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SUMMARY 

The quantitative analysis of s-triazines in model mixtures and real samples was 
performed on a glass capillary column, which is convenient for multi-component 
analyses, with Carbowax 20M as stationary, with two detection systems, viz., a 

flame-ionization detector (FID) and an alkali flame detector (AFD). The range of 
linear response of both the FID (the range range studied was 10-2000 ng of six 
s-triazines) and the AFD (the range studied was I-200 ng of four s-tri.azines) was 
determined. Analytical curves were evaluated by linear regression. The limit of 
detection (amount which gives a peak equivalent to three times the baseline noise) 
of injected standards was found to be 5-10 ng of s-triazines with an inlet splitting 
ratio of 1:90 for the FID and 50-70 pg for the AFD at an inlet splitting ratio of 1:20. 

By comparing the results of quantitative analyses on glass capillary columns 
and packed columns it was determined thaf the same results could be obtained on 
both, but on the former it is possible to analyse quantitatively multi-component 
residues of s-triazines in envitonmental samples. 

INTRODUaION 

s-Triazines are among the most widely used herbicides, and contaminate the 
environment with undesirable residues. Numerous analytical procedures are available 
for determining residues of s-triazinks in different materials such as soils, waters and 
plant materials. 

Calorimetric’** and UV spectrophotometric methods3-’ have been used for the 
determination of s-triazines. These methods, however, allow the determination of 
only one individual triazine in one analysis and can be applied to the analysis of 
S:mples of unknown history only with difficulty. 

For several years chromatographic procedures’.“, paper chromatography, thin- 
i.~~‘er chromatography gas-liquid chromatography (GLC), and recently even high- 
: -rformance liquid ch~omatography7-g and high-performance thin-layer chromato- 

aphyg have been applied for the separation, identification and determination of 
%e substances and their metabolic and &gradation products from environmental 
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residue sources and from tissues. GLC with packed columns has played a major role 
in the analysis of s-triazine residues. Various detectors, such as the game-ionization 
detector. (FIDyO-=, electron-capture detectorU-r5, microcoulometric detectorl3**6, 
alkali flame detector (AFD)17--21, flame photometric detectoF and electrolytic conduc- 
tivity detector 14.15.Zo.Z1.23--27, have been used_ 

We have previously introducedB~2g high-resolution glass capillary columns in 
the analysis of s-triazines. A multi-component mixture of chloro-, methoxy- and 
methylthio-s-triazines was separated successfully on Carbowax 20M glass capillary 
columns. 

The aim of this work was to evaluate the possibilities of glass capillary colutnn 
GLC with an FID or alkali flame detector in the quantitative analysis of s-triazines, 
mainly at residue concentration levels, and to compare these results with those 
obtained on packed columns. 

EXPERIMENTAL 

Apparatus 
A Carlo Erba Model 2350 gas chromatograph equipped with an FID and a 

thermionic nitrogen-phosphorus-specific detector (NPSD) with a potassium chloride 
pellet in the nitrogen mode was used, and with glass capillaries a stream splitter was 
employed. The narrow ends of the glass capillary columns were led directly to the 
splitter or to the jet of the detector with the FTD and or to just under the jet of the 
detector with the NPSD, as the introduction of make-up gas was necessary. 

The thermostat was maintained at 473°K and the injection block temperature 
was 548°K. An Autolab Model 6300 digital integrator and a calibrated magnif$ng 
glass were used for peak-area measurements. 

A glass column packed with 3 % Carbowax ZOM on 80-lOO-mesh Chromosorb 
W AW (1.3 m x 3.3 mm I.D.) was used. The carrier gas was nitrogen at a flow-rate 
of 47 mljmin, the hydrogen flow-rate was 35 ml/min and the air flow-rate 255 ml~min. 

Glass capillary columns made of soft soda-lime glass= dynamically coated 
with 10 % Carbowax 20M (27.0 and 11 .O m x 0.24 mm I.D.) were used. The conditions 
with the FlD were as follows: carrier gas, nitrogen at a fiow-rate of 1.1 ml/min; 
hydrogen fiow-rate, 22.0 ml/mm; air flow-rate, 361.0 ml/min. The conditions with 
the NPSD in the nitrogen mode were as follows: carrier gas, nitrogen at a flow-rate 
with make-up gas of 40.0 ml/min; hydrogen flow-rate, 30.0 ml/mm; air flow-rate. 
286.0 ml/mm. 

Chemicals 
The common and systematic names of -used s-triazines are given in Table I. 

