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ABSTRACT,

Toxi c effects of sublethal concentrations of |ead

was observed on fingerling Tilapia nilotica(L) of size

range 12-14.5cmtotal |ength, caught fromMaska and
Mai gana fish farns, |located at kilometer 145 and 25 al ong
Zaria - Funtua and Zaria - Jos roads in Kaduna State
of N geria respectively.

Effects of lead on the growth, haenogl obin,
haemat ocrit, blood serumprotein, red cell norphol ogy,
liver and skeletal nuscle glycogen and |iver histol ogy
were observed in fish exposed to |ead concentrations
of 0O 076, 0.163 and Q326 ngL-!(76, 163 and 326 ugl -!
respectively) for a period of six weeks in a static assay.
The experinment was replicated once and the pool ed val ues
presented. Residues of lead in test fish were also e
determned with Atomc Absorption Spectrophot oneter.

The study indicate that sublethal concentrations
of |ead caused a dose-dependent inpairnent in the growh
of Tilapia nilotica. The percent weight increase after
Si X weeks were 27.73, 27.11, 23.38 and 20.00 for control,
0.076, 0.163 and Q326 ngL-' group respectively. The

growth rates in the | ead-exposed groups were not
significantly (p> 0.05) different fromthat for the
control. Qowh inpairnent is attributed to |ead
interference with energy netabolismin cells mtochondria
The val ues for heanogl obin, haenatocrit bl ood serum
protein and |iver glycogen in fish exposed to the various
concentrations of |ead dropped considerably slightly bel ow
those for the control. No effect of |ead on skel etal

nuscl e gl ycogen was however observed.



Y,

"Blacktail' and 'blackhead | esions were observed
in 40% of fish exposed to 0.163 nyL! lead after five
and six weeks respectively. This was attributed to
a probabl e neurological lead effect or bi ochemca
netabolic inhibition. This observation is in agreenent
with the occurence of blacktail in |ead concentration
0.12 ngL! for rainbow trout Salno gairdueri as reported
by Davies et al (1976), Hodson et al (1978), (1982), and
Alen et al (1983).

Tilapia nilotica accunul ated | ead concentration

up to a level of 8.75 ugg*' tissue after exposure to
0.326 ngL" lead for six weeks.

The livers of test fish exposed to all |ead
concentrations used in this study degenerated on
hi st ol ogi cal observation, due to the preapitation of
t he hepat ocytes cytoplasm and disintegration of bl ood

vessel s.
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CHAPTER CONE
INTRODUCTION

Fish provides one major source of animal protein
the world over, and espacially in Nigeria., It is infact
the chief source of animal protein in poultry ration
(oni 1979)s. According to oni (1979), the main reason
for the high cost of poultry feeds in Nigeria is that
the major components, ma}ze.(cogn), fishmeal, bloodmeal,
bone and vitamins are imported into the country. Corn
and fish are the major (sometimes the only) sources of
protein in poultry feeds. Fishmeal has also been
known to be a good source of other essential nutrients
of poultry feed such as mineral elements (Ca;Mg, Na,
etc), vitamins (A,B,D and E) and bone meal, I& is
already a common practice among poultry farmers to
supplement poultry ration with smoked and dried fish.

of all sorts.

Fish as a source of protein in human diets cannot
be overemphasized. According to Abiagom (1980), the
total demand projection for fish by 1985 &n Nigeria
will be 2,82 million metric tonnes. Out of this, 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 tonnes of fish in

1980 out of which about 900,000 metric tonnes of
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frozen fish were imported. 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) alsc indicated
that the 1983 per caput fish consumption figure of 5,17
kilograms in Nigeria was far below the planned average
figure of 10 kilograms envisaged by 1985,

This fish is either obtained locally through
artisinal fishing from fresh water bodies or obtained
from trawl fishing from marine water bodies. Wwhile
efforts are being directed towards increasing fish
production by government agencies, in an attempt to
meet the demand, many factors are subverting the efforts,
Among the many factors that are negating the efforts is
pollution., Literature review further pointed out that
many of the water bodies are being reduced to depots
for poisonous chemical pollutants which kill the fish
and other aquatic organisms. One major pollutant in
these water bodies are me}als. The identified potentially
toxic metals are lead, zinc, copper, arsenic, antimorny,
mercury, berylliuin, bariuin, cadmium, nickel, and
selenium (Luckey and Venogopal 1977). Other toxic metals
to aquatic life ¢f absorbed in excessive amounts include
cobalt, and to some extent manganese.

The improvement of physicochemical properties of the
water bodies is vital to the enhancement of fish production
and success of government's agricultural prograa on self

reliance and sufficiency in food supply.
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This study is therefore designed with the following
objectives;

(a) determining the effects of sublethal concentrations
of lead in our aquatic environment on some physiological
parameters vital to the survival of Tilagia nilotica,
(b) examining histopathological effects of lead in
tissues,

(c) providing information on the accumulation and
distribution of lead in Tilapia which is of commerical

importance in Nigeria,

Sources of Metals to Aquatic Environment.

The sources of these metals pollutants to our
aquatic ecosystem have been documented (Waldren and —
Stoifen 1974, Goyer and Mehlman 1977, Lucky and
Venugopal 1977, Ellgaard and Rudnmer 1982, oOladimeji
1983). The aquatic environment may be naturally
contaminated by metals (e.g, erosion or seepage from
metal-rich surface deposits in mineralized zones,
volcanic and thermal-spring activity). 1In addition,
human activities may play a major role (e«gs past and
present metalliferous mining, smelting, the manufacture
of glass, cement, brick or paper and fossil - fuel
combustion that include automobile exhausts). Wastes
of human activities like sewage sludge which are often
found to contain subs8antial amount of certain metalsg
may be dumped extensively on agricultural land amt water

bodies in many countries. Contamination by inorganic
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fertilizers may also make a significaht contributione

With the increase in industrialiéation and
technolegy, the volume and complexicity of heavy metals
which f£find their way into ouY water hodies also
increage, in Nigeria for instance, the smelting and
refining of tin in Jos mines hsve resulted in higher
concentration of lead, mercury and zin¢ in River Diliml
into which the effluents from mines industry are
discharged (Akueshi 1980), In Kaduna, The Peugeout
Automobiles Nigeria Ltd (PAN), discharge waste water
mainly containing paints with heavy metals especially
lead and zinc while the Nigeria National Petroleum
Company (NNPC) refinery produce waste water with
biosludge fineg, silt from storm water runcff which
contain certaln oll, watersand, and silt heavy metals,
phenol and cyanide (Clement 1982), 1In addition to the
trace metal contents of effluents from automobile
industries, fetraethyflead is used as an anti-=-knock in
gasoline. On combustion) smoke containing lead
particles get emitted into the atmosphere. When rain
falls, these particles are washed directly into eithar
water bodlies or onto the scoil from where it leaches
inte the aquatic environment, Besides 2 number of our
tanneries use sodium arsenate to protect leathers
against attack of insects and migrobes. This chemigal

has been banned in developed countries because of its



Carcino-genicity. The effluents from such tanneries
containing the chemical later end up in rivers and

streams,

Toxicity of Metals to Fish

When heavy metal discharges into either terrestrial
or aquatic environment exceed the natural turnover in
the ecosystem, it may have some harmful effects on the
biota., Some pollutants and effuent discharge into the
water bodies act on the gill of the fish, resulting jn
death by a combination of chemical and physical injuries

(Ellis 1937).

Once the metal enters into the circulation of the
organism and becomes bound to the various tissue
components, its clearance and hence its toxicity is
directly related to such physiclogical factors such as
metabolic rate, or other species specific, time dependent
and definable functions such as body size and for the
amount of fat in the tissue (adiposity). 0Ozoh (1979)
injected lead concentration up to 600mgL-1 into Zebra
ciclid fish which according to Ellgaard and Rudner
(1982) killed bluegill, the Zebra fish survived and even
ovulated., Heavy metals interfere with pigmentation in
fish. Ozoh (1980) incubated eggs of Zebra fish

Brachydanio rerio in 50 - 72 mgL—1 lead

acetate for 24 hours. The embryo so obtained suffered
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alteration in pigméntation pattern,

The danger of food poisoning from consumption of
contaminated sea foods are quite known. In Japan,
symptons of "Minamata disease" was reported from consumption
of fish contaminated by mercury(Goyer and Nehlman 1977
(eds), Gill and Paut 1981). A number of studies on
toxicity of toxic metals to fish have been reported
(Davies et al 1976, Ellgaard and Rudner 1982, Oladimeji
and offem 1983), as well as biochemical effects(Gill and
Pant 1982), Physiological effects include Hodson et al
(1982), Alan et al(1983) and histo pathological effects
on fish anatomy have also been reported(Kumar and Fant 1981,
Elsie et al 1984).

Experts(1985) mentioned: that heavy metals like lead,
mercury, cadmium and iron may be poisonous to equatic
organisms like fish, shrimp, crabs, lobsters in the effect,
reducing their availability. The researchers also stressed
that certain edible species of fish and other sea animals
are leaving Nigerian waters due to lack of food, since
small animals and plants on which bigger sea organisms
feed have been destroyed by chemical pollutants,

Regardless of the progress made in the treatment
and detoxicification of environmental wastes, heavy metals
still constitute great health hazards to human and other
living organisms, Unlike other classes of pollutants
wliich can be biodegraded and destroyed



dompletely, metals can Mmeither be created nor destroyed.
unfortunately, knowledge and compfehansive information
about the chemistry of their formation and concentration
is very meagre. Some metals can be transformed to more
harmful forms while others cam be complexed to stable
and less toxic compounds. Moreover, some bound metals
in the earth's crust are relecased by natural and
artificial chemical processes into the aquatic
environment, It is therefore of necessity to
continously monitor both aquatic and terrestrial
environments with the purpose of unfolding baseline
data by which one could decide whether the extent of

pollution has exceecded tolerance or safety levelse.

