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Some s-triazine herbicides, namely simazine, atrazine, and propazine present as trace components in a complex mixture were 

analyzed by GC/MS and GC/MS/MS methods. Even though monitoring the molecular ions was 안此 best in terms of sensiti- 

at characteristic m/z values were monitored, chromatograms were rather free from interference. More importantly, selected 

reaction monitoring was found to provide a selective means of detection with general applicability.

Introduction

Mass spectrometry is one of the most useful instrumental 
methods for the identification and structure determination of 
various compounds.1,2 When coupled with gas or liquid chro­
matography, the resulting instrumental methods commonly 
called GC/MS3,4 and LC/MS5, respectively, become power­
ful techniques for the qualitative and quantitative analyses of 
trace components in complex mixtures. For the screening 
and quantitation of a trace component, one or several dif­
ferent ions generated upon ionization of the compound are 
electively recorded.6 This technique is usually called 
selected ion monitoring (SIM) or selected ion recording 
(SIR). Since the mass spectrometer spends most of its time 
to detect only a few different ions, effective time constant for 
each channel in SIM becomes enormously larger than for 
scanning-type GC/MS, enabling parts per billion (ppb) ana­
lysis.7 GC/MS analysis of trace components in a very com­
plex mixture is often hampered by the presence of inter­
fering components. Hence, a thorough and time-consuming 
pretreatment of a sample is usually needed in such a case.

Tandem mass spectrometry or mass spectrometry/mass 
spectrometry (MS/MS)8"10 has been proposed as an alter­
native to GC/MS for mixture analysis.11*13 In this technique a 
mixture is introduced to the ion source of a mass spectro­
meter. A characteristic ion produced from the analyte of in­
terest is separated by the first stage mass spectrometer. Dis­
sociation of this selected ion as monitored by the second 
stage mass spectrometer provides a means to identify and 
quantitate the analyte of interest. This technique is often call­
ed selected reaction monitoring (SRM) to distinguish it from 
selected ion monitoring (SIM) described above, Since the 
separation and detection are all done in a mass spectrometer, 
analysis can be done faster than in GC/MS. MS/MS can also 
be utilized for detection of components separated by GC.12,14 

Excellent selectivity of this technique often enables the ana­
lysis of trace components which are difficult to analyze with 
GC/MS. Alternatively, extensive pretreatment of a sample 
can often be avoided with GC/MS/MS.

s-Triazines are wid이y used as pre-emergence selective 
herbicides, simazine (2-chloro-4,6-bis(ethylamino)-s-triazine, 
I), atrazine (2-chloro-4-ethylamino-6-isopropylamino-5-tri- 
azine, II), propazine (2-chloro-4,6-bis(isopropylamino-s-tri- 
azine, III) being the most important. Recently, we have car­
ried out an investigation on the mass spectral fragmentations 
of these compounds and 2-amino-4-chloro-6-ethylamino-s- 
triazine (IV) utilizing MS/MS and high r^olution mass spec­
trometry.15 As an extension of this workt GC/MS and 
GC/MS/MS analysis of s-triazine herbicides have been per­
formed and reported here.
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Experimental

The instrument used in this work was a double focusing 
mass spectrometer with reversed geometry (VG ZAB-E) 
coupled to a gas chromatograph (HP model 5890). A sche­
matic diagram for the instrument is 아｝own in Figure 1. A fus-
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Figure 1. Schematic diagram of VG ZAB-E gas chromatograph/mass 

spectrometer with data system.

ed silica open tubular column (25 m, 0.2 mm I.D., OV-1) was 
coupled directly to the ion source of the mass spectrometer. 
Around 1 以 of sample was injected to a split/splitless injec­
tor in splitless mode maintained at 250 °C. One minute after 
sample injection inlet purge valve was activated to vent extra 
solvent vapor and hence to minimize solvent tailing. Helium 
was used as a carrier gas at 0.8 cm3/min flow rate. Column 
temperature was held initially at 85 °C for 0.5 min to utilize 
solvent effect16 and then raised to the final temperature of 
220 °C at a rate of 30 °C/min, The interface region was also 
maintained at 220 °C.

