Journal of Chromatograpky, 154 (1978) 251-255
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 10,942

Note

BDetermination of 1,3,5-triazine herbicides by gas chromatography!

V. PACAKOVA and H. KOZAKOVA

Department of Analytical Chemistry, Charles University, Albertov 2030, 128 40 Pragsue 2 (Czecho-
slovakia)

(First received October 18th, 1977; revised manuscript received February 6th, 1978)

Derivatives of 1,3,5-triazine (sym.-triazine) with pronounced herbicidal proper-
ties are an important chemical means of plant protection. The herbicidal efficiency of
sym.-triazines depends on the substituent in position 2 (—Cl, -OCH; or -SCH;) and
on the total number of carbon atoms in the aminoalkyl groups in positions 4 and 6;
a change in the substituent in position 2 also causes a change in the selective effect of
the compound. More pronounced herbicidal effects have been obtained by applying
triazines in combination (e.g., terbutylazine and terbutone in Caragard Combi AS50
WP (see Table I), possibly in mixtures with other chemicals. :

Low doses of triazine herbicides affect the roots of plants; hisher doses may
have stimulating effects and may cause soil sterility. Hence, the use of these herbicides
may cause undesirable effects. Substances that enhance the production of agricultural
plants adversely affect the environment by leaving undesirable residues, which may
exert pathogenic (and sometimes also mutagenic) efiects on living organisms.

sym.-Triazine derivatives have been determined by spectrophotometry in the
visible and UV regions, by paper chromatography and by thin-layer chromato-
graphy!—3. These methods have certain limitations; paper chromatography and TLC
are unsuitable for quantitative analysis, and spectrophotometry fails with multi-
component mixtures. Thus, gas chromatography (GC) is now used almost exclu-
sively*~2°. The results of a previous study of the behaviour of sym.-triazine derivatives!®
were used in this work when determining the active components of the triazine
herbicides in sprays and in soil.

EXPERIMENTAL

Materials

Standard sym.-triazines (atrazine, simazine, methoprotryne, terbutryne, ter-
butylazine, prometryne, desmetryne, terbutone) were obtained from Ciba-Geigy
(Basel, Switzerland); all the herbicides except Zeazin 50 (CHZJD, Czechoslovakia)
were also products of Ciba-Geigy. .

Methanol, p.a. (Lachema, Brno, Czechoslovakia), was redistilled before use.
Chloroform, p.a., and the Chromaton N/AW support (60-80 mesh) were also ob-
tained from Lachema; the SE-30 phase was from Carlo Erba (Miian, Italy) and the
Reoplex 400 from Varian AG (Zug, Switzerland).
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Spectrophotometry ’
Spectrophotometric measurements were performed on methanolic solutions

at 225 nm with a Specord UV-VIS instrument (Zeiss, Jenz, G.D.R.) and 0.5-cm
quartz cells. An atrazine standard solution (50 zM) was prepared in methanol, and
a calibration curve was constructed for atrazine over the concentration range 5 to
50 uM. Then a solution of Semparol in methanol was prepared, which was eca. 10 zM
in atrazine. By referring its absorbance to the calibration curve, the atrazine concen-
tration in Semparol (namely, 29.2%) was determined.

Gas chromatography
The measurements were carried out on a Hewlett-Packard 5700A instrument

equipped with flame ionization detection. The stainless-steel column (144 cm X 3 mm
I.D.) was packed with a mixture of 29 of Reoplex 400 and 5% of SE-30 supported
on Chromaton and was operated at 195°, with a carrier gas (nitrogen) flow-rate of
40 ml/min, an injector temperature of 220° and a detector temperature of 195°.

Determination of sym.-triazines in herbicide preparations

Pure standard sym.-triazines were available so that absolute calibration with
direct comparison was used. Chloroform solutions (ca. 1 gg/ml) of the preparations
were used, 1-z1 portions of these solutions being injected into the gas chromatograph ;
the areas of the corresponding peaks (A4,) were found. Then 1 yl of the triazine sian-
dard solution was injected under identical conditions, and the peak area (4,) was
measured. The percentage concentration (¢,) of the active component of the herbicide

was calculated from the relationship

A( mg

4. m, 100

where m, is the amount of herbicide in 1 gl of solution and m;, that of sym.-triazine in
1 41 of standard solution. Each measurement was carried out five times.

