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ABSTRACT

Pollution is the major problem in the estuarine ieowment. The fishes in this environment have
more gambles to get accumulated with the metalthéir body. This study is to check the
changes in the body of the fishes(Tilapia Mossaa)bighen their body gets accumulated with
Mercuric chloride, Zinc sulphate and also with bdihe two metals. The phiso-chemical
parameters in the estuarine water is checked aethse it in normal level. The k&value for
the meals was also found out. The blood glucose t@s1555.529 in HgGlincrease, +20.929

in ZnSq and 10.12 in both the metals concentration. Protese to +47.179 in HgGJ +29.283

in ZnSq and 14.86 in both the metals. The Cholesterol mismeased to +87.53, 8.758, and 1.97
in the increase of HgglZnSaq and both respectively. Then the DNA raise in Hg@t both the
metals concentration, the DNA reduces when the Zo8ocentration rises. The RNA count
decrease in the Hg&lconcentration raise, In Zngaaise in concentration it didn’'t show any
difference in the count and the RNA count increaglesn the concentration of both the metals
raises.

Keywords. Heavy MetalsTilapia Mossambical Cso, Metal stress and DNA, RNA.

INTRODUCTION

Polluting the aquatic environment by chemicals hasome a critical environment problem
worldwide. Chemical pollutants are mainly indudtria source. Toxic pollutants including
heavy metals are ubiquitous in polluted aquaticirenment. Heavy metals are continually
released in to the aquatic environment from natymacesses such as volcanic activity,
weathering of rocks and industrial processes. Mahyhese metals occur naturally in the
environment and are essential for normal metabotistine aquatic organisms [1,2]. However,
Industrial and Agriculture wastes have elevatednieiral levels of such metals in the aquatic
environment. Among various water pollutants, heangtals pose a great threat to fishes. They
still pose immense health hazards to aquatic osgasi
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Zinc and mercury receives the largest attentiowigw of its high toxicity at relatively low
concentrations and a long biological half-life néisg in a cumulative effect as pointed out by
[3]. Zinc is used in various industrial operatidoems and excessive zinc finds its way into lakes
and rivers. Although, small quantities of zinc aexjuired for normal development and
metabolism of organisms, if the level exceed thgsmitogical requirements, zinc can act as a
toxicant. Exposure to excess zinc has been repaadaring about biochemical as well as
histological changes in various organs of fishe®][4Number of physiological changes in
response to Zinc stress has beenreported in fidh asidisturbances in hormone secretion. Thus,
the interaction of several stress factors is inchcape and needs to be studied. Mercury is
also found naturally in the environment in the riigtdorm and in different inorganic forms.
Most of the mercury in the atmosphere is elememtatcury vapour and inorganic mercury,
while most of the mercury in water, soil, plantsl@mimals are inorganic and organic forms.

Fish are the richest source of an essentially ingaliet. They are however, endangered by water
borne pollutants transferredalong the food chajnfom the view point of fish cultur&ilapia
mossambicas the most extensively cultivated species glgball

The work was designed to determine the survivahefmullet fishTilapia mossambicaxposed

to 96h. Median lethal concentration (44 of metals (mercury chloride, zinc sulphate) and
combined metals (mercury chloride and zinc sulphatéish and the median lethal time @l

of fish in the combined metals and to find out thgact of the metal toxicity on some
biochemical components of the fi$lapia mossambicduring acute exposure.

Study area
Figurel. Map of Vellar estuary showing sampling stations

magery Date: 31112011 4 | 2003

MATERIALSAND METHODS

The healthy fishes of the same size were collectied were transported to laboratory in

Polythene bags containing Oxygenated water and wt®eked in a large rectangular cement
tank (4x6x3), previously soap washed, disinfectéth wotassium permanganate and thoroughly
rinsed thrice prior to filling with water. Fisheseve acclimatized to laboratory conditions before
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being used for experiments. The fish were fed with fish, flour pellets and ground dried
shrimp.

