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A survey of literature in the field of fishes and
pesticide pollution clearly indicates that effects of
i ndi vi dual pesticides on different physiological and
bi ocheni cal aspects of fishes have been extensively
studied by a large nunber of investigators. Though the
studies involving the effects of individual pestici des
on fishes have produced val uabl e information, t he

problem of pesticide pollution becones magnified when
the runoff waters from cultivable lands drain a w de
spectrum of different pesticides into a particular
freshwater body such as pond, |ake or river. Besi des,
field application of mixtures of two or nobre pesticides
in different proportions, recently adapted by the
farners, makes the synergistic pollution problem nore
pronounced in the aquatic systens. A perusal of
literature indicates that the informations on the toxic
effects of synergistic mxtures of pesticides on fishes
are very neagre (Anderson and Weber 1975; Broderius and
Smith 1979 and Hernmens and Leeuwangh 1982). However, a
conparative study on the synergistic and individual
effects of pesticides on the physiology of fishes s
totally | acking.

In view of this paucity of information, a conparative
study is attenpted on the synergistic and individual
effects of an organophosphate pesticide (dimecron) and
a carbamate fungicide (cuman L) on oxygen uptake and
haemat ol ogi cal paraneters of a freshwater edible fish,
Sar ot herodon nossanbi cus (Peters), as S. nobssanbicus,
under field conditions in freshwater ponds are known
to be facing the problem of pollution of different
types of pesticides brought through run off water from
nearby agricultural fields.

MATERI ALS AND METHODS

A large sanple of Sarotherodon npbssanbicus (size range:
8-12 g) was collected fromthe freshwater |lakes in and
around Coi nbatore city and maintained in Ilarge cenent
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tanks for 1 non. During this period of acclimatization,
the fishes were fed with cooked rice every alternate
day and the water in the tank was renewed after every
f eedi ng. One  wk before the comencenent of the
i nvestigation, a selected batch of healthy fishes was
transferred to small cenment cistern and naintained
under laboratory conditions (29 £+ 1°C), This group of
fish was fed daily and water in the cistern was renewed
daily. Feeding was stopped 1 d before the fishes were
used in the experinent. Commercial ly avail abl e
di mrecron and cunan L (supplied as Ziram 30 per cent SC
Cuman L by Hindustan CIBA-GEIGY Limited, Bombay) were
used in the present study, Sprayi ng of t he
or ganophosphate pesticide, dinmecron (Phosphamdon) in
conmbi nati on with zinc-based carbamate fungicide, cunan
L, is considered to provide a persistent effect of
di necr on on different types of crop pests (Cuman L
1987) . Wth the non-availability of recomendation
(by the conpany) of a specific proportion of dimecron -
cuman L in agricultural operations, an arbitrary
ratio of 1:5 dinmecron-cunan L was used in the present
study to understand the synergistic toxicity of the two
pollutants on S. nossambicus. The sub-Iethal (96-hr
LC) and lethal (24-hr LC, concentrations of 1:5
dinmecron - cuman L, assessed by repetead exposure
experiments enploying the static bioassay nethod and
Probit analysis (Finney 1964) were 0.01 nli/L and 0.05
nm./L respectively.

For studying the individual effects of dimecron and
cuman L, fishes were exposed to 0.002 m/L
concentration of dimecron, which forned the conponent

conposition of sub-Iethal 1:5 dimecron - cuman L
m xture, and to 0.008 nL/L concentration of dinmecron,
which forned the component composition of lethal 1:5
dimecron - cuman L nixture. Fi shes were also exposed

0.008 nL/L and 0.042 nl/L concentrations of cuman L,
whi ch forned the conponent concentrations respectively,
of the sub-lethal and | ethal concentrations of 1:5
di mecron - cuman L m xture.

