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Abstract: The present study describes the ecotoxicological evaluation of Cypermethrin 100 g/L. This 

chemical product was tested on honeybees (Apis melifera) according to the GLP principles, using the 

C16 method for acute oral toxicity and C17 method for acute contact toxicity, both included in the 

Regulation no.440/2008. This study represents a thorough evaluation method for risk assessment of 

plant protection products on the environment. The oral and contact acute toxicity evaluation on 

honeybees of Cypermethrin 100 g/L product was made based on the values of LD50.Test results 

showed that the studied product has a LD50 of 0.0323µg/bee for acute oral toxicity according to the 

C16 testing method and a LD50 of 0.0224µg/bee for acute contact toxicity according to the C17 

testing method. 
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INTRODUCTION  

 

The implementation of European and national legislation and legal acts on Good Laboratory 

Practice (Regulation no.440/2008) in the "LECO" test facility of RDIPP, Bucharest, allowed the 

development and implementation of experimental models of biological systems and procedures for 

risk assessment of plant protection products on honeybees and other organisms from the environment.  

Usage of these models and their related procedures, required a good knowledge of GLP 

principles in order to implement their requirements to the concrete conditions of the RDIPP test 

facility, and occurred in obtaining the GLP certificate for some ecotoxicological tests. These 

achievements were the objectives of PN 09-40-01-01 project. 

In Romania, the implementation and use of Good Laboratory Practice is enacted by some laws 

presented in the bibliography attached to this paper (GD no. 63/2002, GD no. 266/2006 and GD no. 

448/2007).  

The present paper presents the risk assessment of Cypermethrin 100 g/L product on honeybees 

(Apis mellifera) as biologic system and component of the environment. The study was made according 

to the GLP principles, using the C16 method for acute oral toxicity and C17 method for acute contact 

toxicity. These testing methods were implemented from the OECD guidelines for chemical testing no. 

213 – ―Honeybee acute oral toxicity test‖ and no. 214 – ―Honeybee acute contact toxicity test‖ into the 

national legislation by the Regulation no. 440/2008.  

The product analysis was made according to the procedures mentioned in the bibliography 

chapter (GP -09 GLP; GP -10 GLP; SOP - 10 GLP; PSC 01 GLP; PTA - GLP). 

  
MATERIALS AND METHODS  

 Equipments and laboratory glassware: 

 - acclimatization chamber – BINDER; 

 - microapplicator – Burkard PAX – 100-3, droplet size between 0.1 to 10µl; 

 - 1 ml Syringe assembled on the microapplicator; 

 - analytical balance KERN- ABJ 220- 4M; 
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 - technical balance KERN—EW 2200- 2 NM; 

 - honeybees steel cages, of 12.5×12.5×12.5 cm in size; 

 - CO2 cylinder; 

 - usual laboratory glassware, A class: flasks, pipettes, micropipettes. 

Tested substance: Cypermethrin 100 g/L. 

 

Toxicity standard: technical dimethoate 415 g/L. 

 

The testing system: 
Test was performed on healthy, young and adult working honeybees of Apis mellifera.  

 

Tested methods: 

The testing product was analyzed according to the Regulation no. 440/2008 for ecotoxicity 

determination: 

the C16 method for honeybees - Acute oral toxicity test  

the C17 method for honeybees - Acute contact toxicity test  

 

The principle of C16 method  

The product was dissolved in food (50% sucrose solution) and was applied in 5 testing doses, with 

3 replicates of 10 honeybees for each dose The product was tested at the following doses: 0.1, 0.05, 

0.025, 0.0125 and 0.00625 µg a.s./bee. At the same time the reference substance of dimethoate was 

prepared and tested in three doses: 0.12, 0.16 and 0.18 µg/bee. The treatment was administered orally 

to each bee by proboscis, giving 10 µl of the testing dose in 10 drops/bee, using a 1 ml syringe 

attached to the microapplicator. The study included also a control in 3 replicates, of sucrose solution in 

50% concentration that was orally administered as 10µl/bee. The preparation of the test dose is 

presented in Table 1.  

