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Table 1. Amounts of fenitrothion, pyridafenthion, fenobucarb and carbary! applied to rice plants

active ingredients at each spray application active ingredients at each
pesticide in 1992, (g/are) spray application in 1993
24-Aug 31-Aug | 7-Sep | 14-Sep and 1994, (g/are)
fenitrothion 7 55 5 75 75
pyridaphenthion 7 55 5 75 75
fenobucarb 7 55 5 75 75
carbaryl - - - - 6.4

The field experiments were carried out at National Institute of Agro-Environmental Sciences, Japan in 1992, 1993 and 1994.

The rice variety was Nihonbare. Rice plants were grown in 5 ares rice field. The field was divided into 5 one-are plots. Four

plots were treated once with a aqueous mixture of fenitrothion 50% EC, pyridaphenthion 50% EC, fenobucarb 50% EC and

carbaryl 85% WC in a single tank at a different day. An untreated plot was maintained as a control for each experiment.
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Fig. 1. Gas chromatograms obtained from a standard mixture of 4 insecticides (A) and control sample extracsts of brown rice (B)

and straw (C)

Standard mixture: O fenobucarb 2.34 ng, O carbaryl 2.08 ng, O fenitrothion 0.182 ng, O pyridaphenthion 0.105 ng

Operating conditions:

Column: Sperco SPB-5, 0.53 mm i.d., 15 m length, 0.5 um thickness; Injection: cool on, 2 pl; Inlet temperature: initial, 110 O ,
programmed 30 O / min to 290 (0 and 290 for 14 min; Column temperature: initial 110 0 for 1 min, then programmed 10 O
/minto 290 O and 290 O for 1 min.; Detector: alkali flame ionization detector; 300 O ; Gas: carrier gas He, 7 ml/min; make-

up gas, He 40 ml/min; air, 150 ml/min; hydrogen, 4.2 ml/min.
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Table 2. Recoveries obtained from fortified samples

brown rice (50 g) polished rice (50 g) rice bran (10 g)
pesticide fortification recovery (%) fortification recovery (%) fortification recovery (%)
level (ppm) average level (ppm) average level (ppm) average
. . 93 116 97
fenitrothion 0.04 91 0.05 113 0.50 97
88 110 97
. . 96 105 96
pyridaphenthion 0.04 93 0.07 105 0.66 97
90 105 98
93 92 95
fenobucarb 0.23 92 0.20 92 1.00 95
92 92 94
98 93 93
carbaryl 0.21 93 0.20 91 1.02 92
88 89 91
rice husk (10 g) straw (10 g)
pesticide fortification recovery (%) fortification recovery (%)
level(ppm) average level(ppm) average
. . 97 92
fenitrothion 0.30 95 13 92
93 93
. . 107 97
pyridaphenthion 0.28 107 16 100
107 104
86 90
fenobucarb 0.78 85 1.0 90
85 89
119 87
carbaryl 1.26 118 1.0 88
117 88

detection limits : fenitrothion and pyridaphenthion 0.0005 ppm/ 50 g samples, 0.002 ppm /10 g samples;
fenobucarb 0.002 ppm/50 g; carbaryl 0.004 ppm/50 g samples, 0.02 ppm/10 g samples

Table 3. Residues (ppm) of fenitrothion, pyridafphnthion, fenobucarb and carbaryl in and on rice plants at various application
intervals prior to harvest by spraying the mixture of four pesticedes in a single tank

pesticide residue in ppm

application date 1992 1993 1994
14-Sep | 7-Sep | 31-Aug |24-Aug|| 20-Sep | 10-Sep | 2-Sep |19-Aug|f 8-Sep |[29-Aug |19-Aug| 9-Aug
days prior to
23 30 37 44 23 33 41 55 18 28 38 48
harvest

