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Relationship between Physical Properties of Aerosol
Formulation and Its Insecticidal Efficacy
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Sumitomo Chemical Co., Lid., Konohana-ku, Osaka 554, Japan

A pesticide formulation should be designed rationally to maximize its pesticidal efficacy
by thoroughly investigating the relationship among the formulation factors, the physical
properties of the formulation and its pesticidal efficacy. By the rational design of the formula-
tion, pesticides can be used efficiently to the purpose, and maximum efficacy can be obtained
by using the smallest amount of pesticide. Standing on this concept, authors studied the
influence of the physical properties of aerosol formulations on their insecticidal efficacy. The
insecticidal efficacy of an aerosol formulation is thought to be influenced by the behavior of
the spray-droplets in the air and by the permeability of the insecticide through the cuticle
of the insect to reach the nervous system. Then, the spray-droplet size and the solvent used
for the aerosol formulation are thought to be the two most important factors. The spray-
droplet size was decisive to maintain the concentration of airborne spray-droplets; the smaller
the spray-droplets, the longer the concentration maintained. However, there existed an
optimum spray-droplet size to maximize the insecticidal efficacy, which was around 30 gm.
This result was explained by the effect of the balance of the catch efficiency of airborne spray-
droplets by flying insects which was affected by the inertia of spray-droplets, and the main-
tenance of the concentration of airborne spray-droplets which was affected by their settling
speed. Among the solvents used for the aerosol formulation, the most effective one for
knockdown efficacy was tetradecane. This solvent was thought to facilitate the insecticide

to penetrate into insect through the cuticle.
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Fig. 2 Effect of ST/BU ratio on the spray-droplet size of aerosol formulations.

ST: O, 0.33 mm; A, 0.46 mm; [, 0.76 mm.
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the floor of the Peet-Grady chamber.
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Fig. 5 Time course of the percentage of airborne spray-droplets at the center of the Peet-

Grady Chamber. a) Standard deviation.

Spray-droplet size: I, 19.4 gm; II, 35.8 pm; III, 71.4 pm.
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Fig. 6 Vertical distribution of airborne spray-droplets.

Spray-droplet size: I, 19.4 gm; 11, 35.8 pm.
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Fig. 7 Distribution of settled spray-droplets on the floor.

Spray-droplet size: I, 19.4 gm; II, 35.8 gm; III, 71.4 pm.
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Fig. 9 Relationship between the diameter of spray-droplets and the insecticidal efficacy of

aerosols.

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 16 (3), August 1991 539
4.0+ e o
- ( ]
- 3.2
L 2.8
»
f 3.5 -
@
ula | o 2.4}
<
- 2.0
3.0 4 1.6
| L
| T

L 1 1 1 ]
10 20 30 40 50
Diameter of spray-droplet (um)

| 1 1 1 ]
10 20 30 40 50
Diameter of spray-droplet (um)

Fig. 10 The rapidity of knockdown (4 —B-AMX) and the completeness of knockdown (B)

vs. spray-droplet size.
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Table 1

Physical properties of solvents used in this study.

Common name

Boiling point Specific gravity

Solvent name 6 (15-20°C)
Ondina 17 (Shell) Kerosene 350 (50%) 0.868
Neochiozol (Cyuokasei) ” 224-268 0.769
Isopar M (Esso) ” 207-257 0.781
Isopar H (Esso) ” 174-189 0.757
Isopar E (Esso) " 115-142 0.723
Fog solvent (Nisseki) ” 202-272 0.847
O-solvent M (Nisseki) " 219-247 0.760
Diesel oil (Esso) " 205-252 0.822
Solvesso 150 (Esso) Alkylbenzene 188-210 0.895
Methyl cellosolve (reagent) — 122-126 0.974
Chlorothene NU (Dow) Methylchloroform 72—~ 88 1.325
Isopropanol (reagent) — 81- 83 0.790
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HEMERAEIC T NS L7 74 =235
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Table 2 Insecticidal efficacy of oil-liquid formu-
lations containing 0.059; of tetramethrin and
0.025%; of d-phenothrin using various kinds of
solvents against flying insects by the Peet-Grady
method.