Lead

Lead is a grey, ductile, malleable metal with a
eleven
bright luster that is more than A times as dense as
water. It is present everywhere in our environment as
trace constituent of rocks, soil, water, and in fact,
of plant and snimal life. According to Nriagu (1578),
the total amount of lead in the earth's crust and soil

20 and 4.8 x 10'%g respectively.

may be about 3.8 x 10
Utilisation of lead by man started as far back as

3000 B8.C. (Ellgaard and Rudner 1981), and with the rise
in industrialization and technology, the use has
increased. Robinson (1978) indicated that automobile

and construction industriep are presently the main

consumers of lead. As substantial amount of lead are
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smelted and burnt as lead alkyls daily in the increasing
construction automobile industries, it may be expected
that our biota will be exposed to more lead in its

various life-support systems than even before,

Two major groups of lead compounds exist,
inorganic and organic. The inorganic lead compounds
occur both as occupatlional and general environmental
hazards. The organic lead compounds occur exclusively
as occupational hazards, 1In this study, only the

effect of the first group will be considered.

Lead is readily complexed in natural waters, the
degree of which largely depends upon the alkalinity
(bi~carbonate = carbonate concentration) of the water
into which it is released (Davies et al 1976). Lead
has been found to be more toxic to fish in soft water
than in hard water. A partial explanation for this isg
that lead is partially tied-up or complexed into none
toxtc chemical species in hard natural water (Davies

et al 1976) .

Lead may be distributed among all three possible
states of heavy metals (particulate, colloidal and
dissolved forms), though it is the dissolved fraction

that is directly toxic to fish (Davies gt al 1976).

The problem confronting field men and toxicologist

that are monitoring heavy metal pollutants which are
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completed or partially tied-up in natural waters is in
identifying and analysing that fraction of such heavy
metal that is toxic. If this has not been accomplished,
realistic water quality standard will be difficult to
establish,

lead Toxicity to Vertebrates Other Than Fish

A number of previous studies on the toxic effect

of lead on vertebrates in general have been carried
out, These have been reviewed by More and Goldberg
(1980). The authors noted that patient who died of
lead poisoning showed thiness of blood and pale tissues
on post mortem examination.

Lead affect the heme synthesis path way of man,
This may be noticeable in the occurence of excess
porphyrin in the urine of a patient intoxicated with
lead, due to the action of lead upon haemoglobin
synthesis in the bone marrow, Excessive urinary excretion
of - éminolevulinic acid has alao been linked to lead
intoxication. Anemia resulting from lead poisoning is
also known, This may be due to depression of heme
biosynthesis, disturbance of globin synthesis and
hemolysis of red blood cells(More and Goldberg’1980).
According to the authors, lead interferes with sodium-
potassium dependent Adenosin triphosphate(ATP)
engymatic activity in the red cell. As a conseguence,
red cells incubated with high concentration of lead

leak large quantities of potassium,
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resulting in an increased mechanical fragility of the
red blood cell and consequent lysis. At the same time,
there is little change in the imput of Sodum
concentration in lead poisoned erythrocytes,associated

with potassium -« mediated shrinkage of the cell,

symptoms of nervous system lead poisoning ranging
from ataxia, to stupor, coma and convulsions have been
observed in vertebrates, Lead has been implicated 2s
causing brain damage (encephalopatty) in mammals
(Davies et al 1976), although the toxic effect of lead
on the central nervous system is little understood,
Luckey and Venugopal (1977), reported the carcinogenie,

teratogenic and embryocidal effects of lead to mammalse

Dogs are known to develop plumbism as a result of
chewing objects coverad with lead - based paint or even
eating metalic lead (Waldron and Stofen 1974).

Abortion have been repdrted in ewes grazing in areas
around lead-mine and the lethal dose of lead is lower
in pregnant than non-preghant ewes (Waldron and

Stofen 1974).

Toxicity of kead to Fish

A number of studies have been carried out of the
acute toxicity of lead to fish (Pickering and
Henderson 1966, Davies ﬁ al 1976, Hodson et al 1978,
Ellgaard and Rudner 1982, Oladimeji and Offem 1963),

Pickering and Henderson (1986) reported 96hr LC-50 of
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442mgL™" as leand chloride for the bluegill sun fish

Lepomis macrochirus. This observation was consistent

with the value of approximately 400 mgl.."'1 96~hr LCS50 of
lead acetate reported for same fish by Ellgaard and
Rudner (1982). Davies et 2l (1976) in their research

on rainbow trout salmc gadrdneri reported twe 96-hr
1

LC50s of 1.32 and 1.47 mgL™~ analysed (disclved) lead

from introduction of 542 and 471 rm;u_,"1 total lead

respectively in water of total hardness 353 rngl"1 as
CaC’B. The authors further observed a 96-hr LC50 of 1,17

1 1

mgL™~ lead in soft water (28mgL™ " as Cat2,) and concluded

that the fish had a lethal threshold LC50 of 0.20mgL-1
after 14 days exposure to lead in the soft water.
Mortality began 5 doys after the experiment was started
and continued for a total of 14 days before a lethal
threshcld was reached. Hodson et al (1978), working on
the same fish reported 21 - day LCS50 of 2.4mgL"1 lead in
water of total hardness 135 ¥ 2rl1<t_:|L"1 as CaCos.

Recently, Oladimeji and Offem (1983) reported 24-hr

1

and 96-hr LC50s of 4.21 and 2.41mgL”~" as lead nitrate

respectively for Tilapia nilotica in soft water. Acute

toxicity of lead to fish has been attributed to
destruction of the respiratory epithelium (Dorfman and
Whitworth 1969). Although it was reported that lead at

1

level of 400mgL™ " was lethal tc bluegill (Pickering and

Henderson 1966), the tissues contained only O.ImgL“l.
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There are numerous literature on the long-term
effect of lead on temperate fish(Drilling and Smith 1926,
Dawson 1935, Ellis 1937, Grandall and Goodnight 1983 etc).

Drilling and Snith (1926) found that plaice exposed
to L4 mgl"1 lead for 156 days had reduced growth, Dawson
(1935), reported brownbull heads survived 16 - 183 days
in water that contained 27.3 mgl'1 lead but became
enmemic. Ellis (1937) reported goldfish survived lead
concentration of 5,5 mgL'1 lead for 61 days, Crandall
and Goodnight(1963) also observed that guppies exposed
to 1,24 and 3,12 mgl~| lead for up to 129 days had
histological damages, retarded gonadal development
eind reduced growth. Chronic exposure to sublethal
concentrations of lead are known to affect haemopoiesis
in fish resulting in decreased haematocrit, decreased
haemoglobin concentrations and deformed erythrocytes
(Wong et al 1978),

When the rainbow trout Salmo gairdneri or brook
trout Salvelinus fontinalis were continuously exposed
to chronically toxic concentrations of water borne lead,
starting at the egg stage, they developed the following
abnormaities;

(a) "Black tail', a darkening of the caudal area
behind the dorsal fin, usually followed by spinal

curvature

(b) elevated concentration of lead in tissues and
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(c) inhibition of the erythrocyte enzyme,cfl amino-
levulinic acid dehydratase (ALA-D) (Davies et al 1976,
Holcombe et al 1976, Hodson et al 1978, 1982). Davies

et al (1976) suggested that there is possible inhibitory
effect of lead on the biochemical metabolism of vitamin

C or tryptophan. This is because nutritional deficiencies
of ascobic acid (vitamin C) has been reported to cause
acute spinal curvature in trout (Davies et al 1976).
Hodson et al (1982) observed no ébvious relationship
between wet weight and whole-body lead concentrationg,
blood lead concentrations and erythrocyte ALA~D activities
of lake trout Salvelinus namaycush. And in contrast,

T
Hodson yobserved that the whole-8edylead concentration

of rainbow smelt Osmerus nordax was negatively correlated

to wet weight. Lead concentrations in the blood and
opercular bone and the percentage inhibition of ALA-D
increased with time in all sizes of rainbow trout

exposed to (}.lrllgL"1

lead for 8 days (Hodson et al 1982),
Ellgaard and Rudner (1982), did not observe any dramatic
changes in locomotor activities when blue gill, sun fish

ngomis macrochirus are exposed to concentrations of

lead which approach toxic levels.
Alan et al (1983) reported that there was no obvious

histological effects on rainbow trout Salmo gairdneri

exposed to sublethal concentration of O.ImgL_l lead for a
period of 32 weeks. According to the authors, some
lesions noted in the kidney of the lead-exposed trout due to

the presence of hyaline droplets, were 21so observed in the



contrel fish, The 2uthors alsoc noted that the blacktail
effect on rainbow trout were only observed in waterborne

and not in the lead-fed experiment.

While reports on the effect of lead and other
heavy metals on variocus physiclogical changes of fishes
of the temperate regicis are readily avallable,
studies dealing with the effect of sublethal concentration
of lead on the same parameters og tropical fish and in
Nigeria in particular are few. Clement (1982) noted
that only little published work is available on the
toxicity of pollutants tc tropical fish or the effect
of pollutants on tropical stream ecology; however,
many examples of reduction 1in fish catches which
could have been due to accumulation of pollutants over
the years have been cited by fishermen. Oladimeji (1983)
similarly observed that very little has been done in
Nigeria to estimate the hazard of trace heavy metals on

aquatic life.

