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Abstract

The effects of insecticides on biochemical processes in soil were studied by determin-
ing the effects of the chemical structure of each insecticides on eﬁzyme activities,
pesticide residue and total number of bacteria revealed when soil treated with urea
was ‘incubated at 28-+1° for 56 days. The inhibition effects of insectides on enzyme
activites in soil decreased in the order: dithiophosphoric acid ) thiophosphhoric acid )
phosphoric acid ) carbamate insecticides for urease and phosphatase, thiophosphoric
acid ) dithiophosphoric acid yphosphoric acid ) carbamate insecticides for L-glutaminase
and protease. The inhibition effects of organophophorus insecticides on enzyme activities
in soil were maintained longer than those of carbamate insecticides. Carbamate insectic-
ides increased the activities of protease and L-glutaminase at 56 days. When insecticides
were treated in soil together with urea, the degradation of insecticides was accelerated.
By treatment of insecticides, the total number of bacteria was decreased at the early
stage of treatment but thereafter increased according to phosphoric acid and carbamate

insecticides.
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BEA LR F20% (1986)

Table 1. Common and chemical name of insecticides used for experiment

Insecticide Common name

Chemical name

Organophosphorus Trichlorphon

dimethyl 2, 2, 2-trichloro-1-hydroxyethylphosphonate

Chlorfenvinphos 2-chloro-1-(2, 4-dichlorophenyl) vinyl diethyl phosphate

Parathion 0, 0-diethyl 0-4-nitropheny! phosphorothioate

EPN 0O-ethyl 0-4-nitrophenylphenyl phosphonothioate

Malathion S-1, 2-bis (ethoxycarbonyl) ethyl 0, 0-dimethyl

phosphorodithioate

Phenthoate S—bz—ethoxycarbonyl benzyl 0, 0-dimethyl phosphorodithioate
Carbamate Propoxur 2-isopropoxyphenyl N-methylcarbamate

Isoprocarb 2-isopropy! phenyl N-methylcarbamate

Carbaryl 1-naphty! N-methylcarbamate

Table 2. Physico-chemical properties of the soil.

Particle size Exchangeable

distribution(%) Soil pH O.M. T-N (C-E-C. cation(me/100g)
- texture (1:5H0) (%) (%)  me/100g)

Sand Slit Clay Ca Mg K

57 13 25 S.C.L 6. 23 1.81 0.14 9.14 7.74 2.02 0.17
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Table 3. GLC-ECD (**Ni) operating conditions for analysis of insecticides

2% OV-17*

G.C. condition 59 OV-101%*
Analysed pesticide Propoxur, Isoprocarb Malathion Parathion. EPN
Carbaryl Phenthoate Chlorfenvinphos
Column temp. (°C) 200 220 200 230
Injector temp.(°C) 230 220 %ég 250
Detector temp. (°C) 250 250 %gg 270
Carrier gas(N,)(ml/min) 40 40 o 50
Chart speed(mm/min) 2.5 2.5 2.5 2.5
* 2% OV-17 on Chromosorb W, HP(80~100mesh)
** 5% 0OV-101 on Gas Chrom Q(100~120mesh)
A FF B ¢ \
O—(H O-(H;
I ‘ F
B ce
— (Hy '
R
Z Lot | S !
@
wn H i
s
g |
= L
5 : :
i i 5
E 20} ) | h ! i
@ i n "
x I it R
" 1 i
i 1 [
i i i
}
! i '
oo N— \ IS U5} - o
0 1 2 3 & 0 1 2 3 & 0 7 3 &

Retention time (min.)

