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Malathion belongs to the widely used group of organophosphorus 
insecticides. In the mid 1960s there was a shift in insecticide use 
from the organochlorines to the relatively less stable and rapidly 
biodegradable organophosphate and carbamate classes (Murphy 1980). 
Many chemicals of these classes have become environmental 
contaminants in India (Verma et al. 1979). In India Malathion is 
one of the insecticides largely used to control mosquitoes and other 
insects. Its wide use provides many occassions for its entry into 
aquatic environments. The presence of this chemical in the aquatic 
environment would adversely affect many non-target species such as 
fish. 

Many researchers (Chowdhary et at., 1981; Verma et al., 1984; Yadav 
and Singh, 1986; Richmonds and Durra, 1989) have studied the 
toxicity of malathion to different species of fish. LC 50 values 
(Table 1) even for the same species of fish differ from one report 
to another report. These variations depend upon a number of 
factors: a) species peculiarities (size, age, sex, physiological 
state, starvation, emaciation, parasitic infection, mode of 
breathing), b) ecological peculiarities (temperature, pH, DO, C02, 
hardness of water, rate of flow) and c) pesticide specialities 
(rate of absorption, technical grade (tg) or commercial grade (cg), 
rate of degeneration). 

The purpose of the present study is to estimate the 24-hr, 48-hr, 
and 96-hr LC 50 values of malathion to an air-breathing teleost fish 
Heteropneustes fossilis and to provide a possible explanation for 
the variations in the LC 50 values between air and water-breathing 
fishes. Heteropneustes fossilis is a facultative air-breathing fish 
inhabiting the swamps, pools and ponds of India. These bodies of 
water are deficient in oxygen content. These fish possess a pair of 
posterior diverticula from the branchial chambers in the form of 
respiratory air-sacs. LC 50 or the median tolerance limit (TLm) is 
the concentration in which 50 percent of the population, tested for 
a specific period of exposure died. LC 50 data are useful for the 
calculation of application factor (AP), maximum allowable toxicant 
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Table I. LC 50 values for Malathion to different fish species. 

F i s h  S v e c i e s  

W a t e r - b r e a t h i n g  

C v D r i n u s  c a r v i o  

Cirrhinus mrIRala 

Labeo rohita 

MFstus  v i t t a t u s  

P u n t i u s  s t i R m a  

P u n t i u s  s o n h o r e  

Air-breathing 

Anabas  testudineus 

Clarias batrachus 

Charma D u n c t a t u s  

Channa ~ a c h u a  

HeteroDneustes fossilis 

LC 50 Va lu e  (m~IL)  
H a l a t h i o n  

UQ~i 24 h r  48 h r  96 h r  R e f e r e n c e s  

Cg 6 . 3 1  5 . 7 6  5 . 1 5  Verma e t  a |  ( 1 9 8 4 )  
Cg - 3 . 1 5  A r o r a  e t  a l  ( 1 9 7 1 )  

Tg - 5.397 - Roy & Munshi (1987) 
Cg - 1 ,321  - Roy & Munch i  ( 1 9 8 7 )  
Cg 4 . 1 1  4 . 0 2  3 . 1 8  Verma e t  a l  ( 1984 )  

Cg - 5 .05  A r o r a  e t  a l  ( 1971 )  
Cg 1 .85  1 . 4 6  2 .05  Verma e t  a l  ( 1984 )  

C8 2 . 8 1  2 .45  2 , 0 0  Verma e t  a l  ( 1984 )  

Cg 10 . 25  9 . 5 6  8 . 9 1  Verma e t  ~1 ( 1 9 8 4 )  

Cg 8 . 1 5  7 .92  7 . 4 5  Verma e t  a l  ( 1 9 8 4 )  

Tg 28 1 1 . 8  3 a g d e e s h  C h a n d r a n  
an d  S a h a i  ( 1 9 8 9 )  

Cg 2 0 . 4 1  1 8 . 0 0  1 6 . 1 0  Verma e t  a l  ( 1984)  

Cg 1 4 . 4 8  14 .1 7  1 3 .6 2  Verma Qt a~ ( 1 9 8 4 )  

cg  1 6 . 9 0  16 .4 2  1 3 .9 5  v e r m a  e t  a l  ( 1 9 8 4 )  

Cg 18 . 49  1 7 . 1 8  1 5 .0 0  v e r m a  e t  a~ ( 1 9 8 4 )  

cg  - 5 . 0 0  Yadav & S i n g h  ( 1 9 8 6 )  
T8 - 12.40 Chowdhary et ~ (1981) 
Cg 1 6 . 2 8  1 4 . 5 3  1 1 . 8 0  P r e s e n t  S t u d y  

Cg = c c m m e r c i a l  g r a d e  
Tg = t e c h n i c a l  g r a d e  

concentration (MATC) and for producing a toxicity curve (APHA et 
al., 1975). 