Since early detection of specific physiological
and other abncrmalities provide an indication of
exposure prior to manifestation of any gross damage,

the measurement of haematolegical , biochemical,



- 15 -

physiological and histopathological changes in the figh
under oxposure to the toxicant, may be used toc predict
effects upon chronic exposure (Gill and Part 1981),

The present study is therefore underkaken to measure

the aforementioned changes (haemétological, biochenlcal,
physiological and histopathological) in lead - intoxicated

Tilpis nilotica (L) with a view to furthering our

understanding of the toxic e¢ffect of leada.
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CHAPTER TWO

MATERIALS AND METHODS

Maintenance of the Fish:
The fish used for this study were fingerling Tilapia
nilotica (Linnsous) which were obtained from lMaigana
fish farm located at about kilometer g5 along Zaria =
Jos road and Maska fish farm located at about kilometer
45 along Zaria - Funtua road. These fish farms are
jointly owned by Federal and Kaduna State governments,
It was not possible to obtain fish of uniform size; fish size
ranged between 12-14,5cm(total length) and average
weight of 39,83 + 0.91g were used, Fish were collected
from the farms in early morning when ambient temperature
was not so high as to stress them., They were transported
in polytene bags containing oxygenated pond water,

Upon arrival at the laboratory, the fish were held

at 23.3 - 2500 in two 130 litre plastic aquaria before
commencement of assay. The aquaria were aerated and
situated in an airconditioned room. The fish were fed
daily on formulated experimental diet of soyabean -
ricebran - fish meal mixture during acclimatisation,
compared to cotton seed meal fed upon in the farm,

The fish were apparently healthy and less than 1%
mortality occured during the holding period, which
1asted.for about two weeks prior to commencement of

the experiments,
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Exposure of Fish to Lead:

The experimental tanks used were large glass aqu-ria of
size 3045 x 3045 x 92.5 cm (60 litre c;pacity). Eight
tanks were used altcgether. Four served as test tanks
while the remaining four served for changing test watere.
The changing of test-water was achieved by dtainingtest
tanks to a level that just barely covered the fish and
fish qudckly transfered with a scoop net to duplicate
test tanks containing freshly prepared test water, The
room housing experiment was lit with flourescent light
which maintained a photoperiod of 12 hours of light
daily. The aeration period of 2hrs per day of Nagendra
and Katre (1979) was considered insufficient for this
assay as test fish used were bigger. Test water was
aerated continuocusly and changed thrice weekly« NO
antagonistic or synergistic relationship between water
oxygenation and lead toxicity to fish has ever been
reported.

Due to shortage of test tanks, the experiment and
replicate were carried out one after the other. All
data were pooled to cbtain a single overall result,

The laboratory was supplied with Zaria City tap
water and stored in 1000 litre capacity reservoir
supported by a concrete plat~form outside the
experimental room (laboratory). Water was delivered
to the experimental room through water pipes after it

has been dechlorinated according to sStandard Methods



(1980) using solar energy and continual agitation with
plastic rods The water was also aerated inside the
reservoilr by means of an air pump for not less than
48hrs before use.

The chemistry of the water over the period during
which experiments were carried out is presented in
Table 1. Water alkalinity, total hardness, residual
chlorine and dissolved oxygen were determined according
to Standard Methods (1980). Chloride content of water
was determined by Mohr method according to Fodeke et al
(1983). water PH and temperature were read with PH

metre and celcius thermometer respectively.

Preparation of Diet:

The artificial diet used for this study has been used
elswhere (Cruz 1975, Oladimeji and Offem 1983). The
diet consisted of a mixture of rice bran, soyabean and
Fish meal, Ita (1981), Ita and Orobor (1983) used
guinea corn and maize bran supplemented with chicken
layers concentrate in the ratio of 3:1 and small

quantity of fish meal powder to grow Tilapia zilli in

cages. The soyabean was boiled, oven dried at 60°¢
and ground to powder. The rice bran was also ground
to powder. Unused fresh fish were eviscerated, oven
dried at 60°F and ground to form the fish meal powders
Appropriate quantities of rice bran; soyabean and fish
meal were measured to make the powered mixture (Table

2)e Asmall quantity of vitamin premix was added.
3 parts of powered mixture was added to 6

parts by weight of hot distilled water and 1 part
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Table 41: Chemical characteristics of dechlorinated

treated water as determined by standard and other methods,

—_—— - —

Constituent Concentration
Weter temperature 22,30 - 25°°

P, H, 7 = T3

Alkalinity 20 - 25mg cac%xf4
Total Hardness . 63 - 78mg (33{3933:[4”*l
Chloride 0.01mgL”

Residual Chlorine Not detectable

Dissolved Oxygen L - ?.1mgL-1
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Table 2: Percent Composition by weight of powdered

mixture used for the diet of Jo nilotica exposed &p

lead.
constitutent Concentration
Rice bran 54%
Soyabean 35%
Fish meal 10%
Vitamin premix 1%
Total 100%

® vitamin Premix :

vitamin A (retinol) 8000 1I.U
Vitamin E (& -tocophnol acelate) . T
Vitamin 02 (Calciferol) 1000 1.U
vitamin K (Menadione)
Thiamine hydrochloride (B,) 4mg
Riboflavin (B,) 8mg
Panto themic acid 12mg
Nicotinic acid (niacin)- S0mg
Folic acid (Folacin) 10mg
Pyridoxine hydrochloride {Bs) 6mg
Choline chloride 200mg
Cobalamin (312) 12mg

— —

1 yitamin premix was ?vepa*dl by Lebsure, RHM,

Agriculture (South) Ltdj Poole, Dorset, BH 15

111L (Registered office) England,
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of gelatin powder as binding agent. The resulting mixture
was poured into a shallow tray, put in the fridge to
set and over-dried to constant weight at 60°C, This
was then cut or crumbled into small pellets which were
used,

The percent proximate composition and mineral
concentration of the feed is presented in Table 3,
The crude protein was analysed by Macro-Kjeddahl's
method (AOAC 1975), This method does not measure the
protein content directly, but measures the total
nitrogenous matter present in the feed sample, 0,5g of
the sample is first digested with a mixture of
concentrated sulphuric acid, anhydrous sodium sulphate
and anlydrons copper sulphate. The sodium sulphate
raises the temperature of the reaction while the copper
sulphate catalyses it. The digested sample is cooled
and distilled with L5% sodium hydroxide solution(11,25N
NaoH) to release ammonia(NH3) from the sample, The
ammonia 1is collected over a standard sulphuric acid
containing an indicator(screen methyl red indicator),
The standard acid is then titrated with dilute sodium
hydroxide to an end point. The experiment was done
in triphicate and the mean obtained. A blank containing
the same amount of concentrated sulphuric acid, plus
anhydrous sodium sulphate and copper sulphate minus
the sample was carried out simultaneously with sample
reactions. The total percentage of Nitrogen in the samples
was calculated using the equation below:
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Table 3: Proximate composition and mineral
concentration of the diet fed to

Te.nilotica exposed to lead in water,.

components Percentage of

dry weighte.

Protein 27.00
Lipid 20,60
Carbohyérate 48,30
Total organic matter 95,90
Total ash 4,10
Potassium 0.38
Sodium 0,07
Magnesium 0.09
Calcium 0.95

Phosphorous 0.18
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0,014 (B-A) m x 100 where
w

B = Average volume of the Standard sodium hydroxide used
in neutralizing the acid used for the blank determination

A = Average volume of the Standard sodium hydroxide used in
neutralizing the acid used for the sample extract.

M = molarity of the Standard sodium hydroxide

W = weight in grams of the feed sample used

0,014 = mass of Nitrogen per ml of solution. The crude
protein content of the sample was calculated by

multiplyéng the total Njitrogen contant by 6,25 which is

a constant factor of conversion for the protein,

Lipid in feed sample was analysed by soxhlet
extraction set as used by Efuna (1984). Three clean
thimbles were labelled and their weights (w1) recorded.
1.0g of the sample was weighed into each of the
thembles and their weights (wz) recorded. The thimbles
were plugged with fat-free cottén wool to stop spillage
during the extraction and then Jdropped into the
extraction chambers. 200mls of Diethyl ether/methanol
mixture in ratio of 1:1 was poured into 500 ml round
bottom distilling flasks. The soxhlet extractors were
arranged on a heating mantle set at 80°C for 8hrs, At
the end of the extraction, the fat-free contents were
removed from the extraction chambers, dried in an
oven set at 50°% for 24hrs and later cooled in
dessicator. The thimbles and the fat-free contents

were reweighed (w3) and recorded. The amount of
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lipid extracted was obtained thus:

W, = wt of empty thimble

Wy = wt of empty thimble plus sample before extraction
wy = " " " plus sample after extractions
Therefore Wt. of lipid extracted = w, =~ W,

Percentage of lipid extracted = Wy = Wg X 100

The mean of values from the three thiablex: webre lUsed.

Carbohydrate in the feed was determined by the
difference methods of wWatts (1957). Mineral concentrations
vere determined using Flame photometry, Colorimetry and

(A-A-S.) (AOOOAIC 1975)'

Protein requirement is the most important aspect
of fish nutrition (Ita and Orobor 1983). Therefore the
technique for feed formulation is aimed at attaining an
adequate quantity of crude protein levels first, before
the energy levels. Carnivorous or predatory fish
require a2 higher protein level in a féed than
herbivorous fish (Ita and Orobor 1983)., Tilapia
nilotica (L) is a herbivore, plankton feeder and
Ominivore (John et al 1972) Kavalec (Undated) proposed
18% protein level in the feed for middle quality

Tilapia nilotica and 28 - 32% protein for predatory

fish.

Selection of Test Species and puration of Studies:

The nutritive value of Tilapia nilotica (L) has been
studied by a number of researchers (Eyo 1975, Rakiya

1977, Ayeni 1979). 1t is a fish of commerical
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importance which is very common in Nigerian fresh water
bodies. It's selection for this study is connected with
its commercial value. Besides, the fish has been used
in previous acute toxicity studies(Oladimeji and offem
1983). An understanding of sublethal lead dosage on the
Same species will expand our knowledge of the toxic
effects of lead. The fish was exposed to lead for a

long term because of the paucity of literature on chronic
toxicity of metal particularly to tropical fish species,
The fish were exposed to lead for a period of 6 weeks,

Selection of Concentrations of Lead in i/atex:

Justification for sublethal concentrations used
in the literature is scarce, sublethal concentrations
to which the fish were used in this study were therefore
arrived at on the basis of the available information
about acute toxicity values of previous studies,

The sublethal concentrations thus selected were
1/7 (0.3umg1™ "), 1,/14(0.172 mg1™") and 1/28(0.086mgL™ ")
of the estimated 96hr LC50, This is in accord with
the recommendation of Amminukuthy and Rege(1977).
In addition, four fish of size ranging from 6 - 8 cm
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were exposed to higher lead concentration of 0,48 mgL“1)
(1/5 of LC50 96hr) as trial assay before the start of
actual experiments, with a view to observe the extent
of toxicity of sublethal concentration to test fish,

The dissoclved lead in test water as measured by Atomic
Absorption Spectrophotometer is presented in table 4,
Preparation of Lead Concentration:

5000 mgL"1 of lead stock solution was prepared by
diluting 7.990g(5 x1,598g) lead nitrate to 1 litre with

distilled water in volumetric flask,

Mol, wt. of Lead nitrate = .331.2,

At, wt, of Lead = 207,21,
therefore 1g of lead = 1 =

Lead nitrate

Appropriate volume of lead stock solution was diluted to
mark in test tanks with dechlorinated water supplied
from the reservoir by water pipe to make concentrations
0,344, 0172 and 0,086 mgL~) of iead of three treatments,

Dechlorinated water served as control.