Since the most environmentally relevant metalibteractions takes place in soft waters, it is
worthwhile first to consider the origin and chaeaadf such waters [7]. In the present study, all
experiments were performed with estuarine watex firem chlorine.

Toxicant

Mercury Chloride plus Zinc Sulphate was used fer phesent investigation they purchased in
anhydrous dried chloride form. Mercury chloridedarinc sulphate (analytical grade) were
obtained from Qualigens Fine Chemicals. Glasxaalhimited, Bombay, India (No. 17584).

Experiments

Temperature of the water was monitored by a theretempH value was determined by a pen
type pH meter (pH Scan 1, Eutech Cybernetics PTE Singapore). Dissolved oxygen content
was estimated by Winkler's method using starchdatbr. Total alkalinity was determined

using methyl orange indicator. Salinity was meaduby Mohr’'s method using potassium
chromate indicator. Total hardness was estimatadguerichrome black-T’ indicator and

calcium level was determined using murexide indicatwhile magnesium content was
calculated by subtracting calcium hardness froml todrdness.

Assessment of metals stress

The survival/mortality of fish was recorded up ttiurs. Dead fish was counted, recorded and
removed. Mortality was not encountered in contDead fish were removed immediately from
the experimental tubs. Fishes were judged to lael ehen they lost their equilibrium, floated
belly up, became immobile, complete cessation aitilsory and mouth movements and
inability to respond to any stimulus.

Analysis of Bio-chemical

At the end of every 24 hours, 2 fishes were caflédtom each experimental tank and blood was
drawn from the heart region by cardiac puncturehwitparin as an anticoagulant and

centrifuged at 9000 rpm for 20 min and preservedHte analysis of glucose [8], protein [9] and

cholesterol [10].

Analysis of DNA and RNA

Nucleic acid was extracted from gill according he tmethod [11]. De-oxy Ribonucleic acid
(DNA) was estimated by the following the protocd2] using highly polymerized Calf-Thymus
DNA as standard. Ribonucleic Acid (RNA) was estietaaccording to the method of [13] by
using yeast RNA as standard. All the values wasdyaed statistically.

Different range of concentration of Metals

Wide range of concentration of selected metals omgrchloride, zinc sulphate, mercury

chloride + zinc sulphate 5,10,15,20 and 25 ppm efewprepared in non-chlorinated water
separately. Then, ten fishes were introduced irh gdastic container containing 10 liters of

water with the required amount of the above detemtals-concentration of preliminary

observation showed that beyond 15 ppm of the aboa&l, mixture the test fishes were died.
Therefore, the concentration of all metals, fallmigh in 15 ppm, respectively were prepared and
test fishes were separately prepared and testsfistere introduced in a narrow range
concentration of 8,9,10,11.12,13,14 and 15 ppm.
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RESULTS

The phiso-chemical parameter of the estuarie wateshown in table-1. The temperature is
maintained around 88, pH is maintained at 8.5, Dissolved oxygen ismatximum level,
Salinity was kept at 35ppt, Total hardness of tlagewis around 7, and Calcium and magnesium
levels in the water is 4.3 and 3.8 respectivelye Values are shown in table-1.

Table-1. Hydraobiological featur es of the water used for the present investigation

S. No Parameters Levels
1 Temperature (§ 38.9£ 0.2
2 pH 8.5+ 0.01
3 DO(mI/) 5.4+ 0.2
4 NH; (mg/l) 0.03+ 0.4
5 Salinity %o 35+ 0.2
6 Total Hardness (g/l) 7.74+0.02
7 Ca (g/) 4.03+0.1
8 Mg (g/l) 3.8 0.3

Values are meagSE for five individual observations

The mortality/survival of the fishTilapia mossambicaeexposed to wide and narrow range
concentration of Mercury chloride, Zinc sulphatel d&ooth Mercury chloride + Zinc sulphate is
shown in table 2-7. Using these tables we can aon@econclusion of the L{gof the wide and
narrow range of concentration of these metals.

