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Introduction

In spite of their relatively high cost as com

pared with other insecticides, the current increase

in demand for insecticides which do not leave
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toxic residue in plants or animal foodstuffs for

human consumption has resulted in renewed

attention to pyrethroidal insecticides. Pyrethroids
--------------

* The previous paper, Boiyu-Kagaku, 37, 48
(1972).
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are nonpersistent insecticide compounds partly

as the result of their instability on exposure to

air and sunlight or ultraviolet light. Thus, it is

important to consider the photostability of pyre

throids to predict conditions for their use and the

possibility of retarding the photodecomposition.

There have been some studies of the stability

and stabilization of pyrethrins in lightl~lI). Tatters

field and Martin found that ground Clower

heads and pyrethrum-impregnated tales lost their

biological activity when irradiated with either

sunlight or tungsten light!', The addition of

hydroquinone and tannic acid slowed down the

rate of photodegradation. Blackith showed that

benzene-azo-,B-naphthol (BABN) partially pro

tected pyrethrins from photodecomposition!'. He

showed that pyrethrins were less stable than

allethrin when exposed to ultraviolet light and

BABN had less effect as a protectant : with

allethrin than with pyrethrins'", .Phipers and

Wood showed that plperonyl butoxide stabilized

the pyrethrins when a solution was irradiated

with ultraviolet light'", Donaldson and Stevenson

reported, however, that stabilization of pyrethrins

by piperonyl butoxide was not demonstrated",

Jones found that para-amlnoazobenzene (PAAB)

protected primarily cinerin II and pyrethrin II

and also that Sudan IV, p-methoxyazobenzene

and Spirit Red had similar stabilizing properties

to PAAB7l. Brown and his coworkers showed

under irradiation with a tungsten lamp that

pyrethrin I and cinerin degraded before

pyrethrin II and cinerin II, and that the cinerins

were more stable than the pyrethrins!".

This paper' reports the photostability of reo

presentative synthetic pyrethroids in comparison

with that of natural pyrethrins (pyrethrum ex

tract as a mixture of six active esters), and

deals the photostability' of allethrin in mosquito

coils used as a practical formulation and the

protective effect of some chemicals on allethrin.

It discusses also the relation of UV absorption

spectrum to photodecomposition of- pyrethroids

and the· alteration of natural pyrethrins.

Materials and Methods

Chemicals

Four synthetic pyrethroids were manufactured

by Sumitomo Chemical Co., Ltd. Their purities or

physical constants are shown in Table 1. Pyre

thrins were from Dainippon Jotyuglku Co., Ltd.

A preparation of'it was purified in this labolatory

as follows.

Purification of pyrethrins: Pyrethrins were

extracted by shaking with nitromethane from

pyrethrum extract. Its nitromethane extract was

treated with activated charcoal and evaporated

to yield a pyrethrins concentrate1f ' l4l .

Phenylamines were technical grade from chemi

cal manufactures.

Preparation of films

A 5ml quantity of acetone, containing 500mg

of pyrethroid alone or with indicated weight of an

additive, was evaporated at 25·C to form a film

on the inner surface (38.5cm f ) of a Petri dish.

Irradiation conditions
The method of Chen and Casida was applied

with a modification!". The films were irradiated

Allethrin

Tetramethrin

Resmethrin

Furamethrin

Pyrethrins

Table 1. Pyrethroidal compounds.

allethronyl chrysanthernate.
technical grade (PynarninS", purity 83.396).
N-(3, 4, 5, 6-tetrahydrophthalimido) methyl chrysanthemate.
technical grade (Neo-Pynarninx") was recrystallized from n-hexane
(mp 74.5-77.5·C).
5-benzyl-3-furylmethyl chrysanthernate.
technical grade (Chrysron lt*) was recrystallized from methanol (mp 56-58· C) .
5-propargyl-2-furylmethyl chrysanthernate.
technical grade (Pynamin-D:ll:*, purity 84.696).
purified and concentrated pyrethrum extract.
(purity 55.796: cinerin I 14.796, jasmolin I 5.196, pyrethrin I 12.1%,
cinerin II 9.6%, jasmolin II 4.296, pyrethrin II 10.0%).

