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SEPARATION OF SELECTED PESTICIDES
BY AN HPLC TECHNIQUE. I

M. Miszczyk1 and A. Pyka2,*

1Institute of Plant Protection in Poznan, Sosnicowice

Department, 29 Gliwicka Street,

PL-44-153 Sosnicowice, Poland
2Silesian Academy of Medicine, Faculty of Pharmacy,

4 Jagiellonska Street, PL-41-200 Sosnowiec, Poland

ABSTRACT

Two groups of the selected pesticides were investigated: 1st

group—monolinuron (1), chlorotoluron (2), diuron (3), isopro-

turon (4), linuron (5); and 2nd group—dimefuron (6), difluben-

zuron (7), teflubenzuron (8), and lufenuron (9). The retention

times (tR), the peak resolutions (RS), and the separation factors

(a) indicate that the mobile phases containing 55% and 85%

methanol in water are the best for separations of first and second

groups of investigated pesticides, respectively.

Key Words: Urea pesticides; RP-HPLC

INTRODUCTION

At present the urea derivatives are universally applied herbicides.[1] The

solubility of urea in water is almost equal to 100%. The solubility of the urea
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compounds in water and in fats depends on the type of the substitutents

introduced instead of hydrogen atoms, which are on nitrogen groups.[2] The

modifications in basic structure of compounds induce the changes of their

biological activities.[3,4] Moreover, the urea compounds are stored in thumbs as

dangerous wastes.[5] Some of these substances show a large durability in soil,

because they are resistant to the microorganisms. The urea pesticides were

determined in water,[6–10] fruits,[11–15] and meat.[16] The processes of biode-

gradation, as well as the products of transformation of herbicides, were

studied.[17–21]

The aim of our study was to work out the optimum conditions of the

separation of selected biologically active substances of urea derivatives, which

were investigated by high performance liquid chromatography (HPLC). The

physical characteristics of studied urea pesticides are presented in Table 1.

EXPERIMENTAL

Chemicals

The components of mobile phases: methanol (POCH, Poland) and water

(Millipore, France) were for HPLC analysis. The commercial samples of

monolinuron, chlortoluron, diuron, isoproturon, linuron, diflubenzuron (Institute

of Organic Industry, Poland), dimefuron (Riedel-de Haën, Germany), tefluber-

lnzuron (Labor Dr. Ehrenstorfier, Germany), and lufenuron (Ciba Geigy,

Switzerland) were used as test solutes.

Sample Preparation

Studied urea pesticides were divided into two groups, applying the

following criteria:

(a) the molar mass: first group of compounds possessing the molecular

mass form 206.28 to 249.09 g=mol; second group of compounds

possessing the molecular mass form 310.68 to 511.15 g=mol.

(b) first group of compounds—pesticides including exclusively one

benzene ring; second group of pesticides including two benzene rings

or one benzene ring and one heterocyclic ring.

Other physical data, presented in Table 1, confirm the division of

the investigated pesticides. Monolinuron (1), chlorotoluron (2), diuron (3),

isoproturon (4), and linuron (5) were the first group; however, dimefuron (6),

diflubenzuron (7), teflubenzuron (8), and lufenuron (9) were the second group of

3228 MISZCZYK AND PYKA

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
3
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



T
a

b
le

1
.

G
en

er
al

P
h
y
si

ca
l

D
at

a
o
f

In
v
es

ti
g
at

ed
U

re
a

P
es

ti
ci

d
es

P
es

ti
ci

d
e

(C
o

d
e)

M
o

la
r

M
as

s

[g
=m

o
l]

a

M
o

la
r

R
ef

ra
ct

iv
it

y

[c
m

3
]a

M
o

la
r

V
o

lu
m

e

[c
m

3
]a

P
o

la
ri

za
b

il
it

y
6

1
0
�

2
4

[c
m

3
]a

G
ro

u
p

I

M
o

n
o

li
n

u
ro

n
(1

)
C

9
H

1
1
C

lN
2
O

2
2

1
4

.6
5

5
5

.5
1
�

0
.3

1
6

4
.5
�

3
.0

2
2

.0
0
�

0
.5

C
h

lo
ro

to
lu

ro
n

(2
)

C
1

0
H

1
3
C

lN
2
O

2
1

2
.6

8
5

8
.5

8
�

0
.3

1
7

4
.5
�

3
.0

2
3

.2
3
�

0
.5

D
iu

ro
n

(3
)

C
9
H

1
0
C

l 2
N

2
O

2
3

3
.0

9
5

8
.6

6
�

0
.3

1
7

0
.1
�

3
.0

2
3

.2
5
�

0
.5

Is
o

p
ro

tu
ro

n
(4

)
C

1
2
H

1
8
N

2
O

2
0

6
.2

8
6

3
.0

6
�

0
.3

1
9

6
.3
�

3
.0

2
5

.0
0
�

0
.5

L
in

u
ro

n
(5

)
C

9
H

1
0
C

l2
N

2
O

2
2

4
9

.0
9

6
0

.4
1
�

0
.3

1
7

6
.5
�

3
.0

2
3

.9
5
�

0
.5

G
ro

u
p

II

D
im

ef
u

ro
n

(6
)

C
1

5
H

1
9
C

lN
4
O

3
3

3
8

.7
9

8
7

.8
9
�

0
.5

2
5

9
.4
�

7
.0

3
4

.8
4
�

0
.5

D
ifl

u
b

en
zu

ro
n

(7
)

