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chrysanthemum, water spinach, and watercress) and 
mustard cabbage are of particular interest as they also 
contain useful levels of p-carotene, iron, potassium, cal- 
cium, and dietary fiber. 
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COIWMUM ICATIONS 

High-pressure Liquid Chromatographic Analysis of Tebuthiuron in Soil 

A procedure is described for the extraction of tebuthiuron [N-[5-(l,l-dimethylethyl)-1,3,4-thiadiazol- 
2-yl]-N,N’-dimethylurea] from soil and its analysis by high-pressure liquid chromatography (HPLC) 
while using monuron [3-(p-chlorophenyl)-l,l-dimethylurea] as an internal standard for the extraction. 
Tebuthiuron was extracted from soil samples by shaking and sonicating the soil in water-methanol (4555). 
The filtrate was recovered by suction filtration and tebuthiuron was partitioned into diethyl ether. 
Following evaporation of the ether, the tebuthiuron was solubolized into aliquots of water-methanol 
(4555) and quantified by HPLC. The extraction efficiency was 86 f 3% and the detector responded 
linearly to tebuthiuron concentration with high precision (r2 = 0.98). The efficiency of tebuthiuron 
extraction was not influenced by the cation-exchange capacity (CEC), organic matter content, or clay 
content of the treated soil. 

Tebuthiuron, N- [ 5- (1,l-dimethylethyl)- 1,3,4-thiadia- 
zol-Zyll-N&’-dimethylurea, is the active ingredient in the 
formulated herbicides Spike and Graslan (Elanco Products 
Co., Indianapolis, IN). Tebuthiuron is applied preemer- 
gence and postemergence for vegetation control on rights 
of way and industrial sites, for rangeland brush control, 
and for broad spectrum weed control in sugarcane (Pafford 
and Hobbs, 1974; Scifres et al., 1981; Walker et al., 1973). 
Tebuthiuron is presently being considered for use in 
management systems for converting woodland to grazing 

land and improved forests in the southeastern United 
States. 

Analytical methods for substituted urea herbicides, such 
as tebuthiuron, generally include derivatization procedures 
to achieve thermal stability for gas chromatographic (GC) 
analysis. Saunders and Vanatta (1974) reported the de- 
rivatization of tebuthiuron with trifluoroacetic anhydride 
for electron capture detection. More recently, Loh et al. 
(1978) utilized flame photometric detection to quantita- 
tively analyze tebuthiuron by measuring the product(s) 
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from thermal decomposition in the GC injection block. 
Procedures for sample derivatization are often time con- 
suming and unreliable. Also, the sample size, used in GC 
methods, restricts its usefulness for determining low con- 
centrations of tebuthiuron in soil extracts. 

The need for rapid and selective methods to monitor the 
manufacturing processes of tebuthiuron prompted the 
development of an HPLC-analysis procedure for this 
compound (Kennedy, 1977). More recently, Lilly Research 
Laboratories (Greenfield, IN) have developed a procedure 
for quantifying tebuthiuron in soil samples (Decker, 1983). 
Generally, these procedures included time-consuming ex- 
traction procedures and expensive solvents for the mobile 
phase and did not include the use of an internal standard. 
These factors become important when analyzing several 
thousand soil samples. In this report we present a rapid 
and accurate analytical procedure for determining te- 
buthiuron residues in soil samples. 

EXPERIMENTAL SECTION 
Apparatus, Chemicals, and Reagents. Analytical 

standard grade tebuthiuron and monuron [3-(p-chloro- 
phenyl)-1,l-dimethylurea] were obtained from Lilly Re- 
search Laboratories (Greenfield, IN) and E. I. duPont de 
Nemours (Wilmington, DE), respectively. All solvents 
were reagent grade and the water and methanol were glass 
distilled before use. The mobile phase (water-methanol, 
4555) used in this method was suggested by Lilly Research 
Laboratories and will be referred to as solvent. 