Appropriate amount of mercuric chloride and zintpkate dissolved in seawater freshly every
time to prepare a stock solution. All these Resslitisws that the concentration of the metals is
more, the mortality is faster and quicker.

Table-2. Mortality of T. mossambica exposed to wide range concentration of mercury chloride at different
duration of exposure

Concentration| Duration of Exposure in hours
(Ppm) 24 48 72 96
3

6 - - - -
9 - - - -
11 - - - *
13 - - * -
16 * - - -
*Denotes the Lgarriving point
Empty column denotes no mortality

Table-3 Mortality of T.mossambica exposed to different Narrow range concentration of

Duration of Exposure in hours

Concentration (ppm

24 | 48 | 72| 96
10 - - - -
11 - - - *
12 - - * -
13 - - * -

Mercury chloride at different duration of exposure
*Denotes the Lgarriving point
Empty column denotes no mortality
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Table-4. Mortality of T. mossambica exposed to different concentration of Wide range zincSulphate at
different duration of exposure

Concentration| Duration of Exposure in hours
(Ppm) 24 48 72 96
8

10 - - - -
12 - - - -
14 - - - *
16 - - * -
18 * - -
*Denotes the L&arriving point
Empty column denotes no mortality

Table-5. Mortality of T.mossambica exposed to different concentration of Narrow rangetrail zincsulphate at
different duration of exposure.

Concentration| Duration of Exposure in hours
(ppm) 24 48 72 96
13 - - - -
14 - - - *
15 - - * -

*Denotes the Lggarriving point
Empty column denotes no mortality

Table-6. Mortality of T. mossambica exposed to different wide range concentration of Mercury chloride plus
zinc sulphate at different duration of exposure

Concentration Duration of Exposure in hours
(ppm)
24 48 72 96
5 - - - -
10 - - - *
15 - - * -
20 * - - -
25 * - - -

*Denotes the Lgarriving point
Empty column denotes no mortality

Table-7. Mortality of T. mossambica exposed to different concentration of Narrow range mercury chloride
plus zinc sulphate at different duration of exposure

Concentration| During of Exposure in hours
(ppm) 24 48 72 96
8 - - - -
9 - - - -
10 - - - *
11 - - * -
12 - * - -

*Denotes the Lgarriving point
Empty column denotes no mortality

The level of range of narrow concentration is belddppm while the wide range of
concentration is above 15ppm.
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At the end of 96hrs, the survival/mortality of figh the control and experimental tanks were
recorded. The concentration at which 50% survivaitality occurred after 24hrs. was taken as
the median lethal concentration (4gcfor 96hrs.

The changes in the blood glucose, protein and stesi@ levels ofTilapia mossambicaxposed
to mercury chloride, zinc sulphate and mercury Gt + zinc sulphate, found to be increased
when there is an increase in the concentratiohehtavy metals.

The fish which is exposed to mercury chloride shawsncrease in the blood glucose level from
69.100 mg/100ml at the end of 24hrs. to 155.519106@yhl at the end of 96hrs respectively. The
fish exposed to Zinc sulphate, also shows increasthe blood glucose level from 10.279
mg/100ml to 20.929 mg/100ml at 96hrs. respectivBiyt in the combined metal toxicity was
increased throughout the exposure period showingepeincrease of 5.42 and 10.12 at the end
of 24hrs. and 96hrs.

In mercury chloride, the protein level increaseatighout the experimental period showing an
increase of 19.261, 26.376, 46.639 and 47.179 y@ihthe end of 24, 48, 72 and 96 hours of
treatment, respectively. In zinc sulphate treatmemotein level increased throughout the
experimental period showing increase from 9.286rjgt the end of 24h to 29.283 pg/ml at the
end 96h, respectively. But in mixed metal toxiditg protein level was initially decrease at 24
and 48 hours. After 48 hours it was increased shgywercent increase of 13.78 and 14.86 pg/ml
at the end of 72 hours and 96 hours, respectively.