* Registered trade name by Sumitomo Chemical Co., Ltd;
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at a distance of 70cm below va 500-watt incan

descent lamp* (Xenolight 'UXL-500D, Ushio

Electric Co., Japan) for severalhours, During the

test period, the surface temperature of the samples

was 25-30°C and the illumination intensity was

7000-7800 lux. Same prepared films, which were

covered with cardboards, were also tested at the

same time in darkness as' controls.

Volatilization
Five ml of acetone solution containing 19 of

pyrethroid was evaporated at 25°C to form a thin

coating on the inner surface (38.5cm2) of a Petri

dish (ca.40g).

Weight of the Petri dish holding pyrethroid

coating was measured before and after irradiation

of 24 or 48 hr.

Gas chromatographic analysis
Residues on a Petri dish after irradiation were

sampled and the recoveries of active ingredient

were determined by gas chromatography in the
way as instructed in the Iiteratures12,16~U>.

however suffered little loss of weight both in

light and in darkness. This table suggests that

pyrethroids used were of low volatility under the

irradiated condition of this experiment.

Photostability of ten pyrethroids

1. Rates of loss by photodecomposition

. There are three possibilities of loss from films

on irradiated condition;

Total loss=photodecomposition+

thermodecomposition + volatilization,

In order to determine the rate of photodecompo

sition, this test had two controls; one was a film

in darkness which was placed beside irradiated

film and covered with boardcard to interrupt light.

This film in darkness was kept completely at

the same temperature as that of irradiated film.

The other control was the measurement of the

weight of a Petri dish, which held pyrethroid

coating, before and after irradiation (Table 2).

Volatilization was found to be almost little in

pyrethroids used.

Table 2. Change of weight in exposed
pyrethroids."!

* 1: Exposed time: 48 hours.
* 2; Average of duplicates.

(+l: increase.
H: decrease.

Recovery of pyrethrins for up to 48 hours both

in light and in darkness is shown in Fig. 1-6.

In Fig. 5, 6, a film of pyrethrins as a mixture of

six active esters was used and each ester was

analyzed separately after exposure. There was

little loss in the recovery of pyrethroids when

held for up to 48 hours in the dark as a film.

It is evident that pyrethroids undergo little ther

modecomposition during irradiation.

In general synthetic pyrethroids were more

stable than natural pyrethrins. Especially resme

thrin showed recovery at 90.496 after 24 hours

and was the most stable of the used pyrethroids

Results and Discussion

Relative rates of volatilization on irradiated con

dition
Changes of weight in exposed pyrethroids are

given in Table 2. The test was conducted in

duplicates.

Four synthetic pyrethroids in light increased

by 0.5-1. 3% in weight, but pyrethrins decreased

by 2.2-4.4% both in light and in darkness.

Synthetic pyrethroids underwent some photore

actions to give oxidized products, which were

larger molecule and less volatile than original

pyrethroids. It may be considered that the

increase of weight in four irradiated pyrethroids

depended on the formation of these heavier

oxidized products. Heavy oxidized products were

probably made in pyrethrins by the photoreaction.

However the components (44.396) besides insecti

cidal pyrethrins in the concentrated preparation

of pyrethrins used were possibly volatile, resulting

in the loss of weight.

If some pyrethroids were volatile, they could

vapourize even in darkness because of the upper

opened. Each of the four synthetic pyrethroids

* ]IS Z8902; The lamp makes very similar light
to sunlight.
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Pyrethroids

Allethrin
Tetramethrin
Resmethrin
Furamethrin
Pyrethrins

Rate*2 of change
Light Darkness

+0.5796 -0.065'6
+1.26 -0.08
+1.3 -0.1
+0.96 -0.92
-4.4 -2.2
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against light (Fig. 3). Tetramcthrin and Iurarne

thrin had loss of about 18-29?6 after 24 hours

and were almost as good (Fig. 2, 4). Allethrin

was slightly less stable than these three com

pounds and decomposed at 40.5?6 after 24 hours

(Fig. 1). The pyrethrins were the most labile of
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Fig. 1. Rate of loss by photodecomposition
of allethrin.

Recovery of allethrin in darkness (e)
andlin irradiated condition (0).
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Fig. 2. Rate of loss by photodecomposition of
tetramethrin.