70 eV electron ionization (El) with 200 "A trap current 
was used for sample ionization. Source temperature was kept 
at 250 °C and 8kV accelerating voltage was used. The instru­
ment was operated at 1,000 resolution. Data acquisition and 
processing as well as system control for SIM and SRM were 
performed by a data system (VG 11-250J). SIM was achieved 
by a usual method. Briefly, magnetic field was set at a 
suitable value and the accelerating voltage was adjusted ac­
curately through calibration procedure to transmit selected 
ions. For selected reaction monitoring, the unimolecular 
reactions occurring in the first field-free region, namely bet­
ween the source and the magnetic sector, have been observ­
ed. The magnetic field-to-electric field (B/E) ratio was ad­
justed to monitor a reaction of interest.17

Three s-triazine herbicides (I, II, and III) were analytical 
grade (Poly Science Co.) and were used without further puri­
fication. 2-Amino-4-chloro-6-ethylamino-s-triazine (IV) was 
used as an internal standard for quantitation. This compound 
was synthesized and purified according to the method descri­
bed in the literature.18,19 Its purity was checked by thin layer 
chromatography, gas chromatography, and mass spectro­
metry. All the solvents used were HPLC grade (Merck).

Stock solutions of each s-triazine compounds were pre­
pared in methanol at 5&g/m7 concentration. These were fur­
ther diluted by methanol-isooctane (1:99 v/v) mixed sol­
vent20 to the desired concentrations to prepare standard solu­
tions and working mixtures. Concentrations of internal stan­
dard in calibration standards were 700 ng/m/ for SIM and 
1100 ng/m/ for SRM. To test the performance of each 
method옹 in real situations, test samples were prepared by 
spiking either 0.8口g or 2.0 “g of each s-triazine herbicides in 
1 lit of pond water. Then, s-triazine herbicides were ex­
tracted three times with 100 ml methylene chlor거e. The ex­
tract was dried by filtering through a column packed with 
anhydrous sodium sulfate and concentrated to 10 m/. No 
other attempt was made for sample cleanup. The samples 
which were prepared by spiking 0.8 昭 and 2.0 “g initially in 
pond water will be called sample A and B, respectively. Sam-

RETENTION TIME, MIN
Figure 2； Mass chromatogram of a sample containing simazine(I), 

atrazine(II), propazine(III), and 2-amino-4-chloro-6-ethylamino-s-tri- 

azine(IV) obtained by monitoring m/z 173 ion.

pie A was used for SIM analysis while sample B was used for 
SRM analysis.

Results and Discussion

In the gas chromatographic analysis of s-triazine herbici­
des20-26, polar Carbowax 20M has been the most popular sta­
tionary phase21'23. However, our attempt to resolve these 
chloro-s-triazines (I, II, and III) using a fused silica column 
bonded with DB-WAX (30 m, 0.25 mml.D., J&W Scientific) 
did not give satisfactory results. Even though the above 
three compounds could be separated, retention times were 
rather long (~30 min) and the background level due to column 
bleed was prohibitively high. Hence, no further work was 
performed with this column.

Satisfactory separation of the compounds I, II, and III 
was achieved using a capillary column with nonpolar OV-1 
stationary phase as shown in Figure 2. Chromatographic con­
ditions which were optimized to obtain this result have been 
described already in the experimental section. About 1 ng of 
each analyte was injected and detected by monitoring (SIM) 
the intensity of m/z 173 ion which appears in the mass spec­
tra of all the s-triazine compounds used in this work. Reten­
tion times for the compounds I, II, and III were about 6 min. 
and reproducible within half a second. Chromatographic 
peaks for these compounds are nearly symmetric and well 
separated from one another. The number of theoretical 
plates estimated from the chromatogram is around 280,000 
(11,000/m) indicating an excellent column performance. 
Also shown in the figure is a chromatographic peak for the 
compound IV which is eluted around 30 seconds earlier than 
the s-triazine herbicides. A slight tailing is observed for this 
peak. This did not cause any difficulty for quantitation when 
peak area instead of peak height was used for analytical pur­
pose, as will be seen later. Mass chromatogram shown in 
Figure 2 can be further improved, of course, utilizing the se­
lectivity of the mass spectrometric detector. In Figure 3, 
chromatograms obtained simultaneously for the molecular 
ions for each compound, namely m/z 201, 215, 229, and 173 
ions for the compounds I, II, III, and IV, respectively, are 
shown.

In the SIM analysis, it is desirable to select an ion which is 
abundant and characteristic of the analyte of interest. In the 
cases of s-triazine herbicides, the molecular ion intensities 
relative to the base peaks for the compounds I, II, and III are 
100, 65 and 68%, respectively, in the El spectra. Hence,
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Figure 3. Mass chromatogram of the same sample as in Figure 2 

obtained by monitoring (a) m/z 201, (b) m/z 215, (c) m/z 229, and (d) 

m/z 173 ions.

the molecular ions for each compounds are natural candida­
tes for the ions to be selected for monitoring. The molecular 
ion for the compound IV appears as the base peak (100%) in 
the El spectrum and is a good candidate for mon辻oring. One 
of the striking features in the El spectra of s-triazine her­
bicides is the appearance of characteristic doubly charged 
ions with the following structures.15,26

