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ABSTRACT

The application of direct gas chromatographic methods to phenylurea pesticides is difficult because these compounds are
thermally unstable and rapidly give isocyanates and amines  when using standard gas chromatography. However, derivatixation to
more thermally stable compounds can be used. Procedures for solid-liquid extraction, catalytic heptatluorobutyrylation, clean-up
and determination by GC-MS of phenylurea pesticides in water samples are reported. Detection limits are of the order of
10-50 ngll.

INTRODUCTION

Since the discovery in 1946 [l] of the herbicid-
al properties of phenyl-substituted ureas, these
compounds have been extensively used in ag-
riculture as selective herbicides, mainly for pre-
crop emergence and for weed control by inhib-
iting photosynthesis. Residues of these com-
pounds can be found in soils and surface, ground
and sometimes drinking waters.

usually do not proceed quantitatively. Also,
different phenylurea herbicides can form the
same isocyanate as degradation products (Fig.
1).

High-performance liquid chromatographic
(HPLC) analysis of phenylurea herbicides has
been developed [2-191,  but the methods often
lack specificity, sensitivity and selectivity
[10,11,20-221.

Direct gas chromatographic (GC) analysis of
phenylurea herbicides and detection of the ther-
mal degradation products (isocyanates and
amines) has been reported [23-371.  Unfortunate-
ly, direct determination often results in poor
reproducibility owing to incomplete thermal deg-
radation of the phenylureas. Thermal reactions
of these compounds in the injector and column

Methods for the hydrolysis of the phenylureas
to their corresponding anilines and subsequent
derivatization for GC with electron-capture or
mass specific detection have been described
[21,33,38-46,70-731.  These procedures based on
phenylurea hydrolysis have a distinct lack of
selectivity because different ureas can form the
same aniline as hydrolysis products, e.g., diuron,
linuron and neburon form 3,Cdichloroaniline
(Fig. 2). The anilines formed by the hydrolysis
procedure cannot be distinguished from the same
anilines present at background levels in the
sample. Anilines can occur in the environment in
a number of ways, such as from direct industrial
disposal, (bio)degradation  of phenylureas, phen-
ylcarbamates, acylanilides and dye products,
reduction of nitrobenzene or combustion of poly-
urethanes [21].  Another point is the time-con-
suming and sometimes ineffective quantitative
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Fig. 1. Thermal degradation of diuron, linuron and neburon to 3,4-dichlorophenylisocyanate in the injector and capillary column.
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Fig. 2. Hydrolysis of diuron, linuron and neburon to 3,4-dichloroaniline.

conversion of phenylureas into their anilines. 74-761.  Flash-heater methylation with tri-
Direct derivatization methods have been re- methylanilinium hydroxide (methelute) was used

ported, including direct alkylation [35,47,48, to produce the N-methyl derivatives of several
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phenylureas. In this on-column alkylation tech-
nique a minimum of 1 pg of the urea herbicide is
required.

Alkylation of phenylureas with NaH-methyl
iodide or NaH-ethyl iodide has been reported
[5,8,23,34,49-551.  In all instances the alkylated
products were far superior to the parent com-
pounds for GC determination.

Fishbein and Zilinski [56] reported a silylation
method for blocking the NH groups, which are
the main contributor factor to the thermal de-
composition of phenylurea molecules. Direct
N-perfluoroacylation of the phenylurea her-
bicides has been achieved with trifluoroacetic
anhydride (TFAA), heptafluorobutyric anhy-
dride (HFBA), pentafluoropropionic anhydride
(PFPA) and pentadecafluoroundecanoic anhy-
d r i d e  ( P F D )  [20,22,34,52,55,57-661.  It has
proved to be very useful for analysis by GC
Perlluoro  derivatization of compounds contain-
ing an OH or NH moiety.

