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ECOTOXICOLOGY

Acute Toxicity of Organophosphorus and Pyrethroid Insecticides to
Bombyx mori

ZHI-YONG ZHANG,1,2 DONG-LAN WANG,2 ZHI-JUAN CHI,1,2 XIAN-JIN LIU,2,3 AND XIAO-YUE HONG1,3

J. Econ. Entomol. 101(2): 360Ð364 (2008)

ABSTRACT Acute toxicities of two organophosphorus insecticides (dichlorvos and phoxim), four
pyrethroid insecticides (permethrin, tetramethrin, bifenthrin, and ethofenprox), and their combined
uses to the third instar of the silkworm,Bombyxmori (L.), were determined by feeding the insect with
the insecticide-treated mulberry, Morus albus (L.), leaves. Twenty-four and 48 h after treatment,
toxicity levels of all insecticides to the silkworm were in the very high or high range, and the LC50

values of permethrin, tetramethrin, bifenthrin, ethofenprox, dichlorvos, and phoxim were 1.60 and
0.75, 3.86 and 2.83, 0.09 and 0.06, 2.87 and 0.80, 6.63 and 4.11, and 1.05 and 0.45 mg liter�1, respectively.
The toxicity levels of 50:50 binary mixtures of organophosphorus and pyrethroid insecticides to the
silkworm were in the high or middle range. Twenty-four and 48 h after treatment, the LC50 values
of 50:50 binary mixtures permethrin � phoxim, permethrin � dichlorvos, tetramethrin � phoxim,
tetramethrin � dichlorvos, bifenthrin � phoxim, bifenthrin � dichlorvos, ethofenprox � phoxim, and
ethofenprox � dichlorvos to the silkworm were 1.49 and 0.85, 1.24 and 0.79, 2.20 and 1.08, 14.62 and
13.16, 0.33 and 0.13, 0.12 and 0.10, 2.81 and 1.37, and 4.82 and 3.00 mg liter�1, respectively. Based on
the combinations coefÞcient values, the toxicities of binary mixtures of organophosphorus and
pyrethroid insecticides had additive effect except for the binary mixture of etramethrin � dichlorvos,
which showed antagonism effect.

KEY WORDS insecticide, silkworm, toxicity

Sericulture has a history of �5,000 yr in China, and it
has been very popular particularly in eastern and
southern parts of the country where the climate is
suitable for the growth of mulberry,Morus albus (L.),
trees and silk products are major sources of income for
farmers(Wang2003,Zhang2005). In recentyears, one
problem in sericulture has become prominent in
China, i.e., the sensitivity of the silkworm, Bombyx
mori (L.), to many pesticides, and the death of silk-
worm (Cui et al. 2003, Wu et al. 2006). This is primarily
due to the application of pesticides in the control of
pests in crop Þelds that are close to mulberry orchards
and also to the direct control of mulberry pests (Han
1997, Cui et al. 2003, Etebari et al. 2007).

Previous studies indicated that organophosphorus
and pyrethroid insecticides were commonly used in
China (Zhang et al. 2006). Frequent use of pesticides
can cause accumulation of pesticide residues in the
environment. Thus, pesticides can have secondary
toxic effects on the nontarget organisms (Vyjayanthi
and Subramanyam 2002). Permethrin, tetramethrin,
bifenthrin, and ethofenprox are members of the py-
rethroid family. They are used in agriculture for con-

trolling pests of vegetables, cotton, corn, tea trees, and
fruit trees, and in houses (Dominguesa et al. 2005,
DeLorenzo et al. 2006). But because of the high tox-
icity of these pyrethroids to aquatic organisms, prod-
ucts are registered as “restrictedly applied pesticides.”
Dichlorvos and phoxim belong to the organophospho-
rus family of insecticides. They are effective against
mushroom ßies, aphids, spider mites, caterpillars,
thrips, and white ßies, and they also are used to treat
a variety of parasitic worm infections in dogs, live-
stock, and humans (Zhu et al. 2002, Yarsan and Cakir
2006).

Several studies have been carried out on the toxicity
of the aforementioned pesticides to some nontarget
organisms, including Þsh (Bermádez-Saldanîsa Josè et
al. 2006, Capkin et al. 2006, Venkateswara 2006, Yan et
al. 2006), earthworms (Reinecke and Reinecke 2007),
ants and spider (Adu-Acheampong and Ackonor
2005), springtails (Campiche et al. 2006), soil protozoa
(Andersen and Winding 2004), plants (Kate and Ling
2004), and plankton (Cedergreen and Streibig 2005).
However, little information is available on nontarget
effects of pesticide on the silkworm. The main pur-
poses of this study were to 1) evaluate acute toxicity
of two organophosphorus (dichlorvos and phoxim)
and four pyrethroids (permethrin, tetramethrin,
bifenthrin, and ethofenprox) insecticides and the
50:50 binary mixtures of organophosphorus and pyre-
throid insecticides to silkworm; 2) comparatively
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study the joint toxicity of organophosphorus and py-
rethroid insecticides to silkworm; and 3) provide
guidelines for pesticide use in mulberry orchards es-
pecially in those next to Þeld crops.