Recovery in darkness (e) and in
light (0).

pyrethroids used. Six esters of pyrethrins varried

greatly in stability. Pyrethrin I and pyrethrin II,

which are known the most important and toxic

to insect in the six esters of pyrethrins, were

the most unstable, reaching no recovery after 16

hours (Fig. 5, 6) 20-26). This fact must affect large

ly stability and persistance of toxicity of whole

100
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'I)

~

>. 50......
>
0
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P::: 25
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o 8 16 24 48

Time of exposure to light (hr)

Fig. 3. Rate of loss by photodecomposition
of resmethrin.
Recovery in darkness (e) and in
light (0).
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o 8 16 24 34 48

Time of exposure to light (hr)

Fig. 4. Rate of loss by photodecomposition
of furamethrin.
Recovery in darkness (e) and in
light (0).

pyrethrins.. Cinerin I and cinerin II were more

stable than pyrethrin I and pyrethrin II to light.

This result is consistent with the view in sunlight

by Head et al ll l • Pyrethrin I, jasmolin I, and cinerin

I were Icss stable than the corresponding pyre

thrin II, jasmolin II and cinerin II to light.

This finding is not in accord with the data of

Webley on the content in mosquito coils and

their smoke. He reported that pyrehtrins I were

recovered in better yield than pyrethrins II from

smoke of mosquito coils!", This is probably due

to the difference in stability of pyrethrins between

to light and to heat. The photostability of [as

molin I and jasmolin II were intermediate be-
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Fig. 5. Rates of loss by photodecomposition
of pyrethrins 1.

Recovery of cinerin I (e), jasmolin
I (A) and pyrethrin I (.) in dark
ness, and cinerin I (0), jasmolin I
(,6) and pyrethrin I (0) in irradi
ated condition.
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Fig. 7. Relation of UV absorption spectrum
to photodecomposition of pyrethroids.
1; Allethrin 6; Cinerin II
2; Tetramethrin 7; Jasmolin I
3; Resmethrin 8; Jasmolin II
4; Furamethrin 9: Pyrethrin I
5; Cinerin I 10; Pyrethrin II

log O2.=0. 0279..l-4. 701

(r=0.882)

The results must, however, be interpreted with

caution as the data obtained in high intensity of

sunlight might not be wholly applicable to these

results obtained by artificial light.

solution as abscissa. Fig.7 shows linearity and

that the larger ..lmax a pyrethroid exhibits, the

more unstable it is to light. The straight line

gave a equation.

log O2.=0. 0317..l-5. 463

(r=0.731)

where r denotes correlation coefficient. Pyrethrin

I and pyrethrin II placed extraordinarily apart

from the line, suggesting that they had other

rate-determining stage in the photodecomposition.
A line excepting pyrethrin I and' pyrethrin II

gave another equation with the variance (r 2) of

78%.

100

75,......
,~

~
e-,

50.....,
>
0
u..,

p,:

u
() 8 16 24 35 48

Time of exposure to light (hr)

Fig. 6. Rates of loss by photodecomposition
of pyrethrins II.
Recovery of cinerin II (e), jasmolin
II (A) and pyrethrin II (.) in
darkness, and cinerin II (0), [as
molin II (,6) and pyrethrin II (0)
in irradiated condition.

tween cinerin I and pyrethrin I, and between

cinerin II and pyrethrin II, respectively.

2. Relation of UV absorption spectrum to photo

decomposition of pyrethroids.

Relation of UV absorption spectrum to photo

decomposition of pyrethroids used is shown in

Fig. 7. Rates of loss (02. ) of pyrethroids after

24 hours were plotted as ordinate and the wave

length (..lmax) at absorption maxima in' ethanol

Stabilizing effect on pyrethroids

1. The effect of dibutylhydroxytoluene

Photodecomposition of pyrethroids is known

to be mainly oxidative reactlons!", Therefore,

several antioxidant were evaluated for the pro

tective effect to the photodecomposition of pyre

throids. Dibutylhydroxytoluene (B. H. T.), which

is widely used as an antioxidant additive for
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Table 3. The effect of B. II. T. on recoveries of
synthetic pyrethroids in light,

foods and medicines, demonstrated some, stabi

lizing effect on allethrin and tetramethrin, but

not on Iurarnethrin (Table 3).

