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THE COMPATIBILITY OF A RICE PADDY MODEL ECOSYSTEM TO
EVALUATE THE DEGRADABILITY OF THE PESTICIDES

Err-Lieh Hsu and Sze-Jih Hsu
Department of Plant Pathology and Entomology, National Taiwan University

Taipei, Taiwan.
ABSTRACT

Rice is the major crop plant in Taiwan, the maintaining of its quality and quantity
is very important. For this reason, it is necessary to use chemical agents to control the
rice pest before the other effective pest management method is established. For many
years a huge quantities of pesticides have been introduced to the rice paddy field by
farmers, but we are in ignorance of the fate of the pesticides in the rice paddy field. The
value of pesticides used has risen from NT$2 million in 1952 to NT$2.5 billion in 1978.
This enormous increase of pesticide consumption in Taiwan needs to be investigated to
determine its effect on the quality of the environment. ‘

The model ecosystem developed by Metcalf et al. (197 1) was modified by changing
organisms associated with the food chains to fit rice paddy conditions, and the fate of
radiolabeled insecticides in the modified model ecosystem was examined. The radiolabled
products were transfered through the food chains, e.g., rice (Oryza sativa indica), grass-
hopper (Oxya intricata), brown planthopper (Nilaparvata Iugens), wolf spider (Lycosa
pseudoannulata), alga (Oedogonium cardiacum), duckweed (Spirodela polyrrhiza), snail
(Cipangopaludina chinensis), water flea (Daphnia pulex), mosquito fish (Gambusia affi-
nis). The distribution and fate of eight 14C radiolabeled insecticides DDT, r-HCH,
aldrin, dieldrin; malathion, parathion; carbaryl, MTMC were evaluated in a laboratory
rice paddy model ecosystem.

1. The fate of DDT in this ecosystem, 57.8% of DDE, 7.74% of DDD, 2.62% of polar
metabolites and 32.47% of unchanged DDT were found. 4291%, 39.67%, and
75.6% of DDE, DDT and DDD of each were in fish/total metabolites. Ecological
magnification: Fish (88,273.33) > Duckweeds (36,363.33) > Snail (36,173.33) >
Algae (21,672.67) > Mosquito (10,139.33). Biodegradability index: Mosquito
(0.198927) > Duckweeds (0.022103) > Fish (0.015834) > Algae (0.011335) >
Snail (0.011066). ‘

2. The fate of aldrin in this ecosystem, 83.76% of dieldrin, 0.86% of 9-hydroxydiel-
drin, 0.71% of 9.ketoaldrin, 3.01% of two unknown metabolites Rf =‘0.62, 0.08
and 11.3% of unchanged aldrin were found. Ecological magniﬁcatibhz Fish
(4,495.19)> Algae (1 ,802.88) > Snail (1,649.17) > Duckweeds (84135). Biode-
gradability index: Snail (0.007499) > Algae (0.001348) > Duckweeds (0.001106)
> Fish (0.000223).

3. The fate of dieldrin in this ecosystem, 79 82% of unchanged dieldrin, 11.28% of
9.hydroxydieldrin, 2.69% of 9.ketodieldrin and an unknown metabolite (Rf = 0.4),
5.15% were fond. Ecological magnification: Snail (2,128.57)> Fish (1,900.02)>
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Algae (274.29) > Duckweeds (240). Biodegradability index: Duckweeds (0.224792)

> Algae (0.01159) > Snail (0.008437) > Fish (0.001 193).

4. The fate of r-HCH in this ecosystem, 29.89% of p‘entachlorocyclohexane, 2.749% of
three unknown metabolites Rf = 028, 0.14, and 0.09 ; and 64.8% of unchanged
r-HCH were found. Ecological magnification: Fish (1475) > Snail (967.1) > Algae
(4512) > Duckweeds (0). Biodegradability index: Duckweeds (0.669924) >
Algae (0.045878) > Fish (0.034529)> Snail (0).

5. The fate of carbaryl in this ecosystem, 2.22% of carbaryl, 3.39% of 4-hydroxy-
carbaryl, 1.15% of 5-hydroxycarbaryl, 2 39% N-hydroxycarbaryl, 1.12% of 5.6-
dihydroxycarbaryl and 89.72% of polar metabolites were found. 2.64%, 16.98%,
7.97%, 12.29% and 60.13% of 4-hydroxycarbaryl, 5-hydroxycarbaryl, N-hydroxy-
carbaryl, 5.6-dihydroxycarbaryl and 60.13% of each were in fish/total metabolites.
Ecological magnification almost in all organisms are zero except wolf spider and
grasshopper. Biodegradability index: Algae (98.629032) > Duckweeds (73.142857
> Snail (4.425966) > Fish (1.507937).

6. The fate of MTMC in this ecosystem, 0.5% of MTMC, 0.59% of 3.carboxyphenyl-
carbamate, 0.29% of 3-hydroxymethylphenyl-N-methyl carbamate, 2.25% of 4-
hydroxy-3-methylphenyl-N-methyl-carbamate, 0.4% of 3-methylphenyl-N-hydroxy-
methylcarbamate and 95.89% of polar metabolites. Ecological magnification almost
in all organisms are zero except wolf spider and grasshopper. Biodegradability
index: Algae (180.464286) > Snail (88.595041) > Duckweeds (81.538462) >
Fish (442607001).

7. The fate of parathion in this ecosystem, 33.94% of parathion 20.7% of p-nitro-
phenol, 2.4% of unknown I (Rf = 0.33), 1.62% of paraoxon and 41.26% of polar
metabolites were found. 41.2%, 10.97%, 0.07% and 47.76% of parathion, p-nitro-
phenol, unknown I, paraoxon and polar metabolites of each were in fish/total
metabolites. Ecological magnification: Fish (37.7) > Duckweeds (0.67) > Algae
(0.5). Biodegradability index: Fish (0.914226) > Algae (0.757576) > Duckweeds
(0.6).

8. The fate of malathion in this ecosystem, 22.53% of malathion, 33.65% of malaoxon,
0.71% of malathion dicarboxylic acid and 43.11% of polar metabolites were found.
1.49% and 98.36% of malaoxon and polar metabolites of each were in fish/total
metabolites. Ecological magniﬁcation almost in all organisms are zero except wolf
spider and grasshopper. Biodegradability index: Fish (60) > Algae (2.45) > Duck-
weeds (2.05).

Organochlorine insecticides were relatively stable under the rice paddy model eco-
system conditions and was bioconcentrated and stored over a 30-day period in the tissue
of the organisms. The high values for ecological magnification and the low biodegrad-
ability indices for the organochlorine pesticides are in significant contrast to the low
ecological magnification values and high biodegradability indices found with organopho-
sphorus and carbamate insecticides. .

The rice paddy model ecosystem technology, with the use of radiolabeled insec-

—130 -




ticides, is the most convenient tool for studying the fate and environmental effects of
pesticides to be used in rice paddies and this technology can be used in every laboratory.
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