 PREPARATION OF FORMULATED DIET

The artificial diet used for this study consisted of a
mixture of groundnut cake, corn meal, fish meal and vitamin
premix in the proportious shown in Table 2. Ingredients made
up of 7kg, 1.5kg and 1.5kg of corn, fish meal and groundnut
cake respectively were ground finely and mixed together with 2
litres of water into a thick paste. Cooked starch was added as
a binder and all ingredients were cooked at low heat for 20
minutes for effective mixing. The paste was then spread into

trays, allowed to set and cut into small cubes of uniform size.
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Tho cubop were then sun-dyled. The dry cubes were pubt in a
water-proof container and kept in a dry cool place. The
proximate composition of the feed is shown in Table 2.

The fish were fed to satiation once dally during the

period of acclimation.

3.1.3 EXPOSURE OF FISH TO PARAQUAT

During the assay, eight, 30.5c¢m x 30.5cm x 92.5cm of glass
aquaria were ugsed and repicated subsequently. “The figh ware
exposed to 7 concentrations of the toxicant and the control.
Bach of the concentrations was replicated. Water wag renewed
partially thrice a week using dechlorinated tap water.
Dechlorination of tap water was by allowing water to stand for
a week with accagional agitation. Water wag aerated during
holding and acclimation but no aeration was carried out during
the assay. Renewal of water was by siphoning three quartersg of
the fish water and the feacal materials using a rubber hose.
The remaining fish water was then topped with fresh
dechlorinated water during acclimation, |

Change of test water in sublethal test was achieved by
freshly preparing fresh test water in duplicate tanks and when
the water in test - tanks had drained to a level barely covered
the fish, the newly prepared test water (which had stood for at
least 30 minutes after the intreduction of paraguat for
complete and even mixing through diffusion) was introduced

into the appropriate test aguaria.
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The tomperaLura, DI, dissolvod oxygen, harduvse and
conductivity were determined daily during the 896-h acute
toxicity assay and once a week during the sub-lethal test,
Standard Methods (APHA 198%) were used. The physico-chemical

composition of the water is presented in Table 3.

TABLE 1: PERCENTAGE COMPOSITION BY WEIGHT OF THE FORMULATED
DIET FED TO O. niloticus EXPOSED TO FPARAQUAT

CONSTITUENTS CONCENTRATION %
Corn : 69%
Fish Meal . 15%
Groundnut Cake 15%
Vitamin Premix ’ 1%
TOTAL 100%

R B My M M W km TR sk e o B o dm o o M e W o S S e mm PR e e o s = e mm Em TE M om mr MR MR R mr omr W e o MO o e am o

VYitamin Premix

Vitamin A {(retinol) 8000 I.U
" E (51-tocophnol acetate) m 60 I.U
" D, (calciferol) 1000 T.U
" K (Menadione)
Thiamine hydrochloride (By) 4mg
Riboflavin (B,) 8mg
Panto themic acid ' 12mg
Nictinic acid {niacin) - 50mg
Folic acid (Folacin) 10mg
Pyridoxine hydrochloride (B,) emg
choline chlrxide : 200mg
Cobalamin (B,,) ' 12mg

WO wm e R M AN e S T MR Ae e MR R e e ol b e e e e e e m A M R MR e e e e e wm B A e e MR ek e e et e e e e e e = e W

--1l vitamin premix was prepared by lebsure, RHM, Agriculture

(South Ltd; Poolo, Dorset, BH 15 11llL (Registered office)
England.
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I.U = InternaLional unlta,

TABLE 2 PROXIMATE COMPOSITION AND MINERAL CONCENTRATION

OF THE DIET FED TO O. niloticus EXPOSED TO PARAQUAT IN WATER

o e e am e e mm em em mm m m mR mm  m me e e e e e e S e e e e e e e R e e R S e s e s e e e e R e e e e e e

COMPONENTS RANGE PERCENTAGE OF DRY WEIGTH
Protein 25.58-2616 25.87+40.47

LIPID 28.8 -28.9 28.85+0.11
Carbohydrate 38.91-40.20 39.56+0.91
Potassium 0.67-0.69 0.68+0.04
Sodium 0.21-0.23 0.22+40.011

e o e o e e e e e e e R e e e e e e e e e e e e e e e e e R e R e e e e e e e e R e e e R e e e e e e e e e e

TABLE 3: PHYSICO - CHEMICAL PARAMETERS

RANGE , MEAN
Temperature (°C) 21.9-24 22.T3077
Dissolved Oxygen (mgl™') 5.2-6.1 5.7£0.72
CoductivityUm/tos 3.5-5.5X10° 4.5+0.14
Hardness (mgl™?) 20-35 28.040,83
Alkalinity (mgl™®) 14-15 15.04+0.07
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J.2 .SELECTION OF PARAQUAT CONCENIRATIONS

The literature on both acute and sub-lethal toxicity of
paraquat to tropical fish gpecies are limited, therefore a
series of exploratory teste (Pilot assays) were carried out to
determine the range of concentrations tco be used in the
definitive tesgts. The concentrations of pesticide used to
determine LC,, were 9.60mgl™, 1¢.40mgl™!, 11.20mgl™*, 12.00mgl?,
14.20mgl™*, 15.20mgl™* and 16.00mgl™*. Apha (1980) recommended
a wide range of concentrations, usually in a logarithmic ratio
guch as 0.01, 0.10, 1.00, 10.00 and 100%. However Stephan
{1877) explained that in many toxicity tests with aquatic
organiesms, the measures, and sometimes, the intended toxicant
concentrations do not fall exactly in a geometric series or any
other series either by design or accident as expefienced in

this bioassay. v

3,3 EXPERIMENTAL DESIGN '
3.3.1 Acute Toxicity Assay:- In this test, the LC,, or the
concentration of the toxicant that would kill 50% ﬁf the.
populations, is the accepted meagure of the toxielty to the
test organism. Ninety-egix hours (96h) ia the exposure
duration. The acute toxicity most often used is the 96-h
median lethal ceoncentration or 96-h LC,, (Mayer and Hamelink,
1977; Mchammed, 1995).

