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Summary

Comparative effect of the organophosphorus
compounds to larvae and adult of houseflies was
studied using topical application and dipping
method. The LDy values and LCs values of 4
colonies of houseflies are shown in Table 1.

The highest resistance level for sumithion was

observed in Misaki, Shuri and 2 colonies, showing
the LDy value of 81.421 and 10,886 s respecti-
vely. By topical application, Misaki strain was
886.2 .times as susceptible Takatsuki strain to
sumithion, and 338.7 times to malathion. Toku-
thion has remarkable insecticidal power against
housefly resistant to organic phosphorous pre-
parations.
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Fig. 1. Flow diagram for the analysis of aerosol formulations.
PBO: Piperonyl butoxide, IS: Internal standard. .
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Table 1. Conditions of gas chromatography for the determination of active
ingredients in aerosol formulations.
Condition A Condition B Condition C
Apparatus Shimadzu GC-5A Shimadzu GC-5A Shimadzu GC-5A
Column Glass 1 mx3 mm¢g Glass 1 mx3 mmg Glass 5 mx3 mmg
Liquid phase 29; DEGS 29; DEGS 295 XE-60
Support Chromosorb W Chromosorb W Chromosorb W

(AW, DMCS, 60-80)

Column temp. 200°C

(AW, DMCS, 60-80)
160°C

(AW, DMCS, 60-80)
200°C

Carrier gas: Ny 50 m//min,
Hydrogen flow rate: 50 m//min,

Injection temp.: 350°C, Detector temp.: 350°C
Air flow rate: 0.9 //min.
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Table 2. Relative retention times of some insecticides and synergists on DEGS and XE-60 columns.

Retention times
relative to

Compounds Chemical names phthalthrin .
DEGS®? XE-602>

Lethane 384 B-Butoxy-s-thiocyanodiethyl ether 0,018 0.026

a-BHC 1,2,3,4,5,6-Hexachlorocyclohexane, a-isomer 0,053 0.048

S-421 Octachlorodipropyl ether 0.073 0.074

IBTA Isobornyl thiocyarioacetate 0.053 0.079

0.084 0.113

Lindane(r-BHC) 1, 2,3, 4,5, 6-Hexachlorocyclohexane, r-isomer 0.084 0.074

MGK-264 N-(2-Ethylhexyl)-bicyclo (2, 2, 13-5-heptene-2, 3-dicarboximide 0.097 0.152

Allethrin dl-3-Allyl- 2-methylcyclopent-2-en-4-one-1-yl dl-cis, 0.106 0.139

(Pynamin®) trans-chrysanthemate

Synepirin 500 N-(2- Ethylhexyl) -1-isopropyl-4-methylbicyclo (2, 2, 2] octo- 0.155 0.273
5-en~-2-, 3-dicarboximide

Cinerin I 3-(2"-Butenyl) -4-methyl-2-o0x0-3-cyclopenten-1-yl ester of 0.159 0.208
chrysanthemumic acid

Jasmolin 1 3-(2-Pentenyl)-4-methyl- 2-oxo -3-cyclopenten-1-yl ester of 0.188 0. 268
chrysanthemumic acid

Dieldrin 1,2,3,4,10, 10-Hexachloro-6, 7-epoxy-1, 4, 44,5, 6, 7, 8, 8a- 0.235 0.199
octahydro-1, 4-endo, exo--5, 8-dimethanonaphthalene

é-BHC 1,2,3,4,5,6-Hexachlorocyclohexane, é-isomer 0. 259»

B-BHC 1,2,3,4,5,6-Hexachlocyclohexane, S-isomer 0, 288

0,p’-DDT 1,1, 1-Trichloro-2-(2"-chlorophenyl)-2- (4’-chlorophenyl) ethane 0. 295 0.221

Fenitrothion 0, 0-Dimethyl-0-(3-methyl-4-nitrophenyl) phosphorothiocate 0. 310 0. 220

(Sumithion®)

Pyrethrin I 3-(2', 4~-Pentadienyl) -4-methyl-2-0x0-3-cyclopenten-1-yl 0,314 0.370
ester of chrysanthemumic acid

Resmethrin 5-Benzyl-3-furylmethyl dl-cis, trans-chrysanthemate 0.48 0.35

(Chrysron®)

Piperonyl butoxide 3,4-Methylenedioxy-6-propylbenzyl butyldiethylene glycol ether 0.50 0.39

p,’-DDT 1,1,1-Trichloro-2, 2-bis(4’-chlorophenyl) ethane 0.53 0.41

Bucarpolate Butyldiethylene glycol ester of 3, 4~methylenedioxy-benzoic acid 0.65 0.40