Fig. 1. Gas chromatograms of N-methylcarbamate insecticides and its pentafluorobenzyl ether

derivatives

A : Isoprocarb-PFB, B : Propoxur-PFB, C : Carbaryl-PFB
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Table 4. Effects of insecticides on urease activity in soil

BE/CREIE $H20% (1986)

(% inhibition of soilu rease activity*}

Incubation day

Insecticide
1 3 7 14 28 56

Trichlorphon 30.1 34.4 38.0 24.5 12.3 14.3
Chlorfenvinphos 32.5 30.4 39.3 27.6 13.6 12.1
Parathion 34.9 37.6 46.0 31.8 15.6 16.5
EPN 33.7 39.2 4.8 32.8 16.9 16.5
Malathion 39.8 45.6 47.9 32.8 18.8 19.8
Phenthoate 37.3 44.0 48.5 33.3 18.2 22.0
Propoxur 25.3 29.6 29.4 18.8 7.1 1.0
Isoprocarb 19.3 31.2 26.4 16.1 5.8 1.1
Carbaryl 32.5 36.0 35.6 19.3 8.4 2.2

* Each value is the mean of triplicate

Soil urease activity : mg NH,-N released/g soil/3hr
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Table 5. Effects of insecticides on L-glutaminase activity in soil

(% inhibition of soil L-glutaminase activity*)

Incubation day

Insecticide
1 3 7 14 28 56

Trichlorphon 32.5 33.3 27.7 18.9 12.4 5.6
Chlororfenvinphos 33.4 32.6 26.4 20.7 11.1 6.3
Parathion 49.4 39.2 42.1 36.8 21.3 9.2
EPN 48.5 38.5 40.3 39.3 16.7 8.5
Malathion 44.7 35.0 38.0 34.4 15.7 6.7
Phenthoate 38.7 34.7 36.5 35.0 13.9 6.3
Propoxur 34.9 3.3 25.4 16.7 6.3 0.2
Isoprocarb 34.7 32.2 22.6 17.1 7.8 —0.6
Carbaryl 35.3 31.9 26. 0 17.1 7.4 —0.2

* Each value is the mean of triplicate
Soil L-glutaminase activity :

 mole NH,-N released/g soil/4hr

Table 6. Effects of insecticides on protease activity in soil (9% inhibition of soil protease activity*)

Incubation day

Insecticide
1 3 7 14 28 56

Trichlorphon 15.2 14.9 8.4 7.2 7.4 1.7
Chlorfenvinphos 14.6 12.4 9.4 6.7 6.9 1.1
Parathion 29.8 21.1 13.6 14.8 9.7 5.5
EPN 25.1 18.6 13.1 14.4 9.3 4.4
Malathion 18.1 15.5 11.5 11.9 8.9 6.1
Phenthoate 18.1 12.4 11.0 11.0 9.7 5.0
Propoxur 11.7 12.9 5.2 4.3 0.8 5.5
Isoprocarb 11.1 12.4 4.2 2.4 0.0 —6.6
Carbaryl 15.8 14.4 6.3 4.8 1.2 —5.0

* Each value is the mean of triplicate
Soil protease activity :
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BERLBEG 529%(1986)

Table 7. Effets of insecticides on phosphatase activity in soil

(% inhibition of soil phosphatase activity¥*)

Incubation day

Insecticide
1 3 7 14 28 56

Trichlorphon 16.8 13.4 12.2 8.1 5.7 1.2
Chlorfenvinphos 17.8 12.6 13.7 6.5 6.6 2.4
Parathion 20.6 17.6 15.3 13.0 9.5 4.8
EPN 21.5 22.7 13.7 11.4 8.6 3.6
Malathion 36.4 3L.9 19.8 18.7 11.4 6.0
Phenthoate 29.9 26.1 17.6 16.3 12.4 4.8
Propoxur 18.7 16.8 11.5 6.5 5.7 —-1.2
Isoprocarb 14.0 17.6 12.2 4.1 4.8 —2.4
Carbaryl 18.7 18.5 12.2 5.7 4.8 1.2

* Each value is the mean of triplicate

Soil phosphatase activity : 4 mole p-nitrophenol released/g soil/hr
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Table 8. Recoveries of insecticides from soil
fortificated with 0.5ppm and 1.0ppm