*1; Recovery rate of pyrethroids after 24 hours
exposure.

*'; Dibutylhydroxytoluene (B. H. T.) was mixed
at one wt~6.

3/101/10IflUll :1/](J'

~ !

o J/IIU1 ;11 IUU

Molar ratio of N, N'-diphenyl-p-pheny
lenediamine applied to allethrin applied.

Fig. 8. Effect of varying the molar ratio of
N, N'-diphenyl-p-phenylenediamine to
allethrin on the recovery of allethrin
film exposed to light for 48 hrs.

protective effect on allethrin against photodeco·

mpositlon.

The relationshipbetween chemical structure of

aromatic arnines and protective effect showed

that phenylarnines were more capable of stabi

lization than naphthylamines, and that among

the phenylamines cyclic arnines were less capable

than linear arnines. a-Naphthylamines among

the naphthylarnines were a little less capable

than I'-naphthylamines.

3. Action of N, N'-diphenyl-p-phenylenediamine

as a stabilizer

The protective effect of N, N'-diphenyl-p

phenylenediamine (hereafter referred to as DPPD)

was further studied in more detail at its various

levels.

As shown in Fig.B, recovery-molar ratio curve

59.5 71.1
71.0 87.0
90.4 92.2
76.0 73.2

Recovery (~6),*I-..-.....-:..
noB. H-:-T. plus B. H. T.*'

Pyrethroids

Allethrin
Tetrarnethrin
Resmethrin
Furarnethrin

2. The protective effect of aromatic amines

Protective effect of various aromatic amine on

allethrin is shown in Table 4. An aromatic amine

was mixed at one wt~6 with allethrin. ,Table 4

contains also the results of allethrin without

addition of any aromatic amine both in light and

in darkness as blanks.

When any aromatic amine was not mixed with

allethrin preparation, about 70~6 of allethrin was

decomposed after 48 hours exposure. N-Phenyl

N'-isopropyl-p-'phenylenediamine and N, N'<diph

enyl-p-phenylenediamine showed the best pro

tective effect on allethrin: the recovery of

allethrin increased up to more than 70~6 by the

addition of one of these compounds. On the other

hand, recovery with N, N'-di-I'-naphthyl-p-phe

nylenediamine gave the almost same value as

that of blank in light, indicating that it has no

Table 4. The protective effect of aromatic amines on allethrin in light.

Aromatic amines"! Recovery of allthrin (~6)*'

N-Phenyl-N'-isopropyl-p-phenylenediamine
N, N'-Diphenyl-p-phenylenediamine
Polymerized 2,2, 4-trimethyl-1, 2-dihydroquinoline
6-Ethoxy-2, 2, 4-tr'imethyl-1, 2-dihydroquinoline
Phenyl-ji-naphthylamine
Phenyl-o-naphthylamlne
N, N'-Di-I'-naphthyl-p-phenylenediamine
Blank (light)
Blank (dark)

76.0
73.6
66.2
61. 6
57.0
54.4
30.7
30.6
99.5

*1; An aromatic amine was mixed at one wt~6 with allethrin.
*2; Recovery rate of allethrin after 48 hours exposure.
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has a maximum and stabilialng-effectof. DPPD

decreased at the higher DPPD levels studied. It

may be considered that. DPPD yielded certain

products by photodecomposition and the prcducts

reduced the stabilizing effect at the higher DPPD

levels. There. was a maximum in the region~Qf

6/100 and 1/10 molar ratio, in other words the

stabilizing effect of DPPD was the largest when

DPPD was added at 5.2-8.6 wt96 to allethrin.u

Photostability of allethrin in mosquito coils as

a practical formulation
Table 5 shows photostability of allethrin in

i.

Table 5. Photostability of allethrin in mosquito
coils.

Day Content of allethrin (96)
Light Darkness

0 0.37 0.37
1 0.35
2 0.35
3 0.34
4 0.33
5 0.32 0.34
7 0.31

10 0.29 0.33

3

mosquito coils ·for 10 days on exposure to light.