This work is based on derivatization with hep-
tafluorobutyric anhydride (HFBA) of phenylurea
pesticides. The advantage of this method is that
the phenylurea HFB derivatives are thermally
stable and can be chromatographed over a wide
temperature range without column decomposi-
tion. The described procedure of derivatization
and capillary CC has some distinct advantages
over HPLC for pesticide analysis. The higher
resolution requires less clean-up of the sample as
the by-products are more likely to be separated
from the peaks of interest than by less efficient
chromatographic methods (e.g., HPLC). The
present work is based principally on reported
procedures from [20,22,34,60,61,66]  and the use
of GC-MS. General information is given in refs.
77-79.

EXPERIMENTAL

The substances investigated were of certified
purity purchased from Dr. Ehrenstorfer (Augs-
burg, Germany). The structures are given in
Fig. 3. Stock solutions of these herbicides were
prepared in toluene. For dilutions methanol and
for cartridge elution acetone were usually em-
ployed. Dichloromethane was used for the deri-
vatization procedure. All solvents were Pesti-
pure products from SDS (Peypin, France).

HFBA was supplied by ICT (Regis 2708853).
Bonded-phase cartridges were 6-ml Varian Mega
Bond Elut C,, containing 1 g of octadecylsilane.
J.T. Baker 3-ml cartridges containing 500 mg
silica gel were used for the clean-up procedure.
Standards were prepared in water and treated in
the same way as samples.

Instrumentation
Capillary GC was carried out on an HP 5890

gas chromatograph  fitted with a 25 m X 0.2 mm
I.D. fused-silica column coated with a 0.25~pm
film of OV-1 stationary phase. Mass spectromet-
tic measurements were made with an HP 5970
mass-selective detector coupled directly to the
capillary column. The mass-selective detector
was operated in the electron impact (EI) mode
and tuned by the autotune  programme. Selected
ion monitoring (SIM) was applied. The carrier
gas was helium N55 (Alphagaz, Paris, France).
The operating conditions were as follows: in-
jector temperature, 250°C; oven temperature:
initially 80°C for 0.5 min, increased at rate
30’Wmin to 15O”C,  held for 10 min isothermal,
increased at S”C/min to 240°C final hold for 10
min isothermal; detector temperature, 250°C;
and GC-MSD interface temperature, 250°C.

Preparation of spiked water samples
Calibration graphs were constructed for each

phenylurea by using the internal standard meth-
od with fenuron as the internal standard. Dis-
tilled water (1 1) was spiked with 0.01, 0.025,
0.05, 0.1, 0.25, 0.5, 1.0, 5.0 and 10.0 pg/l of
each phenylurea.

Sample extraction
The RP-C,, cartridges were washed twice with

one cartridge volume of acetone and twice with
blank water for conditioning. Drying of the car-
tridges must be strictly avoided. The sample (1 1)
was extracted under neutral or slightly alkaline
conditions (pH 7-8). The pH was adjusted
before extraction. The flow-rate for the aqueous
sample was 20-25 ml/min  over the carrier ma-
terial. The flow-rate was regulated by altering
the vacuum. After the enrichment the adhering
water was removed under vacuum or with nitro-
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Fig. 3. Phenylurea pesticides investigated.
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Fig. 4. Recoveries (%) of pesticides from water spiked with 0.5 pg/l of each compound. 1 =Buturon;  2= chlortoluron;
3 = diflubenzuron; 4 = diuron; 5 = fenuron; 6 = fluometuron; 7 = isoproturon; 8 = linuron; 9 = metoxuron; 10 = monuron; 11s
neburon. Series 1 (black): liouid-liquid  extraction with one 50-ml volume of dichloromethane. Series 2 (hatched): solid-liquid
extraction with RP:C,,  (1 g/6 ml). -

gen. After this cartridge drying, elution was
done twice with 2 ml of acetone. The solvent was
transferred under pressure into volumetric flasks.