MATRIALS AND METHODS 

Live specimens of  H. f o s s i l i s  (we ight  15 .0  - 20 .0  g) were s e i n e d  
from ponds o f  North Bihar and kept  in the  l a b o r a t o r y  aquar ia .  The 
water o f  the  aquarium was aera ted  c o n t i n u o u s l y .  F ish  were 
a c c l i m a t e d  for  2 weeks and fed  chopped goat  l i v e r .  Feeding was 
s topped 24 hr b e f o r e  malathion exposure .  The average  v a l u e s  for  the  
water q u a l i t y  data  for  the  water from the  h o l d i n g  and exposure  tanks  
were as f o l l o w s :  temperature 29~ pH 7 . 3 5 ,  DO 7 .5  mg/L, CO l 4 mg/L, 
a l k a l i n i t y  115 mg/L as CaC03, hardness  140 mg/L as CaCO 3. 

Commercial grade  mala th ion  c o n t a i n i n g  50% o f  a c t i v e  i n g r e d i e n t s  
(Nor thern  Minera l s  L t d . ,  Haryane,  I nd i a )  was used in t h i s  s t udy .  A 
t e s t  s o l u t i o n  wi th  the  d e s i r e d  c o n c e n t r a t i o n  o f  the  p e s t i c i d e  was 
p repared  from a p r e v i o u s l y  made s t o c k  s o l u t i o n  o f  the  p e s t i c i d e .  
B ioassay  t e s t s  were c a r r i e d  ou t  in l a r g e  p l e x i g l a s s  a q u a r i a  us ing  
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the renewal method. Test water was renewed after every 24 hr. 
Trial runs were made to delineate the probable concentration range. 
Ten fish were used for each trial. Two trials were run for each 
exposure concentration. The following exposure concentrations were 
used in this study: 6, 8, 10, 12, 14, 16, 18, 20, 22 mg/L. 

The data were analyzed using the probit analysis method (Finney, 
1964). The probit mortality was obtained from percent mortality. 
The data for probit mortality were plotted on graph against log 
concentrations. The concentration producing a 50Z mortality and the 
slope of the probit lines were drawn for 24, 48, and 96 hr of 
exposure (Fig. 1). 

RESULTS AND DISCUSSION 

H. f o s s i l i s  became e x c i t e d  a f t e r  exposure  to  d i f f e r e n t  
c o n c e n t r a t i o n s  of  ma la th ion  and t h e i r  s u r f a c i n g  f r e q u e n c i e s  
i n c r e a s e d  f o r  a few minutes .  A f t e r  an hour ,  they  s e t t l e d  a t  the  
bot tom and g a t h e r e d  in a c o r n e r .  The c o l o r  o f  the  body became pa le  
a f t e r  about  6 hr .  

One hundred p e r c e n t  m o r t a l i t y  was observed  in 22, 18, 16 mg/L a t  24, 
48, and 96 hr  of  exposures  r e s p e c t i v e l y .  LC 50 va lue s  c a l c u l a t e d  by 
p r o b i t  a n a l y s i s  were 16.275 mg/L f o r  24 hr ,  14.526 mg/L f o r  48 hr ,  
and 11.798 mg/L f o r  96 hr  o f  exposure .  

The toxic effects of the organophosphorus compounds result from 
their ability to severely inhibit the enzyme acetylcholinesterase 
(O'Brien et al., 1974). This results in the accumulation of 
acetylcholine at synapses which produce severe physiological 
disturbances leading to tetanic paralysis and death. 

Dura t ions  o f  l a t e n t  pe r iod  depend on the  n a t u r e  and c o n c e n t r a t i o n  of  
t o x i c a n t  used and f i s h  s p e c i e s  (wi th  o t h e r  c o n d i t i o n s  remaining  
un i fo rm) .  But in g e n e r a l ,  o r g a n i c  p e s t i c i d e s  have a s h o r t  l a t e n t  
p e r i o d ,  thus  the  symptoms of  p o i s o n i n g  s t a r t  as soon as the  f i s h e s  
a re  exposed.  Changes in v e n t i l a t i o n  r a t e  and s u r f a c i n g  f r e q u e n c i e s  
a re  the  g e n e r a l  symptoms n o t i c e d  in the  f i s h  a f t e r  exposure  to  the  
p e s t i c i d e  and t h e s e  a c t i v i t i e s  he lp  the  f i s h  to  avo id  the  c o n t a c t  
wi th  po ison  and f i g h t  a g a i n s t  the  s t r e s s  (Chowdhary e t  a l . ,  1981; 
and Roy and Munshi, 1987). 

