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Summary

Studies on the Effects of Pesticides on Freshwater Animals

By Yasuhiro NisHIUCHI

The modern agriculiure cannot maintain its high productivity without pesticides. However,
we cannot use those pesticides which have the high possibilities of posing hazards to human beings,
lovestock and other neatarget organisms, or leaving toxic residues in agquatic and terrestrial
environments. Therelore, assessment of these hazards is necessary for the establishment of some
regulatory policies, and many assessment systems or methods have been developed.

An assessment system for toxicity of pesticides to aquatic animals was first established in 1963
in this country, and has contributed effcctively towards the decrease of massive fish kills, which
had been once frequently reported. The system includes two acute toxicity tests for determining
the 48-hr LC~50 for carp and 3-hr LC-50 for water flea under static conditions.

However, the recent occurrence of new type of aquatic hazards, appearance of new classes of
pesticides and advancement of science have constituted evidence that the present system must be
improved,

Then, the author conducted a series of experiments te obtain information available for establi-
shment of better assessment system lor aquatic hazards from pesticides. The following is a summary
of the results,

1. The effects of water temperature on toxicity of pesticides to aquatic animals were investigated
using carp, Cyprinus carpio, and water Bea, Daphuia pulex.

In case of carp, the temperature was set at 15,20,25,30 and 35°C, and the 24-hr LC-50 values
at all the test temperature were obtained for 120 pesticides. Results indicated that 83 pesticides
including aldrin and ecthion show a “positive temperature coefficient”: that is, toxicity is more
intense at higher temperatures: 7 pesticides including copper sulphate show a “negative temperature
coefficient”: that is, toxicity is more intense at lower temperature slightly as it is: and the tempera-
ture has practically no influence on the toxicities of 30 pesticides including pyrethrins and DDT.
In other words, the majority of pesticides were more toxi¢c at higher temperatures, and the increase
rates of toxicities were higher between 25°C and 35°C than between 15°C and 25°C.

In case of D. pulex, the temperature was set at 10,17.5,25 and 32.5°C, and the 3-hr LC-50
values at afl the test temperatures were obtained for 164 pesticides. Among them, 122 pesticides
inciuding fenthion and diazinon showed a positive temperature coefficient, and 11 pesticides including
fenvalerate and DDT showed a negative temperature coefficient. The temperature had almost no
influence on the toxicities of 31 pesticides including pyrethrins and carbaryl. The toxicities of the
majority of pesticides to D. palex were also more intense at higher temperatures, but the increase
rates of toxicities were higher at temperatures below 25°C than above it.

In conclusion, toxicity of a pesticide is more intense (1) at higher temperature, (2) at lower
temperature or (3) temperature independent. However, a pesticide does not always show a same
pattern in all animafs. In the present experiments, only 36 pesticides showed a same pattern both
in carp and D. pulex.
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2. The effects of pH on the ioxicities of pesticides to aquatic animals were investigated using
“medaka” Oryzias latipes. pH was adjusted t05.0,6.0,7.0,8.0,9.0and 10.0. Results indicated that
the toxicities of the great majority of pesticides are practically pH independent, although 9 pesticides
including PCP were remarkably less toxic at higher pH and probenazole at lower pH.

3. The acute toxicities of pesticides to aguatic insects or the sensitivities of aquatic insects to
pesticides were investigated using larvae of Sigara substriata, Micronecta sedula, Cloéon dipterum,
Orthetrum albistylum speciosum amd Sym petrum frequens, and adulis of Eretes sticticus and Netonecta
triguttata. When the 48-hr LC-50 values were taken as indicator, all the test insects showed a
similar pattern of semsitivities to pesticides, but the relative sensitivities were in the order of C.
dipterumy S. substriatay M. sedulay E. sticticus, O. albistylum speciosum, S. frequensy N, iriguitata.

Organophosphorus and pyrethroid insecticides were found to be extremely foxic to aquatic
insects.