Experimental Design:
At the beginning of each experiment, 52 Tilapia nilotica
(L) of weights ranging from 30,89 to 5l,17g were

selected and randomly distributed in each of the treatment
tanks and control at the rate of 13 fish per tank,

At the end of the sampling period of 6 weeks, one

fish left per test tanks having been exposed to lead
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Table L4

-

Lead concentration in test water as determined
by Atomic Absorption Sectro photometer model I[litachi
170-30

& omes -

Sample Introduced nominal Determined
lead concentration lead concentration

B0 in test water(mg1'1) in test water(mg1'1)
1 0,086 0,076
3 0,34l 04326

Control 0,000

0.0m
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for a period of 6 weeks and that in the control were
processed for histopathological examination of the

liver,

Growth Study:
After selection and random distribution of test fish to

the test tanks, three days later the fish were

anaesthetized in MS 222 (Triaine methane sulphonate)
using a concentration of 1/15000 (Blaxhal and Deisley
1973). Fish were tagged through the musculature
anterior to the dorsal fin(Adeney and Mathiessen 1979)
with fingerling tags1. They were blotted dry and
weighed to the nearest hundredth of a gram, 7The
Standard and total iengths were taken. Test fish were
weighed weekly., In all cases fish were fed to

satiation once daily,

Haemotelogy:
Two fish were randomly sampled weekly from each test

tank, These two fish were removed, anaesthetized and
weighed, Blood samples were collected in heparinized
microcapillary and sampling tubes from the caudal

artery after severing the caudal peduncle,

1 Fingerling fish tags, Smm x 3mm. Floy Tag
Manufacturing Ltd,, 4616 Union Bay Place N.L,

Seattle, Washington 98105,
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In both experiments, the two fish sampled per test
tank at sampling periods were used for blood haematocrit
and haemoglobin; and for liver and skeletal muscle
glycogen determinations Totol blood protein and tissue
residual lead were determined in the second experimente
The morphology of the red blood cells was also observed

using light microscopy.

packed Cell Vvolume (PVC):

To measure haematocrit, blood samples were collected in

a flame,
heparinized microcapillary tubes and the haad zeahd jof
The head temperature was cooled in ice water to prevent
anoxia and cellular swelling (Hodson et al 1978). The
tubes were centrifuged with haematocrit centrifugee.
Haematocsrit were measured with a microcapillary reader

and the mean haematocrit for each fish was used in all

subsequent calculations.

Total Plasma - Protein:

The total blood protein was determined using the blood
plasma siphoned out from the microcapillary tubes and
read on the Godberg's Refrac:ometver model 10400 A T.S.
Regdings ot tot8l protein level were obtained by direct

scale reading at 20°€ with a unit of gml 100ml,

Haemoglobint

To measure haemoglobin, appropriate blood dilutions
were prepared in 1soton'(R) 11 (Azide free belanced

electrolyte solution) according to the instruction
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manual accompanying the haemoglobinometer. Values were

read on the haemoglobinometer model HGBR 6279,

Red Cell Morphology:

The methed of Alan et al (1983) was employed for red

cell morphology. Smears were obtained from every blcod
sample collected from each sampled fish per test tanks,
The smeag was allowed to dry by waving the slide in 2ir,
fixed in absolute alcohol for 3 - 5 minutes and stained

in Giemsa 8tain for 30 minutes, wnshed and dried.

Glycogen Determinations

The method of sam et al (1950), modified by Hassid
(1937) was employed. This method was also used by

Gill and pPant (1981); Murty and Priyamuda (1982) and
found to be accurate. Fish were dissected to expog=

the liver. 90mg of liver and skeletal muscle were
dissected out and put in preweighed separate test tubes.
The tubesand contents were then reweighed and the
weight of sample determined by difference. One ml of
30% KOH was added to each test-tube and samples digested
for 20 minutes in water bath comtainimg boiling water,
The digest wrs cooled in cold H,0. Appropriate
dilution of liver digest was made and Sml of final
dilution introduced into a fresh text tube. 10 ml of
0.2% amthrone recagent was added, boiled for 10 minutes
in a water bath, cooled and absorbance read at 620 nm

in Corning Colorimeter 253,
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In the case of skeletal muscle digest, 1.25m1 of
95% alcohol was added after cooling stirred with glass
rod washed in 60% alcohol, and the whole content
brought to boiling for a few minutes in water bathe
The whole content was cooled and centri figed at 3000
repem for 15 minutes. The supernatant was decanted and
test tube drained on filter paper for few minutese.
5ml of distilled water was added to the precipitate and
10ml of 0.2% anthrone reagent added. The prest procedure
was carried out as for liver sample. 5ml Slucose

1

solution of 20 Wgl~™ " was uscd as Standarde Glycogen in

samples was calculated from the equation,

100 x U

wher
- x @

U

the optical density of the unknown test solution
S = the optical density of the glucose
l.11 = the facteor determined by Morris (1948) for the
conversion of gluccse to glycogene.
thtee replicate analysis were made per sample and mean
a bsorbance values used in subsequent calculations,
Glycogen is expressed as milfigram per gram wet

weight of the tissuee.

Lead Residue in Tissues:

Fish residual lead concentration was determined according
to Hodeon gﬁfﬁg ¢1978) and Hussana (1983). Each

sampled fishcarcaes was placed in an acid-washed,
preweighed dry large crucible "nd the wet weight of

whole sample recorded. The samples were dried at 80°¢
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for U8 hrs and transfered to a muffle furnace. The
temperature was maintained at 460°¢ for 2l hrs. The

ash was cooled in a desicator. 1gm of ash was weighed

out into an acid - washed pre-weighed test tube to

obtain ashweight by difference. 5Sml of concentrated
hydrochloric acid was added and heated for 15 minutes
in boiling water bath. 1ml of concentrated Nitric acid
was added. The resulting solution was again boiled in

a water bath and evaporated almost to dryness. Distilled
water was then added and the solution was filtered and
transfered guantitatively into 50ml volumetric flask

and made up to mark with distilled water. Lead in samples
was read in Atomic Absorption Spectréphotometer(AAS)

model Perkin-Elmer 400,

Lead Determination by Atomic Absorption Spectrophotometrys:

The lead standard. Stock sclution contained
100mgL“1 lead. This was obtained by disolving 0,1598g
lead mitrate in 20ml of nitric aeid {(1%V/V) and diluting
to 1 liter with distilled water. Working standard of
concentration ranging from o to 5mgL'1 were prepared
from the stock solution and used to construct a calibration

curve{Fig 1).

(a) Warelength of determination = 283.3m
(b) Lamp = ZElectrodless discharge lamp
(c) Flame = Air Acetylene(CEHz),

0 to § mgL™l
Nene
Not ’ImgL'1

(d) Suitable range

(e) Potential interference
(f) Detection limit

K
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Histo-pathological Study:

Fish for histo-pathological study were sampled at the
end of the experiment, Only samples from the second
experiment were processed. Fish were killed by a blow
on the head and the abdomen opened to expose the viscerae.
The tivers warecorefully dissected and freed of adhering
tissue, Thesewerc fixed in formol saline (100ml of 10%
formatin + .9gNacl) (Thompson and Hunt 1966, Alan

et al 1983); washed, dehydrated, infiltrated and blocked
in paraffin wax of 58°¢ - 60°C melting point. Sections
that were 8pmin thickness were cut and stained with
Haematoxylin and Eosin (H&E).

tatistical analysis:

All da;a for lead~treated fish siere conpnred-uith th;

control using student t-test at 95% probability level,
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CHAPTER THREE

RESULTS

Effect of lead on growths

The initial mean wet weight of the test fish were
38,77-% 1.05 for the control and 40.78 & {,43, ...
41486 £ 1,39 and 37.89 & 1,26 for the 0,076, 0,163 and
0.326 mgL“l of lead in water respectively. Growth was
estimated from the sum of the individual wet weights of
the remaining fish at 1, 2, 3, 4, 5 and 6 weeks and

expressed as percent wet weight gain.

The result shows that the percent wet weights gain
in the control group increased from 3,82% at 1 week to
2773% at 6 weeks (Fig 2). The growth of fish that
were exposed to 0,076, 0,163 and 0,326 increased from
3447%, 2.78% and 2,70% at 1 week to 27,11%, 23.38% and
20% at 6 weeks respectively., The result indicates an
insignificant (P_.-0.85) decrease in weight gain of fish
exposed to lead compared to the control group. Generally,
the weight gain in fish exposed to 0,326 mgL-l group

1 lead and much lower

was lower compared to 0,163 maqL”™
than 0,076 mgL-l group indicating a dose-dependent

effect.

Sffect of lead on haemotological parameters:

Haemoglcbin and naematocrit for the control group
did not deviate much from the baseline values throughe

out the test period (Table 5). The haematocrit
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decreased slightly with time from an initial 24,18 to 22%
after 4 weeks of exposure, after which values started

returning to baseline value.

