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Many enzymes are produced by the microorganisms in soil, and some of them are
involved in C, N and P circles in soil. Their catalytic efficiency may be strongly
influenced by the environment surrounding the enzymes. As reviewed by
Gianfreda and Bollag (1996), natural and anthropogenic factors may affect
directly or indirectly the activities of enzymes in soil. Among anthropogenic
factors, pesticides are of primary importance because they can be directly applied
to soil or transferred by other ways. Pesticides, usually extraneous to soil
component pools, were expected to affect the behavior of enzymes (Bollag and
Liu, 1990). The activity of soil-enzymes had been considered as eco-toxicological
indicators to assess the situation of contaminated soil by pesticides and the
possible risk of ecosystem (Dick, 1995).

Catalase (Hydrogen-peroxide oxidoreductase, EC 1.11.1.6.) is an intracellular
enzyme found in all aerobic bacteria and most facultative anaerobes, but absent
from obligate anaerobes (Weetall et al., 1965; Trevors, 1984; Alef and Nannipieri,
1995). Catalase activity in soil is considered as a sensitive indicator of aerobic
microorganisms’ activity and is related to both the number of aerobic
microorganisms and soil fertility (Garcia and Hernandez, 1997; Pankhurst et al.,
1996).

Organophosphorus pesticides and pyrethroids are used widely in China. Most of
them are esters of organic acids. It is well known that pesticides tend to be
hydrolyzed in natural systems, especially in the presence of feasible pH value,
metal oxides (Feng and Pehkonen, 1998) and dissolved metal ions (Stone and
Torrents, 1995; Smolen and Stone, 1997). Degradation of pesticides has been
attributed to both chemical and microbiological pathways (Cowart et al., 1971;
Seiber and Markle, 1972; Walker, 1976; Racke, 1993). The persistence and
toxicity of these compounds and their degradation products have become a serious
environmental concern as well as a public health priority (Juarez and Sanchez,
1989; Fernandez-Casalderrey et al., 1992). Many investigations were devoted to
study the effect of various pesticides on activities of enzymes in soils from
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Table 1. Main parameters of soil collected from Purple Mountain.

Parameter Value
pH (H;0) 7.02
Sand (%) 63.20
Silit (%) 18.6
0.C. (%) 1.64
Clay (%) 18.2
C.E.C. (cmol Kg'™) 9.27
Texture Silty sand

different origins. As to this topic, many reports were reviewed and summarized by
Shaffer (1993). Once pesticides enter into soil environment, metabolites and
intermediates could be found when complex chemical and biological reactions are
carried out. However, few studies were performed to understand the influences of
pesticides and their metabolites on the activities of enzymes in soil. The objective
of this study was to characterize the effects of fenvalerate, chlorpyrifos and their
hydrolysates on catalase activity in soil in order to understand the possible
ecological risk of metabolites of pesticides where pesticides were used.

MATERIALS AND METHODS

Soil without adding pesticides was collected nearby the Purple Mountain in
Nanjing. The cultivated soil was collected (surface below 2-10 centimeters),
air-dried, passed through a 2 mm stainless steel screen and stored at 4°C prior to
experiment. The pH was determined in a distilled water soil suspension (1:1 /V:V),
other physico-chemical properties were determined according to Nelson and
Sommers (1982) (see Table 1).

Fenvalerate was provided from the Pesticides Factory of Nanjing in China (= 91%
a.i.). Chlorpyrifos was purchased from Chem Service (99.2% a.i.). The other
chemicals were reagent grade. Hydrolysates were prepared by adding sodium
hydroxide (0.01mol/L, Sml) to solutions containing quantitative pesticide and
placed in dark for seven days. The pH of solution containing hydrolysates of
pesticides was adjusted with hydrochloric acid (0.01mol/L, SmL) to neutrality
before adding to soil.

Soil 1400.0g was equally divided into seven portions. Different doses of
pesticides (0, 1, 10, 40, 80ppm) were mixed with soil. The hydrolysis products
pesticides of 40 and 80ppm were also prepared as above. Water holding capacity
of soil was adjusted to 60% of the maximum, and the samples were incubated at
ambient temperature. The catalase activity of exposed soils was determined
periodically according to previous works (Johnson and Temple, 1964; Roberge,
1978). This method is based on the recovery rates of H,O;, and the residual H;O,
is determined by titration with KMnOj in the presence of H2SOa. The catalase
activity was related to blank soil. All data are the average of three replications.