The static method of bicassay was used to determine the

acute toxicity of paraguat on O. niloticus. Eight-glass aguaria
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tanks of alzo 30.05 x 30.% x 92.5¢m, eachh contalolny o diflevent
concentration of paragquat and a control tank were used.
Appropriate wvolumea of the stock solution were taken and
digcharged into 50L of dechlorinated water in each tesgt tank to
give the following concentrations, 9.60mgl™', 10.40mgl™?,
11.20mgl?, 12.00mgl™®, 14.20mgl™', 15.20mgl™', 16.00mgl™' and
the last tank without the toxicant representing the contreol.
The mixture was allowed to stand for 30 minutes before

intreoducing test organisms.

3.3.2 RANDOMIZATION

Finney (1964} suggested a formal randomization procedure
and cited proven examples cof c¢orrelation between weight of
experimental animals {mice) and the order in which they were
caught. With fish, it is difficult not to see why Lthe weakest
swimmer in a heolding tank might be caught first, If each
guccesgsive group of 10 fish captured were placed in test tanks
in order of concentrationsg, it might introduce a systematic
error in the result. To avoid this, randomization of the fish
was carried out as suggested by sprague (1969). The randomnecs
was by distributing the first ten fish from the holding tanks
into one of each of the test tanks in random order according to
the occurrence of numerals one to ten (1-10) in a prepared
table of random numbers to =2ach tank as before. This was
continued wuntil all the fish were distributed, To guard

against any effect of positions, the test concentrations were
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randomly asslgued Lo tho Lauks.

3.3.3 OCBSERVATIONS AND TREATMENT CF DATA

Cbservations:- Observation of mortality were carried out
at intervals of 15, 50, 60minutes, 2, 4, 8, 12, 24, 48, 72, and
96 hours, However records were only kept for 12, 24, 48, 72
and 96hours. During each observation time, figh were prodded
gently te see if there wasg any regponse and in addition, the
cessation of opercular movement also was used as index of death
of fish. Fish that did not respond were presumed dead. The
dead fish were removed and number recorded. The gills and
livers of moribund figh were removed and put in 10% neutral

buffered formalin immediately for histopathological examination

later,

TREATMENT OF DATA

The percentage mortality in éach concentration Iwas
determined. The 96-h median lethal concentration (LC,,) was
calculated using probit analyais (Steele, 1983, Dick and Dixon,
1985).

In the determination of LC,,, the ﬁercantage mortality to
probit scale using the probit table (Finney, 1964; Wardlaw,
1989}, and the concentrations were transformed into logarithm
{log,,}) . The transformed values of mortality (probit} were then
plotted against the log,, of concentrations. A straight - line

through the pointas was fixed by regregsion analysis as
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indicated in the appondix. VFrom Lhe ptralght line royrousolon
curve, the value of X and Y at 50% was read off. This gave the
concentration that was lethal to 50% of the fish. i.e LC,;, for
that exposure period. The graph of probit mortality against
log-concentrations of challenge suspension is given in Fig 1.
It should be noted that probit values for 0% or 100% mortality
could not be plotted, since such proportions are indeterminate
on the probit scale. However, it was indicated that points
were above or below the line as shown with arrowed points (Fig

1) . This method agrees with the finding of Wardlaw (1985).

CONFIDENCE LIMIT OF LC,,

Having obtained an estimated value of LC,, from Fig 1;
estimates of the 95% confidence limits were obtained. For
this, standard error (8.E) of log, LC,, (8 log,, LC,,) was needed
and estimated approximately by the formula

S log,, LC,, 1

The detailed calculation is presented in Table 7. The 95%
confidence limits is established by the equation.

log,, (95%CL) = log,, LC,, + 1.96 (8 log,, LC,,)
(Wardlaw, 1985). The measure of dispersion of the population

was by estimate of standard error of the mean of all readings.



3.4 UIAEMATOLOGY

Determinations for haemoglobin (Hb)}, haematocrit (lict),
mean corpuscular haemoglobin concentration. (MCHC) and
leucocyte differential counts were carried out on 3 of the
surviving fish in each test solution of 9,60mgl™*, 11.20mgl’,
12.00mgl™"' and 14.20 mgl' and control but none could be carried
out on fish in solution of concentration 16.00mgl™' because they
had all died by the end of the 96-hour. Histogram was plotted
to compare the effect the different concentrations of paraquat
had on the blood of test organism. Statistical analysis was
carried out to check the sgignificance of the differences.
Ventilation rates and tail fin movement rates were graphically

repregented using histograms.

3.5 LONG - TERM SUBLETHAL BIO-ASSAY EXPOSURE

In each case a fraction of the 96-h LC,, was used Lo
determine sublethal concentration ranée as recommended by
Amminikiuthy and Rege (1977), Oladimeiji and Ologunmeta (1987)
and Mohammed (1995).

In the test with O, niloticus, 1/6, 1/9 and 1/12 of the
96h LC,, (12.25mgl’) were used. These gave nominal
concentrations of 2.04mgl™’, 1.36mgl™” and 1.02mgl’ of paraquat.

The values were rounded up to 2mgl?', 1l.4mgl’' and 1.02mgl’’

respectively.