All were standard materials from Ciba-Geigy (Basle, Switzerland). 
The solvents used were of analytical-reagent grade and were distilled prior to 

use. 

Preparation of standard solutions 

Standard solutions of s-triazines were prepared by dissolving 0.5-10.0 mg 3f 
the solid in 10 ml of chloroform with the FID or in 10 ml of ethyl acetate with tl:e 
NSPD. Solutions of lower concentrzztions were prepared by dilution_ 



TABLE X 
. . 

s-TRIAzlNES STUDIED 

Detector used Common name Systemtic frame 

JXD 

AFD 

Terbuton 2-Metboxy4-ethylamino-6-tert.-butylarnino-s-triazine 
Propazine 2-Chloro4,6-b.~~propylamino)-s-triazi 
Terbutylazine 2-cNoro-4-ethylamin~tert.-butylamino-s 
Atrazine 2-Chlo~~~ylamin~~opropylamino-s-t 
Tefiutpyn 2-Methylthio-eethyl~rert.-butylamin 
Simazine 2-Chloro-4,6-bis(etl~o~s-triazine 
Propazine 2-Cbloro-4,Qbis(isopropyIamino)-s-triazine 
Atrazine 2-Chloro-49thylamino6-isopropyIamino-s-t~~e 
Prometryn 2-Methylthio-&G-bissisopropylnGrxo)-s-trizine 
Simazine 2-Chloro-4,6-bis(ethylzmino)-s-triaziie 

RESULTS AND DISCUSSION 

As the best results in the separation of complex s-triazine mixtures on glass ’ 
capillary columns have previottsly been achieved with Carbowax 20M as the stationary 
phase, the quantitative analysis of the chosen s-triazines was performed on this 
stationary phase. 

We studied the range of linear response of the detector, the limit of detection 

I ;. 1. Separation of a model mixture of six s-triazks on a Carbowax 2OM glass capilk ~01~ 
i. -.O m long) used for quantitative analysis with an FID at an inlet splitting ratio of 1%). 
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and the reproducibiiity of measurements usin, 0 the FID and the AFD. The results 
obtained on capilIary columns were compared with those obtained on packed columns. 

F&ame-ionization detector 

In glqss capillary column GLC (inlet splitting ratio 1 SO), for the determination 
of the range of linear response of the FID a model mixture of six s-friazines was used. 
Their separation is shown in Fig. 1. It was found that the response of the detector was 
linear in the range lO-2ooO ng of injected s-triazines. For peak-area measurements the 
methods of peak height x width at half-height (determined with a calibrated magni- 
fying glass with a read-out precision & 0.05 mm) and digital integration were used. 
Calibration graph was constructed by plotting the peak area against the amount of 
s-triazines injected. The sample was injected by the washed-out plug of solvent 
technique. The results of the calibration graphs (n >, 15) were statistically evaluated 
by linear regession. It was found that the sample injection volume was a very critical 
factor when the inlet splitting system was used. On the injection of different volumes 
(0.5-3.0 ~1) of standard soiutions, in spite of the fact that the calibration -mph was 
linear (with magnifying gIass measurements of the peak area the correlation coefiicient 
for s-triazines was O-982-0.988 and with digital integration 0.993-0.994), the straight 
lines did not pass through the origin, from which follows the systematic error of the 

Fig_ 2. Calibration graphs for s-triazines analysed on a carbowax 20M glass capillary cofumn vie 
an FID in the concentration range 0.0%1.4Ojlg using different injection volumes and an inlet splitt ng 
ratio of l:W. Peak area digits given by integrator. +, Simazine; A, proptine; X, terbutylti-1% 
A, atrazine; @, terbutin; 0, terbutryn. 



analysis. The average value of the intercept OQ the y-v-axis was over 2 oA of the maximal 
value (Fig. 2). 

On the injection of equal volumes (1% pi) of s-triazine stan&d softitions of 
different concentrations (standard solutions were prepared by dih~tion), the straight 
lines obtained passed &r&x.@ the origin, the average value of the in~ercepf- on the. 
y-axis being negligible (O.o0014% of the maximal y vah~e) and the. cogelaEio~ 
coefficient was 0.9954996. 

As the reproducibility of measurements is very important in quatititative 
analysis, we investiigated the reproducibility of an injection. After statisti~y 
evaluating s-triazine peak areas for an individual injection (1.5 pl of a standard solutioti 
of s-triazines) for n = 7, the mean value of the standard deviaGon (S,) of individuai 
standards was 3.14 % (at the 95 % confudence level). 