C
1

4
H

9
C

lF
2
N

2
O

2
3

1
0

.6
8

7
3

.9
6
�

0
.3

2
1

1
.1
�

3
.0

2
9

.3
2
�

0
.5

T
efl

u
b

en
zu

ro
n

(8
)

C
1

4
H

6
C

l 2
F

4
N

2
O

2
3

8
1

.1
1

7
8

.8
5
�

0
.3

2
3

1
.4
�

3
.0

3
1

.2
5
�

0
.5

L
u

fe
n

u
ro

n
(9

)
C

1
7
H

8
C

l 2
F

8
N

2
O

3
5

1
1

.1
5

9
5

.6
8
�

0
.3

3
1

3
.2
�

3
.0

3
7

.9
3
�

0
.5

a
D

at
a

ca
lc

u
la

te
d

b
y

C
h

em
S

k
et

ch
4

.5
p

ro
g

ra
m

.

SEPARATION OF PESTICIDES BY HPLC. I 3229

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
3
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



investigated pesticides. The methanolic solutions of above-mentioned two groups

of compounds about concentration 0.1 mg=mL of each pesticide were prepared.

The purity of the studied standard pesticides samples were at least 97.6%.

Reverse Phase High Performance Liquid Chromatography

The chromatographic investigations were conducted using the liquid

chromatograph obtained from Gynkotek (Germany). Dionex Softron GmbH

certified the chromatograph. The conditions of applied HPLC were the following:

pump—P 580 LPG, detector UVD 340 S, column—Econosphere C18 5m
(250 mm64.6 mm), injection volume—20 mL, eluent flow—1 mL=min. The

detection of the first group of pesticides investigated was conducted at 248 nm;

however, the second group was done at l¼ 260 nm. n-Hexane was selected for

the determination of the retention time of an unretained compound.

Isocratic elution was applied using, as mobile phase, a mixture of methanol

and water, in which the proportional content of methanol was comprised from

45% to 80% for the first group, as well as from 65% to 90% for the second group

of pesticides.

Logarithm of the Retention Factor[22]

The logarithm of the retention factor (log k) was calculated using the

formula:

log k ¼ log
t0R
tM

¼ log
tR � tM

tM
ð1Þ

where tR is the retention time of investigated compound, t0R is adjusted retention

time of investigated compound; whereas tM is retention time of an unretained

compound (n-hexane).

Separation Factor a
[22]

The separation factor (a) was calculated using the equation:

a ¼
k2

k1

ð2Þ

where k2 and k1 are retention factors of two adjacent peaks (k2> k1).
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Peak Resolution RS
[22]

The peak resolution (RS) was calculated using the formula:

RS ¼
2ðtR2 � tR1Þ

Wb1 þ Wb2

ð3Þ

where tR2 and tR1 are retention times of two adjacent peaks on chromatogram

(tR2> tR1), whereas wb1 and wb2 are peaks-width at base.

RESULTS AND DISCUSSION

The retention time values (tR) were introduced for the first and second

groups of investigated pesticides, as well as n-hexane as an unretained

compound in methanolþwater as mobile phase in various volume fractions.

However, the dependencies of the logarithm of the retention factors on the

composition of mobile phase are presented in Figs. 1 and 2 for the first and

second groups of investigated urea pesticides, respectively. The course of these

dependencies indicates that the best separation of the first group was obtained

Figure 1. The dependence between log k and volume fraction of methanol in water for

the first group of investigated pesticides.
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using the mobile phases from 0.45 to 0.60 of volume fraction of methanol in

water. However, for the second group of pesticides, the best separations were

obtained using the mobile phases 0.65, 0.70, 0.85, as well as 0.90 of volume

fraction of methanol in water. The peak resolutions (RS), as well as the separation

factors (a), of investigated pesticides with methanolþwater in different volume

fractions as mobile phase were presented in Table 3. The highest value of peak

resolutions (RS), the separation factors (a), as well as the largest differences in

retention times, were obtained when applying the eluents of about 45% of

content of methanol in water for the first group of studied pesticides, and about

65% of methanol in water for the second group of pesticides (see Table 3).

However, from a practical point of view the retention time in liquid

chromatography is the most important. The retention times should be

comparatively short, giving, simultaneously, the total separation of individual

components of the studied mixture. The retention times (tR) of studied

substances, the peak resolutions (RS), and the separation factors (a) obtained

for the studied pesticides, indicate that the optimum mobile phase for separation

of selected pesticides was with the mobile phase containing about 55% of

methanol in water for first group, and about 85% content of methanol in water

for the second group of pesticides (see Tables 2 and 3). The chromatograms

obtained using optimum conditions of separation for the first and second groups

of studied pesticides are presented in Figs. 3 and 4, respectively.

Figure 2. The dependence between log k and volume fraction of methanol in water for

the second group of investigated pesticides.
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Figure 3. Chromatogram with methanolþwater (55 : 45, v=v) as mobile phase for the

first group of investigated pesticides.

Figure 4. Chromatogram with methanolþwater (85 : 15, v=v) as mobile phase for the

second group of investigated pesticides.
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Further investigations will concern the estimation of hydrophobic

proprieties, as well as the determination of the above-mentioned substances in

the environment.
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