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Abstract

DOBREVA, V.,A. TSEKOV and |. VELCHEVA, 2008. Study of the effect of zinc on gill functionsof the
crucian carp Carassiusgibelio Bloch. Bulg. J. Agric. Sci., 14: 182-185

This study presents the results of research on the effect of the growing concentrations of ZnSO, (0.5, 1.0, 1.5
and 2.0 mg.I") on gill functions of the crucian carp Carassius gibelio Bloch. After a ninety-six hour exposure to
Zn, it has been observed that fishes from all ZnSO, concentrations have decreased breathing intensity (lower
levels of the oxygen consumed) — 0.089-0.118 mg.g* weight per hour (31-48% less), compared to this of the
controls — 0.171 mg.g™* weight per hour. Furthermore, al fishes exposed to Zn show decreased oxygen defi-
ciency resistance when compared to the controls. The mortality rate of the experimental fishes is from 40 to
71.4%, whereas by the controlsit is 11.76%. Theresults obtained show that even the non-lethal concentrations of
Zn compounds|ead to gill function impairment of the crucian carp and in combination with adecreased amount of

oxygen absorbed in water the effect can be lethal.
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I ntroduction

The problem of environmental protectionisbe-
coming moreserious. Heavy metd pollutionisoneof
themain anthropogenic pollutionscausing seriousand
longlastingdamagetodl livingorganisms. A principd
approach to contamination level measuring of water
ecosystemsisthe hydrobiol ogical monitoring of sub-
lethal chronic heavy metal concentrations. Research
subjectsare not only the occurring changesin some
of thestructuresand processesin the hydrobionts but
asotheir accumulation. Hydrobiontsarewiddly used
astest —objects(bioindicators) for level measuring of
heavy metal contamination of water ecosystems.

Fishes are regarded to be the most susceptible
bioindicatorsof al hydrobionts (Hybia, 1982; Hedre-
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yanov and Paoopsu, 1983). The negative effect of
heavy metalsonfishesisrelated tothedisturbancein
their biochemical and physiologica processes(Hallis
etal.,1990; Lionettoet a., 1998; Vildlaet al., 1999,
Arnaudov et al., 2007; Tomovaet a., 2007).
Itisafact that CarassiusauratusBloch reactsto
Cu?* (concentration 0.002 mg.l™) by ashort reduc-
tion of the ability to detect visual stimuli and by in-
creaseinthelatent period for an appropriate reac-
tion. Higher concentrations cause greater changes.
Studies carried out on Cyprrinus carpio L.,
Tishinova—Nanova, 1980; 1994 exhibited increase
inthennumber of erythrocytesand ahigher haemoglo-
bin content by concentration 0.7 mg.lI* CuSO,.5H.0.
Blood colouring index decreases. L eukopeniaand
lymphopeniaare observed by concentration 100-1.5
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mg.I%. The percentage of neutrophilsand mielocytes
issgnificantly increased. Itissupposed that each con-
centration higher than 0.7 mg.I"* leadsto ad owing of
theblood-gasinterchange. By concentrationsover 1.5-
2.0mg.I* theorganism of thefish cannot combet Stress,
whichhasaletha effect.

Material and Methods

During the period 19.04 to 28.04.2007 after ex-
posing thecrucian carp (C. gibelio) togrowing ZnSO,
concentrationswe carried out astudy on the breath-
ing intensity and water oxygen deficiency resistance
of thefishes. Thefishesfrom al concentrationsand
from the control were at awater volume 251.

On 20.04 at 11 o’ clock thefollowing concentra-
tionswereset:

-Tank® 1-0.053g(0.5mg.l?), 10fishes(300Q)

-Tank® 2-0.1049(1.0mgl?), 10fishes(370Q)

-Tank! 3-0.1569(1.5mgl?), 10fishes(360 Q)

-Tank® 4-0.208g(2.0mg.*),10fishes (370 g)

Before conducting the experiment, wechecked the
breathing intensity of the control group.

Fivefishes (190 g) were put in atank with avol-
ume 25.01 litresat awater temperature 15.7°C and
oxygen content 10.2mg.I™%.

Thetota oxygen consumptionis32.51 mg per hour
which means oxygen consumption of 0.171 mg.g™.
The exposureto different concentrationshad a96 -
hour duration at water temperaturefrom 16.2°C to
17.9°C. The controlswere observed at the sametem-
perature and volume of the unpolluted water. After a
96- hour treatment the breathing intensity was ob-

served (oxygen consumption per 1 gweight per hour),
after Stroganoff’smethod (1962). We carried out an
observation on oxygen deficiency resstancein atank
withavolume 25| at awater temperature 17.9°C.
Forty-two fisheswere used in thisexperiment:
—5fishesfor concentration*
—6fishesfor concentration*
—T7fishesfor concentration*
—T7fishesfor concentration*
—17 control fishes
Thetotal duration of theexperiment was120 min-
utes (from 14.30to 16.30 h). The oxygen content in
thetank water from 8.3 mg.l"* decreased to 0.2-0.1
mg.I. In both of the experimentsthe oxygen content
wasmeasured automatically with an oxymeter.
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Results and Discussion

On 23.04 at 11 o' clock we ceased the treatment.
We put thefishesinto unpolluted water withtempera
ture 17.9°C. During the period of their stay in the
particular concentrationsthefishesdid not show any
obviousdifferencesin their behaviour in comparison
to the controls. There was no death by any of the
concentrations. Theresultsof the breathing intensity
observation are presented in Table 1.