Haematocrit of fish exposed to 0.076 mgL™ lead did
not deviate from the control value up to 3 weeks. The
levels in the fish from this group analysed at subsequent
time pericds fell but were not significantly different
from the control group. Haematrocrit of fish exposed to
0e163 and 0.326.mgL-1 lead were consistently lower than
the control group throughout the duration of study
although the difference is not significant (P. 0.@5).

The haemoglobin of the blood of fish exposed to

0,076 mgL™*

rose only slightly above the control up to

3 weeks of exposure; thereafter values dropped
progressively below the control, with a maximum fall at
6 weeks to 6.95 ¢/100ml blood. Similarly blood haemoglobin
of fish, exposed to 0,163 and 0,326 I'm;;l..“1 rose above
control values at 1 and 2 weeks respectively after whieh

subsequent. values declined.

The baseline mean corpuscular haemoglobin
concentration (MCHC) was 33.14%. The control did not
show any significant difference from the baseline
value throughout the duration of experiment (Table 5),.
However, the MCHC of all lead.- exposed fish were on
the decline after 2 weeks of exposure, reaching the

lowest value after 6 weeks exposure. The values after



Table 5
Me
mean co

Tilapia

= 39 =
:
an haemoglobin(gf100ml blood), haematocrit and
rpuscular haemoglobin concentration (MCHC) of

nilotica (L) expcsed to lead for 1 to 6 weeks at

23°¢,

1l and 2

-— v

Means £ s.E. of 4 samples (2 for each exparimant

) pooled for both parameterg are prescnted,

Dose
of
Lead

in
ﬁgb'{_

Wecks of Exposure

3 4

0 7.78%0.13
0,076 7.93%0.15
0.163 7,926%0,22
0.326 7,¢0%0,29

Haemoglobin (Hb)

7.94%0.16 7.86%0,05 7.44%0.03 7.93%0323
8,15X0,12 7.18%0,06 7.25%0,08 6.95%0,19
7.28%0.18 7.53%0.30 7.28%0.54 6.50%0,30
7.5020.32 7.25%0.34 6.90%0,.09 6,00%0,41

7.8520,10
8.00%0.40
7.60%0,23
8.10%0,32

04076
0.163
0.326

0.076
0.163
0.326

e —

24.18%0.12
24.00%0.46
22,40%0,68
22.38%0,47

32.,16%0,52
33.02%0.13
35,57%0,49
34,18%1,.85

Haematocrit (Hct)
23.00%0.91 23.25%0.25 22.00%0,25
23.75%1,45 24,.25%0,.60 21.25%0.60
22.50%0.46 22.60%0.91 21.25%0,32
22,5020.,20 22.25%1.16 21.75%0,52

MCHC == "P/Hct x 100
34.31%1.54 34,.14%0,.37 35.74%0.47

33.67%0.53 33.62%0.32 33.85%1.05
33.7720,67 32.4322.05 35,43%1.12
35,98%1,29 33.78%0.76 33.30%1.03

22.00%0,.32
20.,45%0.45
22.50%1,19
21.00%0.74

33.80%0,42
35.49%0,61
32.23%0,75
32,9420,72

22.88%1,53
22,75%0,88
21.63%0,38
21.,16%0,54

34,961 .61
30,62%0,58
30,02%0,93
28,56%1,70

Baseline values determined before fish were

alloted to the exposure groups where 24.48 £ 0,40,
-

+

8,11 < 0,09 and 33.14 0.20 for Hct, Hb and MCHC

respectively, Means £ s.E. of 4 samples.
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6 weeks were 30.62%, 30.02% and 28,56% for 0,076, 0,163

1

and 0,326 mgL™~ lead - exposed groups respectively,

Blood cells of fish exposed to lead did not reveal
any morphological or histological alteration from the

contrel group (Plate Ia= Id)e.

Blood serum protein for the control and for fish
exposed to lead tended to increase with time over the
baseline value of 6.450/100ml blood (Table 6). This
could be due to the protein content of the expecrimental
diets A dose dependent decreanse of blood serum protein
of treated groups compared to the control was recorded,
in all cases, the differences were not significant

(P>0,05),

Regression analysis indicated 2 low negative
correlation coefficient of haematocrit and haemoglobin
with lead concentration (Fig 3, 4 and Table 7), while
the same for MCHC and blood serum protein were ~ 0,67

and = 0,80 respectively,

One fish from the 0.326 mgL™> lead showed sign of
imminent death after 12 days of exposure, It swam
erratically and lost equilibrium, The fish was removed

and the blood parameter determined.

Effect of lead on tissue glycogens

Liver glycogen levels of control group were not
significantly (P>0.05) different from one another

as evidenced in the relatively uniform peaks recorded
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Table 63

Blood Serum protein of Tilaeia.gilgﬁica (L)

exposed to lead for varying time periods 3t 239¢, Means

X 5.E. of 2 samples are presented.

Dose
?:ad Weeks of Explosure
in -1 ) ' ) - o
MgL™" 1 2 3 4 5 6
- - y
0 645020 8,65%52,35 6.2620:45 5.1020,60 10.50%0. - 8.95%2.66

0.076 6.,0520,05 6,40%1.10 6.80%0.60 9.55%0.45 9.00%1.20 9.75%2,56
0.163 4,95%0,25 7.00%1.50 7.3u2.11 6.40%2.61 7.70%30.30 7.70%0

0.326 3.9520,15 5.25%0,75 6.7520.05 4.95%1,4% 6.95%1.25 9,05%0,65

Baseline value of Blood Serum Protein determined
before fish were alloted to the varying lead

treatment was 6.45 &£ 0,07, Means = S.E., of 4 samples.



Table 7

Correlation and significant level of probability
of haemoglobin, haematecrit, blood serum »roteir,
MCHC; liver and skeletal muscle glycogen of Tilapia

nilotica (L) exposed to lead. Values for means of each

treatment presented.

Exposure Correlation: Ccoefficient.of Significant
group coefficlent(r) determination 1level of

o —

probability Remark

Hb ~0.48 0.23 P> 0.US .
Hct -0.51 0.26 p>0.05 .
MCHC ~0.67 0.45 Pp>0.05 .
BSP -0,.80 0.64 P>0.05 il
LG -0.86 0.75 P>0.05 L
SMG 0.14 0.02 P>> 0,05 .

® Relationship between the two variables is not
meaningful.

¢ ®Relationship between t%e two variables as explained
by the regression line is meaningful., Vvariation in one
variable could be used to predict the other, although
the r value is insignificant (P> 0.05) due to small
sample point used in the plot. However, r? value is
higher than baseline significant level (0,55 - 0.,6),

thereby making the variation predictable.
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Plate Ia: ‘ -

Blood cells of control fish. Oval
shape of erythrocytes is prominent.

Giemsa stain, x 1000,

Plate Ih:

Blood cells of fish exposed to

D.O?6mgL-1 lead after 6 weeks

exposure, Giemsa stain, X 1000
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Plate TI¢ 3 =
Blood cells of 0.163mgL"1 Pb exposed fish

after 6 weeks. Giemsa stain, x 1000,

Plate 1d: —_—
Blood cells of 0.326mgL™
Erythrocytes nuclei and cytoplasm

o Pb groupe.

are rrominent
Giemsa Stain, x 1000,



during sampling period (Fig 5).

Glycogen levels of fish exposed to 0,076 mgL'l

lecad fell after 1 weck of exposure compared to the
control. There was a rise over the control after 2 weeks
exposure. However, glycogen values of subsequent tlme
periods were lower than those for the control groupe.
similarly, glycogen levels of fish exposed to 0.163

r'l'lgL—1 leau initially fell after 1 week, rose again over
the contrel group at 2 weeks exposure. Thereafter,
glycogen values obtained declined comparatively with the
control groupe. The glycogen levels of fish exposed to

0,326 mgL-1

lead were consistently lower than the control
and fish exposed to 0,076 and 0.163 mgL™} lead during

the study period. 1In all cases, the increase or
decrease was insignificant (P> 0.05). Generally %he
result of the liver glycogen value indicate a dose =
dependent decrease effect of waterborne lead on Tilapia
2s well as highly negative correlation (r) value

(=0.86) between glycogen level and lead concentration
(Fig 6 and Table 7).

The relationship between the glycogen levels in
muscles of fish exposed to lead, the duration of
exposure and the lead concentration in the water
(level of exposure) does not show any clear trend, The
attainment of maximum or minimum glycogen pecks were
not dose - dependent as compared to the liver (Fig 7).

A correlation plot between the glycogen level and lead



Fig 5:

1

Liver glycogen (mgg~

tissue) in Tilapia nilotica
(L) exposed to various concentration of lead, Values

. plotted represent means of 4 pooled sampless
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Glycogen (mggr"'l tissue)
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Fig 6

&——8—@® iver glycogen

&—&8——48 skeletal muscle clycogen

F
L.
-— Y= 2,52 + 0,08 X
i
-
] ¥ L 1 L i |
.05 0.1l0 0.15 0.20 0.25 0.30 0.35

Lead concentration (l'ﬂgL"1 )

Liver and skeletal muscle glycogen for Tilapia

nilotica (L) exposed to various concentrations of

lead. The lines of best-fit are defined by the
e~ruations shown on them (Each point represents

means of 24 fish)



skeletal muscle glycogen (mgg'1 tissue) in
Tilapia nilotica (L) exposed to various concentration

of lead in water. Means of 4 pocled samples are plotted,
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concentration showed a low value (r = 0.14)(Table 7) and
therefore no meaningful relationship could be derived.
There was not much difference in the glycogen of lead
oxposed fish and the control. The glycogen of control
fish increased from an initial value of .32 mg,-l
tissue at 1 week to 3.22:11gg"1 tissue after 6 weekse
Levels in muscle of fish exposed to 0.0"16mgl.."1 lead
increased from an initial value of 1.38 rngq'"1 at 1 week

1 after 3 weeks. Thereafter, levels of

to 2.96 mgg
glycogen cobtained were not different. Muscle glyccgen
for 0,163 rnqL"1 lead group showed 2 gimilar increase
from the initial 2.50 mgg-1 tissue at 1 week to 2.90
mgg'1 at 4 weeks. Other values were 2.36 and 2.57 for
5 and 6 weeks exposure periods respectively Glycogen of
0,326 mr;;L"1 lead-treated group increased to 2.90 mgg"l
tissue after 5 weeks and declined to 2.83 mgg"l tissue
after 6 weeks of exposure. Generally, glycogen content
of skeletal muscle of test fish tended to increase with
exposure time probably due to their being held in

captivity.