The HPLC system consisted of the following compo- 
nents: (1) a Beckman 340 injector equipped with a 50-pL 
loop (Beckman Instrument Co., Fullerton, CA); (2) a 
Micromeritics 750 solvent delivery system operated a t  a 
flow rate of 1.00 mL/min (ca. 19.0 f 0.5 MPa) (Microm- 
eritics, Norcross, GA); (3) a precolumn (25 X 4.6 mm) 
packed with C0:Pell ODS-C18 (Whatman, Inc., Clifton, 
NJ); (4) a column (250 X 4.6 mm) packed with 10 pm of 
R si1 C18 (Alltech Associates, Inc., Deerfield, IL); (5) a 
Micromeritics 786 variable-wavelength detector operated 
a t  254 nm and 0.05 AUFS; (6) a Hewlett-Packard 3390A 
integrator/recorder (Hewlett Packard Co., Atlanta, GA) 
operated at a chart speed of 0.2 cm/min, threshold setting 
of 3, peak area rejection of 100K, signal voltage output of 
+0.1- 0.4, and attenuation of 4. A Sonic Dismembrator 
Model 300 (Fisher Scientific, Pittsburgh, Pa.) equipped 
with the intermediate-size probe and operated at 55% 
maximum power was used for sample sonication. Soil used 
in development of the method was a thermic, Typic-Ha- 
pudult sandy clay (Cecil series) with an organic matter 
content of 1%. The soil was air-dried and sieved through 
a 0.25-cm screen. 

Sample Preparation for HPLC. Monuron was se- 
lected as the internal standard (IS) for this procedure. The 
relative retention time (RRT) and relative concentration 
(pg/mL) response (RCR) of tebuthiuron compared to those 
of monuron were determined with standard solvent solu- 
tions of these compounds individually and combined. The 
IS concentration was maintained at 1 pg/mL, whereas the 
tebuthiuron concentration was adjusted across a range 
from 0.1 to 100 pg/mL. 

One-milliliter aliquota of aqueous tebuthiuron solutions 
were added to 25-g soil samples, resulting in soil samples 
containing 2.5, 5, and 10 pg of tebuthiuron. The soil 
samples were thoroughly mixed and frozen in closed con- 
tainers for 72 h. Stored soil samples and freshly prepared 
samples were freeze-dried in preparation for extraction. 
The IS (10 pg) in 1 mL of solvent was added to each soil 
sample and the soil was thorougly mixed. The soil samples 
were extracted twice with 20 mL of solvent, and following 
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Figure 1. Typical HPLC chromatograms of (A) monuron (MON.) 
and tebuthiuron (TEB.) in glass-distilled solvent and (B) processed 
extracts from soil not treated with monuron and tebuthiuron. 

each extraction, the filtrate was collected by suction fil- 
tration and combined. Twenty-milliliter aliquots of the 
combined filtrates were partitioned twice with 40 mL of 
diethyl ether. The ether phases from both partitions were 
combined and the ether was allowed to evaporate under 
a fume hood (ca. 22 "C) in subdued light. Generally, 
evaporation occurred over a 3-h period. The residue from 
evaporation was solubilized in 10 mL of solvent while so- 
nicating for 5 min in an ultrasonicator (Heat Systems 
Ultrasonics, Inc., Plainview, NY) in preparation for 
analysis by HPLC. 

Fifteen soils having different CEC, organic matter con- 
tent, and clay content were used to test the method for 
the influence of these soil properties on the efficiency of 
tebuthiuron extraction. The ranges for CEC, organic 
matter content, and clay content were 2.8-12.5 cmol (p') 
kg-l, 0.8-3.5%, and 1.8-41.9%, respectively. 

All soil- and solvent-sample extractions were replicated 
at least 4 times and the experiments were repeated at least 
twice. Statistical analyses were conducted on data when 
considered appropriate. 
RESULTS AND DISCUSSION 

Monuron was selected for use as IS for tebuthiuron 
analyses because of the similarities of the two compounds 
in light absorption spectra, retention time on the HPLC 
column, solubility in the solvent, and partitioning efficiency 
into diethyl ether. Both compounds have an absorption 
peak a t  254 nm (Lawrence, 1982). The RRT for tebuth- 
iuron is 1.13 f 0.01 compared to that for monuron and 
both herbicides elutriate at a retention time where the 
chromatogram is void of interfering peaks from soil con- 
taminanta (Figure 1). The RCR for tebuthiuron compared 
to that for monuron was 0.85 f 0.03 and the detector 
response to tebuthiuron concentration was linear over a 
concentration range reported (Figure 2) and maintained 
a high correlation coefficient. The linear relationship was 
found to extend up to 100 pg/mL (data not included). 