It should be noted that commercially available
RP-C,, materials are sometimes of varying qual-
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ity [SO] from batch to batch. The calibration and
analysis should be performed with cartridges
from the same batch and only by using an
internal standard with the same chemical charac-
teristics as the compounds under investigation.
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Fig. 5. Course of the derivatization.
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Suspended matter in the sample (iron hydrox-
ide, calcium carbonate, etc.) and increased con-
centrations of microorganism may clog the car-
tridge. In this event the water sample must be
filtered through a glass filter before extraction.

Derivatization
The combined eluates from the cartridge en-

richment were evaporated to dryness with a
gentle stream of nitrogen. The dry residue was
dissolved in 1 ml of dichloromethane using an
ultrasonic bath for 5 min. To this solution 100 ~1
of HFBA and 100 ~1 of pyridine (catalyst) were
added and the mixture was left at room tempera-
ture for 2 h. The excess of HFBA and pyridine
was then separated by using a silica gel cartridge.
The reaction mixture was placed on the cartridge
and the phenylurea derivatives were eluted with
1 ml of dichloromethane directly into a vial.

Abundance
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After closing the vial the eluate containing the
phenylurea heptafluorobutyrates can be analysed
directly by GC.

RESULTS AND DISCUSSION

Particularly for phenylurea pesticides, solid-
liquid phase extraction using RP-C,, cartridges
has several advantages over liquid-liquid extrac-
tion with dichloromethane. The recovery rates
are better if RP-C,, cartridges for solid-liquid
phase extraction is used than if liquid-liquid
extraction of 1 1 water with 50 ml of dichlorome-
thane is used (Fig. 4). Similar results were found
by Klaffenbach [60].  The bad recoveries of
buturon and chlortoluron and also of diuron,
isoproturon, linuron, metoxuron and neburon
with liquid-liquid extraction using dichlorome-

, . . . , . , , * , * . ., . . ., . ( . ’ ., . . ( . ,..-‘IT

4 8 12 16 20 24

Time (min )

Fig. 6.
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Fig. 6. Derivatization of phenylurea pesticides in spiked drinking water (1 pg/I) with HFBA. Reaction time: 2 h at room
temperature. (a) Derivatization in toluene (method of Stan and Klaffenbach (221);  (b) derivatization in dry dichloromethane.

thane showed this very clearly. Only difluben-
zuron shows a slightly better recovery with
dichloromethane liquid-liquid extraction.
Another problem is the emulsification that oc-
curs when extracting surface waters with di-
chloromethane.

For the heptafluorobutyrylation  of phenylurea
pesticides a great variety of conditions (solvents,
catalysts, etc.) can be used. Our aim was to find
a simplified procedure with good derivatization
results. The various conditions reported in the
Iiterature were tried, and the best solution for a
rapid derivatization procedure was the use of
dichloromethane as the derivatization medium,
pyridine as catalyst (Fig. 5) and silica gel for
clean-up. The derivatized reagent blank was free
from interferences in the SIM mode. The rate of
reaction of perfluorobutyrylation depends on the
catalyst and the polarity of the solvent. Similar

results have also been found by other workers
[20,65-681.  Worobey [66] reported that the der-
ivatization of toluene-based standards gave cu.
50% lower yields than that of standards prepared
in acetonitrile. This well shows the influence of
solvent polarity.

Other principle factors governing the rate of
reaction, in addition to solvent polarity and
temperature, are the catalyst and the purity of
water. Fig. 6 shows the different derivatization
results obtained using toluene (method of Stan
and Klaffenbach [22]) and dichloromethane. The
derivatization in dichloromethane gave signifi-
cantly better yields of the heptafluorobutyrates
for the same time and temperature. Heating of
the reaction mixture is not required with di-
chloromethane.

A very important point is the protection of the
derivatization mixture from water. The presence
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Fig. 7. Degradation of the phenylurea derivatives during seven days (peak area versus  storage time). Storage under dry

conditions at 4°C in the dark.
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Fig. 8. Full scan mass spectra of phenylurea heptafluorobutyrates

of water can result in hydrolysis of the
phenylurea heptafluorobutyrates. The use of
sodium sulphate can eliminate such problems.

