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Abstract— Bioassay in the structural deformation of the
kidney and the liver of African catfish, Clariasgginus
exposed to graded concentration of zinc was deterrfor

a period of 96 hours. The stock solution was pregawith
zinc and the fish juveniles were exposed to thieviolg
concentration in mg/L : 0.5, 0.75. 1.00, 1.25 anB0lwith

a control of 0.0mg/L where the zinc was not introetll
The kidney and the liver of the dead fish wereeditesl and
subjected to histology test.The regression plahefprobit
value transformed mortality against the concentratiof
zinc showed a strong relationship with the deatitheffish
exposed to the concentration of the metal with/&tue of
0.8725. Similarly the regression plot of the petage
mortality of the fish juveniles with zinc concetiva
indicate a very strong relationship with the togycof the
metal that results to death of the fish at varied
concentration with a Rvalue of 0.99754. All the same
probit transformed mortality and the log transfomne
concentration of zinc depict a very weak relatiapsh
between zinc toxicity and the lethality of the figth a very
low R value of 0.0873. All the same no death was obderve
in the control throughout the 96 hours period of ttudy
while the lowest death of 15% was recorded in tien@/L
and the highest of 60% in the 1.50mg/L concentratid
zinc. The LG, was determined to be 1.25mg/L during the
study time. The result of the bioassay in the sttractural
characteristics showed pathological lesion in thdnky
and vacuolation of the hepatocytes of liver of fisk. The
DO of the water was below the recommended levelhior
survival of the fish in the waters that the concatitn of
zinc was introduced and may cause distress toishe fThe
fish showed erratic movement and distressful bebavo
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where they were exposed to zinc and eventuallyoties
that could not tolerate the toxicity of the met&dd The
study conclude that the fish should not be expdsettie
elevated concentration of zinc as it is toxic ardammend
that anthropogenic activities that release zincoirthe
environment should be controlled.

Keywords— Bioassay, Clariasgariepinuskidney , liver

Zinc.

l. INTRODUCTION
The second most abundant heavy metal after irothén
earth crust is zinc. It is an essential element amcdro
nutrient in almost all the cells of the living ordsms. Zinc
is a trace element which is important in the nuclecid
synthesis and it is found in many enzymes (Sfakisnat.
al., 2015). Zinc is found in water as a free catién® is
soluble in zinc complexes and it can be absorbed or
suspendedin the water (Authnednal, 2015). The metal
and its compounds are used extensively in the
manufacturing industries and in medicine (Authetaal,
2015). Anthropogenic sources resulting from thelasipn
of human population with the development of scieand
technology have contributed to the loading of nzetide
zinc into the aquatic environment (Agebi and Owgeye
2012). The water that is contaminated with heawetats
may adversely affect the immune system of the fish
resulting in the decrease in production and inéngathe
susceptibility of the fish to disease conditiontthey lead
to the death of the fish (Raatial., 2015). Although small
amount of zinc in the water or diet is essentialitong
organisms, however it is at elevated concentratithad
becomes detrimental to the health condition offisle and
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other organisms. Ultrastructural  deformities are
histopathological biomarkers which are sensitivéidators
of subcellular stress in organisms exposed to srattiong
periods of graded concentrations of toxicants (Aslanal.,
2000). Fish exposed to elevated concentratiorinuf may
die, retard in growth, and experience respiratoiy eardiac
changes, inhibiting spawning and other detrimeaffdcts
that affects the fish. In addition the qills, liy&idney and
skeletal muscle may be damaged (Sorensen, 1991).
Clariassp is a species of fish that is distributed widiely
Asia and African regions of the World. And thehfigs
common with its tasty flesh, grows very rapiadlyldras a
very high market value in these areas( Ovie andoGghe,
2008). Similarly in NigeriaClarias is an indigenous fish
found in virtually all the freshwater in the countThe
most common species @fariasthat is found in Nigeria is
Clariasgariepinusthat is found in every fresh water in
Nigerian. All the same the fish is at the risk ey metals
exposure like zinc due to the toxicity of these aifget
resulting to death of the fish and threateningpiipulation
in the Nigerian freshwater ecosystems. More sofitiheis a
rich source of protein and is widely consumed imgé¥ia,
and having its organs exposed to heavy metal nfagtahe
health of humans that consume the fish directly hade
implication for public health. The objective of shstudy is
to determine the lethal concentration of zinc metgdosed
to African catfishClariasgariepinusand to investigate the
level of damage caused in the kidney and liverhef fish
exposed to the metal as the most sensitive orghrbkeo
fish.