Abnormalities induced by lead:

nglacktail", the darkening of skin from the dorsal
to caudal £in and terminating in a sharp line underneath
the dorsal fin was noted in fish exposed to 0.163 mgL"l
lead after 5 week exposure period (plate lia). The
lesion affected 40% (2 of 5) of fish left in test tank

during the period. During the 6th week; the darkening



of skin extended to the head of the same fish, covering
completely the right side of the head including the
Opercular bone and the skin surrounding the eyes (Plate

s,

'Spinal cvevature' was observed in one of the 4 fish
exposed to higher concentration 0,482 mgL'1 lead (é of
96hr LCS50) of thé trial assay 4 weeks a2f ter commencement
of assay ‘plates gIla - IIIb). The onset of the spinal
curvature subsequently killed the fish as affected fish
could not maintain 2 normal equilibrium in water or move
around., In this same 2ssay, 1 other fish died 3 weeks
from the start of assay while the 2 fish left survived

nn to the end of assay of 5 weekse

some of the lead - treated fish in both trial and
actual experiment exhibited signs of respiratory distress
as evidenced by their frequent visits to water surface

to gulp air.

Lead residue in tissues:

In genernl, the levels of lead accumulated in the
tigsue were directly related to the concentration of
lead to which the fish were expcsed (Table 8), Residual
lead in whole fish reguessed against lead concentration
(Fig 8) indicated » highly positive correlation between
the concentration of lead in water and that accumulated
by the fish (Table 9). In all lead concentrations,
accumulation of lead in tissue increased with exposure

period (Fig 9).
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Fig 8
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Lead Cencentration (mgL™

Residual lead in Tilapia nilotica (L) exposed

to vrricus concentrations of lead (Values plotted

renracont means for each treatment),



Lead in whole fish (ugg 1)
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Residues of lead in whole body of

Tilapia nilotica (L) exposed to different

concentrations of lead in water for varying

tine neriods.,



Table B:

Residue of lead (ugg-l wet wt) Tilapia nilotica (L)
1

whole fish exposed tc 0,076, 0.16% and 04326 mgL™
waterborne lead for 6 weeks at 23°S

Means ¥ sS.E. of 2 samples are presented.

Exposure
groups

v Exposure periods (weeks)
mgl “Pb

1 2 3 4 5 6

—— —— —— —— - ——

0
0,016 3,47%0.48 4.47%0.20 4.96%0,15 5.09%0.41 4.35%0,82 6.,05%1,19
0.163 5,33%0,15 5.1220.55 7.7620,28 5.6920.18 7,2020,20 7,78&0,30
0.326 7.14%1.62 6,9920,20 7.20%0.39 7.760.32 7.80%0,01 8,72%0,78
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Table 9

Correlation and significant level of probability

of lead in whole body of Tilapia nilctica (L) exposed

to different concentrations of lead in water for

varying exposure periods,

Exposure Correlation coefficient Significant
aroup coefficient(r) of determina-~ level of
tion, probability Remark

0,076 0.71 0.50 P> 0.05 .
Gelé3 0.71 0.50 P>0.05 g
0.326 0.91 0.83 P> 0.05 L
Means

of

each

treat-

ment 0.92 0.85 P 0.05 L

-

® variation of graph as explained by regression line

is not meaningful or predictable,

¢e¢ variation of graph as explained by the
regression line is absolutely meaningful

and predictable.
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Fish inflicted with "blacktail" lesion

1

after exposure to 0,163mgL” " for 5 wecks

X

PlatellIb: — e _
Fish's head darkened after 6 wecks lead
expsure to O.IGEmgL-l as compared to
unaffected fish from same group.




Plate IIIX(a):
Fish suffering from "sSpinal
Curvature” after exposure to higher
lead concentration of O.480mgL-l

for 4 weeks. (Dorsal view).

Plate IIX(b):

Spinal deformity in fish from 0,480

=3 - 2 )
mgL. -~ Pb after 4 wecks. (side view).
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The lead concentration in tissue of fish exposed
to 0,076 mgL‘j lead increased from an initial value ef

~1
3,47 ugg tissue after 1 week of exposure to 6,00 ugg'1

tissue after 6 weeks. In the group exposed to 0,163

-1 lecad, concentration reached 7.76 ugg -1 tissue

mgl
after 3 weeks, The levels in the tissue of fisgh from
this group analysed at other fTime pericds wore not

significantly different P»0.05), The same lrend was

observed in the 0,326 mgl™

7.1l ugg™ "

values increased gradually with exposure period,

lead group which accumulated

tissue after 1 week of exposure. subsequently

offect of iead on the histology of thne liver:

Normal liver: The liver of the Tilép;g nitotica as

observed from the control fish is made up of a continueus
mass of hepatic cells with cord like formation, The
cells are large in size, polygonal in shape, with more

or less centrally placed nucleus and homcgencus

cytoplasm (Plate IVA), Bile ducts and blood vessels
are found scattered ameng the hepatic mass of thesge cords
(Plates VIA and VIb)}., Very few hepatic vacuoles were
also observed among the liver cells,

Lead-exposed fish lever: The liwver of fish exposed to
0,076, 0,163 and 0,326 mgL-1 lead showed precipitating

or coagulating cytoplasm as evidenced in unclear and

less homogenous cytoplasmlic morphology when observed
under high powered light microscope. The degree of

cytoplasmic precipitation increased with increasing



"late IVB:

group(T.S). Nucleus and homogenous

cytoplasm are shown. & = cytoplasn,
b = Nucleus, Heamatoxylin and

eosin stain x4u00,

o N
SR e U e
Liver cells of fish exposed to

0.076 mgL-1 lead after 6 weeks.
Precipitating cytoplasm (fibrosis),
hepatic vocuoclarity are indicated.
a = Precipitating cytoplasm, -

b = Nucleus, ¢ = Hepatic vacuole,
Heamatoxylin and eosin stain xi00(%....).
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Plate IVD:jgju " ne

Liver.cellg of fish expésed to
0.163 mg,L."1 lead after 6 weeks(T.3.)
Note the degree of cytoplasmic
fibresis, Heamatoxylin and

eesin stain xj00,
i o 4

- ] :
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0.326 mgL'1 lead-exposed fish liver

b

Fa
«* 0

- .

cells after 6 weeks(T.S). Note
increasing rough cytoplasm

of hepatocytes and disintegrating
blood vessels, S = blood vessel,

Heamatoxylin and eosin stain xJ400,
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lead concentration(Plates IVB - IVD), An increasing
hepatic vacuolarity was alsoc cbserved among the
hapatocyctes of livers of fish exposed to lead compared

to the control(Plates VA - VD). The nuclei of

the affectea hepatocytes have vacated complete the
cytoplasm, while some stayed uon the periphery, /. few
of the blood vessels in the livers of fish exposed

to 0,326 mgL"1 lead had started disingtegration
(ilate IVD),

Also, in the highest lead concentration(0,326
mgL-1), the cytoplasm of the hepatocytes have started
complete disintegration leaving a nunber of large
spaces in between the hepatocyte cells nuclei
(Plate VITa), The liver morphology of lead-exposed
fish was compared vith the liver of Tilapia hilotica
that died 2hrs after exposure to 4 mgL-1 lead
concentration., The liver hepatecytes of the degd fish
showed complete disintegration of the hepatocytes
cytoplasm with ruptured or dead nuclei(Plate VIIp),



- ‘_- — — N— — -
Liver cells(Hepatocytes) of control

fish(L.3). Polygonal shaped hepa-
tocytes are prominent. a = €ytoplasa,

b = Nucleus. Heamatoxylin and eosin

- ¥

' lead exposed fish after

Flate VB: B3
%5.076mgL

6 weeks, Note some hepatocyte nuclei
at the periphery of vacuolated

cytoplasm. a Precipitating

Nucleus, ¢ = Yacuole,

U}

cytoplasm, b
Heamatoxylin and eosin stain x1000

(L.S).



Hepatocytes of liver of 0,326

mgl. lead - exposed fish after
- Lr s r 1 r . .

o] .st.‘r_'r‘..:(l_..;-) a = gytoplasm,

b = Nucleus, C= Vacuole,

Heamatoxylin and eosir



Plate Vla:

Bile ducts(arrowed) of liver from
control fish (T.S)

Heamatoxylin and eosin stain x1000

Plate VIb:

Blood vessel(arrowed) of the liver

(control)

Heamatoxylin and eosin stain xJ00
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Plate VIias
Liver cells of fish exposed to 0,326

mgL™) lead after 6 weeks (T.S.). Note the
large space in-between the hepatocytes due
to disintegrating cytoplasm. L = Large
space, a = Hepatocyte cytoplasm, b =
Hepatocyte nucleus, Heamatoxylin and eosin
Stain x 1000,
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Plate VIIb: — — o

Pyknotic (where nucleus is shrunken and very
dark) hepatocytes of liver of fish that died 2hrs
after exposre to 4mgL'1 lead (T.S.). Note
complete disintegration of hepatocyte cytoplasm,
Heamatoxylin and eosin Stain x 400
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CHAPTER FOUR
DISCUSSION

The growth of Tilapila nilotica (L) exposed to

waterborne lead was shown to be reduced at all
treatment concentrations. As can be seen from Fig 2

a dose-dependent growth impairement was cbserved with
the most marked effect at the highest ccncentration of
03206 mgL“l. The best growth was observed in the
control group. A number of studies have demonstrated
similar toxic effects, of lead on obther fish speciese.