 

The principle of C17 method  

The tested product was applied as acetone solution and tested in 5 doses each in 3 replicates of 10 

honeybees. The product was tested at the following doses: 0.1; 0.05; 0.025; 0.0125 and 0.00625 µg 

a.s./bee. At the same time the reference substance of dimethoate was prepared and tested in three 

doses: 0.12, 0.14 and 0.16 µg/bee. The treatments were administered using a 1 ml syringe attached to 

the microapplicator, on the dorsal thorax of each bee, one drop of 1µl. The study included also an 

acetone control in 3 replicates, that was administered the same as in the experimental variants, one 

drop of 1µl/bee. The preparation procedure of the test dose is presented in Table 2.  

 In both testing methods, after treatment administration, the bees were maintained in the experimental 

room at 25 ° C, dark, with 60% relative humidity. 

           Observations were made on mortality rate and honeybee behavior, at 4, 24 and 48 hours after 

treatment. Based on the recorded mortality the LD 50 was calculated based on the Finney method 

(1971). 

  
RESULTS  

 

The results were recorded in the tables 3 -  6, for each experimental variant: tested product, 

control and reference materials of both technical procedures, oral and contact acute toxicity, according 

to PTA - GLP. The results refer to the number of honeybees used, mortality rate and number of 

honeybees with abnormal behavior at each observation time.  

 

Determination of honeybee acute oral toxicity according to C16 method 

Honeybee mortality was calculated based on the total number of honeybees killed after 4h, 

24h and 48 hours. Determination was made for each concentration and experimental dose tested (table 

3). The LD 50 was calculated depending on the dose administered per honeybee, number of killed 
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honeybees and total number of individuals treated per dose (30 honeybees), according to the method 

of probit analysis for both substances: tested product and reference. The values obtained are presented 

in table 4. The LD 50 values for the tested product was 0.1496 μg a.s./bee after 4 hours, 0.0323 μg 

a.s./bee after 24 hours and 0.0292 μg a.s./bee after 48 hours. The acute oral toxicity on bees for the 

tested product was evaluated based on the mentioned values. 

The value of LD50 for the reference substance (technical dimethoate 415 g/L) was 0.1760 

μg/bee after 4 hours, 0.1462 μg./bee after 24 hours and 0.1414 μg/bee after 48 hours. According to the 

specification from the Regulation no. 440/2008 for the tested method the reference LD 50 value at 24 

hours was within the limits (0.10 to 0.35 μg a.s./bee), which means that the validation requirements 

were fulfilled. 

  

Determination of honeybee contact toxicity according to C16 method 

Honeybee mortality is presented in table 5 and the LD 50 values are recorded in table 6. For 

the tested product the LD 50 values were 0.0507 μg a.s./bee after 4 hours, 0.02247 μg a.s./bee after 24 

hours and 0.01842 μg a.s./bee after 48 hours. The acute contact toxicity on honeybees for the tested 

product was evaluated based on the mentioned values. 

The value of LD50 for the reference substance (technical dimethoate 415 g/L) was 0.1737 

μg/bee after 4 hours, 0.1247 μg/bee after 24 hours and 0.1240 μg/bee after 48 hours. According to the 

specification from the Regulation no. 440/2008 for the tested method the reference LD 50 value at 24 

hours was within the limits (0.10 to 0.35 μg a.s./bee), which means that the validation requirements 

were fulfilled. 

In both tested methods the regression equations were calculated and the correlation 

coefficients, whose value (>95%) confirmed the accuracy of the performed experiments and the 

validation of the tests. In addition, during the experiments there was no mortality registered in the 

control groups.  

 

CONCLUSIONS 

 

 The acute oral toxicity of the Cypermethrin 100 g/L product, was determined at 0.0323 μg 

a.s./bee after 24 hours, when using the C16 testing method of the Regulation no. 440/2008.  