1. MATERIALS AND METHODS
Sample collection
One hundred and twenty specimens@ériasgariepinus
juveniles of mean weight 21.2g were obtained frdma t
fishfarm, University of Agriculture Makurdi and weer
transported in large plastic bowls to the Fisheriesl
Aquaculture laboratory of the University of Agritwrde,
Makurdi, Benue State.
Acclimatization of fish
The fish were acclimatized in order to adapt t@ th
laboratory conditions, during which time they were
provided with artificial feed. The size of fish ved from
12cm-14cm in standard length and 20-22.4g in weilgish
of both sexes were used without discrimination. Tish
were not fed throughout the day that they wereinbthdue
to stress which may prevent easy digestion and ecaus
mortality. Feeding commenced the following day et
morning, and they were fed with commercial feedofats
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2mm) at 4% of initial body weight (Meyest al, 1998).
One hundred and twenty fish juveniles were held large
bowl containing about 80 litres of water during
acclimatization period that lasted for 14 days. Water in
the bowls in which the fish were put into wereched®yery
day for two weeks in order to avoid pollution bgtfiexudes
and food remnant of the unconsumed feed and faese
removed and water replenished.

Preparation of stock and test solution of zinc met

The test chemical was zinc metal. The concentrgtion
prepared for the experiment were 0.50mg/L, 0.75mg/L
1.00mg/L, 1.25mg/L and 1.5mg/L. A stock solutionzaic
metal was prepared by adding 5mg of the toxicarit litre

of distilled water. The amount of zinc metal whiabntain
5mg/L of zinc was determined from the molecular and
atomic weight of the zinc.

Determination of lethal concentration

The toxicity test was conducted to determine thg,Malue
with reference to FAO procedure for short term esxpe
(Reish and Oshida, 1987). The test lasted forda8h
Application of the Toxicant to the Fish juveniles

The toxicity test of the acclimatized juveniles of
Clariasgariepinuswere carried out in two phases and each
group was replicated by dividing them into 10 grewnd
exposing themto 96hr Lggof zinc and an unexposed group
without the toxicant served as the control for fdays. The
bowls were covered with a mesh to prevent juveriiies
jumping out of the water. Dead fishes during thesigd
were identified by an absolute lack of movementeyrh
were removed as soon as it was noticed and diesests
carried out by removing the kidney and the liveatttvere
preserved in 10% formalin for preservation in order
carryout histopathological test to detect the daneaused
on these organs of the fish.

Histopathological Examination

The fish in the control and the treatments wersadited
and the kidney and liver were removed from the. fishey
were fixed in FAA (Formaline Acetic acid Alcohollhe
tissues that were fixed were processed with alcohol
dehydration and tetrahydrofuran for clearing. Thesues
were then embedded in paraffin wax at the conggaaint

of 58-60°C and longitudinal sections and transverse sections
of serial sections of 5-8u thickness were taken ®bese
sections of these tissues were stained in haemlotoxyd
eosin (HE). The sections were deparaffinised thnotvgo
changes of xylene each in ten minutes time. Thedtgd
sections were then stained with Delafield haemdioxgr

a period of five minutes and differentiated in aeidohol

by dipping and then washed in running tap waterfifae
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minutes. After dehydration the sections were caunte
stained in eosin by dipping and the excess stais wa
removed by placing in 90% alcohol for 30 secondd an
absolute alcohol for five minutes. After then trehgdrated
sections were blotted once again and cleared irchamges
of xylene with the first change in ten minutes tiraed
second change in fifteen minutes period. The cestivere
further blotted and mounted in DPX (Diesterenejuasar
xylene). The tissues were examined under the niopEs
and then micro photographed.

Determination of the physico-chemical parameter of
water

Water temperature, TDS, Conductivity, DO and pH ever
determined in the laboratory with measuring meters.