Phthalthrin N-(3,4,5,6-Tetrahydrophthalimido) methyl dl-cis, trans- 1.00 1.00

(Neo-Pynamin®) chrysanthemate

Cinerin II 3-(2'-Butenyl) ~4-methyl-2-ox0-3-cyclopenten-1-yl ester of 1.34 1.39
chrysanthemum dicarboxylic acid monomethyl ester ‘

Jasmolin II 3-(2'-Pentenyl)-4-methyl-2-ox0-3-cyclopenten-1-yl ester of 1.51 1.68
chrysanthemum dicarboxylic acid monomethyl ester

Methoxychlor 1,1, 1-Trichloro-2, 2-bis(4-methoxyphenyl) ethane 1.66 0.85

Pyrethrin II 3-(2’, 4’-Pentadienyl)-4-methyl-2-0x0-3-cyclopenten-1-yl ester 2,31 2.15
of chrysanthemum dicarboxylic acid monomethyl ester

Sulfoxide N-Octyl sulfoxide of isosafrole 3.16 1.75

a) Column: 2

giass column 1 m in length and 3 m in inner diameter.

Column oven temperature :

170 or 200°C,

b) Tentatively identified by their relative retention times reputed in Reference 23).

% liquid phase coated on Chromosorb W (AW, DMCS, 60-80 mesh) was packed in a
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Fig. 2. Gas chromatogram of phthalthrin and
piperonyl butoxide mixture. '
(1) Piperonyl butoxide (2) Phthalthrin
(3) Triphenyl phosphate (IS) (4) Bis
(2-n-propyl-4, 5-methylenedioxyphenyl)
methane in piperonyl butoxide (5) Di-
phenyl phthalate (IS) Operational con-
ditions ; apparatus Shimadzu GC-5A,
column: ImxX3mm¢ glass column, pac-
king: 2% DEGS/Chromosorb W (AW,
DMCS, 60-80 mesh), column temp.:’
200°C, carrier gas:N; 50m!/min.

MitotiiiconwTit, 57t LKB-9000 % GC-MS
THEAAL 12,

VA2 bYuiR, Fig.3iwaidkow, Yomhby
7=V NEETIE LT 7 2 0 R Y o RIRRCHE
BTE.. UhbL, ERozv 7T ka4 4 FHHET
5358, DEGS # 35 ATl HOFMELNL TR
T&79, XE-60 D# 5 o Tix DEGS #3 »iclhLT
SHEMSLLL, # 5 LDLEI% S micdiug, Fig.4iT
MTE O, VAARY T UTH0O L ~e =
VTR EY A FBRENTOT LB 2T, v

128

@)

M s,

8]

0 5 10" (min)

Fig. 3. Gas chromatogram of resmethrin, ph-
thalthrin and fenitrothion mixture.
(1) Fenitrothion (2) Resmethrin
(3) Phthalthrin (4) Triphenyl phos-
phate (IS)
Operational condition; apparatus :
Shimadzu GC-5A, column: ImX3mmg
glass column, packing : 29 DEGS/
Chromosorb W (AW, DMCS, 60-80
mesh), column temp.: 200°C, carrier
gas: N, 50 m//min.
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Fig. 4. Gas chromatogram of resmethrin and
piperonyl butoxide mixture.
(1) Resmethrin (2) Piperonyl butoxide
(3) Benzyl butyl phthalate (IS)
Operational condition; apparatus: Shi-
madzu GC-5A, column: 5m X 3mm¢

glass column, packing: 2% XE-60/ -

Chromosorb W (AW, DMCS, 60-80 mesh)
column temp.: 200°C, carrier gas: N,
50 ml//min.
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Fig. 5. Gas chromatogram of allethrin and
pyrethrins mixture,
(1) Allethrin (2) Cinerin I (3) Jas-
morin I (4) Fluoranthene (IS) (5)
Pyrethrin I
Operational conditions; apparatus: Shi-
madzu GC-5A, column: 1m X 3mm¢
glass column, packing: 2% DEGS/
Chromosorbh W (AW, DMCS, 60-80
mesh) column temp.: 160°C, carrier
gas: N, 50 m//min.

0 5 10 15 (min)

Fig. 6. Gas chromatogram of pyrethrins.