Eight, 30.5 x 30.5 x 92.5cm aquaria tanks were utilised in

each set of the assay. Four tanks were ﬁsed for test, while
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tho romalning four woro dupllcates. The clinnglng  wag
described for the acute toxicity assay.

Appropriate Volumes of stock solution were discharged into
50litres of dechlorinated water in each of the test tanks
except the control which contained only the dilution water.

The tanks were randomly arranged on the working table and
left for 30 minutes to allow toxicant t¢ be uniformly
distributed in the water. TFish of weight range of 6.77-7.72g
and mean weight of 7.3540.53g were used. The fish were

randomly assigned to give a leoading of 16 (sixteen fish per

test tank). They were fed to satiation once daily on
compounded pelletised fish food. The feed was crushed into
smaller wunits before being fed to the fish, Natural

photoperiod of 12h l1ight and 12h darkness that prevailed during
the period of the assay was used since Lhe room was well lit
with sunlight rays streaming into the laboratory.

Opercular ventilation rate and tail fin movement rata.per
min were observed on four fish per tank marked by the little
cut on tail fin once forthnightly. |

3.6 GROWTH STUDY

Four tanks with the appropriate toxicant concentrations
were set up separately inclﬁding the control. Ten fish of
weight range 3.84 - 7.64g and mean weight of 5.74+2.69g were
agsigned to each tank randomly. Fish were fed toc Batiation
once daily. Subsequent weighing was done once in two weeks for

a periocd of 8 weeks. Congtant monitoring of water parameteras.
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and changing of test solutlons Lwlce weoklywere carried out
through-out the test period. Photoperiod of 12h day and 12h
night was maintained. Weight gain and percentage cumulative

weight gain were worked out at the end of the test.

3.7 HAEMATOLOGY

The fish were exposed to various concentrations of
paraquat for 10 weeks. Four fish were removed forthnightly
from the sixteen in each test tank, stunned for immobilization
instead of anaesthesgizing them (Korcock et al. 1988). It was
explained that when specimen recovery is not a consideration,
the posgibility of anaesthetics - induced errore can be avoided
by stunning animals before sampling for blood {Korcock et al.,
1988) . Stunning was effected by a sharp blow at the juncture
of Cranium and Spine with a metal wedge which caused
irreparable central nervous system damage and immediate

paralysis (Korcock et al., 1988).

3.7.1 BLOOD SAMPLING TECHNIQUE

Blaxhall (1972) proposed a method which was adopted in
this study. The stunned fish was placed on its side on paper
towel, dried with the clean towel and blood was withdrawn by
Cardiac puncture using a 2ml sterile plastic syringe and
needle. The use of plastic asyringes is a necessary precaution
with fish blood because contact with glass results in shortened

coagulation times (Smith et al., 1%52). "'The gite chosen for
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tha puncture was about Lall and inch boblnd the apex ol the "V*
formed by the gill covers and Isthmus (Klontz and Smith, 1268}.
The blood drawn into the syringe was decanted into a wvial
containing 100g/L EDTA ({Potagsium salt of ethylene diamine
tetra~acetic acid). Five milligram of EDTA per cm' blood was
used {(Owolabi, 1995). Hesger (1960) Cautioned that excessive
pressure should be avoided when expressing blood threough the
neaedle to prevent lysis of the cells. Wintrobe {1962} reported
on the use of various anticoagulanta and recommended EDTA for
human haematology. He opined that heparin had been used
gatisfactorily as an anti-coagulant by many investigators but
it did not prevent clotting as completaly ag EDTA when mixed
with mountain white fish blood. The rate of coagulation of the
fish blood was so £fast that a little of the EDTA had to be

introduced inte the ayringe and needle.

3.7.2 PREPARATION AND FIXATION OF BLOOD FILM

Smears of the blood sample obtained by cardiac puncture
were prepared. The smear was allowed to air dry. It was then
immersed in absolute methanol i.e 5g/25L of methanol (Owolabi,
19595} feor at least 5 minutes. It war air - dried again
(Klontz, 1972). It was stained with Giemsa stain with 1% PH
6.4 phosphate buffer. Leucoc¢yte differential count was then

taken from the slide. The micro-photographse of the blood cell

of the fish were taken.
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3.7.3 HEMATOCRIT (HCT)

To determine the haematocrit, blood samples were collected
in heparinized Capillary tubes, the end of the tubes were
sealed with plasticine and the tubes spun for 7 minutes in a
mig¢ro - haematocorit centrifuge at a gpeed of 12,500ppm. The
hematocrit were measured with a microcapillary reader.

3.7.4 HAEMOGLOBIN (Hb)

The cyanomethemoglobin technigque was wused (Wintrcobe,
1962} . After thorughly mixing the blood, 0.02¢m’ of blood was
placed into 4cm’ of Drabkin’s reagent, The spolution wag gently
mixed by inversicon and allowed to gtand for at leaat 1lU0min for
full conversion of haemoglecbin to cyanomethaemcglobin. The
gmall coagulum formed was removed with a wooden stick.
Transmittance was read on a EEL spectrophotometer at a
wavelength of 540mm and this reading was converted to
haemoglobin Concentration in grams per 100cm’ by referencé to
a graph constructed using comnmercially available
cyanomethaemogleobin standards. |
3.7.5 LEUCOCYTE DIFFERENTIAL COQUNT

Differential Count refers to the difference in the
appearance of the blood cells (Hessler, 1960). the count was
read on the slide with the Aid of microscope and a counter,
Blood chart for fish was prepared and used for identification
of the different cell types. For the chart, aid was obtained

from works done by Klontz (1572) Blaxhall and Daisely (13573 and

"y
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Murad ot al,., (1990).
3.8 HISTOPATHOLOGY

Gills, livers and brains of fish exposed to 1.02mgl™?,
1.4mgl™* and 2.0mgl ' of paraquat for 10 weeks were fixed in 10%
neutral buffered formalin for Z4hours (Thompson and Hunt, 1966;
Alan et al., 1983). They were then washed, dehydrated,
infilterated and blocked in paraffin wax of 59-60°C melting
peint. All sections of By in thickness were cut and stained

with haematoxylin and eosin (H&E). These processes followed

standard procedures.