Housefly Mosquito
Solvent KTy, Kill KTy Kill
(min) (%)  (min) (%)

Ondina 17 5.3 62 3.2 93
Neochiozol 1.9 90 1.8 93
Isopar M 2.4 87 1.4 100
Isopar H 2.4 100 2.3 99
Isopar E 6.0 91 9.5 87
Nisseki fog solvent 1.9 98 2.1 100
Nisseki O-solvent M 1.3 91 1.1 97
Diesel oil 2.5 95 2.7 95
Solvesso 150 2.0 100 1.5 95
Methyl cellosolve 5.0 97 7.4 95
Chlorothene NU 5.3 93 6.7 98
Isopropanol 5.2 97 8.2 96
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Table 3 Toxicity of various kinds of solvents
against houseflies and mosquitoes by the topical
application method.

LDso (18/%)
Solvent
Housefly Mosquito
Ondina 17 >433 81
Neochiozol 253 48
Isopar M 255 60
Isopar H 237 59
Isopar E > 362 97
Nisseki fog solvent 158 34
Nisseki O-solvent M 269 41
Diesel oil >411 27
Solvesso 150 71 37
Methyl cellosolve > 320 >292
Chlorothene NU >663 >398
Isopropanol >395 >237

ko k 5, AUy e v WL Zo s
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Table 4 Toxicity of n-paraffins against house-
flies and mosquitoes by the topical application
method.

LDso (1eg/ %)

n-Parafin

Housefly Mosquito
n-Octane <352 (259%,)* 55
n-Decane 207 57
n-Dodecane 189 47
n-Tetradecane <383 (289%,) 38
n-Hexadecane <387 ( 8%) 43

2)  Figures in parentheses mean mortality 9
when the maximum amount of the solvent
was topically applied.

Number of carbons

Solvent
C8 C9 C10 C11 C12 C13 C14 Ci15 C16 Ct17

Isopar E I—I/—n—l
Isopar H bttt AAAA——

Adfh——————
Isopar M e
Nisseki fog solvent 7n }
Nisseki O—solvent M Q——Hr;/—i
Neochiozol bttt AAf—————————

n
Diesel oil b - 4
i’n
—44+ ; main peaks, i:isoparaffin, n ; n-paraffin

Fig. 11

Number of carbons of paraffins contained in each solvent.
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o =
Fig. 12 Insecticidal efficacy of aerosol formulations containing 0.49, of tetramethrin and
0.19; of d-phenothrin using n-paraffin as a solvent by the aerosol test method for flying in-
sects and the direct spray method for cockroaches.
Table 5 Insecticidal efficacy of oil-liquid formulations containing tetramethrin using different
kind of n-paraffin as a solvent against houseflies by the topical application method.
Mortality 9
ug of
tetramethrin #n-Octane n-Dodecane n-Hexadecane Acetone
in solvent
0.2 pl® 0.3 ul 0.1 0.2 ul 0.2 ul 1.0 pl 0.3 ul
0.8 76%, 889 1009, — 76%, 889 409,
0.4 52 52 88 969, 36 48 12
0.2 20 52 32 72 0 32 8
0.1 12 24 12 44 0 24 0
0.05 12 20 4 12 0 16 0
0.025 — 16 0 — — 16 0
Solvent control 8 8 4 20 0 0 0

a)

FEGOHEEOMENIT, FERICHTZ = —a Vv EH
DHEFENIOMSL EFIE—FHL, 4 =N = iZsdLTit
n=-FHh b a-FFhUoBRRbme, T H A4 T AT
LTCE n-7 b5 70 b i@n- 1o, B E DR
D, FHERITT2WHE Ak OBIES L, Hvi
FRIEGOBEHEIRELSFE LTS LD EBbhk

KT, FEEBEREOHEEMAZ RS b n-% 2 2 >,
n-KN7hr, BLO n-~F4%57%H T tetramethrin %
TRIR Lol A MR L, 4 = /N 2232 BoE
A T~Ic. HA Table 5 ic/R3. AEOMAA
HBULTChn-FFn oDt n-% o % >, B3L0 n-~

Applied amount of the solvent on an insect ().