Cl

+ /+ R]CH=NH 1 NH=CHR2

These ions appear at half integer masses, namely at 85.5, 
92.5, and 99.5 for the compounds I, II, and III, respectively. 
The fact that these ions appear at half integer masses is a 
great advantage when used for the analysis of a complex 
mixture. This is because an ion with a half integer mass 
which must be a doubly charged ion rarely appears with a 
high intensity and hence is usually free from interference. 
The analytical value of these doubly charged ions are further 
enhanced because of their exceptional intensities in the El 
spectra of the s-triazine herbicides. The relative intensities 
of these ions are 19, 20 and 27% in the El spectra of the 
compounds I, II, and III, respectively. No doubly charged ion 
corresponding to the structure shown above appears in the 
El spectrum of the compound IV. However, a doubly charg-

I 10 too* IOOO

CONCENTRATION, ng/ml

Figure 4. Calibration curve for simazine obtained by monitoring

the doubly charged ion with m/z 85.5. The doubly charged ion with

61.5 from the compound IV was used as the internal standard.

H2N

+

NH=CH 2
ed ion with the structure appears at m/z 61.5 even though 
with a low relative intensity (2%). This ion was used as the 
internal standard to obtain the calibration curves and quan­
titation of real sample when doubly charged ions were selec­
ted for monitoring.

Very good calibration curves were obtained for the s-tri- 
azine herbicides when the molecular ions or doubly charged 
ions were monitored. For example, Figure 4 shows the 
calibration curve for simazine (compound I) obtained by 
monitoring the doubly charged ion (m/z 85.5). Linearity of 
the log-log plot was decent in the 1.5-1,500 ng/mZ concentra­
tion range with the correlation coefficient of 0.9994. Hence, 
analysis in low ppb level is possible. Since only about 1 ul 
each of calibration standards was injected, actual amount of 
simazine injected for 1.5 ng/m/ standard was around 1.5 pg.

Theoretical detection limit, namely the detection limit 
when a sample is free from interference, was estimated as 
the concentration of an analyte in a standard which produced 
a charomatographic peak with the signal-to-noise (S/N) ratio 
of 3. For all three s-triazine herbicides, theoretical detection 
limits were around 30 pg/m/ or 30 fg of the compounds ac­
tually injected, when the molecular ions were monitored. 
The detection limits were around 120 pg/mZ when the 
doubly charged ions were monitored. The poorer detection 
limit for the latter is due to the lower sensitivity of the doubly 
charged ion signals.

In the analysis of a real sample, chemical noise due to the 
presence of interfering materials may increase the detection 
limit well above the theoretical limit. As an example, the 
chromatograms obtained by SIM of atrazine in sample A are 
shown in Figure 5. In this figure, (a), (b), and (c) are 
chromatograms obtained by monitoring the molecular ion 
(m/z 215), the base peak ion (m/z 200), and the doubly 사larg- 
ed ion {m/z 92.5), respectively. It is apparent that a reliable 
quantitation of atrazine is not possible by monitoring the 
molecular ion. The same is more or less true for the case of 
monitoring the base peak ion. On the other hand, the chro­
matographic peak due to atrazine is almost free from inter­
ference when the doubly charged ion is selected for moni-
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McLafferty rearrangement reaction 215 + f 173 + . A McLafferty 
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Figure 5. Mass chromatogram of sample A obtained by monitoring 

(a) m/z 215, (b) m/z 200, and (c) wi/z 92.5 ions which are the mole­

cular ion, the base peak ion, and the doubly charged ion from atra­

zine, respectively.
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tonng as shown in Figure 5(c). A tiny peak appearing before 
the atrazine peak is due to a minor interference from sima­
zine. It is obvious from the figures that even though the in­
tensity of the doubly charged ion is lower than those for the 
molecular ion and the base peak ion, its superior selectivity 
makes it the ion of choice for quantitation in this case. Situa­
tions were very similar in the cases of simazine and pro- 
pazine. Quantitation based on the doubly charged ions pro­
duced decent results. For example, quantitation of simazine 
in sample A using the calibration curve shown in Figure 4 
gave a result of 0.87 ± 0.15 ng/ml while the actual concentra­
tion in the sample was 0.8 ng/m/.