3.9 STATISTICAL ANALYSIS
All data for paraquat treated fish were compared with the

control using analysis of variance test (ANOVA) and Duncan

Multiple Range Test {(DMRT) at 95% probability level.
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CHAPTER FOUR

4.0 RESULTS

4.1l ACUTE TOXICITY TEST

The percentage mortality trend in the toxicity of paraquat
to Qreochromis niloticus (Trewavas) followed a lineaxr pattern
ag as shown in Fig. 1 with the highest percent mortality
recorded in concentration 16.00mgL-1. Ne mortality was
recorded in any of the controis {(Table 4).

Symptoms of toxicosis indicated that paraquat caused sub-
acute effects that change fish behaviour. Such observed
behaviour included air gulping, agitated Awimming,
haemorrhaging of the pectoral £fins, blood-shot eyes and
irreqular and erratic movement. Digorientation in movement was
also observed generally before the death of fish. 'The fish
were also observed to be motionless at the bottom of the tanks
for 10-15 minutes immediately they were introduced into the
tanks, before making any attempt at swimming. Longer time of
guiescence was observed in fish exposed to  higher
concentrations of paraquat.

Qther behavioural c¢hangea observed included 1loss of
equilibrium and wvertical swimming.The reactions were more
pronounced in fish tanks of higher toxicant concentrations.
There was an increase in the activitiesa of mucus cells which

resulted in the production cof copicus amount of mucus cover the

body.

42



PROBIT MORTALITY

w..M b=z-25 =725
) -C2
21 Y = X
G6h_LC 50 = 1.088=antilog 12,246mgl™!

ﬁ‘ 1 m‘ |w| L & b & _" n T "
. 137 175

' 1 [] 1
0 1.01 1.03 1.05 .07 1.08 1.11 113 115

LOG OF CONCENTRATION  [Mgl-']

Figd LINEAR RELATIONSHIP BETWEEN PROBIT MORTALITY (%] AND LOG,, CONCENTRATION (mgl+) OF
o.TiLotius EXPOSED TO VARIOUS ACUTE CONCENTRATIONS OF PARAQUAT
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TABLE 4: MORTALITY IN O. niloticus FINGERLINGS EXPOSED TO ACUTE CONCENTRATIONS OF

PARAQUAT FOR 96-HOURS

Conc

(mgl-1) 0.00 9.60 10.40 11.20 12.00 14.20 15.2 16.00.
sesiva &€ . . T B T
exposure R1.R2 R1l. R2 Rl. R2 R1l. R2 R1.R2 R1.R2 R1.R2 R1. R2
12 momRE - - - == = T TR
24 " - - - - 1 1 2 3 1 % 1 - - 2 2 2 2
36 " - s - - 1 1 - - - - 1 1 - - 2 2
48 - - - - - - - - - - 2 1 1 3 & 4
60 " € = - = - @ A - - - i 2 3 3 - .
72 " - - “ = - - = - - 2 2 2 2 2 @ =
96 " - - 1 1 - - 1  } 3 3 1 1 1 1 - =
Morta- 0/10 g/16 1/10 1/10 2/10  2/.0 3/ 3/10 6/10 6/10 7730  7/10 s/10 £/10 10/10 10/10
lity

‘th
159



TABLE 51 MOR'TALITY RATES , PERCENT MORTALITY AND PROILY
KILL IN O. niloticus EXPOSED 'TO ACUTE
CONCENTRATION OF PARAQUAT

e S RS e e e e e e e W M E Em e e e e e e A R ER M e s e e e B N MW M e M N e MM e R e R R e S e e e e e e e e e e

Conc Log.,, of Mean Mortality Mean% Mortality %probit
mgL™* conc (mgl™t) Rate in
Duplicate

0.00 0.00 0/10 0% I
9.60 0.98 1/10 10% 3.72
10.40 1.02 2/10 20% 4.16
11.20 .05 3/10 30% 4.48
12.00 1.08 6/10 60% 5.25
14.20 118 7/10 70% 5.52
15.20 1.18 9/10 90% 6.28
16.00 1.20 10/10 100% -

e e e e e e e s e e e e e e e S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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TABLE 6: PARAQUAT CONCENTRATION DATA SET OUT FOR CONVENIENCLE

OF CALCULATING OBSERVED AND EXPECTED PRCBITS AND
THEIR WEIGHTING

e e e e e S e e e e e e e e A e e e e e R e e e e e e e e e e e s R R e e e e R e e e e e e e e e e e

CONC Mortality Mortality Probit of expected Weight (W)
Mgl Ratio Percent (%) Observed Probit Associated
mortality with expected
Probit(b)
0 0/10 0 - 3T H 0.353
9.60 1/10 10 372 3.90 0.405
10.40 2/10 20 4.16 4.20 0.503
11.20 3/10 30 4.48 4.55 0.681
12.00 6/10 60 5.258 4.90 0.634
14.20 7/10 70 552 5.80 0.471
15.00 9/10 90 6.28 6.15 0.410
16.00 10/10 100 - B35 0.31%
EW3.776
W 0.472
L 8
Wardlaw, A.C. (1989). Practical Statistics for Experimental

Biologists. A. Wiley-Interscience Publication 290pp.
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TADLE 71 95% CONFIDNECE LIMIT ANALYOSIO

1
Slog ,, LC,, = E(;;;
b = The slope of the log - dose/probit response line
P = The number of dilutions in the titration inluding the two
points (for control and 100% mortality) which are not in each
group

n

The number of animals in each group

W = The average weight of the cobservations
b= 12.5

p =28

10

e
n

W= 0.472.