The solvent efficiently extracted tebuthiuron and 
monuron, from the treated soils, whether extraction was 
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Figure 2. Regression equation and best-fit curve for integrator 
response to tebuthiuron concentration. 

Table I. Recovery of Tebuthiuron and Monuron When 
10 pg of Each Herbicide Is Added to Soil Samples and 
Extracted under Conditions of Shaking, Sonicating, or a 
Combination of Shaking and Sonicating 

% 
herbicide extraction method recovery 

tebuthiuron soil:a shake 77 f 4 
sonicate 8 5 i  5 
shake and sonicate 86 t 5 

ether partition 9 5 t  3 
monuron soil:a shake 80 i 4 

sonicate 84 t 5 
shake and sonicate 86 t 5 

a Soil extracts were also partitioned into diethyl ether 

ether partition 9 5 t  4 

preceding quantification. 

conducted under conditions of shaking, sonicating, or a 
combination of both (Table I). Generally, the total ex- 
traction procedure consistently accounted for more than 
86% of both herbicides added to soil samples and 5% of 
the herbicide loss was accounted for as being lost during 
partitioning the herbicides into diethyl ether (Table I). 
The ether-partitioning procedure was considered necessary, 
as a sample-cleaning step, in preparation for introduction 
into the HPLC system. Although 86% recovery is low, 
much of the tebuthiuron loss is adjusted when using the 

IS to  quantify tebuthiuron in soil samples. Also, use of 
an IS adjusts for variations in extraction efficiency and 
instrument sensitivity. 

Soil CEC, organic matter content, and clay content did 
not influence the extractability of tebuthiuron or monuron 
from soil (data not included). The average tebuthiuron 
recovery from 15 soils was 98 f 0.05%, when using the IS 
to adjust for extraction losses, and was not significantly 
different between soils. Also, the RCR for tebuthiuron 
compared to that for monuron was 0.85 f 0.03 and was 
not significantly different between soils. 

This procedure of quantifying tebuthiuron was deter- 
mined to be simple, inexpensive, accurate, and repetitive. 
Also, the sensitivity range of this method is adequate for 
most field studies with tebuthiuron. Assuming an appli- 
cation rate of 2.2 kg/ha tebuthiuron and an even distri- 
bution of the applied tebuthiuron within the top 15 cm 
of soil, the tebuthiuron concentration in the soil would be 
1.0 pg/g of soil. Therefore, 25-g soil samples would allow 
for the detection of a 10-fold decrease in tebuthiuron 
concentration in soil samples. 

Registry No. Tebuthiuron, 34014-18-1; monuron, 150-68-5. 
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Identification of Bornyl Acetate in the Leaf Oil from Parthenium argentatum A. 
Gray 

Bornyl acetate has been identified by gas chromatography and mass spectroscopy as a component of 
the leaf oil from Parthenium argentatum. Mechanistic schemes for the mass fragmentation of camphor 
and bornyl acetate are proposed. 

Prospects for the foreseeable future (when the fossil fuel 
supply gets diminished) will require direct utilization of 
photochemical energy for the production of hydrocarbon 
fuels. Byproduct processes such as the conversion of 
phytomass to fuel, as well as to fodder, is presently under 
vigorous investigation. Calvin (1976) has already suggested 
that the direct synthesis of hydrocarbon fuel in some plants 
offers a tremendous potential for the efficient conversion 
of carbon dioxide to fuel using the free energy obtained 
from sunlight. 
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The optimization of latex production by plants has 
produced in Hevea brasiliensis Muell. Arg. an efficient 
conversion of COz to rubber by sunlight. Chemical 
bioinduction of isoprenoids has recently been under in- 
vestigation by Yokoyama (1977) in Parthenium argenta- 
tum A. Gray, guayule, a plant under current development 
as a domestic source of natural rubber. The chemical 
investigation of dried guayule stem oils dates back to 
Alexander (1911), who identified a-pinene, and Haagen- 
Smit and Siu (1944), who identified a- and P-pinene, di- 
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