Materials and Methods

Sources and Rearing of Silkworm. The eggs of the
bivoltine silkworm (hybrid: Feng � 54A) were pur-
chased from the Institute of Silkworm, Chinese Acad-
emy of Agricultural Sciences (Zhengjiang, Jiangsu
Province, China). Silkworms were reared under lab-
oratory conditions at 25 � 2�C, 70Ð85% RH, and a
photoperiod of 12:12 (L:D) h (Miao and Bharathi
2003). All silkworms were fed twice per day with fresh
M. alba leaves harvested from an irrigated mulberry
orchard at Jiangsu Academy of Agricultural Sciences
(Nanjing, Jiangsu Province, China), which had not
been treated with any pesticides.
Insecticides. Permethrin (technical grade, 90%),

tetramethrin (technical grade, 92%), bifenthrin (tech-
nical grade, 90%) and phoxim (technical grade, 90%)
were obtained from Jiangsu Yangnong Chemical
Company Ltd. (Yangzhou, Jiangsu Province, China);
ethofenprox (technical grade, 95%) and dichlorvos
(technical grade, 95%) were obtained from Dafeng
Fengshan Pesticide Company Ltd. (Dafeng, Jiangsu
Province, China) and Jiangsu Golden Phoenix Agro-
chemical Company Ltd. (Changzhou, Jiangsu,
China), respectively. The technical grade insecticides
were prepared in acetone separately, and the concen-
trations of stock solutions for each insecticide were
2,000 �g ml�1. The 50:50 binary mixtures stocks of
permethrin � dichlorvos, permethrin � phoxim,
tetramethrin � dichlorvos, tetramethrin � phoxim,
bifenthrin � dichlorvos, bifenthrin � phoxim, ethofen-
prox � dichlorvos, and ethofenprox � phoxim were
prepared by the insecticide stock solutions, and the
concentrations of 50:50 binary mixtures were 2,000 �g
ml�1. All stock solutions were stored at 4�C until use.
Each stock solution was diluted by deionized water for
toxicity determining and four drippings Triton X-100
(Shanghai Chemical Reagent Ltd., Shanghai, China)
were added for emulsiÞcation.
Experimental Design. Based on the methods rec-

ommended by the State Environmental Protection
Administration of China (SEPAC 1990, Chen et al.
1991, Ma et al. 2005a), we designed an improved
method of treating mulberry leaves for use in bioas-
says. Brießy, fresh mulberry leaves were washed by
tap water and then air-dried. After veins were cut, 2.5 g
(�20 cm2) leaves were immersed in certain concen-
tration of insecticide dilutions for 3 s. Then, the air-
dried treated mulberry leaves were chopped to strips
�2 mm in length and placed in the petri dish (9 cm in
diameter). Twenty third instars were placed in each of
petri dish. Silkworm larvae were allowed to feed on
the treated mulberry leaves for 24 and 48 h. Five
concentrations were set up for each insecticide and
50:50 binary insecticides mixtures. Three replicates
(one dish per replicate) for each concentration were
conducted. The cultural conditions were the same as

the above rearing conditions. Simultaneously, the car-
rier controls for each insecticide and mixtures of in-
secticides had an acetone and Triton X-100 equivalent
to the maximum volume of stock insecticide, and the
mortality of controls was below 5%.
Data Analysis. The mortalities of silkworm at 24 or

48 h after treatment were adjusted by AbbottÕs for-
mula (Abbott 1925). The death standard for silkworm
is immobility. The 50 or 95% of lethal concentration
(LC50 or LC95) values were determined using probit
analysis. The combinations coefÞcient of binary mix-
tures of insecticides was analyzed according to the
following formula proposed by Smyth et al. (1969):

Q � predicted LD50 of mixture/

observed LD50 of mixture

1/predicted LD50 � Pa/LD50 of component A

� Pb/LD50 of component B

where Q is the combinations coefÞcient. If the Q value
is �2.7, the mixture indicates synergism; if the value is
	0.4, the mixture shows antagonism; if the value is
�0.4 and 	2.7, the mixture has an additive effect
(Meng 2000). Pa and Pb are the proportions of com-
ponents A and B in the mixture, being 0.5 in this study.