S logl0 LC50 = 1

12.§J8x10x0.472

12.;J37.76

= 1

12:.5 = 6.145

B 1
76.811

= 0.013

log 10 (95%n CL) = log,, LC,, + 1.96 (0.013)

I

log,, LC,; + 0.0265
Antilog of both

12.245 + 1.06
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The LC,, and its 95% confldence limites described Lhe
distribution of the susceptibility of the individual test
organisms Alpha (1980) in standard method, explained that it is
recommended that the 95% confidence interval be less than +
30%. The result of the 95% confidence limit of this study
agrees with that recommendation.

The 96-h lethal concentration of paraquat and the 95%
confidence limit for the fingerlings of 0. niloticus were 12.25
+ 1.06 (Table 7 and Fig. 1).

The results show that concentrations below 9.60mgl™' were
not lethal to the fish. Increase in concentration to 10.40mgl’
resulted in 20% mortality. The highest percentage mortality

(100%) was recorded at a concentration of 16.00mgl’' at 48

hours.

4.2 OPERCULAR MOVEMENT DURING THE 96 -HOUR ACUTE TOXICITY TEST

It was observed that the higher 'the concentration, the
lower the opercular movement during the first 48h while the
fish in the control showed a high and relatively constant
ventilation rate was maintained throughout the test periods.
At 72h and 96h an increase in opercular movement was observed
in all the test solutions showing hyper ventilation (Fig. 3b).
Statistical analysis showed a significant difference (P<0.05)
for the 4 days of exposure,. Also a highly significant
difference was observed in the effect of concentrations on the

opercular movement for the 96-hour periods (P<0.01)
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show a decrease 1n content wlith increape concenlration.
However at 12.00mgl-1, there is a sharp increase in the MCHC
value. Lymphocyte (%) decreases slightly with increase in the
concentration of the toxicant solution while neutrophils (%)
shows no appreciable difference in value. Statistical analysis
shows no significant difference (P>0.05) (Appendices 10 and

11). (The data presented in table B8 has been used to plot Fig.
3a).

4.3 HISTOPATHOLOGY

The gills of the remaining £ish at 96h show some
histological damages as seen in plate VII-IX. With increasing
toxicant concentration from 11.20mgl™*, 12.00mgl™ to 14.20mgl"*
there is an increase in the disruption of the architecture of
the gills. There is congestion of lamellae and total
destruction of tha filaments at concentration 14,20mgl™*. Tharq‘

is a mild hyperplasia at 11.20mgl' of paraquat concentration

but atrophy is observed only at 12.00 and 14.20mgl™?




show a decreape I1n content wlth inorocape concentration.
However at 12.00mgl-1, there is a sharp increaase in the MCHC
value. Lymphocyte (%) decreases slightly with increase in the
concentration of the toxicant solution while neutrophils (%)
shows no appreciable difference in value. Statistical analysis
shows no significant difference (P»>0.05) (Appendices 10 and

11}. {The data presented in table 8 has been used to plot Fig.
3a}).

4.3 HISTOPATHOLOGY

The gills of the remaining fish at 96h show some
histological damages as seen in plate VII-IX. With increasing
toxicant concentration from 11.20mgl™", 12.00mgl™' to 14.20mgl™*’
there i8 an increase in the disruption of the architecture of
the gills. There is8 congestion of lamellae and total
destruotion of the filawments at concentration 14.20mgl™*. There‘
is a mild hyperplaegia at 11.20mgl"' of paraguat concentration

but atrophy is cbserved only at 12.00 and 14.20mgl™?
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TABLLE 8: Mean haemoglobin (g/100ml blood) haematocrit (ICV)
and mean corpuscular haemoglobin concentration (MCHC)
of 0. niloticug exposed to paraquat for 96h (4 days)

at 24°C Means 3S.E. = of 3 fish are presented.

ot WA B o = b B o rm = B mr v— M e me we e ke gk o B BN e e o s BN wm wr e B Am mm o PR R em Al Mm EE Te M SN MR R e B R e mu am Ee v = o W v = e

Conec g/100ml - % % %
(mgl ') Haemog- Haemato- MCHC _ L N M
globin crit
(HB) (HCT}
0 2.95£.35 11.54£2.12 25.831.69 92128 842.83 -

5.60 4.411.13 18.53+2.12 23.613.39 90+11 81+2.83 340

12.00 3.410.28 4.5:6.36 35.830.28 9040 1040 -

14.20 Denatured & =~ - - - -
Coagulated '

e ki e e e a TR M e e B M M e e e e e ok e e i ER P e e e B BT M e HE W e G am am e e e m o me = M am W v SR o o A e e we o e om o

Baseline values determined before fish were alloted to the exposure
groups were 5.,5530.35, 17.530.71, 31.7040.74, 8235.66, 1415.65, forl
haemoglobin (Hb) haematoorit (Het, MCHC, Lymphocyte (L) ¢ and

Neutrophil (N) respectively. Means i S.E of 3 samples ®

52




90.