Detection of an analyte by the SRM technique requires 
knowledge on the metastable decompositions of various ions 
appearing in the El spectrum of the analyte. Such metastable 
studies for the compounds I, II, III, and IV have been com­
pleted and reported previously.15 The major criteria for the 
selection of a reaction to be monitored would be the selectivi­
ty of the parent ion mass, intensity of the reaction product, 
and the specificity of the reaction. In the cases of 5-triazine 
herbicides, McLafferty rearrangement reactions27 of the 
molecular ions, namely 201+-* 173+, 215+-* 173+,229+-* 
18", and 173+—145+ for the coirpounds I, II, III, and IV, 
respectively, showed decent sensitivities. Hydrogen loss and 
chlorine loss reactions from the McLafferty rearrangement 
products, namely 173+-> 172+ and 173+-> 138+ for sima­
zine, the same reactions for atrazine, and 187— 186+ and 
187J 152 + for propazine also displayed decent sensiti­
vities. All these reactions are characteristic of chlorinated 
s-triazines with alkylamino side chains and are expected to 
provide highly selective channels for SRM. Hence. these
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Figure 7. Mass chromatogram of sample B obtained by monitoring 

(a) 201173+(simazine), (b) 215 + -* 173+(atrazine), (c) 187+-* 

186+(propazine), and (d) 229 + ■스 214+(propazine). ”

channels would be more applicable to the analysis of the s-tri- 
azine herbicides than ubiquitous a-cleavage reactions27 such 
as 201J 186 + , 215 — 200+f and 229— 214+ for the com­
pounds I, II, and III, respectively. A typical calibration curve 
is shown in, Figure 6 which was obtained by monitoring a 
McLafferty rearrangement reaction for atrazine, nam이y 
215 J 173 + . The linearity of the curve was decent with the
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correlation coefficient of 0.9993. However, sensitivity of 
SRM was much poorer than the corresponding SIM techni­
que because the metastable ion intensity is usually at most 
1% of the normal ion intensity. Subsequently, the theoretical 
detection limits in the SRM analyses 녀tilizing the characte­
ristic reactions described above were around 5 ng/m/, or 5 
pg of the compound actually injected.

As were the cases for SIM analyses utilizing doubly char­
ged ions, the excellent selectivity of the SRM technique was 
found to be useful for the analysis of complex mixture. 
Figure 7 shows some chromatograms obtained from sample 
B by monitoring the reactions mentioned above. In the SRM 
chromatograms obtained by monitoring the MaLafferty rear­
rangement reactions, namely Figure 7(a) and 7(b) the peaks 
for the compounds I and II are rather free from interference. 
Figure 7(c) shows the SRM chromatogram obtained by moni­
toring the hydrogen loss reaction of th^McLafferty rearran­
gement product from propazine. Here again, the propazine 
peak is well separated from the interfering peaks enabling 
reliable quantitation. On the other hand, the propazine peak 
is heavily interfered in the SRM chromatogram (Figure 7(d)) 
obtained by monitoring the a-cleavage of the molecular ion. 
This demonstrates the importance of reaction specificity in 
the SRM analysis of trace components in a complex mixture. 
Quantitation of atrazine in sample B was attempted based on 
the chromatogram shown in Figure 7(b). The result obtained 
was 1.8 士 0.2 ng/ml which was in good agreement with the 
prepared concentration of 2.0 ng/mZ.

In sumrfiary, SIM and SRM techniques have been develo­
ped for the analysis of 5-triazine herbicides in complex mix­
ture. Even though monitoring the molecular ions or base 
peak ions for these compounds showed the best sensitivity, 
SIM analysis utilizing the doubly charged ions was cleanly 
the method of choice for the analysis of the test sample for 
which cleanup procedure was intentionally left out. Theore­
tical detection limit for SRM was much higher than for SIM. 
However, superior selectivity of the technique allowed satis­
factory analysis of the test sample, it is thought that the SIM 
method based on doubly charged ions would be better than 
the SRM technique for the analysis of the s-triazine her­
bicides. However, it should be pointed out that the presence 
of intense doubly charged ion in an El spectra is more an ex­
ception than a rule. Hence, the fact that wide variety of me­
tastable reactions are usually available for a compound such 
that a search can be made for optimum analysis should be 
considered as an additional advantage for the SRM techni­
que. It is expected, of course, that SIM analysis based on 
molecular ions may be done satisfactorily in the present case 
by adopting a thorough cleanup procedure. Even when suc­
cessful, such a procedure would usually require a lot of time 
and effort, however. Hence, it can be concluded that the 
SRM technique provides a useful and selective means which 
can be used generally for the GC/MS analysis of trace com­
ponents in a complex mixture. The major disadvantage of 
the SRM technique when compared with SIM is its poorer 
sensitivity. In the present case, analysis based on SRM tech­
nique was limited to middle ppb range. The situation may be 
improved, however, by adopting an ionization method with 
higher yield such as negative chemical ionization or an MS/ 
MS technique with higher daughter ion yield such as col­
lisionally activated decomposition (CAD) mass spectrome- 
try.10,28 Investigation is currently under way to check the ap­
plicability of such techniques in the present case.

Yoo Joong Kim and Myun^ Soo Kim
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