The LC50 values were analyzed by Data Processing
System 7.05 (Zhejiang University) by using probit
analysis, but the Q values were calculated by Excel
2002 (Microsoft, Redmond, WA).

Results

Toxicity of Single Insecticides to Silkworm. The
acute toxicity results of individual insecticide to silk-
worm are presented in Table 1. At 24 h after treatment,
the LC50 values of all tested insecticides were from
0.09 to 6.63 mg liter�1, and the LC95 values were from
0.29 to 17.41 mg liter�1, respectively. At 48 h after
treatment, the LC50 values of all tested insecticides
were from 0.06 to 4.11 mg liter�1, respectively, and the
LC95 values of the insecticides were from 0.09 to 18.01
mg liter�1, respectively. Based on LC50 values of these
insecticides at 24 or 48 h, the order of toxicity levels
of six insecticides tested against silkworm was as fol-
lows: bifenthrin � phoxim � permethrin � ethofen-
prox � tetramethrin � dichlorvos. The LC50 or LC95

values at 48 h were lower than that at 24 h. With
reference to the pesticide acute toxicity to B. mori
provided by Ma et al. (2005a), the toxicities of all
tested insecticides to silkworm ranked high toxicity
grade but except for bifenthrin, which was in the
extremely high toxicity grade.
Toxicities of 50:50BinaryMixturesof Insecticides to
Silkworm. Data concerning the toxicities of binary
mixtures insecticides to silkworm are presented in
Table 2. Results indicated that at 24 h after treatment,
the LC50 values of all tested insecticides mixtures to
silkworm were from 0.12 to 14.62 mg liter�1, respec-
tively. And the LC95 values of the aforementioned
insecticidemixtureswere from0.19 to31.27mg liter�1,
respectively. At 48 h after treatment, the LC50 values
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of the insecticides mixtures were from 0.10 to 13.16 mg
liter�1 respectively, and the LC95 values of the insec-
ticides mixtures were from 0.18 to 25.90 mg liter�1,
respectively. According to the LC50 values at either 24
or 48 h after treatment, the order of toxicity levels for
eight binary mixtures of insecticides to silkworm was as
follows:bifenthrin�dichlorvos�bifenthrin�phoxim�
permethrin � dichlorvos � permethrin� phoxim � tet-
ramethrin�phoxim�ethofenprox�phoxim�ethofen-
prox � dichlorvos � tetramethrin � dichlorvos. Based on
the data reference in Table 1, the acute toxicity of the
binary mixture of tetramethrin � dichlorvos to silkworm
was at the moderate toxicity grade, but the others were at
the high toxicity grade.
Combination Coefficients of Binary Mixtures of
Insecticides. The combination coefÞcients (Q) of bi-
nary mixtures of organophosphorus and pyrethroid
insecticides calculated by the method of Smyth et al.
(1969) are listed in Table 2. The combination coefÞ-
cient values of all tested mixtures of insecticides were
from 0.25 to 2.08. According to the Q values, the
toxicities of binary mixtures of organophosphorus and
pyrethroid insecticides were additive effect, except

for the binary mixture of tetramethrin � dichlorvos,
with a Q value was 	0.4, showing antagonism.
Intoxication Symptoms of Silkworm. After treat-

ment with organophosphorus insecticides, we ob-
served that the intoxication symptoms of silkworm
included severe blacking and dwindling of body, shak-
ing of body, vomit, and less feeding. The toxicosis
symptoms of silkworm caused by pyrethroid insecti-
cides were the body in the shape of an “S” or “C,”
shortening of body, and less feeding. The intoxication
symptoms of silkworm caused by binary mixtures of
organophosphorus and pyrethroid insecticides were
shortening of body with raising head and body, stiff-
ness of body in the shape of an “S” or “C,” vomiting, and
reduced feeding.

Discussion

Zhu and Cui (2000) reported that the LC50 value of
formulations of phoxim to silkworm was 0.7037 �g
ml�1 24 h after treatment, and intoxication symptoms
of silkworm included shaking of the body, vomiting,
and reduced feeding. Ma et al. (2005a) reported that

Table 1. Toxicity of single insecticide against silkworm 24 and 48 h after treatment

Insecticide
Time
(h)

LC50 (95% CI)
mg liter�1

LC95 (95% CI)
mg liter�1 Slope � SE �2 P R2 Toxicity gradea

Permethrin 24 1.60 (1.48Ð1.74) 2.44 (2.13Ð3.21) 8.97 � 1.65 1.56 0.67 0.958 High toxic
48 0.75 (0.57Ð0.88) 2.12 (1.56Ð4.49) 3.63 � 0.84 0.55 0.91 0.971 High toxic