Fi shes were exposed to 0.002 ml/L of dinmecron and to
0.008 m./L of cuman L for 5 d, 10 d and 15 d. Fi shes
were also exposed to 0.008 mL/L of dinmecron and to
0.042 /L of cuman L for 3 hr, 6 hr and 12 hr.
Throughout the experinent, the desired concentrations
of pollutant water were prepared by using chlorine-free
tap water. Control fishes were also naintained in
chlorine-free tap water for a nmaxi num period of 15 d.
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Oxygen uptake of control, di mecr on- exposed, cuman L -
exposed and 1:5 dimecron-cuman L-exposed (of diff-
erent concentrations for different periods) fi shes was
estimated by using a sinple respiratory chanber and
by measuring the 1loss of oxygen content (due to
respiration of the fish) of water in the respiratory
chanber . Oxygen content of water sanple was estinmated
by enmploying Wnkler's method (Welsh and Smith 1960).

Oxygen consunption of control and poll utant exposed
fishes were expressed in nL/kg/hr. For haematol ogical

estimations, blood sanples from control and pollutant-
exposed fishes were collected in separate enbryo cups
(al ready rinsed with heparin) by directly puncturing
the branchial vessels in the opercular chanber. The
haenmogl obin content of blood of fish was estimted as
descri bed by Oser (1976) using Sahli haemonet er
(W Ger many) with pernenant colored glass conparision
st andar ds. The haenpgl obin content of the blood was
expressed in g of haenogl obin per 100 nL of bl ood. The
t ot al erythrocyte (RBC) count of blood was made using

haenmocytoneter (Fein-optic Bl ankerburg, GDR) with
i mproved Neubauer ruling as described by Oser (1976).
The erythrocyte count was given in mllions of cells

per mm of blood.

The changes in oxygen uptake, haenpgl obin content and
erythrocyte count of dinecron-exposed, cuman L-exposed
and 1:5 dimecron-cuman L-exposed fishes -from those of
contr ol levels were calculated as percentages. The
val ues of oxygen uptake, haenogl obin  cont ent and
erythrocyte count of control and pol | utant-exposed
fishes were also tested for their significance at 5 per
cent level (P<0.05) using Analysis of Variance (ANOVA
or '"F') test using one way classification (Steel and
Torrie 1960).

RESULTS AND DI SCUSSI ON

Dat a on oxygen uptake, haenogl obi n cont ent and
erythrocyte count of control and sub-I ethal pol | ut ant -
exposed S.npbssanbicus are given in Table 1 and those
of control and | et hal pol | ut ant - exposed fishes are
given in Tabl e 2. A perusal of Tables 1 and 2
indicates that the toxic effects of synergistic mxture

of dimecron and cuman L and those of individual
pollutants on the paraneters studied are vari ed.
Al t hough, t he organophosphate pesticide, dimecron is

considered to be less toxic to fish (Nayar et al. 1985)
and the carbamate fungicide, cuman L also reported to
be less toxic conpared to other carbamate pesticides
(Rani et al. 1990), the synergistic mxture (1:5) of
di mecron-cuman L appears to be highly toxic to fish as
observed in the present st udy. S. nossanbi cus, when
exposed to sub-Iethal and |ethal-concentrations of
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Table |.Values of oxygen uptake (nL/kg/hr),haenoglobin cont
and erythrocyte count (milion cells/nmmi blood) of
pol | utant -exposed (to sub-lethal concentrations) S.
values are neans of 5 observations * S E Per cent
control levels are given in parentheses.