]
)
o o
i t

=]
(= =
L

A
<>
¥

%
T

BLOOD PeRAMETERS (%)
on
[

Ay
2

. e

-

—
<
i

il HAEMATOCRIT %
MCHC %

A HAEMOGLOBIN %
LYMPHOCYTES %
NN NEUTROPHILS' %

=N

P ]

LTEN %@ S N

CONTROL
ity

Fig-ga

9.6mgi-! VL L mgi-t
CONCENTRATIONS { mgl-1)

BLOOD FPARAMETERS OF @ niloticus £XP
FOR 96 hr

OSED 7O FARAQUAT

-F




TABLE 9: Opercular movement of 0. niloticus exposed to different
paraquat concentrations for 96 hours Means + S.E. of 4 fish

samples are presented.

Duration (days)

Conc 0 1 2 3 4
mgl?

0 75+4 75+4 95+4 9341 11343
9.60 511 7849 9344 87415 12041
10.40 7646 6447 9547 3444 62416
11.20 66+4 - 2845 1942 2849 7846
12.00 67+18 2946 2447 80+13 8646
14.20 45410 4043 T74+10 8942 62+11
15.20 4642 4442 3245 73114 -
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OPERCULAR VENTILATION RATE (NQ/min}
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TABLE 10: TAIL FIN RATE (rate per minute) of 0. nlloticu
exposed to various acute concentrations of paraquat i

96-hour test. Mean + S.E of 4 fish are presented.

- ey e e e e e e e R R e e e e A e e M s e A A R s A W e m mm mm R R R e e e e G e e e e e R T e e e e e e e e

Conc PERIODS IN HOURS

(mgl™?) 0 24 48 72 96

0 3345 940 36 10+7 27411
9.60 69412 3745 2845 5442 26+6
11.20 62115 2314 1613 211 4+5
12.00 9+8 643 2149 12+4 22+4
14.20 T+l 8+4 T+2 1+1 B+2
15.29 613 2711 1+0 610 -

4.4 SUB-LETHAL TOXICITY

EFFECT OF PARAQUAT ON GROWTH

[l

The initial mean wet weight of the test fish were 7.64+1.3
for the control and 6.3340.9, 6.88+0.9, and 3.2+40.7 for the
fish exposed to 1.02, 1,40 and 2.0mgl? of paraquat in water
respectively. Growth was estimated from the sum of the
individual wet weights of the fish at 2,4, 6 and 8 weeks of
exposure to the toxicant and expressed as percent cumulative
wet weight gain.

The results show that the cumulative percent wet weight
gain in the control group increased from 10.34% at 1 week to
36.13% at 8 weeks (Fig. 5). The growth of fish that were
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TAIL FIN RATES (NO PER MINUTE)

CONTROL
mo._ 9.6 mgl-
11.2 mgl-!
o 5 12:0 mg-t
20 4 14. 2 mgi~!
15.2 mg#!
€0 _
50 =
—
30 - =
20 - = B
& = =B
10 - Y ‘\m _ﬁm_‘.
L8—h 96-h

| . EXPOSURE  PERIOD
Figh.TAIL- FIN RATEsOF Q.MILOTIUS EXPOSED TOVARIOUS ACUTE CONCENTRATIONS

OF PARAQUAT
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axpogsed to 1.02, 1.04 and 2.00mgl-1l inoreased from 3%, 0.44%
and 1.55% at 1 week to 30.Bl%, 95.59% and 15.81% at Bweeks
respectively. A statistically significant difference in growth

rate of the treated and control was cbeserved (P<(.05).

TABLE 11 Mean weight (g) of 0. niloticus exposed to varicus
paragquat concentrations in Sub-lethal toxigity test

for a period of 8 weeks. Means+ S.E 10 fish are

presented,
Exposure Levels : ’ : EXPOSURE PERIODS
(mgl ) x o WEEKS
) 2 4 6 ; B
)
0 7.6441.3 8.43+2.9 9.48+1.0 10.0141.0 10.404+3.2

1.62 6.33+0.9 6.52+0.9 7.34%1.0 8.1Gx1.0 8.28+0.9
1.40 6§.88+0.9 6.85+0.9 7.15+0.9 7.33£1.0 7.54+1.0

2.0 3.23+0.7 3.2810.7 4.24+0.8 3.70£0.7 3.87%0.7
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TABLE 12: Weight gain and % Cumulative welght
gain in O. niloticus during sub-lethal
exposure to paraquat concentrations

for a period of B weeks.

s e e e e e N R mm e e Em e W e e S RN S e e me e R em R M R S e e S e AN S N e e N M B R e e

Exposure Levels DURATION (WEEKS)

(mgl %)

""""""""""" 2 4 s 8
0.79 1.84 a+37 2.76

1.00 10.34% 24.04% 31.02% 36.13%
0.19 1.01 1:77 1.98

1.02 3.0% 15.96% 27.96% 30.81%
0.03 Q.27 0.45 0.66

1.40 0.44% 3.92% 6.54% 9.59%
0.05 1,01 0.47 0.64

2.00 1.54% 31.27% 14.55% 19.81%

e W s W O M s G N e R e R W W e R e e E R SR S e e e G R e R e R e e e e R e e e e

4.5 EFFECT OF PARAQUAT ON OPERCULAR VENTILATION IN SUB-LETHAL
TEST

The results show that there was not much difference
throughout the 8 weeks in the ventilation rate of the control
fish. However there was a higher opercular ventilation rate on
the first 2 weeks which was subsequently reduced towards the 8
weeks in the control(Fig. 6). Statistically there is
significant difference within the treatments in terms of week,

with week 1 control fish showing hyper-ventilation and week 4
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fish showing the least value in ventilation rate. The control
fish exhibited a significantly higher (P<0.05) mean value for
ventilation rate as compared to fish in other test solutions.
Toxicant solutions of 1.02, 1.40, and 2.00 mgl* showed decrease
in ventilation rate of fish for the 6 weeks of exposure periocd
and an increase on the 8th week. However, there was no
significant difference statistically in ventilation rate of
fish exposed to different concentrations of paraquat (P>0.05)

(Appendix 15).

