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Mineralization of 14C-labeled agrochemicals in soil*
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Abstract. 14C-labeled compounds were used to study the mineralization of methamidophos, 2,4-D and
metsulfuron in soil. Mineralization rate was influenced by the type of soil, concentration of chemical in the soil,
the initial soil microbial population and the nature of the chemical.

1. Introduction

Agrochemicals have played a very important rôle in agricultural production. Many kinds of
agrochemicals have been used in China for insect, diseases and weed control [1]. Methamidophos is a
widely used insecticide in cotton; 2,4-D has been used as a plant growth regulator and herbicide for a
long period, and metsulfuron is a newly introduced herbicide. Soil micro-organisms are actively
engaged in mineralization and co-metabolism processes [2,3,4]. Much work related to agrochemical
mineralization has been done since the 1960's [5,6,7]. This study is focused on the mineralization of
methamidophos, 2,4-D and metsulfuron using 14C-labeled compounds to obtain a clearer picture of the
fate of these chemicals in the soil. 14CC>2 released from soil treated with 14C-labeled compounds is used
as a measure of mineralization [8].

2. Materials and methods

2.1. Soils

(a) Fluvio Marine Yellow Loamy Soil: organic matter 2.12%; pH value 6.8; maximum water holding
capacity 32.11%
(b) Quaternary Red Clay (Red Earth): organic matter 2.26%; pH value 5.1; maximum water holding
capacity 41.27%

2.2. Chemicals

14C-methamidophos and 14C-2,4-D were provided by the IAEA. 14C-metsulfuron was provided by the
Institute for Application of Atomic Energy in Agriculture, Chinese Academy of Agricultural Sciences.

2.3. General experimental procedure

Air dried soil (50g) was put into a 500 mL flask, and the radioactive chemical mixed with unlabelled
compound were added. The soil was mixed with the chemicals thoroughly and 10 mL water was
added. The flask was stoppered with a rubber bung fitted with inlet and outlet tubes and incubated at
24°C Samples of the ethanolamine based liquid scintillation solution from the CO2 trap were taken at
intervals. Samples were counted in a LSC
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2.4. Treatments

(a) The effect of concentration on the mineralization of methamidophos was studied by incubating
soil samples treated with 0.5, 5 and 10 ug/g of mixed labeled and cold methamidophos with a
14C-activity of 3.66 x 104 Bq/g soil.

(b) To assess the effect of initial soil microbial population, radiation sterilized soil was mixed with
air-dried soil at ratios of 0:1, 1:3, 1:1 and 1:0. Samples of each mixture were incubated with 5
ug/50g of methamidophos with a 14C-activity of 3.66 x 104 Bq.

(c) The mineralization of 14C-2,4-D in the two soils (Fluvio Marine Yellow Loamy Soil and
Quaternary Red Clay) was compared.

(d) The mineralization of 14C-methamidophos (3.66xlO4 Bq), 14C-2,4-D (3.92 x 104 Bq) and 14C-
metsulfuron (1.32 x 104 Bq) was compared in the Fluvio Marine Yellow Loamy Soil.

3. Results and discussion

3.1. The effect of concentration on mineralization of methamidophos

Concentration has a direct influence on the mineralization of methamidophos as shown in Figure 1.
The accumulated activity of 14CO2 released from 14C-labelled methamidophos treated soil increases
rapidly. There were differences in the rate of release of 14CO2 during the first 5 days or so. Later the
14CÛ2 release rate became almost constant. During the 24 days experiment, the accumulated 14CC>2
accounted for 8.8%, 9.2% and 8.7% of the applied radioactivity respectively for 0.5 ug/g, 5 ug/g and
10 ug/g concentrations.

3.2. Effect of initial soil microbial population on mineralization

Fig. 2 shows that the initial soil microbial population has a very significant influence on the
mineralization rate. The rate in semi-sterilized soil was only half of that of nonsterilized soil. The rate
in completely sterilized soil stayed very low during the experiment. The slow mineralization in the
completely sterilized soil could have been caused by extra-cellular enzymes remaining after the micro-
organisms were killed.
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rl4,Fig. 1. Mineralization of C-Methamidophos at different concentration.
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Fig. 3 shows the accumulated CO2 during the experiment. It can be seen that the initial population
effect only lasts for about 20 days then it gradually disappeared. At the end of this experiment, except
in the completely sterilized soil samples, the accumulated 14CO2 activity was similar, from 9.62% to
9.80% of the total applied.
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Fig 2. Effect of initial soil microbial population on mineralization of methamidophos.
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3.3. The mineralization of 2, 4-D in two type of soil
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Fig. 4. Mineralization of C-ring-2,4-D in two type of soils.

Fig. 4 shows the mineralization rate of 14C-2,4-D in the two types of soil is different, presumably
caused by the differences in soil properties, especially the pH value. The difference in accumulated
14CO2 reaches around 46%.

3.4. Mineralization of different chemicals in the same soil

The rates of mineralization of the chemicals are shown in Fig. 5. Methamidophos has highest rate at
the beginning and the highest degree of degradation in the experimental period. Metsulfuron showed
the slowest rate. Over the experimental period, the 14CO2 released was 8.7%, for methamidophos,
4.1% for 2,4-D, and 4.4%, for metsulfuron, of the applied radioactivity
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Fig. 5. Mineralization of different chemical in soil.
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5. Conclusions

(a) The mineralization of agrochemicals in soil is a very complex process which is influenced by many
factors, such as type of soil, concentration of pesticides in soil, nature of the chemical, population of
soil microbial and so on.
(b) Generally, the extent of mineralization of agrochemicals studied here is rather low. Even though
methamidophos is a small simple molecule chemical, only 8.7% of the total applied 14C-activity, was
released as 14CC>2 within 24 days. More than 90% of the activity remains in the soil, probably as
degradation products. It seems that molecular structure is a very important factor affecting
mineralization.
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