Data Analysis

The test concentrations were converted into logariand
the corresponding mortality percentage into thépnalue
(Finney 1971). The obtained probit values were tptbt
against the graded concentration of the zinc mefghe
physico-chemical results were subjected to studetsist
analysis and descriptive statistics.

RESULTS

Toxicity ofzinc Exposed tdClariasgariepinus juveniles

The results presented in Table 1 is the 96 houtgeac
toxicity test ofClariasgariepinuguveniles exposed to zinc.

A perusal at the result indicate that that thers wa dead
fish in the control experimental set throughout #ehours
period of the study. All the same the lowest mdistal
percentage of 15% was observed in the 0.5mg/L
concentration and the highest percentage mortefit§0%
was in the 1.25mg/L concentration of zinc. Thesd-@as
determined to be 1.25mg/L during the period ofgtualy. It
was generally observedthat the mortality of thseh fi
increased with increase in the concentration ofc.zin
Similarly Figure 1 is the regression of probit nadity
values and graded concentration of zinc exposed to
juveniles ofClariasgariepinus The result indicate a strong
relationship between the concentration of zinc dhe
mortality of the fish with the Rvalueof 0.8725. Figure 2 is
the result of the regression of probit values andg of
graded concentration of zinc exposed to juvenilds o
Clariasgariepinus The result showed that there is very
weak relationship between the log of concentratind the
mortality of the fish with a Rvalue of 0.0873. The data in
Figure 3 is the regression of percentage mortaétyes and
concentration of zinc exposed to juveniles of
Clariasgariepinus The result indicate that there is there is
a very strong relationship between the concentratifothe
zinc and death of the fish wittf Ralue of 0.9754.

Table.1: 96 hours acute toxicity test of Clariasgainus juveniles exposed to zinc.

s/n Concentration Log of Number Number %Mortality Probit
(mg/L) concentration of fish of fish Value
exposed died
1 0.00 0.000 20 0 0 0.00
2 0.5 -0.301 20 3 15 3.30
3 0.75 -0.125 20 5 25 3.96
4 1.00 0.000 20 9 45 4.87
5 1.25 0.097 20 10 50 5.00
6 1.50 0.176 20 12 60 5.25
7
6 y = 3.4046x + 0.8929
5 *
54
[
>3 R?=0.8725
a2
o
gl
0 v T T 1
0 0.5 1 15 2
Zinc metal concentration (mg/L)

Fig.1: Regression of Probit mortality values an@ded concentration of zinc exposed to juvenile€lafriasgariepinus.
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Fig.3: Regression of percentage mortality valued graded concentration of zinc exposed to juverifeClariasgariepinus

The results in Plates 1-12 indicate the histopatiiohl
analysis of the kidney and liver &lariasgariepinus.The
control has no pathological lesions in the kidnehte 1),
but the exposed concentrations shows significatitation
of toxicity of zinc in the kidney o€lariasgariepinus Plate
2-6 shows how the kidney cells were observed te@ leen
massively destroyed showing karyolysis of nucleic
materials, vacuole formation of the tubular epidiletells,

LY y oy ak y
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necrosis and the renal corpuscle of the kidney were B 28 £ s : e
scattered resulting in their disorganization andseguently Plate 1. Kidney of Clariasgariepinus in control dow
obstruction to their physiological functions. Pai@&12 is shows no pathological lesions. X10

the alterations on the liver @lariasgariepinusexposed to
different concentrations of zinc leading to thdanfmation
of the liver cells, diffused vacuolation of hepats;
hepatic cell rupture,fatty infiltration and vacudtemation.
The liver of some portions of the liver tissue thegre
observed probably resulted from the excessive work
required by the fish to get rid of toxicant from bbdy
during the process of detoxification by the liverhe
inability of the fish to regenerate new cells mégodead to
severe cell rupture of the hepatic cells while &latshows
normal liver oClariasgariepinus

v . y: A ‘-",: 4 =
R T RS, T

Plate 2. Kidney of Clariasgariepinus exposed td0/b
of zinc shows karyolysis of nucleic material. X10
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Plate 6. Kidney of Clariasgariepinusexposed to 4.5g
of zinc shows tubular necrosis visible the renal
tubules were dilated.