TABLE 13: Opercular ventilation Rate (No./min) of O.
niloticus exposed to Sublethal concentrations
of paraquat for 8 weeks. Means + S.E of 4 fish
are presented.

e e e e e e e mm e SR e e W G e R R W SR R e e R SR S R e e R R e e e S e e e e e R AR R e e R B R R e e o am

Exposure Levels EXPOSURE PERIODS
(mgl ') WEETKS

0 2 4 6 8
0.00 11047 11142 11044 11047 10249
1.02 1154+7 9248 78+4 7743 7848
1.40 11644 10848 7614 6815 884
2.0 11144 107+4 8542 7947 88415
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TABLE  14: Mean haemoglobin (g/100ml blood), haematocrit
and mean corpuscular haemoglobin concentration
(MCHC) of ©O. niloticus exposed to sub-lethal
concentrations of paraquat for 8 weeks at 22.7cC
+ 0.8. Means 1+S.E of 4 fish are presented.
Cong WEEKS OF EXPOSURE
mgl? 2 4 6 8 10
HAEMATOCRIT %
0.00 14.540.71 13.0+1.41 11.5+0.71 14.5+0.71 1140
1.02 12.0#1.41 9.5¢0.70 9.5:0.7 14.041.41 -
1.40 7.540.71 010.0 9.0£0.0 9.540.70 -
2.00 0+0.0 17.0+1.40 9.530.70 12.01x2.80 -
HAEMOGLOBIN (HB) g/100ml
0.00 4.67+0.01 4.45+.07 3.6+.4 4.34+0.42 3.72x0.19
1.02 3.59%.01 3.70x.14  2.%5x.7 3.640.57 3.2640.07
1.40 4.354¢.07 7.29%.01 2.74.07 3.8+0.28 3.3010.14
2.00 1.67+.07 3.58+.04  2.7+.07 3.440.28 3.6540.07
MCHC (HB/Hct} %
0.00 32.74+0.07 4B.8+0.71 32.71+.01 29.€511.5 32.7040.07
1.02 32.7%0.07 40.0$0.35 30.0x.35 26.15+2.19 32.0010.41
1.40 62.930.41 73.040.35 30.0%.41 40.10.0 32.0040.00
2.00 36.0%0 22.540.00 30.0+.07 28.853450 36.00%3.50

e e E e M e M EE W R TR M A MR R T M MR M M MR M MR TE MR AR MR M am Em Em AN BN N AR R MR RN o R A T R o e e owm ar w

Base line values determined before fish were alloted to the
aexposure groups were 5.55+0.35, 17.5+£0.71, 31.70+0.74, 824+5.66,
14+5.65, {HEB) heamatocrit (Hct) MCEHC,

Lymphocyte (L) and Neutrophil (N) respectively. Means $S.E of
4 fieh are represented. '

for haemoglobin
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C MEAN CORPUSLULAR HAEHQGLOBIN COMCENTRATION
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TABLE 15:

WBC (Leucooyte) differential blood ocount (%) fox
blood of ©. niloticus exposed to sublethal
concentration of paraquat for 10 weeka. Means #
S.E. of 4 fish are presented,
Conc WEEKS OF EXPOSURE
mgl-t 2 4 6 B8 10
LYMPHOCYTES
0.00 83x0.35 9010.07 9010.41 77+1.4 8810
1.02 8810.71 8630.41 8910.07 891+0.71 -
1.40 844+0.07 0.0 914+0.07 96+0.0 -
2.00 89+0.71 884y.35 99+4.0 -
NEUTROPHILS (GRANULOCYTES) %
0.0¢ 16¢.71 10+.41 1040.10 22+2.8 -
1.02 123.07 14+1.4 9+1.4 10+0.7 -
1.40 164+.35 0.0 9+.35 * 430.0 -
2.00 0.0 1140 121,07

I R

1441.4 -

(-) or (0) refers to senile or completely destroyed blood thus

ne values for the bleoed parameters
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4.6 EFFECT OF PARAQUAT ON HAEMATOLOGICAL PARAMETERS 1IN

SUBLETHAL TEST

Haemoglobin and haematocrit of the control fish did not
deviate much from the base line values throughout the test
period (Table 14). The haematocrit of the control decreased
slightly with time from an initial 15% to 12% at the 6th week
of exposure, after which value increased to 14.5%. Haematocrit
of 0. niloticus exposed to different concentrations of paraquat
showed a dose-dependent relationship in which there was
decrease in haematocrit wvalue with increase in concentration.
However at week 4, blood of fish exposed to paraquat
concentration of 1.40mgl? showed total denaturation of blood
cells. The same phenomenon was seen in the highest toxicant
concentration (2.0mgl™') at week 2. Statistical analysis shows
a significant difference in both the within and between

treatment. Thus a dose and period dependent effect are shown

(Appendix 4).

HAEMOGLOBIN (g/100ml)

The haemoglobin concentration of 0. niloticus exposed to
various sublethal concentrations of paraquat are presented in
table 14. The results show that after 2 weeks of exposure
there was a decrease in haemoglobin wvalue with increase in
concentration of the toxicant. Haemoglobin concentration in
blood of fish exposed to toxicant concentration of 1.40mgl™*' was

close to that of control. The same pattern was observed after
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6 weeks of exposure, indicating a dose-dependent decrease in
haemoglobin concentration. Analysis of wvariance shows a
significant difference in various haemoglobin Values of the
fish exposed to different sublethal concentrations (ANOVA and
DMRT<.05) (Appendix 5). The haemoglobin content of the fish |
blood decreased with increase in exposure duration till 6
weeks, followed by an increase in haemoglobin value by the 8th
week. There is a significant difference between control and
other toxicant concentration Values.