Determination of airazine in soil -

An experimental area (I m? in size) was sprayed with a solution containing 1 g
of Semparol in 600 ml of water. Composite soil samples taken after 8, 15 and 23 days
were dried to constant weight in air at room temperature. Then 100 g of dry soil were
extracted with acetonitrile-water (9:1), and the extract was purified on column of
alumina (Woelm; activity V) recommended by Mattson ef al.'5. The amount of
atrazine in the extract was determined by the absolute calibration method. A standard
sclution containing 0.5 ug of atrazine in 1 gl of chloroform was prepared; and a
calibration curve was established by injecting 0.4 to 1.6 zl of this solution into the
chromatograph. Then 2 gl of the soil extract were injected, and the atrazine concen-
tration was read from the graph.

RESULTS AND DISCUSSION

The results of the determination of active components in sym.-triazine herbicides
are given in Table I, the precision of the determination being shown by standard
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deviation (s). Some of the higher values of s can be attributed to inhomogeneity of
the preparation. It can be seen that GLC is a precise and rapid method for analysing
multi-component sym.-triazine herbicides.

TABLE X
DETERMINATION OF sym.-TRIAZINES IN TECHNICAL PRODUCTS
Herbicide Triazine Content stated Content found Stardard
by manufacturer by GC deviation
(%) (%) (s)
Semparol 1167 Atfrazine 30 238 1.2
Zeazin 50 Atrazine 50 509 2.1
Gesaprim 50 Atrazine 50 51.5 25
Gesatop 50 Simazine 50 50.0 0.5
Gesaran 2079 Simazine 5 6.3 0.2
Methoprotrtyne  22.5 30.6 1.2
Agren 3614 Simazine 4 3.6 0.3
Terbutryne 18 20.7 1.0
Igran 50 Terbutryne 50 48.5 0.6
Topograd 3623 Terbutryne 35 349 . L1
Terbutylazine 15 14.5 0.8
Gesagard 50 Prometryne 50 52.6 20
Semeron 25WP Desmetryne 25 248 03
Etazin 50 sec.-Bumetone 50 454 2.1
Caragard Combi ASOWP Terbutylazine 25 241 04
Terbutone 25 225 0.5

The GC method was compared with the spectrophotometric procedure on
samples of Semparol. The spectrophotometric value (29.2 %) was in good agreement
with the results of GC. The spectrophoiometric method is highly sensitive, but its
application is limited. Because the absorption spectra of sym.-triazines are similar!4.15,
such spectra cannot be used for differentiating between individual triazines, but can
only by applied to herbicides containing a single triazine and no other substances that
absorb at 225 nm. These conditions were met with Semparol, so that comparison of
the methods was possible.

Because of the low triazine concentration in soil, the soil extract must be
purified on a column before GC. Even then, the extract contains a aumber of sub-
stances as well as atrazine (Fig. 1a), and these may interfere in determination of the
atrazine. For this reason, a blank determination on a sample of atrazine-free soil was
carried out in parallel (Fig. 1b). As the atrazine concentration in soil was rather high
(of the order of a few ppm), the flame ionization detector could be used to advantage.
The least detectable amount (ca. 4 ng) indicates that this detector could be used even
for the determination of very low concentrations (tens of ppb), provided that the
amounts of other substances in the extract were low. Otherwise, specific detectors
must be used6'1,9-—ll,13,19.20- _

The atrazine concentration in soil decreases exponentially with time (Fig..2).
Triazines are decomposed by light, evaporate owing to their volatility, are adsorbed
on soil and are degraded by micro-organisms or by hydrolysis and oxidation. It is
difficult to evaluate the effect of each individual factor on the fate of triazines in soil,
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Fig. 1. Gas chromatograms of (@) soil extract containing atrazine and (b) blank. For experimental
conditions see text.
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Fig. 2. Decay of sitrazine in soil.
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as they vary with such climatic parameters as temperature and amount of precipi-
tation. For these reasons, this work is not intended to be a biological study, but only
to demonstrate the usefulness of GC with flame ionization detection for the deter-
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