Plate 3. Kidney of Clariasgariepinusexposed to
0.75g/1 of zinc karyolysis of nucleic material. X10

1.00g/I of zinc shows vacuole formation of the taibu
epithelial cells. X10

netcPun SRS AL T N :
Plate 5. Kidney of Clariasgariepinus exposed to
1.25¢/l of zinc evidence of tubular necrosis.x10

of zinc shows inflammation of the liver cells. X10
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oL i&i‘ur @&fu." A 3
Plate 9 L|ver ofClariasgariepinus exposed t00 75@‘/
zinc shows mild diffuse vacuolation of hepatocyxd$)

Plate 12. L|ver of Clanasgarleplnusexposed to0hsb of
zinc shows fatty infiltration and Vacuole formatigma0

Physico- chemical Characteristics of Zinc treatmets
and control

The results in Table 2 is the physico-chemical
characteristics of the graded concentration of zinc
treatments and control experimental set up expdsed
juveniles ofCalriasgariepinusfor a period of 96 hours. The
result showed that pH ranged from 8.10-8.70 witimesan

of 8.42+0.22, water temperature varied from 28.8®&C
and mean of 28.66+0.21. The TDS of the water samples
differed from 402.00-432.00mg/L with a mean of
419.77+11.43mg/L, EC ranged from 805.00-862.00mS/c
with mean of 839.00+22,31uS/cm. The DO of the wate
samples varied from 4.29-4.82mg/L with a mean of
4.58+0.21mg/L. The t test was significant acroBstree
examined parameters<@.005).

Plate 10 Liver of Clanasgarleplnus exposed m()gll of
zinc shows severe diffused vacuolation of hepatecitl10

Plate 11. Liver of Clarlasgarleplnus exposed t25h/1 of
zinc shows hepatic cell rupture of sinusoids with
hemorrhages at several points. formation. X10

Table.2:Physico-chemical characteristics of gradedcentration of zinc treatments and control explo®
JuvenilesClariasgariepinus for 96 hrs,

Concentration pH Temperature TDS(mg/L) EC(uS/cm) DO(mg/L)
(mg/L) (C)
0.00 8.10 28.75 402.00 805.00 4.82
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0.50 8.27 28,55 412.00 824.00 4.80
0.75 8.35 28.30 416.00 833.00 4.62
1.00 8.50 28.90 423.00 851.00 4.52
1.25 8.61 28.65 430.00 859.00 4.42
1.50 8.70 28.80 432.00 862.00 4.29
Mean 8.42  28.66 419.17 839.00 4.58
Std,Error 0.09 0.08 4.66 9.11 0.08
Std. Deviation 0.22 0.21 11.43 22.31 0.21
Maximum 8.70 28.90 432.00 862.00 4.82
Minimum 8.10 28.30 402.00 805.00 4.29
t. test 92.13 329.27 89.87 92.09 53.36
P- value 0 0 0 0 0

M. DISCUSSION with R? value of 0.10(Makonda al, 2015). This could be

In the course of this studylariasgariepinus showed
distressed behaviour as a result of the effect iot z
concentration exposed to the fish compared to treral
experimental set up where the zinc was not exptsehle
fish. These behavioural response were observetkinapid
change in the in the fish reaction to erratic swimgn
gasping of breath with frequent surfacing whichréases
with the increase in the concentration of the zlndng the
course of the study. Similarly as the exposureogeaf the
fish to the metal increases the fish were obsengette
weaker with their ventral surface turned upward tedfish
that could not withstand or tolerate the concernat
anylonger went into coma. Nevertheless normal bielav
were noticed in the fish in the control where tbgit¢ant
(zinc) was not introduced indicating no effect loé tmetal.
These behavioural observation during the coursehisf
study are consistent with the earlier findings on
Clariasgaripinusbut with different toxicant (Dahunsi and
Oranusi, 2012). The toxic stress of the metal have
significant effects on the fish which may resultseveral
physiological malfunctions in the fish (Olufayo,@). The
fish were stressed progressively with time befaatd. The
stressful behaviour of respiration impairment doethie
toxic effect of the toxicant were in agreementhe toxic
effect of herbicide that impair respiratory orgafsa fish
exposed to the herbicide (Aguigo, 2002). The deéatthe
fish could either occurred by direct poisoningratirectly
by making the medium unsuitable for the survivalttoé
fishor it may be both (Omonigt al, 2002, Rahaset
al.,2002 Aguigo, 2002).