The mean corpuscular haemoglobin concentration Values of
0. niloticus exposed to various paraquat concentration, are
presented in Table 14. The baseline mean value ig 31.70% which
shows no significant difference from that of contrel throughout
the duration of the experiment except at 2 weeks when the value
increased only to return to baseline value thereafter. values
of fish exposed to Toxicant concentration of 2.0mgl™' showed a
decrease right from the beginning but later towards the end an
increase in value. Fish exposed to 1.40mgl™ paraquat showed
the greatest variation in values. Statistical analysis shows
a significant difference (P<0.05) (Appendix 7).

The Lymphocyte (%) of 0. niloticus exposed to various
Concentrations of paraquat are presented in Table 15. The
results show that at the start of the experiment, the
lymphocyte of the control fish was 83%. The value increased
with increase in concentration as well as increased in exposure

period most especially for 1.40mgl™* and 2.0mgl™’. Anova and



DMRT showad significant difference between the Lreatment groups
(Appendix 8). The % neutrophils of Q0. niloticus exposed to
various concentrations of paraguat are presented in Table 15.
The mean neutrophilic value of control does not deviate from
that of basal wvalue. There is a decrease 1in percentage
neutrophil with increase in concentration of toxicant solution.
Blood neutrephil of fish exposed to the highest toxicant
concentration of 2,00mgl?, showed an increase at 8th and 10th
weeks. Analysis of variance is presented in Appendix 7. It
shows that there is a significant difference between the
various concentration (ANOVA & DMRT P<0.05) There was
denaturing of the blood at concentration 2,00mgl™* at 2 weeks.
The same effect was observed at week 4 in toxicant
concentration of 1.40mgl™. At 10 weeks fish in all the
toxicant concentrations showed the same conditions with no
neutrophil or lymphocyte Values recorded, This test was
extended to 10 weeks because of the observation of high
incidence of death at 8 weeks with all envirommental and water
parametere being constant as before to see if death waﬁ due to
environmental factors or effect of toxicant on fish blood.

A statistically significant difference in neutrophil count
was observed (Appendix 7) between 2 and 4 weeka. There wag an
ingsignificant increage in the mean values after 6 and 8 weeks
of exposure. Toxicant concentrations of 1.02mgl™? and 1.40mgl>?
caused a decrease in % neutrophil with increase in exposure

period while toxicant concentration: 2.00mgl?' induced an
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gills of fish exposed to toxicant concentration of 1.4mgl™
showed marked disruption of the architecture of the filament
and the lamellae with more marked congestion and lamellar
hyperplasia (Plates Vi, XIa and b). The gills of fish exposed
to toxicant concentration 2.0mgl' showed atrophy (reduction in
gize) of both the filament and their lamellae in some instances
to about a third of their normal size (Plates XIIa and b).

In the 96-hour test, toxicant concentrations of 11.2mgl™?,
12mgl™' and 13.6mgl™' caused a progressive disruption of the gill
filaments and lamellae. There was also reduction in size, the

most severe being the gills of 0. niloticus in toxicant

concentrations 13.6mgl' (Plate VII - IX).

LIVER

Liver cells are well demarcated from neighbouring cella in
the control (Plate XIII). The liver of fish exposed to
toxicant concentration 1.02mgl™* showed crowding of liver cells
with plumb lining sinusoidal cells (Plate XIV). Plate XV shows
the liver of fish exposed to paraquat concentration of 1.4mgl™’.
The architecture of liver is fairly preserved. It showed
cytoplasmic Vacuolation and individual cell necrosis while the
liver of fish exposed to 12.0mgl™?! toxicant concentration showed
large scale cytoplasmic Vacuolations. There was disruption of

hepatocyte architecture with about 80% of the liver cells

showing severe necrosgsis (plate XVI).
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Plate

Plate

Plate

Plate

Plate

III

Iv

PLATES CAPTION

Blood of control fish shows well demarcated

cytoplasm and nucleus. x100 Arrow N shows a

neutrophil

Blood of ©O. niloticus expcsed to 12mgl™? of
paraguat at 96-h acute toxicity test (Leishman
stain) x100 shows completely denatured cells.
Blood of 0. niloticus exposed to 1.02mgl™' of
paraquat at 6 weeks. Shows few senile
(destroyed) erythrocytes (Arrow S) x100

Blood of 0. niloticus exposed to 1l.4mgl?' of
paraquat at 6+ weeks. Shows highly haemolysed

blood cells. (Arrow 8) x100.

Blood of Q. niloticus exposed to 2.0mgl™* of

paraquat at 6 weeks. Shows few destroyed cells

(Arrow S) x100
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Plate VI

Plate VII-IX

PLATES CAPTION

Shows the gills of control fish with fairly
regularly spaced filament and lamellae. x100

Shows the gills cof 0. niloticus exposed to

11.20, 12.00 and 14.20mgl™* of paraguat at 96-h
in acute toxicity test. Note the increase in
the disruption of the architecture of the
lamellae and filaments at the highest
concentration. There is a little hyperplasia at
11.20mgl? of toxicant concentration but only
atrophy is noted at 12.00 and 14.20mgl™’. Plate

VIiIa= x100; b=x400 VIII=x100; IX=x100.