Theresultsobtained, show that after a96-hour Zn
exposurethefishesfromall concentrationsZnSO, have
lower breathing intensity (lower levelsof the oxygen
consumed) —0.089-0.118 mg.g™* weight per hour,
compared to the controls—0.171 mg.g™* weight per
hour. Under theinfluence of these concentrations of
ZnS0,, the oxygen absorption abilities of thefishes

Tablel
Breathing intensity in different conditions

Volume - Num.fishes O —start, mg. O,—end, mg. Accumulated O,

| conc./mg.™ Iweight, g I"'/in general I"Yin general (in general/invensity)

25.01/ 0.5 4/170 10.3/257.60 9.5/237.60 20.0 mg/0.118
11.78/ 1.0 5/190 10.3/121.30 8.9/104.80 16.5 mg /0.087
11.78/ 1.5 5/200 10.3/121.30 8.5/100.10 21.2 mg/0.106
11.55/ 2.0 5/190 10.3/118.96 8.6/99.30 19.7 mg/0.104
25.01/ 2.5 (control) 5/190 10.2/255.10 8.9/22.60 32.5mg/0.171




184

V. Dobreva, A. Tsekov and |. \elcheva

aredecreased. In comparison, inthe same conditions
the controlsconsume 0.171 mg.g* weight per hour
for the needsof their physical processes. By the ex-
perimental fishesfromall concentrationsthe oxygen
consumption is 31-48% less. Both the oxygen sup-
ply to thetissues and the running of the processesin
thefishesaredisturbed. Further more, theinfluence
of the presented and of other non-lethal concentra-
tionsof zincin combination with other natural envi-
ronmental factors (high temperature, oxygen defi-
ciency, etc.) can causeirreversiblechangesintheor-
ganism of thefish and respectively —death.

Theresultsof the post-trestment research on oxy-
gen deficiency resistance of the crucian carp areevi-
dencefor this, athough thisspeciesisoneof themost
resisting speciesaccording tothiscriterion.

The observationsduring theexperiment exhibited
differencesinthereactionsof thefishesfromthedif-
ferent concentrations. By oxygen content 0.4 mg.|*
(at 15.30 h) thefishesfrom concentrations! 3and4
began lying on one side at the bottom of the tank,
they flashed periodically away from thebottom. The
frequency of their breathing movementsdecreased (the
opening of theoperculum). Thefishesfromtheother
concentrationskept staying inthe upper water layer —
under the polytheneasgradualy some of them began
fdling (not swimming) to the bottom.

Thefirst fish lying on the bottom at 15.30 h be-
longsto thegroup from concentration® 3. It opened
itsoperculum every 35-40 seconds. The second fish
(from the same concentration) lied on the bottom at
15.33h. Thethird one, at 15.34 h, wasfrom concen-
traion® 4. At 16.00 h by oxygen content 0.2-0.1
mg.I dl fisheslying on the bottom were not moving
their operculum. Fromtimetotimeoneof them pushed
away tothewallsof thetank without gill functioning.
Tail and operculum muscle spasmswere observedin
al fisheslying onthebottom. At 16.30 hwesuspended
the experiment and did water airing. Afterwardsall
fishesweretaken back to the aguarium with oxygen
content 6.8 mg.I"%. Theres stanceresultsare presented
in Table 2. Thedatain Table 2 show that all fishes
exposed to Zn havereduced oxygen deficiency ress-
tance, in comparison to the controls. The mortality

rateamong the experimental fishesrangesfrom40to
71.4%, while among the controlsit is 11.76%.
Theresultsof thisobservation show that eventhe

Table2
Oxigen deficiency resistance

Mortality, pc. / %
??:tfs: Nt‘jer:' w23 | a4 | a8l | L
2007 | 2007 | 2007
Control 17 21176 0 0 21176
11 5 12000 0 1/20.00 2/40.00
12 6 26670 0 0  2/66.70
13 7 57140 0 0 57140
14 7 57140 0 0 57140

non-letha concentrationsof zinc compoundscanlead
toimpairment of the breathing processof thecrucian
carp; and in combination with lower levelsof other
environmental indicators, zinc compounds can even
causefish desath.

Conclusions

Onthebasisof these experimental resultsthefol-
lowing conclusionscan bemade:

Although non-letha the concentrationsof ZnSO,,
0.5,1.0,1.5,2.0mg.I"* lower the breathing intensity
of Carassusgibdlio Bloch. They cause oxygen con-
sumption reduction of 31-48%. Treated with Zn, the
experimental fishesshow reduced oxygen deficiency
resi stance when compared to the control fishes.

Themortdity rateof theexperimenta fishesisfrom
40 to 71.4%, whereas this one of the controlsis
11.76%.
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