Allethrin in mosquito coils decreased linearly

with days and approximately 2296 of allethrin

was lost after 10 days. In practice, however, the

loss bY' photodecomposition might be about 1096

for 10 days because about 1196 of allethrin were

lost even in darkness. About 8296 of allethrin in

film were reduced on exposure to light for two

days (Fig. 1), while in coil 5.5% of allethrin was

reduced. It can be considered that there is. little

effect by light on allethrin in coils.

It is possible that some loss of allethrin in

darkness may be owing partially to the higher

temperature of irradiated surface (30-45'C), and

to some thermodecomposition catalyzed by coil

basic components such as tabu powder.

Photodecomposition of natural pyrethrins

Three esters of chrysanthemic acid (pyrethrin

I, jasmolin I and cinerin I) were less stable
against light than corresponding esters of pyre

thric acid (pyrethrin II, jasmolin II and cinerin

II) in natural pyrethrins. This fact may probably

result from the more susceptibility of the oxi

dative photodecomposition of acid moietyll,U>.

7

Cl)
rJl
C
o
c,
rJle...
Cl)

"E
o
u
Cl)

~

o hr exposed

4 hr exposed

8 hr exposed

o 5 ill ffi
Retention time (rnin.)

Fig. 9. Gas-chromatograms of pyrethrins exposed to light for various hours.
Peak assignment: 1,2,6; unknown, 3; cinerin I, 4; jasmolin I,

5; pyrethrin I, 7; cinerin II, 8; jasmolin II,
9; pyrethrin II.

Operating condition: Yanagimoto GCG-550F (FlO detector) was used.
Stainless steel column packed 596-Silicone XE-60 on
acid washed 60-80 mesh Chromosorb W. Tempera
tures programming 2OO-240'C at 4'C/min. Injection
temperature 2oo'C, detector temperature 230'C.
Carrier gas nitrogen-flow rate 22.5ml/min..
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Fig. 10. Thin-layer chromatogram of pyrethrins exposed to light
for various hours.
TLC plate: Silica Gel HFm (Merck).
Solvent system: n-hexane: ethyl acetate (3:1, v/v).
Detector: UV light.

1.0

Pyrethrins'"

0.5
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Fig. 11. Decrease in absorption intensity of pyrethrins exposed to light.

UV spectra were made from ethanol solution with a Hitachi
124 spectrometer.
*1; N.C. Brown et 01. (1957), 270 mfl (e=ca. 20, 000).
*2; Y.Abe et 01. (1971), ca.225 mp (e=ca.30,OOO).
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Pyrethrin I and pyrethrin II were the most

unstable to light in active six components of

pyrethrins (Fig. 5, 6). In the gas-chromatograms

of pyrethrins on exposure to light, peak responses

of pyrethrin I and pyrethrin II (peaks 5 and 9

respectively) decreased rapidly and new peaks

(peaks 2 and 6) appeared at the front of cinerin

I and cinerin II (Fig. 9). Decomposition products

were more polar than original compounds as

shown on thin-layer chromatogram (Fig. 10).

The unstability of pyrethrin I and pyrethrin II

to light is considered to arise from a conjugated

diene in side chain of cyclopentenolone in view

of a structural difference from other components.

It has been reported that pyrethrin I and pyre

thrin II were readily isomerized by heat to the

corresponding isopyrethrin I and isopyrethrin

II28.m, through the transformation of cis-diene

side chain to a cyclic transition state30>. However,

an optical density at 225mI' decreased in UV

absorption spectrum of photodecomposition pro'

ducts, but no increase at 270mp, which is charac

teristic absorption of isopyrethrins, was observed

(Fig. 11)31). This result indicates that unstability

of pyrethrin I and pyrethrin II to light can not be

explained on the basis of isomerization to iso

pyrethrins. Pyrethrin was suggested to form dimer

or polymer by intermolecular combinations in

cyclopentenolone side chairr". The polarity of

decomposition products, however, suggests that

the alteration on the chrysanthemate moiety,

which is influenced by the nature of the alcohol

moiety, and the oxidative degradation on the

alcohol moiety (particularly on the conjugated

diene portion) should be taken into account to

gether with other decomposition reactions!",
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