. Recoveries (%)
Insecticice

0. 5ppm 1. Oppm
Chlorfenvinphos 95.9 96.3
Parathion 97.4 938.5
EPN 93.9 96. 2
Malathion 94.5 95.8
Phenthoate 94.6 95.3
Carbaryl 84.8 86.5
Propoxur 85.0 85.3
Isoprocarb 86.9 87.2

Each value is the mean of triplicate
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Table §. Exponential regression equations of insecticides in urea-treated and urea-untreated soil
with different incubation days

Pesticide

Days after application

Fig. 2. Degradation of organophosphorus insec-

ticides in soil

®—@® : urea-treated soil
O—QO : urea—untreated soil

of oplsl FERtEch

Exponential regression equation — ¥k Half-lives (day)
Chiorfenvinphos Ut Y =93. 89. e—0. 0373X 0. 9635 16.1
Nz Y=88.61.e—0.0268X 0.9441 21.4
Parathion N Y =87.19.e—0.0332X 0.9262 16.8
N Y=84.22.e—0.0226X 0. 9060 23.1
EPN U Y =89.56.e—0.0273X 0. 9659 21.4
N Y =87.40.e—0.0213X 0.9173 26.2
Malathion U Y =93. 08. e—0. 0265X 0.9726 23.5
N Y=82.(0.e—0.0181X 0.9084 27.3
Phenthoate U Y =99. 16. e—0. 0296X 0.9919 23.1
N Y=84.27.e—0.0178X 0. 9248 29.3
Carbaryl U Y=79. 49.e—0. 0212X 0.9613 21.9
N Y=81.04.e—0.0178X 0. 9720 27.1
Propoxur U Y=78.49.e—0.0172X 0.9479 26.5
N Y=786.19.e—0. 0165X 0. 9369 7.9
Isoprocarb U Y=81.63.e—0.0221X 0.9485 22.2
N Y=80.87.e—~0.0177X 0. 9279 27.2
1. urea-treated soil *#* : gignificant at 1% level
2. urea-untreated soil
Chiorfenvinphos Carbart
00 100 i
B 75
50 \\ 50
25, 32
o Parathion EPN ‘g 0 mpoxur = pre—
R 100
T 7518 *
s . 7
o 5 .
& . 50
o B 2
Malathio’n Phenthoate 0 2}3 g 50 ) 1:0 %
Days after application
Fig. 3. Degradation of carbamate insecticides
in soil
©—® : urea-treated soil
O—CO : urea—untreated soil
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BRELESE 520% (1986)

Table 10. Total number of bacteria in soil treated with insecticides

(in millions pergram of soil)

Incubaticn day

Insecticide .
1 3 7 14 28 56
Control 35.4 47.5 40.8 59.4 87.0 43.5
Trichlorphon 27.8 39.6 39.4 60.3 92.4 53.2
Chlorfenvinphos 25.7 33.8 40.1 63.2 99.9 60. 3
Parathion 28.6 43.2 39.3 59.1 85.6 40.8
EPN 26. 4 42.6 37.3 54.3 83.2 39.6
Malathion 29.3 42.1 35.2 55.2 79.3 40.9
Phenthoate 30.2 43.6 34.3 56.3 80.8 41.3
Propoxur 26.2 40.3 41.2 63.8 93.3 56.2
Isoprocarb 30.2 42.3 40.9 63.9 97.7 60. 2
Carbaryl 30.2 38.8 38.2 58.6 98.2 55.5
HWEC g4 #wmsle Aew Jehygoh 2. Johnen, B.G. and E.A. Drew: Soil Sci.,
; 123 : 319(1977).
= # 3. Wainwright, M.:J. Soil Sci., 29 : 287(1978).
BHHR B carbamate BB BEZ X 4. Wainwright, M.:Z. Pflanzenernaehr. Boden-
AR LS B Y MRS B, S
MEER) ¥4 MBS MY SRS oo . r'fmkenberger, W.T. and W.A. Dick: Soil
2tk Sci. Soc. Am. J., 47 :945(1983).
b7} ureases) phosphatased] FEie] L di- 6. Kiss, M., Dragan-Bularda, M. and D. Radu-
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