(1) Pyrethrins I (2) Fluoranthene (IS
for pyrethrins I) (3) Cinerin II (4)
Jasmorin 11 (5) Pyrethrin II (6) Di-
phenyl phthalate (IS for pyrethrins II)

. Operational conditions; apparatus: Shi-
madzu GC-5A, column: 1m X 3mm¢
glass column, packing: 2% DEGS/Chro-
mosorb W (AW, DMCS, 60-80 mesh),
column temp.: 200°C, carrier gas:.N;
50 ml/min.
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Fig. 7. Calibration curves.
—(Q—: Phthalthrin (IS: diphenyl phthalate),
—@—: Phthalthrin (IS: triphenyl phosphate),
—@®—: Resmethrin (IS: benzyl butyl phthalate),
—(Pp—: Resmethrin (IS: triphenyl phosphate),
—{e}—: Allethrin (IS: fluoranthene),
—A—: Pyrethrins (IS: fluoranthene),
—A—: Pyrethrins (IS:diphenyl phthalate),

—[—: Piperonyl butoxide(IS: diphenyl phthalate).
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Table 3. Analytical results of 27 domestic aerosol formulations.

Active Number of samples

Percentage in

Main admixed

ingredients detected all samples Content (%) components
Phthalthrin 25 93 0.09-0. 26 b)
Pyrethrins 5 19 0.04-0.85 PBO @
Resmethrin 2 8 0.03-0, 65 PBO and S-421
Allethrin 4 15 0. 09-0, 56 PBO
DDVP 1 4 1.90 Phthalthrin
Lindane 1 4 0.68 Phthalthrin
PBO 22 82 0.09-1,52 b)
Synepirin 500 7 26 0.21-0,95 Phthalthrin and PBO
S-421° 8 31 0.14-2.30 Phthalthrin
MGK-264 1 4 0.69 Phthalthrin
IBTA 1 4 0.36 Phthalthrin

a) Weight percent of active ingredientes to total contents in the formulations.

b) Miscellaneous components.
¢) PBO: Piperonyl butoxide.
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Analytical results of 52 foreign aerosol formulations.

Active Number of samples

Percentage in

Content (%)» Main admixed

ingredients detected all samples components
Phthalthrin 30 58 0.06-0. 39 W
Pyrethrins 18 35 0.004-0. 45 PBO @
Resmethrin 6 12 0.09-0.11 Phthalthrin
Allethrin 5 10 0.05-0. 37
DDVP 11 21 0.10-4.85 PBO
Lindane 3 6 0.24-0.55
PBO 33 63 . 0.08-1.55  »
DDT 3 6 0.30-0.97
Dursban 1 2 0.72 Pyrethrins
Gardona 1 2 0.53 Pyrethrins
Methoxychlor 2 4 1.09-2.10 Pyrethrins
Cyanox 1 2 0.46 Phthalthrin and PBO
Dieldrin 1 2 0. 60
Fenitrothion 1 2 0.50 Allethrin and DDVP
MGK-264 1 2 0. 004 Pyrethrins and DDVP
Sancide 1 ' 2 2.12
Sulfoxide 1 2 1.50 Pyrethrins

a) Weight percent of active ingredients to total contents in the formulations,

b) Miscellaneous components.
¢) PBO: Piperonyl butoxide.
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Summary

Analytical methods for the systemétic deter-

mination of pyrethroidal insecticides in aerosol
formulations have been developed by gas chro-
matography with a flame ionization detector.
Most of active ingredients in aerosol formulations,
such as phthalthrin, resmethrin, allethrin, pyre-
thrins, piperonyl butoxide and so on, were
separated successfully from one another using a
gas chromatographic column, 3 mm i.d. and 1 m
in length, containing the support Chromosorb
W (AW, DMCS, 60-80 mesh) coated with 2%
DEGS, and they could be determined on this
column only by the change of the column
temperature and internal standards. Phthalthrin
and resmethrin were determined at 200°C using
triphenyl phosphate as an internal standard,
pyrethrins II were determined using diphenyl

phthalate as an internal standard and allethrin
and pyrethins I were determined at 160°C using
fluoranthene as an internal standard. When
piperonyl butoxide was admixed, the determina-
tion of phthalthrin was interfered with one of
the impurities of piperonyl butoxide, so in this
case diphenyl phthalate, although having a far
longer retention time than those of phthalthrin
and piperonyl butoxide, was useful as an internal
standard for the simultaneous determination of
both the two ingredients without any interference.

When resmethrin and piperonyl butoxide were
admixed in aerosol formulations they could not
be separated from each other, but they were
separated from each other by use of a 295 XE-60
column, 3mm i.d. and 5m in length, instead of
the DEGS column and they were determined
using , benzyl butyl phthalate as an internal
standard, Almost all the other active ingredients
in formulations such as lindane, synepirin 500,
MGK-264, $-421, IBTA, DDT, dieldrin, dursban,
gardona, fenitrothion, sancide, methoxychlor,
sulfoxide, cyanox and so on could be determined
on the DEGS column.

Under these conditions, 27 domestic and 52
foreign commercial aerosol formulations could be
analysed.
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