601



1 5 10 15 20 25 30 35
Exposure time (days)

Figure 1. Exposure time versus relative catalase activity in exposed
soil at different doses of fenvalerate.
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Figure 2. Exposure time versus relative catalase activity in exposed

soil at different doses of chlorpyrifos.

RESULTS AND DISCUSSION

The effects of different doses of fenvalerate on catalase activity in soil are
depicted in Fig.1. Catalase activities were inhibited when fenvalerate was added
to soil in 15 days, and then the activities began to be stimulated. Maximal
inhibition occurred at the 10th day when the concentration of fenvalerate was
80ppm. The stimulation reached the maximal when the level of fenvalerate was
80ppm at about the 20th day. After 30 days, catalase activities in exposed soils
recovered from stimulative effect and reached the level of catalase activity of the

blank soil.
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Figure 3. Exposure time versus relative catalase activity in
exposed soil at different doses of fenvalerate and fenvalerate’s
hydrolysates.

As to chlorpyrifos, catalase activity was stimulated at lower level of chlorpyrifos
(1ppm), and inhibited at higher concentrations of chlorpyrifos (10~80ppm) after
1-day incubation (Fig. 2). With exposure going on, catalase activities in soil were
stimulated strongly. The stimulated extent was various with the different doses
and incubation times. Maximal stimulation occurred at the 15th day and 80ppm of
chlorpyrifos. The time of maximal stimulation effect was prolonged with the
increase of concentration of chlorpyrifos. From the point of eco-toxicology in soil,
it is obvious that higher concentration of fenvalerate and chlorpyrifos can alter the
environment of soil and affect the growth of plants. Soil environment may take
place a great change at early stage when pesticides enter into the soil by
agricultural practices or other applications.

Fig. 3 indicated the influences of fenvalerate and its hydrolysis products on
catalase activity in soil. Compared to the same level of fenvalerate, fenvalerate’s
hydrolysates had stronger inhibitory effect on catalase activity at the initial stage
of exposure (about 1-5 days). Maximal inhibition of hydrolysates appeared at 1st
day at 80ppm of hydrolysates. It was at the 15th day when 80ppm of fenvalerate
reached maximal inhibition. After 15-day incubation, the stimulations took place,
and the maximal stimulations of both Fenvalerate and its hydrolysates appeared at
the 20th day when their concentrations were 80ppm. However, after the 20 days,
80ppm of hydrolysates began to slightly inhibit the catalase activity.

Effects of chlorpyrifos and its hydrolysis }iroducts of different doses on catalase
activity related to blank sample in soil was illustrated in Fig. 4. Catalase activities
were inhibited clearly by chlorpyrifos and its hydrolysates when added to soil for
1 day and the inhibition of the hydrolysates was greater than that of the same
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Figure 4. Exposure time versus relative catalase activity in
exposed soil at different doses of chlorpyrifos and chlorpyrifos’
~ hydrolysates.

levels of chlorpyrifos, which can be attributed to the formation of new compounds
because of hydrolysis of chlorpyrifos and the hydrolysates were more active than
chlorpyrifos. After 1 day, the chlorpyrifos and its hydrolysates began to stimulate
catalase activities. 80ppm of hydrolysates produced the greatest stimulation at the
10th day and then the activities began to decrease with the increasing of the
incubation time. At the 35th day of incubation, catalase activities stimulated by
40ppm of chlorpyrifos and 80ppm of hydrolysates were close to the samples of
blank soil. The results showed that catalase activity increased when the organic
matters added to soil stimulated the synthesis of enzyme (Garcia et al., 2000). It
may be explained by the improved soil aeration in the organic amended soils as a
consequence of an increase in soil porosity (Giusquiani et al., 1995).

In conclusion, it is possible to affect microorganism activity in soil at early stage
of exposure when fenvalerate, chlorpyrifos are used by agricultural practices or
other applications. The influences of fenvalerate, chlorpyrifos and their
hydrolysates on catalase activity in soil are various at the their different levels at
different incubation times. Catalase activities in soil at different doses of
pesticides and their hydrolysates will recover from stimulative effect, and reach to
the level of catalase activity of the blank soi! after about 35 days.
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