 The acute contact toxicity of the Cypermethrin 100 g/L product, was determined at 0.02247μg 

a.s./bee after 24 hours, when using the C17 testing method of the Regulation no. 440/2008.  

 In the ecotoxicological test of Cypermethrin 100 g/L, the reference solution according to the 

two methods tested was technical dimethoat 415 g/L. The LD50 values after 24 hours were 

0.1462 μg a.s./bee for the oral toxicity and 0.1247 μg a.s./bee for the contact toxicity. These 

values are within the limits given by the C16 and C 17 testing methods. 

 During the experiments the validation requirements were fulfilled according to each testing 

procedure. Therefore, the average mortality in control was 0 and fulfilling the condition to be 

less than or equal to 10%. Also, the value of the LD50 standard toxicity was within the 

specified range. These parameters represent the quality guarantee of the presented results. 
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Table 1 

Dose preparation for the oral acute toxicity test on honeybees 

 

Study code: A-02 GLP 

Method of administration: oral 

Dispersant: 50% sucrose solution     

Administrated quantity: 10µl/bee 

Equipment: BurKard microapplicator with 1 ml syringe.  

 

T
es

te
d

 c
o

n
c.

 

Q
u

an
ti

ty
 o

f 
th

e 
te

st
ed

 p
ro

d
u

ct
  

(m
l)

 

Dispersant 

quantity 

S
to

ck
 s

o
l.

 c
o

n
c.

 (
µ

g
/µ

l)
 

Primary 

dilution 

preparation (A) 

C
o

n
c.

 s
o
l.

 A
 (

µ
g

/µ
l)

 

Secondary 

dilution 

preparation 

(B) 

C
o

n
c.

 o
f 

B
 s

o
l.

 (
µ

g
/µ

l)
 

F
in

al
 c

o
n

c.
 (

µ
g
 a

.s
./

1
0

µ
l)

 

A
p

p
li

ed
 d

o
se

 (
µ

g
 a

.s
./

b
ee

) 

A
m

o
u

n
t 

o
f 

so
l.

 A
 

5
0
%

 s
u

cr
o

se
 s

o
l.

 (
m

l)
 

5
0
%

 S
u

cr
o

se
 s

o
l.

(m
l)

 

A
ce

to
n

e 
(m

l)
 

S
to

ck
 S

o
l.

 (
m

l)
 

5
0
%

 s
u

cr
o

se
 s

o
l.

 (
m

l)
 

C1 0.1 10 - 1 1 9 0.1 1 9 0.01 0.1 0.1 

C2     0.5 9.5 0.05 1 9 0.005 0.05 0.05 

C3     0.25 9.75 0,025 1 9 0.0025 0.025 0.025 

C4     0.125 9.875 0.0125 1 9 0.00125 0.0125 0.0125 

C5     0.125 19.875 0.00625 1 9 0.000625 0.00625 0.00625 
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Table 2 

Dose preparation for the ecotoxicological contact acute test on honeybees 

 

Study code: A-01 GLP  

Method of administration: contact 

Solvent: acetone     

Administrated quantity: 1µl/bee 

Equipment: BurKard microapplicator with 1 ml syringe 

 
 

T
es

te
d

 c
o

n
c.

 

Q
u

an
ti

ty
 o

f 
th

e 

te
st

ed
 p

ro
d

u
ct

  

(m
l)

 

Solvent quantity 

S
to

ck
 s

o
lu

ti
o
n

 

co
n

c.
 (

µ
g

/µ
l)

 Dose preparation 

F
in

al
 c

o
n

c.
 

(µ
g

/µ
l)

 

E
x

p
er

im
en

ta
l 

d
o

se
 (

µ
g

 a
.s

./
b

ee
) 

A
ce

to
n

e 

(m
l)

 

A
q

u
eo

u
s 

so
lu

ti
o

n
 a

s 

w
et

ti
n

g
 

ag
en

t 

S
to

ck
 S

o
l.