The limit of detection (three times the baseline noise) of six injected standards 
of s-triazines with an inlet sp&ting ratio of I :%I was found tb be-S-10 ng, ... 

Real sztmpfes with low concentrations of s-t&z&es could be also art&se& 
with the FED when a lower inret splitting ratio was used_ The limit of detection of 

I 
* . 

I 

A AL L - 

Fir. 3. Gzs chromatogram of water extract of s-triazinzs (5opgfig) with an inlet GStting ratio of 
1:: 5 using an FED. One Ike of water was taken for extraction; 1.5~~1 was injefted fram tie final 
vO’.:me of 5 d 
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atrazine with an inlet splitting ratio of I :I5 was found to bc 0.5 ng. The analyses of 

real samples of s-triazlnes in a water extract and a soil extract arc shown in Figs. 3 
and 4. The extractions were performed at the Water Management Research Institute 
in Bra&lava?. 

For a comparison of the quantitative results measured on Carbowax 2OM 
glass capillary columns, the quantitative analysis was also performed on a column 
packed with Carbowax 20M. 

The linear response of the FID ou the Carbowax 20M packed cohtmn was 
checked for the range %UOOO ng of injected atrazine. The reproducibibty of the 
injection expressed as ‘the standard deviation (S,3 of the peak area for n = 7 was 
1.49 % (at the 95 % cotidencc level). 

After the evaluation of the calibration graph by linear regression, the ccrrels- 
tion coeflicient was 0.998-0.999. The limit of detection of atrazine was 6 ng, which is 
comparable to the value determined on a glass capillary columu with an inlet splitting 
ratio of 1:90. 

I 

.Q i . zmin 0 

Fig. 5. Separation of four s-triazines used as a model mixture for quvltitative analysis on a CarsO- 
wax 20M gkss calCUaxy column (11 .O m long) with an AFD uld an inlet splitting ratio of 150. 

Fig. 6. Gas chromatogram of water extract of s-triazines (0.1 pg/kg) using an AFD. One litr: of 
w2ter was extracted to give a final volume of 0.2 ml; 1.5 ~1 was injected at with as3 inlet splitting ratio 
of 1:zo. 



For the zxna.lysis of s-triazines in by c&l&y colv GLC an AFD was‘llseA_ 
which previously had beenmxd only v&h packed &&mns. To operixte*e _Gefztotm 
mder optimaf com3itioz~~, a mzke_rrp gzxs (&tzogen$ was used. -..-_ -. ._ _ _.: 

The section of four S-tri&es, which were used as. a modeE:mixtnre -for. 
quantitative anzlysis with the AFD on a Carbowax ZQM- gIass cap3Iai-y cmIu$m is 
shown in Fig. 5. The repon& of the detector was linear for injected .amounts tic- 
I-200 ng of s-triazines. After statistical evaluation of the caIibra@m’gr@Iis (c 2 is) 
by linear regression tke con&&on cueEcient was 0.9294996. The reproducibifity :- 
of measurement was determined by repeated injections of the same volume (I;5 ~0: 
of a standard soiution of s-titines. After st&istic&y evaIuating the pea& area at- 
individual injections (n = 7), th e mean v&e ~of_ the s&da& deviation -(Sd foil 
individual standards was 4.59 oA (at the 95 oA co&dence level)_ 

The limit of the detection (three times the baseline noise) with four injected 
standards of s-triazines with an inlet splitting ratio of 1:20 was found to be 50-70 pg. 
The analysis of a real sample of s-triazines in a water extmzt is shown in Fig, 6. 

For a comparison, we also present the remIts of the quantitative analysis‘ of 
atrazine on a Carbowax 2OM packed column. The reproducibility of an inject&n 
expressed as the standard deviation (S,13 of the peak area for rz = 7 was 1.~52~~ (at the 
95% confidence level). Ttie reproducibility of measurement in this instance was 
higher than that with a capillary Column. The correliSion co&&i-t of&e ml&r&ion 
graph was 0.99S-Q.999. The limit of detection of atrazine was 60 pg, which is &n- 
parable to the value determined on a glass capillary column. The limitof dete&ion OLL 
a packed column represents a 100-fold higher sensitivity than with the FED and is in 
agreement with Verga and Pay’s” results on the SensitiviQ of this detector for 
nitrogen-containing substances. 

Comparing the results of quantitative analyses on capillary and packed ~01~s 
with either an FIB or an AFD, it is evident that the same rem&s could be obtaIned 
with both Xowever the advantage of CapilIary c+mns is ffie pa&&&y of GaIy&g 
multi-component residues of s-triazines in envirotientai sampIes. .. 
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