The derivatization with heptafluorobutyric
anhydride and pyridine as catalyst in a solvent
such as dichloromethane under dry conditions
was found to give successful results for the

compounds in Fig. 3 and also for chlorbromuron
and metobromuron. The maximum yield of
derivatization products was also found by Klaf-
fenbach [60] at room temperature. Higher tem-
peratures gave lower yields of the HFB-
phenylureas. This may be the result of hydrolysis
effects.
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The degradation rates of the heptafluoro-
butyrates are shown in Fig. 7. No degradation
was observed after 3 days of storage at 4°C in the
dark.

All heptafluorobutyrates gave sharp peaks
under the chromatographic conditions used. The
HFB derivative of diflubenzuron is the hepta-
fluorobutyrate of 4-chloroaniline [22,57,64,65].

TABLE I

MASS SPECTRAL DATA FOR THE PHENYLUREA HEPTAFLUOROBUTYRATES

HFB derivative M, m/z (relative intensity, %)

Buturon
Chlortoluron
Diflubenzuron
Diuron
Fenuron
Fluometuron
Isoproturon
Linuron
Metoxuron
Monuron
Neburon

432.1 53(100),  110(51),  153(24),  432( 3 )
488.0 72(100),  408(  8), 132(  4 )
323.0 323 (X0), 126 (57) 154 (34), 325 (33)
428.0 72(100),  124(  5) 428( 4 )
360.0 72(100),  360(10)
428.1 72(100),  168(  3), 428(  1 )
402.1 72 (lOO), 402 (19)
444.0 340(100),  88(69), 60(64), 342  (50)
424.0 72(100),  424(  9), 183(  8 )
394.0 72(W), 394(  5), 153(  4 )
470.0 57(100),  114(82),  187(13)

Fig. 9. SIM chromatogram of spiked surface water from the Vilaine river (400 rig/l of each phenylurea pesticide).



98 F.P.M. Karg I J. Chromatogr. 634 (1993) 87-100

TABLE II

TIME PROGRAMME FOR SELECTED ION AQUISITION (SIM)

Ion group
No.

1

2

3

4

5

6

7

8

HFB derivative

Diflubenzuron

Fluometuron
Fenuron

Monuron

Isoproturon
Chlortoluron

Buturon

Diuron
Linuron

Metoxuron

Neburon

Ions

(m/r)

154
323

72
360

72
394

72
402
408

53
110

72
428

88
340

72
424

114
187

Start time
(min)

3.8

6.0

13.0

16.5

18.3

19.3

20.5

23.0

Dwell time

(ms)

200
200

100
200

200
200

100
100
200

100
100

100
100
100
200

100
100

100
100

All other derivatives result from proton substitu-
tion (Fig. 5) of the NH moiety by a heptafluoro-
butyric acyl group.

The mass spectra of the derivatives are shown
in Fig. 8 and mass  spectral data are given in
Table I. For the derivatives of the N,N-
dimethylphenylureas the base peak always oc-
curs at m/z 72 (dimethyl isocyanate). The de-
rivatives of the N-methyl-N-methoxyphenylureas
exhibit a peak at m/z  88 (methylmethoxy iso-
cyanate).

The applicability of the method to surface
waters is demonstrated in Fig. 9 for a sample
from the Vilaine river spiked with phenylurea
pesticides at the 400 rig/l level and analysed by
GC-MS in the SIM acquisition mode with time
programming. The selected ions and their time
windows for the specific detection used are given
in Table II.

CONCLUSIONS

The direct HFBA derivatization and determi-
nation by GC-MS of trace levels of phenylurea

herbicides in water samples has been shown to
be successful for all eleven compounds investi-
gated. The heptafluorobutyrylation of the
phenylureas provided high specificity for their
parent compounds. Also, the phenylurea deriva-
tives show good sensitivity when using SIM
acquisition for GC-MS detection.
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