FHFH L DER T, BRIOZOHBIC L 5 BIE
R Z5|WTH ZDIEMIZES T, AL BRI E MR
TEHID R S hic. bbb, EHDOA N FEER
PRIBEIC L DR, n- N7 0 i3k IS B e
BEFTIDEEZEZDR. B3FELL n-FF 3 v ALY
DA TN THEELRE VD S FE BRI 35T
B TWBeHEELLNS. P, BHTIHENOR
EHLTHEBIEELEL fao 72Dy, FOENER O
EEBYEDEEC LD b0, BHAGOHEECLD L
DTHDDMIIHIRE Lisho 7.

UEDRRL VBN T5&, 12z, 75
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AxH, FerazxzIxT7VEOREELHEFROSLT
BEMNTE NN 235 72001, REBEHDS 12 225 14
DS 7 4 VRRGKEYHCD 2 E0NRLEWE
S ne.

F b Y I

Pk, F&EDIZT — o JoVBIENT 1) 2 BORI R & 5%
B OBAFRIZ DWW THE L, o ixikEtL> 5
SRR L OWIBER FEAT OB R H LT Lic. i
¥, BEOWHANL, PROBFYKS E LWEEICHE—IT
MHAT DR LENCTWERIC TS Z S EHN
ELTCHRHERTER. L, BT, L0V
AL, F, X 0ERRFERNATETH S HAIRK
EMNRDHND LS5 Tn 1280, T b OBERE
Fodiiy, BRAOEDEIEE AW CRRROBIRER
BOh ARSI OBAFEOWAENRETSHS. Th
1%, Thbb, BB S % BEK D bioavailability
(EVrPEADFIRREE) R T5 Z LiIZENb
. Db, BREROEIREAY, BB
£1) i, KB E X DRREFETD I ENTEITEM
WTHHEZELDIENTED. ZOEZTIET TR
HEAF BT 2HAFOLE T — v & LTI SR T
%51, Drug Delivery System &\ 5 B CHR T
TWW52, i, Pesticide Delivery System &5 S
2, AU LS 7eE 2 o BESFICHEA LH LWHEE
ELTHRIBERD LS5 o 2®. FEHEDLDTRooT
—a VVBEICBT 5 — oW s, o XS S
FHIRTAZEXEEE Licd O THDHD, L OEEN
2, PETEWHNOE LS BF] S X O D3
PSR EEE X T\ b4 H, Pesticide Delivery Sys-
tem ([Z BT 5 R AR AP OREEHIIWAH L - T D
LnEFE L bND. 513, Pesticide Delivery System

OEE L) BEM LT, BEOFHIOZEIHME
TRE & 3L, FREREA - fETRRF7E 2 G 2 FE e LT
Lz &aARF LIz,

AP IR RITT BT HIc D, KIRIWBREL 2 HEE,
HEREA Ao 0 F LicERMEE TR () Mk s
E 8t ALEBEBEZELSVIAHIE HAMZ
@+, FAPFEFAPRE EH %E Gt RPEPRER
ZHETTR KR W S, ROTAT ERUIER &
#= {8t AHERREHEERSEME BRIFSERIK,
FETLHIR, WAL b O A AE YRR
FEERRE R ERS: HLCEBEHBLET.

F7:, AR ATRS5Chie v EREETEC) EHE
BOPTRIT B EREEPIE N S\ AR & LTH
BRI 7o 2D ORI, PEES B, B,
Mk (IHRETRER) 257, Bl (UEEAR) ST o0&, I
L OB HM TN T2 2V E K D £ 0 bIE#T
BHEEDLI, KELLDIALBENLWERWET.
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