Crandall and Goodnight (1963) observed trat guppies,

Lebistes reticulatus exposed to 1.24 and 3,12 mgI.,"1

lead for up to 129 days suffered a reduction in growth,
Dorfman and Whitworth (1969) showed that lead

concentraticn of 25 mgL-l

administered as slug does
reduced the growth of brook trout. Davies et al (1976)

observed that 20% of rainbow trout Salmo gairdneri

exposed to waterborne lead of 55.1 and 61.8 ugL-l
respectively in two bicassays in soft water were
severely paralysed and unable to feed; a significant
difference in size existed between the paralysed and

non—-paralysed fisha.

The yeduced growth may have been due to the
shortage ¢f energy resulting from lead interference
with the ¢nergy-yielding metabolic processes. The
mode of agtion of lead is ibhibition of mitochondria

respirati¢n through interference with respiratory
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enzymes and iron transport (Bull 1980). Quantitatively,
the major capacity for conservation of energy derived
from oxidation of physiclogical substrates in aerobic
cells is found in mitochondria, and several in vitro
studies have clearly demonstrated the ability of
isolated mjtochondria to accumulate pb++(Bu11 1980).
Since nc high energy will be generated during the lead
inhibition, shortage of energy may be created in the
tissues. Besides, the reduction in growth may be
attributed to low assimilation of consumed food from
the fish gut, Similar toxic effects of metals have
been reported. Stokes and Fromm (1965) repcrted that
glucose transport was reduced in the gut cells of
trout exposed to Chromate ions, while oxygen consumption
and phosphate metabolism were altered in mitochondria
of blue gill exposed to cadmium or zinc (Hultirum 1971),
A reduction in glucose transport could appreciably
decrease the tissue glucose level. One of the effect
of lead may be inhibition of glucose entrance into the
epithelial cells; suggesting that lead pathogenesis may
originate with impaired nutrient abseption. Absorption
is fundamental to all process of cell (Stokes and Fromm
1965), and if it fails, other processes fail,

The utilization of energy for other physiological
functions affect the availabllity of energy for growth,
In the fisst instance, the energy an organism obtains

from its foocd is made available to sustain reproduction



and other essential activities vital to the survival
of such organism. It is after these functions have

been taken care of that growth can occur,

The results of the present study indicate that

Tilapia nilotica exposed to waterborne lead suffered @

decrease in haemoglobin level that bear an inverse
relationship with duration of exposure period. The
data also show that the mean corpuscular haemoglobin
concentration (MCHC) of fish exposed to lead was on the
decline after two weeks exposure compared to the
control group. This suggest that the primary effects
of the lead on blood was a reduction in the haemoglobin,
There was no difference observed in the morphology of
the blood cells of figh exposed to lead compare” to the
control, This however, does not mean that lead did

not affect the blood cells since the blood cell count
was not carried ocut, The decreased haemoglobin could
have been due to a decreased number of erythrocytes.
Wong gt al (1978) have reported a similar reduction

in haematocrit, haemoglobin and in addition, deformed
erythrocytes in fish exposed to sublethal concentration
of lead. Similarly, Hodson et al (1978) noted that
waterborne lead caused a reduction in cellular blood
iron in rainbow trout. A reduction of cellular
haemoglobin would reduce maximum oxygen carrying
capacity of the blood, and also stimulate erythropoiesis

(Hodson et al 1978). Therefore the growth reduction
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observed in this study could be due to a reduced
oxygen carrying capacity of the blood resulting in an

inefficient utilization of assimilated food.

The results of the present study indicate that
waterborne lead caused a decrease in blood serum

protein in Tilapia nilotica that was inversely related

to dose (Table 6, Fic 7). This may be due to defectdve
protein synthesis in the intoxicated liver, as high
levels of metals have been associated with functional
changes. A De Bruin (1976) reported low protein
synthesis in vetebrate liver duc to direct effect of
hepatoxicants on Kupfer cells. This finding correlates
well with carlier studies on the effects of metal on
serum protein levels in fish blood. Christensen et al
(1972) and McKim et al (1970) in their study on the
biochemical changes in fish blood and early development
stages of fish, caused by metal indicated that; the
blood serum protein of the brown bull head lctalurus
nebulosus (L) exposed to nominal concentrations of

1

27 ug and 107 ug of Cull L™ ~, fell significantly after

30 days exposure but there was no change in 49ug of

<'.:uIII.,"1 group. @#Also blood serum protein of the brock

trout  galvelinus fontinalis exposed to 39 ug and
1

675 ug of CulIL™" fell significantly at the end of
21 days exposure. Likewise, there was a decrease in
blood protein content ¢f brook trout embryo exposed

to sublethal concentrations of methyl mercury 3



(Christensen 1975),

A dose-~dependent depletion of liver glycogen wasg
observed in this study probably due to inefficient
absorpticn of scluble glucose from the intestine or
break down of liver cells which store or synthesize
glycogen. It may alsc be as a result of activation of
enzymatic activities in the liver like action on
specific phosphatase of glycogen phosphorylase (A De
Bruin 1976). Alterations in carbohydrate metabolites
under toxic chemicals have been reported in vertebrates,
Mahaffey (1980); reported that, in lead-treated rat,
glucose absorption decreased between 10 and 31%,
reduction in absorption of amino acids averaged
approximately 20%. The repcort in this study is
qualitatively similar to that reported by Gill and

Pant (1981) for Puntius conchonius exposed to mercuric

nitrate. However, the onset and duration of glycogen
depletion are different probably because much lower
concentration of toxic metal with longer observation
time.were utilized by Gill and Pant(i“qr.he possibility
of biochemical responses to heavy metal intoxication

being species specific cannot also be ruled out, Sam

Kacew and sSinghal (1980) observed that administration

of 0.2 or 1 mg/k lead intraperitoneally to male rat

for 45 days depleted the liver glycogen level. The
low levels of liver glycogen in the lead-exposed

groups in this study may be an evidence of biochemical
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stress affecting primarily the energy reserves of the
fish. The sharp increase in level of glycogen of f£ish
exposed to 0.056 and D.lésth“l lead (Fig 5) over the
control on 2 weeks exposure may be an attempt by the
livers to conserve glycogen and therefore to restore
normalcy. At a later stage, however, the toxicity was

so high creating a depletion in the glycogen level,

There was no adverse effect of lead treatment
noticable in the skeletal muscle glycogen of fish
exposed to lead compared to the control. This could be
due to low accumulaticn of lead into the muscle.
Gilderhus (12F6) analysed the muscle of bluegills and
found arsenic residues in muscle to be relatively low
compared to the liver. Goyer and Mahaffey (1972) also
observed that substantial amount of body burden lead up
to 90% in mammals is found in the bone. Hodson et al
(1978) reported low lead accumulation in skeletal muscle
of rainbow trout compared to liver, gill, kidney,
Opercular bone and the bones. Oladimeji (1980) similarly
reported low accumulation of arsenic in the muscle of
rainbow trout compared to the liver.

The most prominent feature of this study was the
development of "Blacktail" and "Blackhead" in Tilapia
nilotica exposed to waterborne lead (Platesffa and 3lb).
The occurence of blacktail is the most sensitive
criterion for measuring a chronic respons§ of fish to

lead (Davies et al 1976). Davies EE'E_‘ObserVed that
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thz abnormality is highly suggested of direct
neurological damage to fish. The authors explained that
blacktail in fish could be caused by some direct or
indirect action of lead on the central nervous system
whereby motor nerves which control inervation of the
myomere and /or epaxial musculature and sympathetic
nerve control of the caudal pigments cells are affected.
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Besides, Davies et ll‘noted that the abnormality could

be by kriochemical inhibition in metabolism of affected
fish., Chisolm (1971) made a similar observation that
lead causes brain damage (encephalopathy) in mammals,
and that the mechanism of such effect on the central
nervous system is little understood.

A number of similar studies have reported the
incidence of blacktail in chronic effect of waterborne
lead to fish species. Davies et al (1976) noted
blacktail in rainbow trout at lead concentration of

1

0,06 mgL™ " in hard-water 6 months after the experiment

was started. One month later fish exhibit‘ spinal
curvature and eroded fins. Davies et 31{'?130 reported
blacktail in the same fish 1% months after commencement
of assay in soft water at lead concentration of 0,lmgL™Y.
Spinal curvature (Lordoscoliosis) and eroded caudal fin
were prevalent 1 month later. In severe cases of spinal
curvature, paralysis and muscular atrophy of the flexed
portion of thc fish occured. Holcombe et al (1976)

reported similar lesion in brook trout salvelinus



fontinalis exposed to waterborne 1lead, at concentration

1

of 0,119 mgL™" in water of 44 qu"1 ast:aCo3 hardnesse.
Hodson et al (1978) observed the incidence of blacktail
in rainbow trout cxposed to lead concentration of

0.12 n‘tg]’_,"1 for 32 weeks, and in 0,543 mgL_l for 14 weeks
in hard watar. hlan et al (1983) observed blacktail

in 30% (3 of 10) of the remaining rainbow trout exposed

1 for 30 weekse.

to a total lead concentration of 0.12 mgL~
The authorsalso noted that fdllowing development of
blacktail, Spinal curvature was alsc evident, particularly

when the fish was motionless on the tank bottone.

iAlan ot al /1883), explaining the relationship
between lead concentration and lead toxicity concluded
that waterborne lead had no obvious effeect on rainbow
trout at concentration below those which cause the
development of blacktail and spinal euryature (0.12mgL"1
ggéhdlil
total lead). Explaining further, ilan,stressed that

the concentration (0.12mgL‘1

total lead) compared
favourably with the maximum acceptable toxicant
cencentration (MATC) found by Davies et al (1976).