|Erythrocyte count

Poflutant {Concentration| Parameters | Control | Days of exposure
i 1 | e
! [ ! f 5 4 | L
Ginmecron | 0.002 @mL/L |Dxygen uptake 1405.29+24,341284.79+45.41]301.06+53.95(299.
| ! [ | (-30) | (-27y |
| |Haemoglobin content| 4,28+ 0.71} 3.12+ 0.04] 2.80+ 0.05] 2
| l | T a1 (3
| {Erythrocyte ccunt | I.T%i 0.08f 0.44+ 0.03] 0.25+ 0.02] 0.
l | ! l (61> | (-78) |
Cuiman L | 0.008 mL/L |Cxygen uptake j405.29+24.341321.11+55.80]352.07+37.33]346.
i | | i (-2%) | (-18) |
| |Haemogiobin content] 4.28+ 0.17] 4.04+ 0.05f 3.12+ 0.04] 2.
{ ! [ i (-8) ! (-e7) |
j [Erythrocyte count | 3.]2+ 0.08] 0.65+ 0.0 0.25+ 0.02] 0.
| | | | (-42) | (-78) |
[ | j j | o
1:5 Dimecron-! 0.0% mL/L  |Oxygen uptake |405.29+24.34] 61.28+ 6.60]217.57+19.60{]15.
cuman L I ] - I(8%) | (-46) |
jHaemoglobin content| 4.28+ 0.11] 3.05+ 0.04] 17.89+ 0.07] |
i (-29) | (-56) |
;
i

I

|

! I {

I 1.72+ 0.08] 0.61+ 0.04] 0.49+ 0.0} 0.
| | (-46} | {-56) |

'« ! depotes per cent decrease from ¢
* - Statistically significant, P <
NS - Not signivicant

ent (g/100n)
control and

nossanbi cus.
changes from

43+54.15]  0.67
(-26) | NS

.40+ 0.05] £1.66

(a8) | .
03+ 0.07] 72.00
(-92) |
74455.32] 0.4}
(<14) | s,
94+ 0.03] 82.50
{31 | .
T6+ 0.03] 72.00
(-88) |

! .
42+410.98| 18.09
(-72) |

*
.59+ 0.04]4957.00

(-63) | .
2&: 0.02Z] 833.00
(~75) |
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Table 2.Values of of oxygen uptake (nL/kg/hr),haenmoglobin content (g/100nL)
and erythrocyte count (mllion cells/mmblood) of control and
pol | ut ant - exposed (to lethal concentrations) S.  _nossanbi cus.
values are means of 5 observations + S E. Per cent changes from
control levels are given in parentheses.

Pollutant |Concentraticni Parameters | Contro} | Hours of exposure | “F' value
! | | e 1
| | I f 3 hr | 6 hr | 2 hr |
Dimecron | 0.0C8 ul/L jOxygen uptake 1465.29+24.34]21.60+39.611284.79+45,41(511.26+65.24] 4.?9*
I | | T (=40 | (736 {+28) | .
| |HaeroyYobin content] 4.28+ 0.11] 3.38+ 0.06] 2.92+ C.04] 2.52+ 0.04| 5}.66
! ! t T 2h (32 (A .
| |Erythrocyte count | 1.12+ 0.03} 0.60+ 0.02| 0.48+ 0.02| 0.2+ 8.02] 13.67
! z T I N N A 7 I R
| I ! ! ! ! |
Cuman L j 0.042 /L |Oxygen uptake 1405.29+24.341327.52+96.17(225.61+56.841191.21+37.72| 1.8
x ; ! e £ I T S B R S D R A T
| | faemog feoin content) 4.21i 0.1 3.98+ 0.08} 3‘8Qi 0.06] 3.32+ 0.09] 15.00
i ! | [ (-7 [ =10 | {-22) | .
| {Erythrocyte count | [.12+ 0.u8} 1.07+ 0.0} tout+ou.07) 0,80+ 0.03] 7.00
| I | [ T CT VR S SV DI S O DR
! { ! ! ! ! ! .
1:5 Dimecron-| 0.05 aL/L  |Oxygen uptake |405.29+24.34128.92+19.40{140.73+ 3,70}132.63+18.60} 94.73
coman L i | | T e8| (<85) , f (=s7) | .
i IHaemoylobin content] 4.28+ G.17} 2.45+ 0.C4] 2.10+ 0.06| 1.74+ 0.04]6665.7"
! i | [ (-43) | =31 (-59) | .
i |Erytnrocyte count | }.12+ G.u0g| 0'73i.0'0}l 0.5?: 0.02% 0.4{i 0.02]3040.00
i | l T I (Fe ) (<es)

‘#'  denctes per cent increase fromw ¢

‘e denotes per cent decreasa froi conirg
* - Statisticzjly siynificant, P < C.of
S - Not siynificant



1:5 dinecron-cuman L, suffered severe reduction in
oxygen uptake whereas individual effects of dinecron
and cuman L elicited only lesser and insignificant
reduction in oxygen uptake of the fish. This severe
toxic effect of synergistic mxture is possible due to
the persistent activity of dimecron when conmbined with
the zinc-based carbamate fungicide, cuman L.