Tetramethrin 24 3.86 (3.54Ð4.17) 6.08 (5.26Ð8.60) 8.32 � 1.83 1.07 0.78 0.953 High toxic
48 2.83 (2.45Ð3.21) 5.94 (4.61Ð12.16) 5.12 � 1.30 0.43 0.93 0.975 High toxic

Bifenthrin 24 0.09 (0.06Ð0.11) 0.29 (0.21Ð0.53) 3.19 � 0.62 0.94 0.82 0.970 Extreme toxic
48 0.06 (0.05Ð0.06) 0.09 (0.08Ð0.13) 8.19 � 1.53 1.30 0.73 0.970 Extreme toxic

Ethofenprox 24 2.87 (2.10Ð4.09) 17.41 (8.81Ð142.92) 2.10 � 0.56 0.50 0.92 0.967 High toxic
48 0.80 (0.55Ð1.11) 4.95 (2.97Ð13.04) 2.08 � 0.37 2.15 0.94 0.958 High toxic

Dichlorvos 24 6.63 (5.60Ð7.83) 16.75 (12.57Ð30.61) 4.08 � 0.80 2.20 0.53 0.937 High toxic
48 4.11 (3.09Ð5.32) 18.01 (11.56Ð45.58) 2.56 � 0.50 2.67 0.45 0.928 High toxic

Phoxim 24 1.05 (0.80Ð1.42) 4.89 (2.87Ð17.64) 2.46 � 0.55 0.15 0.99 0.996 High toxic
48 0.45 (0.28Ð0.60) 2.37 (1.56Ð5.48) 2.27 � 0.45 0.14 0.99 0.995 High toxic

a Extreme toxic, LC50 (at 24 or 48 h): 	0.1000 mg liter�1; high toxic, LC50 (at 24 or 48 h): 0.1000�10.00 mg liter�1; moderate toxic, LC50

(at 24 or 48 h): 10.0�1,000 mg liter�1; and low toxic, LC50 (at 24 or 48 h): �1,000 mg liter�1(Ma et al. 2005a).

Table 2. Toxicity of 50:50 binary mixture of insecticides against silkworm 24 and 48 h after treatment

Mixture of insecticides
(50:50)

Time
(h)

LC50 (95% CI)
mg liter�1

LC95 (95% CI)
mg liter�1 Slope � SE �2 P R2 Toxicity gradea Q

Permethrin � phoxim 24 1.49 (1.30Ð1.76) 3.33(2.49Ð6.83) 4.71 � 1.07 0.81 0.85 0.970 High toxic 0.85
48 0.85 (0.71Ð0.99) 1.96 (1.57Ð3.04) 4.55 � 0.84 0.55 0.91 0.968 High toxic 0.66

Permethrin � dichlorvos 24 1.24 (1.15Ð1.34) 1.85 (1.63Ð2.33) 9.54 � 1.69 0.45 0.93 0.989 High toxic 2.08
48 0.79 (0.73Ð0.87) 1.28 (1.09Ð1.90) 7.96 � 1.81 0.78 0.85 0.966 High toxic 1.61

Tetramethrin � phoxim 24 2.20 (1.73Ð2.66) 6.76 (4.97Ð12.48) 3.38 � 0.64 0.36 0.95 0.988 High toxic 0.75
48 1.08 (0.87Ð1.29) 2.94 (2.25Ð4.82) 3.79 � 0.67 1.16 0.76 0.971 High toxic 0.72

Tetramethrin � dichlorvos 24 14.62 (12.49Ð16.87) 31.27 (25.04Ð47.87) 4.98 � 0.90 1.79 0.62 0.962 Moderate toxic 0.33
48 13.16 (11.61Ð14.81) 25.90 (21.08Ð39.85) 5.59 � 1.09 2.74 0.43 0.920 Moderate toxic 0.25

Bifenthrin � phoxim 24 0.33 (0.28Ð0.39) 0.80 (0.60Ð1.47) 4.28 � 0.84 1.94 0.59 0.953 High toxic 0.50
48 0.13 (0.11Ð0.15) 0.31 (0.23Ð0.57) 4.26 � 0.83 2.21 0.53 0.949 High toxic 0.81

Bifenthrin � dichlorvos 24 0.12 (0.12Ð0.13) 0.19 (0.17Ð0.24) 9.13 � 1.62 1.76 0.62 0.952 High toxic 1.48
48 0.10 (0.09Ð0.11) 0.18 (0.15Ð0.26) 6.45 � 1.22 1.44 0.70 0.960 High toxic 1.18