Table 8. Changesin the blood Glucose, Protein and Chlosterol, content of fish, Tilapia mossambica exposed to
acute concentration of mercury chloride, zinc sulphate and mercury chloride + zinc sulphate

Parameters| Hourp Control Mercurychloride Zincsatph | Mercurychloride+zincsulphate
o4 | 129 71940 58( 219()6795538)04 143(.;)8.4;17%)298 136.(%?2;)0.346
hsso | 0| 1205752039 LIS 150 200000 126 2025
(mg/100 ml) 72 | 128.373+0.39( 298:?12321%032)46 14?+?_9639f25§48 133.(%9.;18:)0.344
oo | znsrosoae] PO TSm0 2T A T
oo | cassooer| WUESOTS | Dmools | sl on
e d el
GO |7y | 7smssocoy| La1ss | ooy | v
oo | 7soso0ny | LIS | SSIos0p0 | s rie o
oo | rossmsasa) 1070000 | BLisnIGh |78 1ot 4
chapsor| 0 | 192000174 OIS 85 S50 | B0 1
(mg/100 ml) 72 28.810+0.059 135(3:%6;26?4’0 81((1125;;87(;39 74.0(_1;(1)3()).014
oo | 7o miou0oso] 17EEBNETS | 9405008 | Tobizi0 s

Cholesterol level in the gill tissues of fish expd4o mercury chloride was increased throughout
of the exposure period showing a percent incred86.606 mg/100ml to 87.653 mg/1000ml at
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the end of 24 hours and 96 hours, respectively.zitie sulphate, the cholesterol level also
increased showing percent increase from 2.713 r@fh0to 8.169 mg/1000ml at the end of 24
hours and 48 hours respectively. After 48 hourscti@esterol level slightly declined showing
2.797 mg/1000ml at the end of 72 hours. After drk the cholesterol level once again
increased showing percent increase of 8.758 mgfhbDa0the end of 96 hours, respectively. The
mixed metal the level was declined initially, shogipercent decrease -1.04 mg/1000ml at the
end of 24h and then it increases to 1.83 mg/10Q@Qrthe end of 48h, at the end of 96 hours it
stands at 1.97 mg/1000ml. These results were siovaible 8.

The changes in the gill DNA and RNA level Tafapia mossambicaxposed to mercurychloride,
zinc sulphate and mercury chloride+zinc sulphafmegd period. The DNA level was decreased
throughout the exposure period showing percentedser of -7.56 to -15.59 at the end of 24
hours to 96 hours, respectively. Zinc sulphate shimerease in the DNA content as -4.35 ug Mg
o -2.75 pg Mg* from 24 to 96 hours. But an increase of DNA lewels observed in mixed
mercury chloride and zinc sulphate treatment frath5 pg Mg’ to -9.28 pg Mg* from 24 to

96 hours.

The total RNA level was also increase throughbatrhercury and zinc treatment -5.14 ug Mg
' and -2.10 pg M§ at the end of 24h treatment and finally endé$wlie -15.12 pg Mgin
mercury chloride and -2.41 pg Mén Zinc sulphate at the end of 96 hours. But inedixmetal
treatment the value was decrease from 24h to 96lshawing percent increased from -9.53 to -

6.72 ug Mg~

Table 9. Showsthe changesin the DNA and RNA, content in the gill of fish, Tilapia mossambica exposed to
acute concentration of mercury chloride, zinc sulphate and mercury chloride plus zinc sulphate