LC 50 v a l u e s  o f  ma la th ion  fo r  U. f o s s i l i s  in the  p r e s e n t  s t udy  a re  
lower than (Table 1) what was r e p o r t e d  by Verma e t  a l . ,  (1984) and 
Chowdhary e t  a l . ,  (1981).  Chowdhary e t  a l . ,  1981 c a l c u l a t e d  the  LC 
50 va lue  o f  t e c h n i c a l  grade  ma la th ion  (95X a c t i v e  i n g r e d i e n t ) )  and 
i t  approx imates  the  p r e s e n t  s tudy .  

Table 1 g i v e s  a compara t ive  idea  o f  LC 50 va lue s  of  d i f f e r e n t  f i s h  
s p e c i e s  and a p a r t i c u l a r  s p e c i e s  to  an o rganophospha te  ma la th ion .  In 
a d d i t i o n  t o  o t h e r  f a c t o r s ,  LC 50 va lue  i s  dependent  upon e c o l o g i c a l  
f a c t o r s ,  f i s h  type  and the  grade  o f  p e s t i c i d e  used (F ig .  2) .  A i r -  
b r e a t h i n g  f i s h  have a h i g h e r  LC 50 va lue  compared to  w a t e r - b r e a t h i n g  
f i s h .  According to  Roy and Munshi (1987) ,  t e c h n i c a l  grade  ma la th ion  
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Figure I. Probit mortality plotted against malathion concentration. 

i s  l e s s  t o x i c  than commercial  grade  ma la th ion .  This  may be due to  
o t h e r  i n g r e d i e n t s  p r e s e n t  as e m u l s i f i e r s  which a c t  as s y n e r g i s t s  in 
commercial  grade  ma la th ion .  

Younger f i s h  as compared to  o l d e r  ones have l a r g e r  r e s p i r a t o r y  a r e a  
per  u n i t  body weight  and a h ighe r  me tabo l i c  r a t e .  The re fo re  
p o l l u t a n t s  a re  more t o x i c  t o  younger  f i s h  than to  o l d e r  ones .  Fish  
t h a t  have w a t e r - b r e a t h i n g  and a i r - b r e a t h i n g  organs  a re  bimodal with 
r ega rd  to  b r e a t h i n g .  Bimodal s p e c i e s  a re  noted  fo r  t h e i r  r e s i s t a n c e  
to  env i ronmenta l  s t r e s s e s  and a q u a t i c  hypoxia  (Dehadrai  and 
T r i p a t h i ,  1976). These a re  due to  the  f a c t  t h a t  a i r - b r e a t h i n g  
supplements  the  oxygen r equ i remen t s  in t he se  f i s h e s .  F u r t h e r ,  they  
have reduced a q u a t i c  r e s p i r a t o r y  s u r f a c e s  wi th  a t h i c k e r  b a r r i e r  
p r o v i d i n g  a l e s s e r  t o x i c a n t  c o n t a c t .  I t  i s  p o s s i b l e  t h a t  a i r -  
b r e a t h i n g  r ende r s  f i s h  more r e s i s t a n c e  to  t o x i c a n t s  by p e r m i t t i n g  
the  r e d u c t i o n  of  g i l l  v e n t i l a t i o n ,  t h e r e b y  r educ ing  c o n t a c t  with 
t o x i c a n t s  a t  a major s i t e  o f  up take .  For w a t e r - b r e a t h i n g  f i s h ,  
t o x i c i t y  of  a wide range o f  s u b s t a n c e s  i n c r e a s e s  as d i s s o l v e d  oxygen 
d e c r e a s e s  (Lloyd,  1961). Lloyd (1961) proposed  t h a t  t h i s  i n c r e a s e  
in t o x i c i t y  i s  due to  an i n c r e a s e d  r a t e  o f  v e n t i l a t i o n  in hypoxic  
water .  But in bimodal s p e c i e s  the  hypoxic  c o n d i t i o n  causes  a 
d e c r e a s e  in t o x i c i t y .  At low oxygen l e v e l s  these  s p e c i e s  reduce  
g i l l  v e n t i l a t i o n  and r e l y  p r i m a r i l y  upon a i r - b r e a t h i n g  (Graham e_! 
a_ll., 1978). In the  p resence  o f  a t o x i n  t h e r e  was an i n c r e a s e d  
me tabo l i c  r a t e  ( f o r  a s h o r t  whi le)  in f i s h e s .  The me tabo l i c  r a t e  de-  
c r ea sed  a f t e r  t h a t .  In t he se  f i s h  o p e r c u l a r  movement r a t e  dec rea sed ,  
but  s u r f a c i n g  f r equency  i n c r e a s e d  l e ad ing  to  more a i r - b r e a t h i n g .  
Bimodal f i s h e s  respond to  t o x i c a n t s  by r educ ing  the  p r o p o r t i o n  o f  
oxygen uptake  v i a  g i l l s  ( K u l a k k a t o l i c k a l  and Kramer, 1988). 
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Figure 2. Fac tors  tha t  in f luence  the t o x i c i t y  of  p o l l u t a n t s .  