Ethofenprox � phoxim 24 2.81 (2.59Ð3.03) 4.26 (3.79Ð5.30) 9.10 � 1.58 0.48 0.92 0.985 High toxic 0.55
48 1.37 (1.27Ð1.47) 2.00 (1.80Ð2.40) 10.06 � 1.68 0.87 0.83 0.984 High toxic 0.42

Ethofenprox � dichlorvos 24 4.82 (4.58Ð5.04) 6.23 (5.79Ð7.15) 14.76 � 2.60 1.16 0.76 0.973 High toxic 0.83
48 3.00 (2.79Ð3.23) 4.41 (3.94Ð5.44) 9.84 � 1.67 4.54 0.21 0.921 High toxic 0.45

a Extreme toxic, LC50 (at 24 or 48 h): 	0.1000 mg liter�1; high toxic, LC50 (at 24 or 48 h): 0.1000�10.00 mg liter�1; moderate toxic, LC50

(at 24 or 48 h): 10.0�1,000 mg liter�1; and low toxic, LC50 (at 24 or 48 h): �1,000 mg liter�1(Ma et al. 2005a).
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the LC50 value of formulations of permethrin to silk-
worm was 0.3291 �g ml�1 24 h after treatment, and
intoxication symptoms included body shorting. Ma et
al. (2006) also showed that the LC50 values of formu-
lations of phoxim and dichlorvos were 0.6494 and
1.0713 �g ml�1 respectively, 72 h after treatment. Zhu
and Cui (2000) reported that the joint effect of the
binary mixture of phoxim and fenpropathrin to silk-
worm was additive, after exposure 24 h. The intoxi-
cation symptoms of silkworm caused by these insec-
ticides are similar to our results, although comparison
of LC50 values reported earlier with those obtained in
this study might not be meaningful, because various
factors inßuenced bioassay results, such as silkworm
source (e.g., species, size, and weight), environmental
factors (e.g., temperature and humidity), and insec-
ticide formulation.

Organophosphates have previously been shown to
inhibit brain critical nervous system enzyme cholines-
terase, which functions to rapidly destroy the ubiqui-
tous neurotransmitter acetylcholine (Segall et al.
2003). Pyrethroids owe their insecticidal potency to a
rapid pharmacofunctional disruption of the insect
neuromuscular system and the secondary conse-
quences of this disruption, rather than to any direct
cytotoxicity (Ray and Fry 2006). The health effects of
mixtures of pyrethroids and organophosphates de-
serve careful consideration (Yáñez et al. 2002). The
joint effect of two or more compounds may show
additive, antagonistic, or synergistic interactions or
they may act on different systems and thus not inter-
act. Furthermore, even a single chemical may have
multipleeffects andaffectmore thanoneorgansystem
(Liu et al. 2006).

According to the Pesticide Management Regula-
tions and the Implementation Method of Pesticide
Management Regulations by the Chinese government
(Ma et al. 2005b), the application registration must be
done in China before the pesticide can be produced
and the foreign pesticide is imported. The necessary
safety and efÞciency data and the pesticide sample
must be submitted for the application process. Based
on the features and the application of the pesticide, at
least the toxicity data of the formulation for Þsh, birds,
bees, and silkworm must be provided.

In China, mulberry plants are often damaged by
insects such as Diplosis mori Yokoyama, Baris de-
planata Roeloffs, Phthonandria atrilineata Butler, Di-
aphania pyloalis Walker, and Apriona germari Hope.
To control these insect pests, insecticides are applied
ineluctably, among which organophosphorus and py-
rethroid insecticides or their mixtures account for
most of the market. And method for application is
often spraying (Han 1997). Our Þndings clearly dem-
onstrated that the acute toxicity of pyrethroid insec-
ticide bifenthrin is at extreme high grade, it should be
prohibited in or near to mulberry garden. Other tested
insecticides toxicities to silkworm are at high grade.
So, these tested organophosphorus and pyrethroid
insecticides are used carefully in mulberry plants. Al-
though the toxicities of some binary mixtures of or-
ganophosphorus and pyrethroid insecticides to silk-

worm have additive effect, even antagonism effect
(tetramethrin � dichlorvos), they are still at high or
moderate toxicity grade. Therefore, it is critical to
select appropriate insecticides when considering con-
trol of pests in mulberry orchards. It also is critical to
provide long enough preharvest intervals for mulber-
ries harvest and to monitor pesticide residue level in
mulberrybeforeharvest, to avoidunnecessaryharmto
silkworms.
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