fenitrothionn 0.0217 | 0.0056 | 0.0008 | 0.0006 || 0.0502 | 0.0068 | 0.0024 | <0.0005 || 0.0370 | 0.0070 | 0.0020 | 0.0005
browin fice pyridaphenthion 0.0537 | 0.0507 | 0.0519 | 0.0609 || 0.0826 | 0.0729 | 0.0165 | <0.0005 || 0.1558 | 0.1937 | 0.0520 | 0.0659
fenobucarb 0.003 | 0.035 | 0.004 | 0.015 || 0.166 | 0.013 | 0.003 | <0.002| 0.182 | 0.115 | 0.037 | 0.004
carbaryl* - - - - 1.80 101 | 0.095 | <0.004 | 1.814 | 259 215 | 0.299
fenitrothionn - - - - 0872 | 0.168 | 0.021 | 0.010 | 1.230 | 0.668 | 0.226 | 0.020
rice husk pyridaphenthion - - - - 154 115 | 0264 | 0.004 || 481 456 | 0.898 | 0504
fenobucarb - - - - 129 0.27 005 | <001 || 1.23 1.35 0.40 0.08

carbaryl* - - - - 9.66 4.76 0.74 | <0.02 || 16.0 17.3 13.3 1.70
fenitrothionn 0.149 | 0.062 | 0.048 | 0.050 || 0548 | 0.287 | 0.085 | 0.042 || 0.352 | 0.122 | 0.116 | 0.032
straw pyridaphenthion 141 | 0907 | 0.901 1.04 141 1450 | 0431 | 0521 | 2.62 185 | 0876 | 0.642
fenobucarb 0.035 | 0.034 | 0.042 | 0017 || 0.05 002 | <0.01 | <0.01 || 0.27 0.10 0.16 0.08

carbaryl* - - - - 0.34 0.24 0.06 0.05 0.34 0.19 0.11 0.07

Pesticide residues in ppm are average of two replications. All residues are uncorrected for absolute recovery. * indicates carbaryl was not used in
1992. - indicates the residues were not analyzed. Cultivation records of rice plants: in 1992, planting 4-June, heading 22-August; harvesting 7-
November; in 1993, planting 4-June, heading 28-August, harvest 13-November; in 1994, planting 11-May, heading 5-August, harvest 26-September.
Rice plant samples grown in a 2 m x 3 m squear of the central part in 5 each plot by the hand. Samples were dried ten days in the shade for 10
days, and threshed.
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Fig. 2. Relationship of daily average climate conditions:
average temperature (O ) and rain (mm).
Figures were drawn according to reference (14).
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Fig. 3. Distribution of pesticide residues in brown rice at harvesting.
Sample identities: 1993 samples (weight ratio of polished rice / rice bran O 90/ 10): application, 33 days prior to harvest-
ing; 1994 samples (polished rice / rice bran O 86 / 14); application, 28 days prior to harvesting; fenobu. [ fenobucarb, feni-

to. O feniteothion, pyrida. O pyridaphenthion

[T residues in polished rice (percent total residues in brown rice)
17 residues in rice bran (percent total residues in brown rice)
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Table 4. Stadards for safe use to rice plant, maximum residue limits in rice grain
and acceptable daily intakes for pesticides used in the experiments

. . application prohibition maximum residue acceptable daily intake
pesticide formulation frequency . . .
period before harvest limit (ppm) (mg/kg,body weight)
fenitrothion emulsifiable concentrate 5 21 days 0.2 0.005
pyridaphenthion emulsifiable concentrate 2 60 days 0.05 0.00085
fenobucarb emulsifiable concentrate 5 1 week 1 0.012
carbaryl wettable powder 5 45 days 1 0.02

cited from reference (11, 12, 13).
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Fig. 4. Persistence of fenitrothion, pyridaphenthion, fenobucarb

residue (ppm)

Fig. 5.

and carbaryl in brown rice (1992~1994)

o [J fenitrothion, m [ pyridaphenthion,

A T[] fenobucarb, x O carbaryl

Regression equations between concentrations of pesticide
residues and days fater application are as follows:
fenitrothion YO 0.7175 exp (-0.1536 X ) R2[J 0.9159
pyridaphenthion YO 1.833 exp (-0.1097 X) R2[ 0.4681
fenobucarb YO 0.7663 exp (-0.1127 X ) R20J 0.5155
carbaryl YO 111.19 exp (-0.1569 X ) R2[J 0.6445
X:days after pesticide application