A comparision of magnitudes of reductions in
haenogl obin content and erythrocyte count of individual
di mecron-exposed and cuman L-exposed S. nossanbi cus
Wi th the magnitudes of reductions in the sane
parameters of synergistic 1:5 dinecron-cuman-exposed
S. npssanbicus reveals a renmarkable indication about
the possible node of action of these tw types of
pol lutants, The individual toxic effect of dinecron and
cuman L appears to manifest nore on the erythrocyte
popul ation than on the haenoglobin content of the
bl ood. On the other hand, the individual toxic effect
of dimecron and cuman L is found to be lesser on the
haenogl obin content showing |esser reduction in the
haenmogl obin content of the fish conpared to t he
reduction in haenpoglobin level of the blood of fish
exposed to synergistic mxture of 1:5 dinecron-cuman L.

The lesser and insignificant reduction (conpared to
synergistic effect) in oxygen uptake of fish inspite of
signi ficant reduction in haenopglobin content and
erythrocyte count under individual effects of dimecron
and cuman L exposures is hard to be explained at this
juncture. However, a study on the oxygen carrying
capacity and oxygen binding capacity of blood of fish
under pollutant stress would provide insight.

Acknow edgnent s. The authors are thankful to Dr.MD.

Sundar ar aj an, Pri nci pal and to Prof. P.S. Subbai yan,

Head of the Departnent of  Zool ogy, Government  Arts
Col | ege (Aut ononous), Coi nbatore for providing the
necessary | aboratory facilities for this work.

REFERENCES

Anderson PD, Weber LJ (1975). The toxicity of aquatic
popul ations of mxtures containing certain heavy
net al s. In: Proceedi ngs of t he I nt er nati onal
Conference on Heavy Metals in the Envi ronnent,
Toronto, 27 - 31 Cct. 1975, pp 933-954

Broderius SJ, Smith LL (1979) Lethal and sub-1ethal
effects of binary mxtures of cyanide and hexaval ent
chrom um zinc or amonia to the fathead mi nnow.

(Pi_mephal es pronel as) and rainbow trout (Sal mo
gai rdneri). J Fish Res Board Canada 36:164 - 172

801



Cuman L (1987) Hindustan CIBA-CGEIEY Linited, Bonbay

Finney DJ (1964) Probit analysis, 2nd ed, Canbridge
University Press, London, p 20

Hernmens J, Leewangh P (1982) Joint toxicity of mxtures
of 8 and 24 <chemicals to the guppy (Poecilia
reticul ata). Ecot oxi col Environ Safety 6:302-310

Nayar KK, Ananthakrishnan TN, David BV (1985) Organic
i nsectici des. In: General and Applied Entonology.
Tata MG aw Hill Publishing Conmpany Linited, New
Del hi

Cser BL (1976) Hawk's Physiol ogical Chemstry, 14th ed.
Tata MGraw Hill Publishing Conpany Linted, New
Del hi

Rani S, Sheik Dawood A, Ramaswany M (1990) Toxicity of
a carbamate fungici de, cuman L to an edi bl e,
freshwater fish, Sarotherodon nossanbicus (Peters). J
Aquor 3:29 -36

Steel RGD, Torrie JH (1960) Principles and Procedures
of Statistics with Speci al Reference to t he
Bi ol ogi cal Sci ences. McGaw Hill, New York

wel sh JH, Smith RL (1960) Laboratory Exercises in

I nvertebrate Physiol ogy. Bur gess Publ i shing Conpany,
M nneapol i s

802



