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Abstract 

The toxicity of organophosphate insecticides, monocrotophos and fenthion, a 
carbamate insecticide BPMC and a herbicide paraquat, to post-yolk fry and 3-week-old 
fry of Oreochromis niloticus (L.) was studied using static conditions and continuous 
aeration over a period of 48 hours. LT50 and LC50 levels were determined for all 
toxicants. LC50 levels for monocrotophos, paraquat, fenthion and BPMC were 16.5 
ppm, 5.2 ppm, 0.6 ppm and 0.12 ppm, respectively, for post-yolk fry. Older fry were able 
to tolerate higher concentrations, conesponding to LC50a of 45 ppm, 15 ppm, 5.2 ppm 
and 9 ppm for monocrotophos, paraquat, fenthion and BPMC, respectively, showing 
that the younger larvae were more sensitive to the toxicants and that toxicity changed 
with fish development. Measurements of oxygen consumption of the post-yolk fry at 
sublethal levels showed elevated levels to paraquat in pre-exposed fry but not under 
acute conditions. The sublethal levels studied showed no appreciable difference from 
that of the controls for the other toxicants. 
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luscides aquatin and brestan. Matton and LaHam (1969) reported the 
curling of the body in rainbow trout larvae exposed to dylox. 
Decreasing sensitivity to the pesticide dichlorovos with age of fish 
was reported in 0. mossambicus by Rath and Misra (1979). 
Hardjamulla and Koesoemadinata (1972) reported fish kills 5 to 10 
days after application of emulsifiable concentrates of endrin 2G and 
thiodan 5G, respectively. On the basis of the Bathe et al. (1974) 
classification, the present study indicates that fenthion and BPMC 
are highly toxic to 0. niloticus at the post-yolk stage while paraquat 
and monocrotophos are only slightly toxic. For the older fry fenthion 
is toxic while the other three substances are only slightly toxic. 
However, the test species used in the Bathe et al. (1974) study were 
the carp Cyprinus carpio and rainbow trout Salmo gairdneri (size 2-
10 cm). Using the criteria of Koesoemadinata and Djajadireja (1976) 
for 4.8-hour LC5os, fenthion and BPMC are extremely toxic (Rank A) 
while paraquat is highly toxic (Rank B) and monocrotophos is only 
moderately toxic (Rank C) to post-yolk 0. niloticus fry. For the older 
fry, fenthion and BPMC fall into the Rank B category and paraquat 
and monocrotophos into Rank C. According to Koesoemadinata (1980) 
the recommended dosage of 0.5 to 10 kg.ha•l used in crop protection 
coresponds to a concentration of 0.5 to 10 ppm in irrigated rice fields 
with 10 cm of water and 0.5 ppm was taken as the boundary level for 
highly toxic pesticides. 

From the present study it is evident that BPMC is too toxic to be 
used in aquaculture; fenthion is just within the boundary line; and 
the other two, especially monocrotophos, could be used in agriculture 
without apparent harm to fish fry. For the older fry the dosages 

applied are within the safety limits. Using the pesticide safety level 
for organophosphates and carbamates suggested by the FAO (1969) 
the safety range for monocrotophos , fenthion, BPMC and paraquat 
from this study corresponds to 1.65-0.165 ppm, 0.06-0.006 ppm, 
0.012-0.0012 ppm and 0.52-0.052 ppm, respectively, for post-yolk fry 
and 4.5-0.45 ppm, 0.52-0.52 ppm, 0.9-0.09 ppm and 1.5-0.15 ppm for 
the older fry. However, it must be stressed that this is a slightly 
conservative estimate as the application factors quoted are for 96-
hour LC50s. It is also interesting that some authors (Macek and 
McAllister 1970; Koesoemadinata 1980) suggest that carbamates are 
less toxic than organophosphates to fish. However, this study shows 
that this does not apply to all fish species as BPMC is the most toxic 
of the four chemicals studied to both stages of fry of 0. ni/oticus. It is 
also well known that most chemicals undergo 'biotransformation' to 
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products that are more toxic than the parent chemical (see Buhler 
and Williams 1988). However, no assays were made for such 
breakdown products in this study. 

There is little published information on the acute toxicity of 
pesticides to different developmental stages. Such changes have been 
observed with respect to other environmental parameters such as 
oxygen levels in larvae (De Silva and Tytler 1973; Blaxter and Hunter 
1981 ). The changing sensitivity to decreasing oxygen levels in herring 
and plaice larvae was attributed to the development of gills and 
hemoglobin (De Silva and Tytler 1973; De Silva 1974). In 0. niloticus

the changing sensitivity could be due to the rapid gill development 
which occurs at this time (De Silva and Thabrew 1986). It is possible 
that pre-exposed post-yolk fry compensated for decreased blood 

· oxygen transport by hyperventilation of the gills and increased
perfusion rates. Increased operculation rates, heart rates and gill
diffusion rates have been demonstrated in fish exposed to toxicants
(Hughes 1981; Cairns et al. 1981). Compensation for decreased blood
oxygen was observed in fathead minnows exposed to selenium
(Watenpaugh and Beitinger 1985).

An important factor is that frequently more than one pesticide is 
used simultaneously for controlling pests in the rice fields and 
therefore it is important to test for synergistic and or antagonistic 
effects of two or more pesticides at the same time. 

In conclusion, it is important for toxicity testing to be carried out 
on all developmental stages of fish and not merely on the adult. In 
addition, it is necessary to test the effects of breakdown products of 
these chemicals to the organisms concerned. Further, it is important 
that toxicity tests on fry be incorporated in the pesticide related laws 
of each country, especially those where rice-fish cultivation is being 
carried out. 
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