Y:predicted concentration of residue in brown rice
R2coefficient of determination
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Persistence of fenitrothion, pyridaphenthion, fenobucarb
and carbaryl in husk (1992~1994)

o [ fenitrothion, m O Fpyridaphenthion,

A fenobucarb, x O carbaryl

Regression equations between residue concentration of
pesticides and days fater application are as follows:
fenitrothion Y O 23.085 exp (-0.1449 X ) R2[J 0.9081

pyridaphenthion Y [0 140.92 exp (-0.1534 X ) R2[J 0.7232
fenobucarb Y [ 36.702 exp (-0.1446 X ) R2[] 0.8438
carbaryl Y [ 628.85 exp (-0.1521 X ) R2[J 0.6857

X:days after pesticide application
Y:predicted concentration of residue in husk
Rz coefficient of determination
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Fig. 6. Persistence of fenitrothion, pyridaphenthion, fenobucarb
and carbaryl in straw (1992~1994)
o [ fenitrothion,m 00 Fpyridaphenthion,
A [J fenobucarb, x O carbaryl
Regression equations between residue concentration of
pesticides and days fater application are as follows:
fenitrothion YO 1.0188 exp (-0.065 X ) R2[] 0.6288
pyridaphnthion Y [0 4.0613 exp (-0.0393 X ) R2[] 0.6877
fenobucarb Y O 0.3448 exp (-0.0638 X ) R2[] 0.3284
carbaryl YO 1.093 exp (-0.0586 X ) R2[] 0.8819
X:days after pesticide application
Y:predicted concentration of residue in straw
Rz coefficient of determination
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Correlation equations between concentrations of pesticide

residues in brown rice and husk are as follows:

fenitrothion log Y O 0.8216 log X[ 1.6596 R2[J 0.7213
pyridaphenthion: log Y 00 0.7004 log X[ 1.2083 R20] 0.8717
fenobucarb: log Y O 12657 log X0 0.9825 R2?[1 0.9751
carbaryl: log Y O 0.9925 log X0 0.7951 R2?[1 0.9692

Correlation equations between concentrations of pesticide
reidues in brown rice and straw are as follows:

fenitrothion: log YO 1.5908 log X0 0.7823 R?[] 0.7823
pyridaphenthion: log YO 0.2783 log X0 0.9255 R2?[] 0.1538
enobucarb: log YO 0.8558 log X[ 0.5585 R2?[] 0.3588
carbaryl: log YO 1.306 log X .077 R2[] 0.5834

X:concentration of residues in husk
Y:concentration of residues in brown rice
R2coefficient of determination
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Correlation equations between concentrations of pesticide
residues in husk and straw are as follows:

fenitrothion:

fenobucarb:
carbaryl:
X:concentrations of pesticide residues in husk
Y:concentrations of pesticide residues in brown rice
Rz coefficient of determination

log YO 1.4019 log X[ 0.4298 R?[] 0.6388
pyridaphenthion: log Y O 1.6396 log X 0 0.0063 R2[J 0.9262
log YO 0.6603 log X[J 0.395 R2[] 0.4338
log YO 1.2792 log X O 1.7871 R20 0.5687
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Table 5. Physical chemical properties of pesticides used in the experiments

11

. . vaper pressure water solubility partition coefficient hydrolysis stability
pesticide molecular weight
(mPa) (mg/L) (Log Pow) (DTs0)
. . 18 14 84.3 days
fenitrothion 2712 343
(2001) (300) (pPH7)
. . 1.47x10° 100 O
pyridaphenthion 340.3 32
(2000) (2000)
4.1x10?2 120 12 days
carbaryl 2012 159
(2350) (200) (pPH7)
13 420 16.9 days
fenobucarb 207.3 2.79
(2000) (2000) (PH9)

cited from reference (2).
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A Comparative Study of the Persistence of Organophosphorous and