Parameters Hours Contrdl mercury chlorlde Zinclsalp| Mercury chloride+zinc sulphale
w wand OS9E | BemE ] Tesel
ona | ® 87282 o | iney 779
(Mg Mg *wet tissue) 79 | 879432 z_sl.gzoé)z 8(?.2:?1:%6 8:([_.(;12%)12
0 | 81282 (ose) | (279 "Caz8)
w s SOSST | Tom | oo
R - A
(Lg Mg*wet tissue) 72 | 95.0¢4.2 ?-21'%?:706)2 9?:3%%)13 9(()_.1.4_;02.)14
o g WTST | %O | wmon

DISCUSSION

Blood glucose levels have long been used as imatgalf stress in fish [14]. Under condition of
stress, hyperglycemia may provide additional enehgyng times of high metabolic need such
as a “Fight” or “Flight” response [15]. [16] Repedt that alteration of carbohydrate metabolism
towards high circulating glucose level and glucayewsis are consistent responses of fish to
acidic conditions. In the present study, the inseeldevel of glucose may be due to alteration of
carbohydrate metabolisms or a physiological respdosmeet the critical need of the energy
under metal exposure.
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[17] Reported that in rainbow trougalmo gairdneriexposed to metal mixture brachial ions

decreased. He further reported that loss of biahdbns cause a decline in the osmotic
pressure of the plasma and thereby cause anticsm@dient across cell membranes. As a
result the intracellular fluid space expands atdRkpense of the extracellular fluid [18]. This,

intern have three major effects: hemoconcentraégnindicated by decreases in blood volume
and increase in hematocrit and plasma protein cdreteon.

[18] Reported that in rainbow trougalmo gairdneriexposed to acid condition, whole blood
viscosity increased, which reflected a rise in hat@erit and plasma protein concentration. In
the present study also the increase in plasmaipreteel may be due to increased level of blood
viscosity or osmotic gradient across cell membnahih reflects an increase in plasma protein
concentration.

The DNA damage assay may be used to evaluate £fiegenotoxicants, including heavy metal
species that are components in metal plating wasegwBecause genetic damage has an impact
on the survival of cells and individuals, the us®BIA damage assays using various organisms
is pertinent for the study of ecological toxicitgse@ssment [19]. Fish are used as a test
organism in which it is possible to detect DNA dgmanduced by direct mutagens and pro-
mutagens in both fresh and salt water [20]. Thu=nogoxic pollutants may lead to the
contamination not only of the aquatic organismsribelves but of the entire ecosystem and,
finally, of humans through the food chain [21]. Tiesults of the present investigation reveal
that the DNA and RNA content reduced in the, di #xposed to low metal concentrations. The
observed decrease in the levels of DNA and RNAadntan be best correlated with protein
reduction in the mussels exposed to different efftuconcentration. Since DNA and RNA
synthesis precedes protein synthesis, the reduatidheir levels is very well reflected in the
protein levels. The binding of metals to the pHalapine and lysine tRNA should have
inhibited their propagation to ribosomes, which ssi reduction in the protein content as
suggested by [22]. In this study also decreasesl lF§ DNA and RNA were observed this may
be due to the above reason.

CONCLUSION

» The physico-chemical features of water such as ¢eatpre, pH, electrical conductivity,
dissolved oxygen, total alkalinity, salinity, totedrdness, calcium and magnesium were normal.
» The median lethal concentration of mercury chlqgridi@c sulphate and mercury chloride
plus zinc sulphate of fish was 11, 14 and 10 ppmspectively thus showing that the metal was
highly toxic to fish.

» The (LG) value of each concentration of the metals isrbledentified.

» The blood glucose, protein and Cholesterol levelsrewincreased when the metals
concentration increase.

» The results of the present investigation revedltta DNA content is reduced when Mercury
chloride concentration is raised and increases whea sulphate concentration is raised. But
when both the metals concentration is increase@®Nw content increases.

» The RNA content reduces when the Mercury chloridecentration is increased; when the
Zinc sulphate concentration is increased the RNArdit show any notable change. But when
both the metals concentration is increased the Rdl#ent increases.
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