4. The toxicities of pesticides to snails or the sensitivities of snails to pesticides were investigated
using Indoplanorbis exustus, Semisulcospira libertina, Cipangopaludina maileata and Physa acuta, When
the 48hr LC-50 values were taken as indicator, all the test snails showed a similar pattern of
sensitivities 1o pesticides, but rather insensitive 1o pesticides in general. Trichlorfon, organomercurial
fungicides, ziram and PCP were found relatively toxic to snails,

5. The toxicities of pesticides to tadpoles or the sensitivities of tadpoles to pesticides were investi-
gated using Bufe bufo japonicus, When the 48-hr LC~50 values were taken as indicator, the pattern
of sensitivities to pesticides produced by tadpeles was similar to that produced by carp. In general,
tadpoles were more insensitive to pesticides than carp. However, rotenone, DN, organomercurial
and organotin lungicides and PCP were relatively toxic to tadpoles.

6. Toxicities of pesticides to aguatic zanimals are usually evaluated on the basis of LC-5( (median
lethal conceatration) aflter certain exposure period. However, there is evidence that pesticides
frequently produce symptoms which are never recovered or followed by a slow decline to death at
lower concentrations than LC-50. These symptoms include vertebral abnormality and hemorrhagic
anemia in fish, which can be used as severe indicators of pesticidal,

Therefore, experimenis were carried out to see the possibilities for induction of vertebral
abnormality by pesticides using carp, crucian carp, Carassius carassius, “dojo”, RMdisgurnus anguillican-
datus and "medaka”, Results indicated that the majority of organophospherus and phenylcarbamate
insecticides, some organochlorine insecticides and trifluralin can induce the abnormality at lower
concentrations than LC-5¢ within a few hours after the start of exposure. The abnormal fish
survive for a loag time after the exposure is aver.

7. It is reported that hemorrhagic anemia, which lead to death in the long run, was induced when
carp were exposed to low concentrations (about 0.01 ppm) of malinate for a few weeks, although
the acute toxicity is comparatively low, The experiment conflirmed that the symptoms appear when
carp are exposed to 0.0} ppm molinate more than 15 days.

8. In the experiments explained in 4, organophosphorus insccticides and rotenone caused the
symptoms of unusual relavation or contraction of bedy muscle in snails. The symptoms appeared
most pronouncedly in S. libertina at 10-1,000 times Jower concentrations than LC-50, and were follo-
wed by death in a few days.

9. In the experiments explained in 5, several pesticides, mainly organochlorine insecticides, caused
body twisting in tadpoles of Bufo bufo japonicus at 10-10,000 times lower concentrations than LC-50.
The symptoms were followed by death in a weck or a few.

1. The combined toxicities of trwo pesticides to fish and evaluation methods fer toxicities were
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invesigated using carp.

Tirst, the mortalities from 24-hr exposure to the 190 solution containing two pesticides at
concentrations equivalent to hall’ of each LC-50 value were observed. The 2§ solutions exhibited
synergism and G did antagenism.

Ther, the solutions containing two pesticides from fenitrothion, maiathion, BPMC and carbaryl

at ratios of 1:9,2:8,- 8:2,0:1 were prepared to determine their 48-hr LC-50. When the determined
LC-50 values were compared with the calculated LC-50 values from the determined LC-50 values
of each component pesticide, no solution was found to exhibit synergism or antagonism,
11. At present, all the registered pesticides are classified into three groups A, B and C according
to the EC-50 values of their active ingredient for carp and daphnids, and all the marketed products
are obliged to bear labels with the officially determined description concerning precautions for
application.

The author is of opinion that the present classification needs further improvement because it
negrects the number and content of active ingredient and other additives in the foermulated product,
application rate and so on, Therelore, he puts forward a proposal for new parameter of classiffication
as [ollows:

The parameter Z (tentatively called as “degree of risk™) is deflined as ratio of the concentration
(Y ppm) produced when the whole amount of applicd pesticide is solved in the paddy water to the
LC-50 (X ppm). Both concentrations are calculated on a formulated product basis, and not on
active ingredient basis, Then Z (=Y /X) reflects more exactly the degree of risk to aquatic organisms
posed when a formulated product is applied in the actual paddies because the neglected {actors
are taken into consideration,

12. A part of the experimental results and proposal explained in the present paper have already
been utilized or accepted by the Ministry of Agriculture, Forestry and Fisheries for enforcing its
policy of using pesticides without producing any kind of hazard.