 

(m
l)

 

S
o

lv
en

t 
(m

l)
 

C1 0.1 10 - 1 1 9 0.1 0.1 

C2   -  0.5 9.5 0.05 0.05 

C3   -  0.25 9.75 0.025 0.025 
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C7-ref. 0.0337 100 - 0.14   0.14 0.14 
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Table 3 

Honeybee mortality 

Study code: A-02 GLP 

 

Conc. 

 

Dose 

(µg/ 

bee) 

Number of dead bees at different times 
Total bees killed 

at different times 

Mortality rate (%)  

at different times 
4 h 24 h 48 h 

R1 R2 R3 R1 R2 R3 R1 R2 R3 4h 24h 48h 4h 24h 48h 

C1 0.1 3 5 4 9 10 9 9 10 10 12 28 29 40.00 93.33 96.66 

C2 
0.05 3 2 3 7 6 7 7 7 8 8 20 22 26.66 66.66 73.33 

C3 0.025 1 3 1 3 4 4 3 5 4 5 11 12 16.66 36.66 40.00 

C4 0.0125 0 1 1 2 1 1 2 1 1 2 4 4 6.66 13.33 13.33 

C5 0.00625 0 1 0 0 1 0 0 1 0 1 1 1 3.33 3.33 3.33 

C6 -ref 0.18 6 7 5 9 9 8 10 9 9 18 26 28 60.00 86.66 93.33 

C7 -ref 0.16 2 3 3 5 4 6 5 5 6 8 15 16 26.66 50.00 53.33 

C8 -ref 0.12 1 2 0 3 2 3 3 3 3 3 8 9 10.00 26.66 30.00 

Control - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
 

 

 

 

Table 4 

Honeybee oral acute toxicity for the tested product 

     Study code: A-02 GLP 

Time (h) 
LD50 

(µg a.s./bee) 
Regression equation Correlation coefficient 

4 0.1496 Y=6.09+1.32x 0.9967 

24 0.0323 Y=9.06+2.73x 0.9959 

48 0.0292 Y=9.59+2.99x 0.9948 

Reference substance: Technical dimethoate 415g/L 

24 0.1462 Y=12.15+8.56x 0.9098 
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Table 5  

Honeybee mortality 

Study code: A-01 GLP 

 

Conc. 

 

Dose 

(µg/ 

bee) 

Number of dead bees at different times 
Total killed bees 

at different times 

Mortality rate (%)  

at different times 
4 h 24 h 48 h 

R1 R2 R3 R1 R2 R3 R1 R2 R3 4h 24h 48h 4h 24h 48h 

C1 0.1 7 6 7 9 8 10 9 9 10 20 27 28 66.66 90.00 93.33 

C2 0.05 6 5 5 7 7 6 8 8 7 16 20 23 53.33 66.66 76.66 

C3 0.025 2 3 3 5 4 4 5 5 4 8 13 14 26.66 43.33 46.66 

C4 0.0125 3 2 1 4 3 3 4 4 4 6 10 12 20.00 33.33 40.00 

C5 0.00625 0 1 0 2 3 3 2 3 3 1 8 8 3.33 26.66 26.66 

C6 -ref 0.12 2 2 1 5 4 4 5 4 4 5 13 13 16.66 43.33 43.33 

C7 -ref 0.14 3 4 3 7 8 6 7 8 7 10 21 22 33.33 70.00 73.33 

C8 -ref 0.16 4 4 4 9 9 10 9 9 10 12 28 28 40.00 93.33 93.33 

Control - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 

 

 

Table 6  

Honeybee contact acute toxicity for the tested product 

   Study code: A-01 GLP 

 

Time (h) 
LD50 

(µg a.s./bee) 
Regression equation Correlation coefficient 

4 0.0507 Y= 7.20+ 1.70 x 0.9757 

24 0.0224 Y= 7.45+ 1.49 x 0.9519 

48 0.0184 Y= 7.86+ 1.65 x 0.9583 

Reference substance: Technical dimethoate 415g/L 

24 0.1247 Y= 16.53+ 12.76 x 0.9879 

 