Carbamate Insecticides in Rice Plants at Harvesting
Yasuo Ishii

Summary

Rice plants were grown in paddy field divided to five plotsd included a control plot] and sprayed once with a
mixture of pesticides[ fenitrothion, pyridaphenthion, fenobucarb and carbarylD) at a different day respectively.
Samples were harvested at the same day and dried, threshed and hulled. Pesticide residues in brown rice, husk and
straw were determined by gas chromatography using an alkali flame ionization detector after extraction with acetone
and clean-up using GPC and charcoal-Florisil minicolumn chromatography.

Pyridaphention which has low vapor pressure, showed the persistence to straw that was higher than other pesti-
cides and ranged from 0.52 ppm(] pesticide applied on 55 days before harvest] to 2.62 ppm[ pesticide applied on 18
days before harvest[] In contrast, the persistence to straw was relatively low for carbaryl which has low vapor pres-
sure. Carbaryl residues in straws ranged from 0.05 ppm[] pesticide applied on 55 days before harvest[] to 0.34 ppm

[ pesticide applied on 18 to 20 days before harvest[] The residue data indicated a rapid dissipation which was due to a
rapid adsorption and translocation of applied carbaryl in rice plants, resulting in accumulation of the residues in
hulled rice. Carbaryl residues were highest in brown rice and husk, which is 2.6 ppm and 17 ppm at harvest of 28 days
after application, respectively.

Fenobucarb residues in brown rice, husk and straw declined from application through harvest and were 0.003-
0.18, 1.2-1.3 and 0.04-0.27 ppm respectively at harvest of 18-23 days after application. The residue levels of fenobucarb
in husk were considerably higher than in straw. This is probably due to translocation of fenobucarb residues into husk
and volatilization of fenobucarb from leaf surface

Residue levels of fenitrothion in the rice plants were considerably less than that of pyridaphenthion. The concen-
tration of fenitrothion in the brown rice, husk and straw were 0.02 to 0.05 ppm, 0.87 to 1.23 ppm and 0.15 to 0.55 ppm
respectively at harvest of 18-23 days after application.

Residue levels in husk were higher than in brown rice and straw. Those were probably due to higher initial
deposits on husk when pesticides were sprayed on rice plants. In addition, it seemed that translocation from leaves
concentrated the deposits in fenobucarb and carbary!.

Residue values in brown rice and husk have a certain correlation. They gave correlation equation as follows: log Y
O alog X O b, where Y is residue level in brown rice, X is residue level in husk, a and b are constants. This equation
looks like a kind of distribution equation that expresses the concentration of organic chemicals in water to aquatic ani-
mals.

Investigation of residue distribution in brown rice showed that more than 80% of the residues of fenitrothion and
pyridaphenthion, 60 to 70% of the residues of carbaryl, and 17% and 66% of residues of fenobucarb were located in
bran.

Summarizing the findings, evidence was provided that systemically absorbed carbamate insecticides(] carbaryl
and fenobucarbd move within rice plants in accordance with their physical-chemical properties of log Pow O 1.59 and

2.79, respectively. Carbaryl, which has a partition coefficient suitable to penetrate the epidermal of the plant and low
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vapor pressure of 4.1x 105 2mPa, showed high residues in brown rice and husk, and low residues in straw. Residue
levels of fenobucarb in rice plant were lower due to a little higher Py and far higher vapor pressure of 13 mPa than
carbaryl. Higher residue level of pyridaphenthion in husk and straw depend on low vapor pressure of 1.47x 1003
mPa. The higher log Pow of 3.42, that caused lower penetration into plant epidermal, resulted in lower residue levels in
brown rice than carbaryl. Reside levels of fenitrothion in rice plants were low because it has a higher partition coeffi-

cient of log Pow [0 3.7 and higher vapor pressure of 18 mPa.