Recently, several pesticides were classified into other groups than before because of their high
possibilities of causing vertebral abnormality or hemorrhagic anemia, or their low content of active
ingredient in formulated products. *Degree of risk” is thus accepted,

In the near future, the other part of the results will also serve for pesticide administration.
It is especially expected that the official hazard evaluation system for pesticides in this country
will include the toxicily tests on aquatic animals such as insects, snails and tadpoles for the

preservation of natural environment,
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Table 1  List of pesticides tested

Common name Chemical name

fenitrothion (MEP)* dimethyl 4-nitro-m-tolyl phosphorothionate

fenthion (MPP) dimethy! 4-metylthion-tolyl phosphorothionate

diazinon diethyl 2-isopropyl-{-methyl-§-pyrimidiny! phosphorothionate
carbaryl (NAC) I-naphthyt methylcarbamate

{(BPMC) 0-sec-butylphenyl methylcarbamate

{MPMC) 3,4-xvlyl methylcarbamate

chlorothalenil (TPN)  tetrachloroisophthalonitrile

captan N-{trichloromethylthio)~4-cyclohexene-], 2-dicarboximide
fentin hydroxide triphenyltin hydroxide

* Japanese official classification names were shown in the parenthesis.

Table 2 LCs values for carp, Cyprinus carpio at each exposure time, expressed as ppn.

exposure time (hrs.)
pesticides (treatments) ba c/a d/a c/b dsb d/c
24Ca) | 48(b) | T2(c) | 86(dD
{enitrothion (static) 4.8 3.9 3.7 3.5 0, 81 0771 0,730 0,95 0.900 0,95
” {renewed)* 4.4 3.9 3.8 3.4 0.89 0.86 077 0.97. 0,87 0.8
fenthion (static) 3.7 3.0 2.7 2.6 0.81 0.73 0.70 0.90 0.87 0.96
” (renewed) 3.5 3.2 2.8 2.2 0.91 0.80] 0.63 0.83 .69 0.79
diazinon (static) 5.7 4.5 4.2 4.1 0.790 0.74] 0,72 0,93 0.91; 0,98
#” (renewed) 5.6 4.8 4.8 3.8 0.86 0.8 0.68 1,000 0.79 0.7¢
carbaryl (static) 17 14 10 5.6 0.82] 0.59 0.33 071 0.400 0.58
” (renewed) 20 15 12 5.5 0.75] 0.60] 0.28 0.8 0.37 0,46
BPMC (static) 13 i3 9 9 1,000 0,69 .89 0.69 0.69 1,00
o (renewed’ 13 13 13 13 1.00 1.oo; 1,000 1.00 1.00: 1,00
MPMC (static) 16 9.5 8.5 7.7 0.39) 0.590 0.480 1000 0.81] 0.8
” {renewed) 17 16 15 13 0.94 0.88 0.76 0.94 0. 81 0. 87
chlorothalonil (static) 0.11 0.11 0.11 0.11 1.00f 1.00 L0y 1,000 LOG; 1,00
” (renewed) 0.11 0.11 0.1 0.081 1. 09 1.0o 0.83 1.000 0.83 0.83
captan (static) 0,25 0.25 0,25 0,25 1.00 1.00¢ 1000 1.00 L.00  1.00
” {renewed) 0.24 0.24 0,24 0,24 1ol 1.00 1,06 1.00 1000 1.00
fentin hydroxide (static) 6.074)  0.0400  0.024] 0.020 0,540 0.32 0.27 0.80 0.50 0,83
” (rencwed) 0.079) 0. 041i 0.023 0.014 ¢.520  0.2%9 0. 18‘ 0.560  0.34 0,61

* Test waier was renewed afrer 48 hrs.

Subdivision E, Hazard Evaluation : WildlHe and

aquatic organisms (1982) PB 83-153908 EPA 540/
1) B HALSEIR [2: 0L B 152735 5 9-82-024
2) OECDFAMHA FFA v, IR GERE &) TR TEFINA Y T B A T (TS TARED
(19813E 5 1 12F £7-4R) B ARBHE &

3) (U.8.) EPA Pesticide Assessment Guidelines,
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