This may explain why air-breathing fish have a reputation for being 
resistant and difficult to control with the use of pesticides. The 
capacity to reduce the uptake of noxious substances should be added 
to the list of other possible advantages of bimodal respiration in 
fishes. 

S u s c e p t i b i l i t y  o f  f i s h  s p e c i e s  to  Malathion was as f o l l o w s :  
C l a r i u s  bratrachus  > Heteropneus te s  f o s s i l i s  >Channa gachua > 
Cha~na puncta tus  > Anabas t e s t u d i n e u s  > Punt ius  s t igma > 
Punt ius  sophore > Cyurinus c a r p i o  > Labeo r o h i t a  > Cirrh inus  
mriga la  ) Mystus v i t t a t u s .  

Acknowledgements. This work was funded by the Smithsonian (USA) 
Project No. 0022570000 Appr, 33FT566-00-A20. 

REFERENCES 

APHA, A~A and WPCF (1975) Standard methods for the examination of 
water and wastewater, 14th edition, Amer Publ Hlth Assoc, 
Washington, DC, p 1193 

Arora JC, Srivastava SK, Seth AK (1971) Bioassay studies of some 
commercial organic insecticide. Part II. Trials of malathion with 
exotic and indigenous carp. Ind J Environ Hlth 13:300-306 

Chowdhary BP, PandeyPK, Dubey NK {1981) Effect of malathion on the 
behaviour and body composition of Heteropneustes fossi!is. J 
Environ Biol 2{1):21-36 

283 



Dehadrai PV, Tripathi SD (1976) Environment and ecology of 
freshwater air-breathing teleosts. In: Respiration of amphibious 
vertebrates (ed. GM Hughes) pp 39-72 Academic Press, London 

Finney DJ (1964) Probit analysis, 2nd ed. Cambridge University 
Press, Cambridge p 20 

Graham JB, Kramer DL, Pineda E (1978) Comparative respiration of an 
air-breathing and a non air-breathing charcoid fish and the 
evolution of aerial respiration in characins. Physiol Zool 
51:279-288 

Jagdeesh Chandran G, Sahai, S (1989) Effect of an organophosphorus 
and carbamate pesticide on the pituitary gland of Anabas 
testudineus. A comparative study. In: Sahai YN, Deshmukh PB, 
Mathai TA, Pillai KS (eds) Environmental risk assessment. Acad 
Environ Biol, India, p 122 

Kulakkatolickal AT, Kramer DL (1988) The role of air-breathing in 
the resistance of bimodally respiring fish to waterborne toxins. 
J Fish Biol 32:119-127 

Lloyd R (1961) Effect of dissolved oxygen concentrations on the 
toxicity of several poisons to rainbow trout (Salmo gairdneri 
Richardson). J Exp Biol 38:447-455 

Murphy SD (1980) Pesticides In: Doull J, Klaassen, Amdur MO (eds) 
Caserett and Doull's Toxicology. Macmillan Publishing Company, 
Inc., NY pp 360-408 

O'Brien RD, Hetnarski B, Tripathi RK, Hart AJ (1974) Recent studies 
on acety]cholinesterase inhibition In: KohnAK (ed) Mechanisms of 
pesticide action. Amer Chem Soc, Washington, DC pp 1-13 

Richmonds C, Dutta HM (1989) Histopathological changes induced by 
malathion in the gills of bluegill Lepomis macrochirus. Bull 
Environ Contam Toxicol 43:123-130 

Roy PK and Munshi JSD (1987) Toxicity of technical and commercial 
grade malathion on Cirrhinus mrigala (Ham.) A major carp. Biol 
Bull India 9(1):50-56 

Sailatha D, Kaheer I, Sahib Ahmad, Ramana Rao KV (1981) Toxicity of 
technical and commercial grade malathion to the fish, Tilapia 
mossambica (Peters). Proc Indian Acad Sci (Anim Sci) 90:87-92 

Verma SR, Tyagi AK, Bhatnegar MC, Dalela RC (1979) Organophosphate 
poisoning to some freshwater teleosts. Bull Environ Contam 
Toxicol 21:502-506 

Verma SR, Kumar V. Chand R, Tonk IP (1984) Use of static bioassays 
procedure for the evaluation of the relative toxicity of 
pesticides and relative resistance of fishes. Proc Sem Eff Pest 
Ag Fau 115-127 

Yadav AK, Singh TP (1986) Effects of pesticide on circulatory 
thyroid hormone levels in the fresh water catfish Heteropneustes 
fossilis (Bloch). Environ Res 39:136-142 

Received July 12, 1991; accepted January 10, 1992. 

284 