The result of this study showed a very weak refestnip
between the probit transformed mortality and thg &f
concentration of zinc. This findings are similae ttesult of
an earlier study orClriasgaripinus that indicate a weak
relationship between log concentration of zinc aradtality
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that the transformation of the graded concentratibreinc

to log transformation did not depicts the actual
concentration of the metal, most especially in aitn
where low concentration values are used as obtam#uke
present study. The negative values of log of eatration
did not show the actual concentration and the lieyhaf
the metal. All the same the result of this present
investigation differs significantly from the findis of an
earlier study that reported a very strong relatiiqms
between the probit mortality and log of concentratiof
zinc exposed tdClariasgariepinuor 96 hours with a R
value of 0.998( Adebola and Kayode 2015). All fane
there was a strong relation between the probit alitytand
concentration of zinc and the percentage mortalitg zinc
concentration with R values of 0.8725 and 0.9754
respectively. These results indicate clearly tHegre is
affinity between the concentration of zinc and Heatt the
fish.

In this study the Lg for the 96 hours exposure of graded
concentration of zinc ®lariasgariepinusvas 1.25mg/L
which differs significantly from the 1.65mg/L reped for a
different species of fish exposed to zinc for 9@isoperiod
(Meena, 2012). The difference could be in theedéht
species and the concentration of the zinc the epegkere
exposed to. The histopathology changes in theekidsf
Clariasgariepinusare similar to the necrosis observed in the
kidney ofChannapunctatu¢Bloch) exposed to zinc (Gupta
and Srivastava 2006). The result of nuclear deggioer,
hypertrophy of hepatocytes and pyknotic nuclei dzenia
the liver ofClariasgariepinusexposed to zinc are similar to
the findings of earlier study that reported simiiger cell
damage of the test organisms exposed to zinc (8kbasar
and Selvanayagam, 2014).The liver of the fish eggd®
the graded concentration of zinc was observed s\itintly
vacuolated cells which depicts fatty degeneratiord a
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necrosis of some portions of the liver tissue wipobbably

is the resultof the excessive workdone requiredhiayfish

to eliminate and detoxify the toxicant from its lyegstem
during the process of detoxification by the livérhe
inability of the liver to regenerate new cells nagoresult

to necrosis.In the present study, the kidney of
Clariasgariepinusexposed to zinc concentrations showed
dilation of the bowman’s space and accumulatiohyafine
droplets in the tubular epithelial cells of the dlédo The
kidney cells were observed to be massively destroyae
renal corpuscles were scattered resulting in their
disorganization and consequently obstruction toirthe
physiological functions as was reported by (Omoaeiyal,
2002, Rahmaet al., 2002.). The death during the course of
this study was observed to relate with the time zhe
remain active in the water. The result of this gtirdlicate
that the more the retention time of zinc in the evahe
more death of the fish. These observations areistens
with the findings of Reddgt al, (2016). The result of the
water quality parameters were suitable for fishdpiaion
except for the DO. The mean value of DO was ndebié

for the survival. This maybe ascribed to the toedfect of
the zinc on the DO in the treatments. Howevernthavater
that was exposed to zinc sulphate f@nanna punctatus
with mean DO value of 6.5£0.3 which differs sigo#itly
with the one this study( Meena, 2012). Similarlyp&uand
Srivastava (2006) reported higher value of DO i Water
exposed to zinc as compared to the result of taidys All

the same Mabika and Barson(2013) reported loweanme
value of 4.20mg/L exposed to zinc as comparedh® t
result of this study. The result of the condutyivaf this
study is differs significantly from the lower mean
conductivity of 128.40uS/cm as compared to the drigh
values obtained in this study( Mabika and Barsath320

V. CONCLUSION
The result of the study indicate clearly that eteda
concentration of zinc is toxic to the Africa calfiand
showed strong affinity with mortality with increade
concentration and exposure time. The toxic strészine
was clearly observed in the histology results eflither and
kidney of the fish exposed to zinc while such whsesved
in the control. The zinc showed a pronounced effacthe
DO by lowering it of the test waters and equallgreased
the conductivity of the test water. The study reomnded
that the zinc should be released into the aquatic
environment due to its effects on the fish.
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