Using the development of blacktails ans spinal

curvature as their criterion for harmful lead exposure,
Davles'gs‘gizﬁgtermined the MATC for fingerling

rainbow trout in hardwater to be between 0.12 and 0,36
mgL~! total lead, similarly, the MATC of Davies g&_eﬁjr“)
and confirmed by Alan et al (1976), seems to correlate

1

with the lead concentration of 0,163 mgL™~ in this

study where blacktail occured for Tilapia nilotica (L)




The occurence of blackhead 1lesion at a later
period in the same fish that had blacktail pay not be
unconnected with probable increasing neuroclogical

cffect of lead with increasing exposure time,

In this study, lead accumulation in the tissucs of

Tilapia nilotica increased with increasing time and

levels of lead in test water (Fig 8 and 9). This is
similar to the observation of Pagenkopt and Neuman
(1974) that lead content of bone was higher in fish
from a river compared to fish from a hatchery supplied
with water with mueh lower level of lead. The river
water contalped 2.56 - 2.96 ugL'1 lead, twice chat of
hatchery water. Brown and Chon (1975), Hodson et al
(1978) alsoc reported that fish from Baiedu Dare,lake

Huron contained only 0.19 ugg'1

lead in muscle while
those from Toronto Harbour where local lead contamination
due to urban runoff water was prevalent contained 1,78

=1
ugg .

Lead accumulation in Tilapia nilotica may probably

be via the gill, operaular bone and skin, Haider (1964)
stated that Chronic lead poisoning in fish results from
resorption of the toxicants, apparently through the
gills, which gradually causes functional damage to the
inner organs. In a2 similar observation, Hodson EE.EE
(1978)explained that the lead accumulation via the

gill is a reflection of bive direct contact of gills

with lead contaminated water. 1In 2nother explanation,
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Hodson pointed cut that opercular bone of fish is
suitable for monitoring lead exposure and estimating
body lead content of fish. The direct contact the

skin and scales of test fishhavewith the lead treated
water probably assisted in the accumulation. However,
a relatively low concentration may be accumulated due
to less affinity of inorgenic lead at low concentration
with the thiol or Suphydryl groups (component of fish

skin and scale) (A De Bruin 1976).

Generally, the levels of lead accumulated in

Tilapia nilotica tended to be related to the damages

done to the body physiology. This is consisctent with
earlier reports on lead toxicity to fish. Holcombe
et al (1978), Hodson et al (1978) indicated that
chronic lead toxicity to rainbow trout increased with

tissue lead accumulation,

Report on liver histology of lzad-exposed

Tilapia nilotica showed an induced hepatopathy at

0.016, 0.163 and 0.326 mgL-l concentrations. The

structural impalrment of hepatocytes in liver of Tilapia
nilotica were more or less same as observed by Kumar

and Pant (1981) in Punctus conchonius after copper and

zinc poisoning. However, the result in this study
does not agree with previous cbservation of Alan et al
(1983), that sublethal lead concentration of 0.1 mgl™>
for 32 weeks did not produce any obvious histological

affects on the liver and some tissues of rainbow troute.



The disparity may be partially due to the difference

in the tolerance capacities of the two species for lead.

The occurence of increased hepatic vacuolarity in
the livess of fish exposed to all lead concentration
compared to the very few observed in the liver of control
fish may be an additional evidence of the toxic effect
of lead to the test fish, The occurence of the few
hepotocytes vacuolarity in the liver of the control could
not be explained since no traces of lead was measured
in the control fish or in dechlorinated water that
served-as control. Alan gt al (1983) similarly observed
hepétic vacuolarity in the livers of rainbow trout
exposed to lead and the control, and concluded that
the interpretatiom of liver changes from increased
hepatocytes vacuolarity as a result of lead exposure
was unreliable.

The focal necrosis observed in the livers of fish
exposed to lead as compared to the contrel in this
study may probably help to explain the reasons for the
fall in liver glycogen, blood serum protein and
haemoglobin concentration. The lead intoxicated livers
may have been incapacitated in the synthesis of adequate
protein into the blood stream leading toc a depletion,
The same may have prevented liver cells from storing
glycogen resulting in a fall. Similarly, the
haemopoietic tissues that replenishes blood cells; which

are lccated in the periportal area of the liver, in
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addition to their presence in the spleen, kidney,
intestinal submucosa and the thymus, may have been
damaged. This could have resulted in the decreased

bloecd haemoglobin concentration observed in this studye
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SUMMARY AND CONCLUSION

From this chronic toxicity assay, it is clear that
lead concentration as low ag 0.016Q;L'1 is harmful to

fish, particularly Tilapia nilotica.

Lead did not seem to accumulate as much in tissues
of fish to such a high level as some other elements
reported in literature. Lead concentration observed in
whole fish after 6 weeks of exposure were 70,35, 45,23
and 26,02 times the amount in the water for the 0,076,
0.163 and 0.316mgL-1 respectively. The levels of lead
residue accumulation in tissues were directly related
to the intensity of damage on blood and tissue histologye

Exposure of fish to lead depressed the blood plasma
protein, haemoglobin and haematocrit, The extent of the
depressions were directly proportional to the magnitude
of the exposure levels. The decreased values of the
blood protein and other blood parameters may be an
indication of lead interference with protein synthesis
and damage to blood cells respectivelye.

From the study, Tilapia nilotica exposed to 0,076

- 0.3lbmgL—1 lead in water for 6 weeks still put on

some growth, though not as much as the control,
However, the death of some individuals with obvious
symptoms of lead poisoning, and the degenerative changes
in the liver of dead and surviving fish suggested that,
had the experiment been maintained for longer exposure

period, progressively more fish would have died.
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There is c¢vidence that indiscriminate discharge
of effluents contalning lead into our aquatic
ecosystem can have severe harmful ceffects on the
ecosystem leading to the destruction of our fish
stock and perhaps of other forms of lifes IFf
governments goal of self-reliance in food, particularly
protein producticn is to be achieved, attempts should
be made to reduce the discharge of toxic metals into

our water bodies.
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APPENDIX I

Test of significant differences between the control and

the treated groupss:

Test of significance of percent wet weight gain
between control and fish expcsed to lead was carried

out using student t - test.

N & = s
2 2 2 2
Nq "o

€.ge Calculation for Week 13

control = xl,,3.344 = X,
Hl s Xl af X2

cijProbability level) = 0.05

X = 3.82 X = 2.717
2 2
X, = 478. 181 JX,° = 345,552

2 2
(ZX)° = 9878.372  (Q X,)° = 4990.01

Ny, = 26 N, = 26

2

T8. 18I = UB7E. 372 + 145.552 = 4§93.010f‘1 + 1
e | o === 4¢

26 + 26 = 2 L

/26
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= 1,106
8,092

= 0,137
Calculated value = 04137
Tabulated value = 2.021
cal.vals <~ . Tab val.

H accepted

o
statistical inference = Not significant (P> 0,05),
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Correlation amd Regression analysis

2.1 e.ge Determinaticn of r for liver glycogen of
fish exposed various lead concentrations.

= N XY - :;( _.3)

‘/E:Ixz - (0% g2 - (x)?

X = lead concentration y = liver glycogen

(Mean of individual treatment)

X Y Xy
0.086 8.32 Q.72
0.172 7436 1.29
0.344 5491 2,03
X = 0.20 ¥ = 7.20 Fvy = 4,02
SX = 0460 2Y = 21.59
3x2 = 0.16 yr? = 158.32
(%)% = 0,36 (YY) = 466.13
N =3 N = 3
r = 3 X 4.02 = 0.6 X 21,59
/(3 X 0.16 = 0.36) (3 X 158432 - 466,13)
= = 0.86

Coefficient of determination r2 - 0.75

22 Test of significant for r:
HO= r =0
Hy r # 0

degree of freedom = N - 2

OX(probability level) = 0.05
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t = r'\/N-2

l -r

0,86 U3 - 2

ﬁ_ 0.86°

- 1.?2

i

Calculated value = 1.72
Tabulated value = 12.71
Ccal, val «< Tab. val,
Ho accested
statistical inference = Not significant (P> 0,05)
243 Regression line:
Y = a ¢ b?
NExy - (Zx) (Ty)
NIx° - (Fx)°

= 3 x 4.02 -~ 0.6 x 21.59
3 x 0,16 = 0,36

o
i

- T.42

720 = a - 7.42 x 0.2
a = 8.68

’:; = 8,68 - 7,42 x
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APPENDIX III

Histological method used for processed tissueses

Fixed tissues in fixative (formol saline) for 24 hourse.

Washed material under gentle running water for 2 hours,

Dehydrated

"
"
"

Dehydrated
- 2 hoursas
Dehydrated
= 2 hours
Dehydrated
- 2 hours

Dehydrated

in

"
"
"

in

in

in

in

30% alcohol - 2 hours

50% " - 2 hours
T70% " - 2 hours
95% " - 2 hours

Absolute alcchol = 2 hours

25% (25ml) chloroform/(75) alcohol

50% (50ml) chloroform/(5Cmi) alcohol

75% (75ml) chloroform/@25ml) alcohol

Pure chloroform - 2 hours

" " - 2 hours
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23

24

pewaxed sections in Xylene 2

each

APPENDIX

Iv

staining method

Hydrated in Absolute alcohol

"

"

"

"

"

"

Brought to

stained in

Transfered

95% "
70% "
50% "
30% "

pistilled H20

Ehrlich’s HaerAatoxylin

to tap water

changes for 5 minutes

2 minutes

- 2 minutes

- 2
-
- 2
- B

2 minutes

"

n

"

"

30 minutes

Destained in 70% hcid alcohol = % = 1 minutes

washed in 70% Alzohol

- 1 minutes

Blued in 70% Ammoniated alcohol = 1 minute

washed in 70% Alcohol

Transfered to 50% Alcohol

counter stained in 1% Eosin in tap water - 2 minutes
washed in tap water
Washed in distilled water i minute

Dehydrated in 30% Alcohol

”

" 30‘% "

- 1 minute

- 1 minute

n distilled Hoo

n 50% Alcohol

" 7 0% "

— 1 minute.

- 1 minute

= 1 minute

-= 1 minute

—= 1 minute

—-= 1 minute

v Absolute alcohel -—- 1 minute

Cleared in dove oil --

5 minutes
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25. Cleared in Xylene =—- 2 changes = 5 minutes each
26, Mount in D.P.X using clean coverships

\ «”- Dry shades on luke warm hot-plate.



